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1.
List the levels of organization in the living world, from an atom to a biosphere.


2.
Describe the general pattern of energy flow through Earth’s life forms, and explain how Earth’s resources (nutrients) cycle around a system.

  3. 
Describe the three domains and the cellular qualities possessed by organisms within them.


4.
Explain that all living organisms grow and reproduce, transmitting inherited traits (coded in DNA) from parents to offspring.


5.
Explain how people came to believe that the populations of organisms inhabiting Earth have changed through time, through processes of natural or artificial selection.


6.
Describe the steps of scientific inquiry and emphasize the importance of critical thinking.


7.
List the limitations imposed on science and scientists in problem-solving and hypothesis-testing.
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Lecture Outline



Impacts, Issues: Lost Worlds and Other Wonders



A.
Are there any places left on earth that have not been explored?




1.
Yes: a 2005 trip to New Guinea discovered many new plant and animal species. 




2.
New species, mostly smaller organisms, continue to be discovered every day.


B.
The more we learn about nature, the more we realize how much more there is to learn.

          C.
  This text helps students to discover “life,” that is, how organisms are constructed, how they 




      live, etc. 


1.1
Life’s Levels of Organization

A. Making Sense of the World
B. A Pattern in Life’s Organization



1.
Biologists examine all aspects of life, from the smallest atom to global communities.




2.
Biologists present us with a glimpse of nature’s organization. 



3. 
Atoms are the fundamental building blocks of life. 




4.
The levels of organization grow in complexity: atoms ( molecules ( cells ( organism




5.
Multicelled organisms have increasingly complex levels of organization that result in tissues ( organs ( organ systems ( organisms ( populations ( communities ( ecosystems ( biosphere.




4.
At each successive level of organization emergent properties can be detected.


1.2
Overview of Life’s Unity


A.
Energy and Life’s Organization




1.
Energy, the capacity to do work, moves through the universe in a series of transfers.




   2.   Higher levels of organization would cease without energy inputs from the environment.




3.
Energy flows from the sun.





a.
Producers (plants and other photosynthetic organisms) make their own food by converting sunlight to usable energy.






b.
Consumers (animals and decomposers) cannot make food, but use other organisms to obtain their energy and molecular building blocks (carbohydrates, fats, and proteins).



4. 
    Producers and consumers cycle nutrients among themselves. 




5.
Energy flows one way through producers, consumers, and back to the environment.




6. 
Energy flow is not 100% efficient, as heat (a form of energy) is lost at each transfer stage.



B.
Organisms Sense and Respond to Change




1.
Receptors and the stimuli they receive allow organisms to make controlled responses to heat and cold, harmful substances, and varying food supplies.




2.
All organisms undergo homeostasis, a state in which the conditions of the “internal environment” are maintained within tolerable limits.





a.
Increased sugar causes insulin release, which stimulates cells to take up sugar.




       b.
Decreased blood sugar causes another hormone to call on stored sugar reserves.



C.
Organisms Grow and Reproduce




1.
Deoxyribonucleic acid, or DNA, is considered the signature molecule of life.





  a. 
DNA carries the hereditary instructions that allow organisms to grow and reproduce.





b.
Hereditary instructions are utilized to build proteins that are vital for cell growth and reproduction.





c.
Key among the many structural and functional proteins are enzymes, which catalyze many internal processes; without such enzymes, cells would cease to survive.




2.
Inheritance is the acquisition of traits through the transmission of DNA from parents to offspring.





a.
Each organism arises through reproduction—the mechanism by which offspring are produced by one or more parents.





b.
DNA also guides development—the orderly transformation of a new individual into a multicelled adult.


1.3
Overview of Life’s Diversity



A.
Today, as many as 100 million species exist; the Earth has supported as many as 100 billion organisms throughout its history.



B.
To organize life’s diversity, Carolus Linnaeus developed the field of taxonomy—assigning names and relationships among organisms.




1.
All organisms can be identified by a genus and species name; example: Scarus gibbus (heavy-beak parrotfish)—note that genus and species names are italicized.




2.
Three domains are presently recognized in biological classification:





a.
Archaea—single-celled prokaryotes capable of inhabiting extreme environments, grouped evolutionarily closer to eukaryotes.





b.
Bacteria—single-celled prokaryotes, considered a more ancient lineage than Archaea.





c.
Eukarya—single- or multicelled eukaryotes that include protists, fungi, plants, and animals.




4.
Prokaryotes (Archaea and Bacteria) lack a nucleus, while eukaryotes have a true nucleus and typically are more complex.


1.4
An Evolutionary View of Diversity

A.  Individuals within a population share commonalities in general body form, function, and     

      behavior, but specific heritable traits differ among individuals.


