Prologue 1: Overview of The Biological Sciences

Brief Overview Reading:
Chapter 1, Purves

Focused Reading:

p 10-14 "Asking and Answering questions” stop at end of chapter





p 10 Fig 1.10 "The Major Groups of Organisms"





p 460 Table 26.1 "The Three Domains of Life on Earth"

Living beings do not possess a nonmaterial "life force", but rather differ from nonliving beings simply in the way their matter is organized.

     The modern concept of the cell as the foundational unit of life was developed in the 19th century. While the basic elements of the sciences of mathematics, astronomy, physics and medicine began in ancient Greece, biology as a science truly began only upon the development of the microscope in the 17th century. Despite some initial observations dating to the 17th century, however, the first true theories based on observation and experimentation (that is, scientific theories) were only developed in the 19th century. The virtual explosion of theory, observation, and information that occurred in the 19th century was made possible by a shift in the approach taken in formulating questions and seeking answers. Greater emphasis was placed on observation and experimentation, and less on philosophical or religious explanations. However, more importantly, a worldview developed which was mechanistic, rather than vitalistic. Vitalism holds that there is a unique "life principle", a specific quality or essence that distinguishes living from nonliving objects. Vitalism holds that some kind of nonmaterial force or spirit regulates the material aspect of living organisms. A mechanistic worldview holds that living creatures differ from nonliving structures only by virtue of their organization. Giving the correct arrangement of specific interacting parts (which we now call molecules), life will exist. 

     This way of thinking allowed the modern science of biology to be born and permeates the entire discipline from the questions we ask to the methods we use. In keeping with a mechanistic worldview, our questions and answers become causal rather than teleological.  A teleological approach is one in which it is assumed that the object of inquiry has some inherent will or desire which is fulfilled by the action in question. For example: Why do the leaves of house plants turn toward a window. Teleological answer: So they can get more light. This answer implies that the plant has a "desire" or "will" for more light, and it responds accordingly. A causal answer, on the other hand, would describe the cellular, chemical or physiological events that occur in the plant to cause it to turn toward the light. For instance, one would talk about the effect of light on cells that produce hormones controlling growth. The effects of these hormones on cell growth would then be discussed.

     Causal explanations never assume that the cell or creature "want" or "need" anything. They assume that living things function as chemical systems which are governed exclusively by the laws of chemistry and physics. When you apply a stimulus to such a system, it will respond, through chemical reactions, with the action or change in question. To be sure, complex organisms (at least ones with complex nervous systems) have desires which induce actions. However, this type of conscious response does not occur at the level of cells and molecules, the subjects of this course. In addition, some biologists would argue that even the most complex desires of humans are simply the outcome of chemical changes in cells and molecules that are ultimately governed by the laws of chemistry and physics.

     When scientists talk and write and teachers teach they often use teleological explanations. You will see them frequently in your text, you will read them here and you will hear them in class and lab. We will talk about what the body must do to deliver oxygen, to fight off infection -- what a cell must do to stay alive or communicate with other cells. Speaking teleologically is more colorful than speaking causally and, in fact, it is an important way of explaining why things are the way they are. But in fact, teleological explanations are really shortcuts. If we were really going to talk and think like scientists all the time (really boring!), we would talk about the adaptive advantage of being a certain way. This is a concept from evolution. Organisms that are more adapted to their environment (because of the genes they inherit or develop through mutation) survive to reproduce. Those that are less well adapted (poorer genes) do not do as well at surviving and reproducing. Thus, eventually, the better adapted organisms' offspring outnumber the others and they come to dominate the gene pool of the species and define the species characteristics. 

     Here is a concrete example of the difference between teleological and causal explanations. A teleological explanation (and one a biologist would certainly use) might go something like this:

Your heart pumps harder when you are scared because, in nature, scary things are frequently physically harmful. In order to flee or fight the thing that is scaring you, your muscle cells need more oxygen and, because the blood carries oxygen, they can only get more oxygen if your heart delivers blood at a faster rate. Therefore, your heart pumps harder. 

     Makes sense, right?  It does, but you should keep in mind that this is a short hand explanation for a more causal one which would go something like this:  

Scary things are frequently physically harmful. Some organisms acquired genes (through random mutation and genetic inheritance) that encoded the ability to pump more blood in response to physically harmful things in the environment. (This would include genes for the development of a brain system that responded appropriately to potentially harmful events as well as a communication system whereby the brain could communicate with the heart.)  These organisms had an adaptive advantage over other organisms because their muscles could get adequate oxygen to flee or fight the harmful agent. They therefore survived to reproduce and pass on their genes.

