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                AVC Biology 120 Laboratory and Field Workbook
                   I.     INTRODUCTION TO BIOLOGY 120 LAB
Brace yourself. You are embarking on a semester-long journey into the wonderfully complex world of Biological Science. Here is the chance you have been waiting for: an up close and personal, dive-in-head-first, get down and gritty, mind-expanding experience of our biosphere… the only one in the galaxy we can ever know anything about. The rules are simple. Learn to look closely. Ask provocative questions. Make bold connections. Develop the wisdom of perspective. Embrace the unknown. Expect the unexpected.  Enjoy the interaction. You are someone surprisingly rare yet deeply appreciated in the world… a student of life!

Indeed, much of biology seems hidden from the casual observer. Consider for instance the many desert creatures (at least 20 bird species, e.g. ladder-backed woodpecker and Scott’s oriole) closely associated with the Joshua tree (Yucca brevifolia), together with one tiny species of moth (Tegeticula paradoxa) that pollinates it. Every biome has its surprises. From the marine environment, we shall inquire about the feeding cells (choanocytes) of a  sponge (Leucoselenia), the formidable nematocysts of deadly box jellies (e.g. Chironex fleckerii), the deuterostome embryology and intricate water vascular system of a sea star (Pisaster), and the skin electrosensors of a dogfish shark (Squalus), to name but a few examples. Wow! My head is spinning! Imagine what treasures could be discovered. Can you feel the enthusiasm building up inside you, like a young red-tailed hawk anticipating its first flight from the nest? And to help contain all of this excitement, document the journey, and retain what is meaningful, you, the lucky biology student, have in your grasp a preview of our first draft of the AVC Biology 120 Laboratory and Field Workbook! Life is good. 

Now for the preflight check. What is actually expected of students in lab? Here it is, plain and simple: be prepared. Read all assigned pages (see Laboratory Schedule). Review as necessary. When in lab, do all the drawings as directed, fill in the blanks, answer discussion questions, use texts (e.g. Sadava et. al., Ambrose & Ambrose) for reference, keep your notebook organized, complete and legible. Your notebook will eventually be your best source of information for the final practicum exam. In addition, your notebook will contain information referred to in lecture; many of the topics overlap in lab and lecture. And finally, if you have ruminated sufficiently on a difficult question (e.g. Is my research project question biologically meaningful?), it is time to ask your instructor.

                          II.      SELECTION OF A RESEARCH PROJECT

A. Scientific Inquiry involves a series of steps familiar to all scientists. These are:

1) Observation:  An event is observed, e.g. ravens (Corvus corax) taking fast-food bags from a trash can.

2) Question:   Following the observation just made on the ravens, we could ask some biologically meaningful questions (i.e. questions relating to survival of

the organism and/or its impact on other organisms in the natural environment).

For example, we might reasonably ask: Do ravens preferentially select relatively heavy fast-food bags? 

The relevance here has to do with learned behaviors of ravens that may increase (or decrease) their foraging success. A little background reading (library research) on raven behavior should show that these birds are intelligent and adaptable in a variety of settings, including coastal Alaska, New England forests, and in the Antelope Valley, California. If it is found that ravens have specific size or weight preferences when searching trash containers, then we have advanced our understanding of the biology of ravens, and gained insight into a broader question of why ravens are successful in so many different environments. Clearly, our inquiry is biologically meaningful.

3) Hypotheses:  A tentative set of answers to our initial question about ravens

selecting fast-food bags according to the weight of the bag. What are the possible

answers?  

H0    Ravens show no preference of bags based on weight of the bags.

H1      Ravens show a preference for heavier bags.

H2        Ravens show a preference for lighter bags.