     B.  Differences among individuals often are a result of mutations in DNA.




1.
Most mutations are negative or neutral.




2.
Some mutations are beneficial, making the individual better adapted than other population members to the present environmental conditions.



C. 
 Charles Darwin reasoned:




1. 
First, members of a natural population will compete for limited resources, such as food and shelter, as their size increases.




2. 
Second, some varieties of the individuals’ heritable traits will improve survival and reproductive chances.




3.  Third, those with the adaptive forms of these traits will be more likely to reproduce and pass the adaptive traits on with greater frequency in future generations (natural selection).



D.
  The practice of artificial selection can be observed in pigeon breeding.




      1.
The desired form of a trait is selected for when breeders manipulate and control the





breeding of pigeons with that trait.




      2.  This model holds for natural selection where various environmental or biological forces (e.g., threat of predation) act on the types of variation seen among population members in the wild.



E.
  Evolution is heritable change in a line of descent over time.

1.5

Critical Thinking and Science



A.
Thinking About Thinking




1.
All scientific research involves critical thinking—judging information before accepting it. 




     2.  
Students should avoid accepting information without question, or failing to consider recognized biases, when processing new scientific information.


B.

The Scope and Limits of Science




1.
Scientific questions are limited to those that can be observed, and do not address topics like morality, spirituality, supernatural events, or other intangibles.  
2.  Problems arise when society’s moral standards become interwoven with traditional 
interpretations of nature.


       a.  Five centuries ago, Capernicus determined the Earth revolved around the sun.

b.  Capernicus was forced to erroneously recant this determination when it failed to support  

      religious beliefs at the time.


   3.  Today, science helps us communicate experiences without bias.

1.6
How Science Works



A.
Observations, Hypotheses, and Tests



1. Common research practices follow a step-by-step approach.





    a.  Observe an aspect of nature





     b.   Research this aspect of nature, and then frame a question or problem relating to the observation.





c.
Develop hypotheses (testable explanations) of the observed phenomenon or process.





d.
Make a prediction of what the outcome would be if the hypothesis is valid (deductive, “if-then” reasoning).





d.
Test predictions by experiments, models, and observations.




          e. 
Assess the results of such tests.




          f. 
Report objectively on the tests and conclusions.



     2.   Not all scientists are required to follow this method—many important questions can be 





      answered without having to create a hypothesis.



   B.
About the Word “Theory”




1.
A scientific theory has been tested many different times and ways in the natural world and has not yet been disproved.  





a.
Theories are supported or rejected on the basis of tests.



   
         b.   
Theories are subject to revision.



     2.   An absolute truth is not often discussed in science, as it would require an infinite number of tests to confirm that it holds under every possible circumstance.



3.
The fact that an idea, or even a theory, might be subject to change indicates the strength of science, not weakness.
         C.  
Some Terms Used in Experiments



1.   
Experiments involve tests of hypotheses in which conditions are carefully controlled.




2.
Control groups are used as a standard for comparison during a test that involves an experimental group.




3.
The experimental group experiences all of the same conditions as the control group except for the variable being studied.

1.7     The Power of Experimental Tests



A.
Potato Chips and Stomach Aches


      1.
 A Chicago theater was chosen as a “laboratory” to determine if the synthetic fat called Olestra( caused gastrointestinal cramps.




2.
Both control and experimental groups were random samples of moviegoers who had no idea which fat-impregnated chips they were eating.




3.   Later, the moviegoers were called at home to determine the extent of distress: 15.8%  




     for Olestra, 17.6% for regular chips; no significant difference.
B. Butterflies and Birds
       1.  Researchers of peacock butterflies observed two actions:


        a.   When a peacock butterfly rests, it folds its wings so only the dark underside shows. 

        b.   When a butterfly sees a predator, it repeatedly flicks its paired forewings and  

      hindwings open and closed, a movement that both makes wingspots visible and 

      produces hissing and clicking sounds.
2. The combination of both activities—camouflage at rest and owl-like eyes (wingspots) and noises when predators approach—may help peacock butterflies avoid predation.
3. Predation experiments, in which experimenters manipulated the presence of wingspots or 

        the ability to make the clicking and hissing sounds, revealed that birds are indeed deterred 
       by peacock butterfly sounds, and even more so by wing spots.
C. Asking Useful Questions
1.  Researchers typically create single-variable experiments in order to remove or minimize 

      inherent biases. 



   2.   Researchers are expected to make efforts to remove bias from their studies.

1.8
 Sampling Error in Experiments



A.
Research projects typically cannot survey an entire population, and must instead rely on data collected from a subset of the population.



      B.   Sampling errors occur when conclusions inferred from the subset differ from results from the whole population.




1.
Sampling errors occur most often when sample sizes are small.




2.
Selecting a larger population subset or repeating the experiment many times may reduce sampling error.
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