OR

The heart pumps harder when one becomes scared because the "scary" event activates sensory receptors (e.g. eyes, ears, skin, etc) which send impulses to the primary sensory areas of the brain. These areas communicate with association brain centers in which memory and learning are stored. Based on a comparison of the current stimulus with stored "memories" of stimuli (laid down through experience or genetics) the brain interprets the stimulus as threatening. This interpretation is sent to the centers of the brain which control involuntary functions (e.g. blood pressure, sweating, pupil dilation, digestive system functions) which become activated. These centers send a signal to the heart which causes it to beat faster and with greater strength. 

     Do you want to go around talking like that?  Scientists don't either (with some exceptions, of course). So we talk teleology -- but we mean causality. This is part of the culture of science -- the unspoken understandings that scientists have. "Insiders" know what scientists mean when we use certain words and use teleological explanation. 

     The causal way of thinking so dominates the biological sciences that practicing scientists tend to take it for granted. But it does take some getting used to for students encountering it for the first time.     The causal, mechanistic approach allows scientists to take the view that we can actually understand life simply by understanding how the individual parts of living things function (molecules, cells) in isolation and in interacting networks. In order to help you understand the difference in these ways of thinking, give a teleological and a causal explanation for each of the following questions (Your answers do not have to be factually correct -- you can make something up -- they simply have to be either teleological or causal in nature):

1.
Why did Susan turn up the heat in her apartment?

2.
Why do cells increase their intracellular concentration of sugar when their metabolic rate increases?

3.
Why does lifting weights increase the size of muscles?

4.
Why do photosynthetic algae swim toward light and away from darkness?

5.
Why does HIV (AIDS virus) remain dormant in its host for many months or years before it causes the symptoms of AIDS?

Scientific theories can never be proven, only supported by evidence ranging from skimpy to extensive.

     This is a very important concept for you to keep in mind, especially as you do your lab work, but also as you approach the lecture and reading assignments in this course. You will be exposed to material which will appear as though it were fact because it takes too long to keep saying, "The scientific evidence supports the theory that......."  But, in fact, the concepts presented in this course are theories. Most of these theories have an enormous body of evidence supporting them, but they remain theories nonetheless.  

     A biological theory is a speculation about how biological systems work. Theories are usually based on observation and experimental data and are frequently also based on hunches and intuition. A good scientific theory is one that stimulates experimentation. For instance, good theories are testable in the lab or field (you should be able to design and perform an experiment that either supports or does not support a theory.)  A good theory is falsifiable -- you should be able to design an experiment to prove the theory wrong (NOTE -- while you cannot prove a theory true (e.g. all living things are made of cells), you can prove a theory false by simply finding one example in which the theory does not hold (e.g. if you found one creature which was not made of cells.)  Theories are put forward in the scientific literature, and then scientists go to work to support or disprove the theory. As experimental evidence accumulates in support of the theory, it becomes increasingly accepted as fundamental or "fact."  If data is presented that disproves a theory, the theory is modified or discarded and a new theory is developed to take its place.

     All brilliant, accomplished scientists have developed theories that turned out to be wrong. Theories are informed speculations and have a high probability of being wrong. Being right or wrong is not the point. Rather, the best theories stimulate experimentation, careful observation, analysis and new ideas.

Study Questions:

1.  Be able to offer causal and teleological answers to a question similar to the ones asked above.

2.  Be able to explain the basic elements of the theory of evolution in a few sentences. Make sure you can list and understand the fundamental rules or components of evolutionary change. 

3. It is often said that science is a "self-correcting" enterprise. Explain this statement. What elements are necessary in order for science to be "self-correcting?"

4. In the 19th century, Lamarck developed an excellent theory of evolution. He stated that traits are developed by adult organisms in response to environmental conditions and these traits are then passed on to the offspring of these creatures. This theory is called the inheritance of acquired characteristics."  According to this theory, if your mother became an accomplished pianist in her adult life before you were born, she could pass this trait on to you. We now know this theory to be false. Yet, it stands as an example of an excellent biological theory. Explain this. What makes Lamarckian evolution theory good science even though it is wrong?

5. The highest level of classification is no longer Kingdom. What is the highest level of classification? Name all three. 
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