By convention, scientists call H0  the “Null Hypothesis”, or Hypothesis of “No Significant Difference.” Depending on exactly how data are collected, and

how much data are collected, specific statistical tests may be used to evaluate

the null hypothesis (see below). If the null hypothesis can be statistically rejected,

then we are left with only two possible answers to our question. The data will show

which of the two is supported, H1 (in this case may be called the “working hypothesis” because it seems reasonable to assume that heavier bags will contain

more food for the ravens) or H2 (called the “alternative hypothesis” because it

is opposite of our working hypothesis). If the null hypothesis can not be statistically

rejected, then we have discovered that the ravens we studied did not use bag weight for selection; this leads us to ask more questions, like “Are ravens selecting

other features of bags, such as color, overall size, or possibly smell? 

4) Testing hypotheses  initially involves  planning a series of observations or

experiments designed to capture data that challenges the null hypothesis. In our example, perhaps the easiest approach would be to present free-ranging ravens with a series of fast food bags differing only by weight (weighted objects concealed inside) and record the results based on timed events (e.g. time ravens spend with each bag). If the observations are independent (i.e. on separate days and/or on separate birds) then statistical tests are appropriate. It is usually wise to initially set up the observations or experimental study with a particular statistical model in mind (see Ambrose & Ambrose). And, importantly, all of the methods (including statistics, observers, number of observations, etc.), materials (e.g. binoculars, stopwatch), locations, dates and times must be carefully documented. Repeatibility is essential in science.

5) Results and interpretation is perhaps the most exciting and rewarding part of the scientific process. Depending on what the data are telling us, that is, which of the three hypotheses is supported, we can apply our findings to the existing body of scientific knowledge and explore the meaning. Based on what we have gathered in our research on ravens, our findings may shed light on their behavior and probably suggest new questions and investigations. 

We began with an observation (ravens picking fast-food bags from trash cans) then formulated a specific question based on deductive reasoning (generally, ravens are intelligent: could they be “weighing” bags?) and arrived at an answer based on the data we collected. We now switch from the deductive reasoning process (general to specific) to the more powerful inductive reasoning process (specific to general). In the latter process, scientists attempt to advance our understanding to a level of accurate prediction, based on a new general theory. When enough deductions have been made, then a generalization, or theory may be formulated that correctly anticipates deductive results within its context, over and over again, study after study. Such is the case for the now widely accepted Theory of Natural Selection, as proposed by Alfred Russell Wallace and Charles Darwin. Of course every theory in science is open to continued scruitiny and rigorous testing. Often certain refinements of the theory are needed. Nature is incompletely  understood  by science, and no theory is sacred. Beginners and experts alike stand in awe of the great mysteries of the natural world.

6) Sharing your findings with the scientific community usually involves presentations

of your work at a scientific meeting and/or publication in a scientific journal. Science depends on communication. Independent, undocumented studies, dreams, spiritual visions, religious beliefs, clever fabrications, extraterrestrial visititations, and  other anecdotal, unmeasured, unsupported, untestable claims may be amusing, but are outside the domain of science. Your findings must be scruitinized by other knowledgeable scientists in order to be a part of the scientific process.

II. SELECTION OF A RESEARCH PROJECT- Continued

B. Format for Oral and Written Reports

Scientists are often busy and need to glean information from meetings and publications quickly and efficiently.  Emphasis is on facts and economy of words. A standard protocol is widely used in scientific meetings and publications, and will be followed in

this course. 

Oral Presentations (12-15 minutes)

I. Name(s) of Investigator(s).

II. Title of Presentation.

III. Introduction: including question asked, meaningfulness of question, and working hypothesis.

IV. Materials and Methods: includes location, dates, experimental/observational

design and statistical model chosen.

       V.        Results and Interpretation: includes graphs, charts, statistical conclusion,

and relationship to other studies on the subject.

Written Reports (5-10 double-spaced typed pages)

I. Name(s) of Investigator(s).

II. Title of Presentation

III. Date

IV. Abstract: a summary of the findings (1-2 paragraphs).

V. Introduction : same as in III. above.

VI. Materials and Methods: same as in IV. above; expanded with all relevant details clarified for repeatability of the study.

VII. Results and Interpretation:  same as in V. above; expanded to include comparisons with other studies.

VIII. Literature Cited: includes all citations given in the text of the report, listed

alphabetically following standard scientific journal style (e.g. Greenhood, W. and R.L.Norton, 1999. Novel Feeding Technique of the Woodpecker Finch.

Journal of Field Ornithology (70)1: 104 –106). Final reports shall have at least ten peer-reviewed articles in the Literature Cited section. All citations listed must have been read and evaluated by you, the investigator.                  NO INTERNET WEBSITE CITATIONS!
IX. Acknowledgements: includes credit to those persons or organizations assisting, facilitating or supporting the study.

X. Appendices: Includes any useful details (e.g field notes, photos or other 

documentation) rather too bulky for the main text of the report).

C . Examples of Scientific Reports

Perhaps the best way to gain a general idea of what level of effort is involved here and what is expected of student reports, is to examine both published and unpublished material. Some lab time will be dedicated for this purpose in the first laboratory meeting of the class, including comments by the instructor regarding student reports from previous classes.

Examples of published and unpublished ( i.e. AVC student) reports are available on reserve in the AVC library (see Appendices). In addition, your instructor may have copies of student reports from previous classes available for review.

D. Using the Library and Computer Research Facilities

Science depends on communication. Whatever question you are asking in your research,

chances are someone else has asked the same or related question and has published an article on the subject. If you intend on doing science, you must first review relevant publications.

Fortunately, biologists today are living in an age of instantaneous information location and retrieval. The AVC library website currently has at least one on-line data base (EBSCO HOST) available for use by registered students. Other data bases may be added in the future depending on funding.  Often a fast way to obtain an ABSTRACT or full-text pdf of a scientific article is to use a key word or phrase search in quotation marks on Google.com or ScholarGoogle.com. Some journals include free downloads of full-text articles. Way to go, Google! I could go on and on about how easy the library aspect of  scientific research has become in recent years. See for yourself.
In addition to the library computer-assisted data searches and downloads, AVC students (with a valid student ID) may request from the AVC library publications (books and journal articles) from other libraries. There is no fee for obtaining books this way, but a small deposit is charged for copies of journal articles (usually totaling less than $10, and sometimes no charge; an AVC research librarian (e.g. Carolyn, Deborah, Shannon or Van) may be able to find a free download site with the article). Although there may be a considerable delay in obtaining books from other libraries (allow about two weeks), this is one of  the easiest and most cost-efficient methods of obtaining publications needed for your study. Remember, you will need at least ten peer-reviewed, relevant articles cited in your term report.
A relatively unusual and bold approach used for finding information regarding your question (be sure it is meaningful), is to contact local universities or research facilities by e-mail or telephone. Begin by finding the correct department and asking simply who might be working on a certain topic. Usually someone in the Biology Department will know the right contact. Be polite and with luck you may find a young graduate student working on the same question you are asking, and willing to share    with you a list of relevant publications. In previous Biology 120 classes, a few highly motivated students using this approach were invited to join researchers from other institutions, and were encouraged to collect data for their term project. Such a learning opportunity can be a memorable, even life-changing experience.
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                           RESEARCH PROPOSAL PROGRESS REPORT
1) INVESTIGATOR(S) _________________________________    DATE  __________

2) TITLE OF PROJECT (include scientific binomial name of the organism to be studied)  ________________________________________________________________________________________________________________________________________________

3) QUESTION ASKED IN THIS STUDY  ________________________________________________________________________________________________________________________________________________

4) MEANINGFULNESS OF QUESTION (i.e. how does the question relate to the survival of this particular species in nature?)

5) HYPOTHESES:    Ho _______________________________

                                   H1 _______________________________

                                   H2 _______________________________

6) OBSERVATIONAL AND/OR EXPERIMENTAL PLAN (Continue on back page if necessary).

7) STATISTICAL MODEL (S) CHOSEN AND RATIONALE (See Ambrose and 

Ambrose) 

________________________________________________________________________
8) Supporting Literature (At least three peer reviewed articles relating to the study with complete citations given below (use back of page if necessary)):

      1) _________________________________________________________________

      2) _________________________________________________________________

      3) _________________________________________________________________
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