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Biol 356 – Lab 2 (Fall 2009).  Ecological Studies and Allometric Relationships
Ecology and Science


Ecology is the study of factors that determine the abundance, distribution and local characteristics of organisms.  Ecologists study ecological systems, entities that can range from a single organism and its surroundings all the way up to large-scale groupings of different organisms and their abiotic environment (ecosystems).  Some ecological studies are simply descriptive, but most proceed through a hypothesis-testing (hypothetico-deductive) approach.  


The typical “flowchart” for a hypothesis-testing approach should be familiar to you all as the old “scientific method”.  Basically, observations are made in the field and an interesting question is generated.  Then, one or more hypotheses are put forward as explanations for the question.  These hypotheses are tested in a variety of ways.   Those that do not agree with the data (the results of the test) are discarded or revised, while those that agree are retained pending further investigation.  


Many ecological studies pass through this “flowchart” at least twice, with two different goals.  The first pass through is generally at the “descriptive stage” of study, while the second pass through is at the “functional stage” of study.  In other words, we might notice something in the field, say, that one species of tree seems to be taller for its diameter than another species.  You might be tempted to jump right to the question “Why does one species grow taller for its diameter than another?” but if you did, you’d be getting ahead of yourself.  The first question to ask is “Does one species of tree ACTUALLY grow taller for its diameter than another?”.  In other words, we must first describe the actual differences in height and diameter before moving on to questions of why this is so.  (Remember, that the original observations were just those, observations – not a test of a hypothesis.)  OK  - now we formulate a hypothesis.  Ho: The height/diameter relationship between two species does not differ.  This is our “null” hypothesis (i.e. the hypothesis of no effect or no difference).  When we get to statistical testing (next week), this is the hypothesis that we’ll test statistically.   There is, of course, an alternative hypothesis - Ha: The height/diameter relationship between two species does differ.  If our data (or our statistical test) suggest that the height/diameter relationship differs, then we will reject our null hypothesis, and retain our alternative hypothesis.  In other words, we will have shown (through data collection and analysis) that the initial observation and the question that it generated were indeed valid, and we will have been able to describe the extent to which one species of tree grows taller for its diameter than another.  


The second pass through the “flowchart” is generally at the “functional stage” of ecological study.  (Note that some ecologists refer to the descriptive and functional stages as “alpha” and “beta” stages of research).   This is where we attempt to address the questions “Why?”.  What is the cause or the significance of the difference that we described above?  Again, we propose hypotheses as tentative explanations, and again we test these in one-way or another (an untestable hypothesis is not a valid hypothesis).   For example, we might propose that the average age of one species is greater than the average age of the other (trees tend to “thicken” as they age so that young trees have relatively small diameters for their height).  The null hypothesis then would be that the average ages of the two species do not differ.  We could take cores from the trunk and count growth rings (something we are not going to do in class) and test whether or not the ages were similar.  Once we had analyzed our data, we would know whether our “age” hypothesis was supported or not.  Of course, there are dozens of other hypotheses that might explain the difference we found in our descriptive stage too – whether or not our “age” hypothesis was supported.  The job of ecologists working at the functional stage is to weed out the hypotheses that don’t fit from those that do.  And the problem is…..nobody has thought of all the potential hypotheses for any ecological system…and nobody ever will.  This is a fundamental characteristic of science: There is always another hypothesis out there that will fit the data.  This is why science can never “prove” anything.  Please, when writing reports for this lab, do not use the word “prove”, OK?  Say, “support”, or “agree with” or something, but not “prove”.  Science does not PROVE anything!  Now….that being said…Science doesn’t lie either, at least not for long (“lie” here means “provide the wrong answer”), and the conclusions reached scientifically are the closest things we know of to the “truth”, without being “proven”.   Because there are always other hypotheses out there to test, scientists (ecologists) are constantly going over each other’s work, coming at questions from different directions, etc.  When results seem to be in conflict, key experiments are conducted, and the most correct hypothesis wins.  In other words, science is constantly changing, revising, and correcting itself, and ecology is no different.  Every step puts us closer to the right answer (the truth), while realizing that we can never know for sure that we’re there (we can’t prove things).  

OK – that got philosophical, sorry.  Just don’t use the word “prove”.  Now, to today’s lab. Guess what???  We’re going to measure trees!  Big surprise, huh?  This lab should introduce you to several things: the importance of multiple samples, variation within samples, some ecological measurement techniques, variation among measurement techniques, and something about doing ecological studies at the descriptive level, to name a few.  The descriptive stage is probably where we’ll do all our work this semester anyway.  Functional studies are generally too long and involved for a semester course.  

We are going to break into groups of four and each group is going to measure the diameter and height of 24 trees: 12 blue spruce (Picea pungens) and 12 cottonwoods (Populus deltoides).  You will use essentially the exact procedure given in your lab manual for Chapter 2, Method C, except that instead of measuring 25 individuals of ONE species, you’ll be doing 12 individuals each of TWO different species.  Keep this in mind while doing the rest of the report.  You can record your data on the data sheet in the manual.  They give 25 rows – so use the first dozen for one species, skip a row – and use the second dozen for the other species.
Once your data sheet is filled out, you should be done with today’s lab – at least as far as the fieldwork goes.  You will write up a lab report to be handed in at the end of lecture on Wednesday, one week after the lab.  The lab report will be worth 20 points.  The text must be typed (computer), spell checked, and must be grammatically correct.  Please use font no larger than 12 pt.  The length of the report does not matter.  I will take points away for spelling or grammar errors.  I will NOT ACCEPT late lab reports unless there was some emergency and you spoke to me about it prior to the report due date.   In other words, don’t come to class complaining that your printer broke or your hard drive crashed and that is why you don’t have the report – I’m sorry.  Do the report far enough in advance of due dates that hardware/software problems can be remedied.  
For this report, here is what you’ll need to include:

1. Materials and Methods (4pts) – this should be a BRIEF overview of the work in the field, and whatever mathematical manipulations you did to the data to analyze them.  This part will probably be no longer than a page or so.  Use PAST tense for this section, and write in paragraph form (not like a recipe for cooking).
2. Results (8pts) – this should be a BRIEF summary of your results.  This section has a text section where you mention your main results and refer the reader to your figures or tables.  The text does not include any discussion of what your results might mean – it just mentions your primary results.  Also in this section are figures (graphs), and tables.  Figures have several features that need to be adhered to.  First, there is a title below the figure.  The title will be something like “Figure 1: The average diameter/height ratio for two species of trees” – or something like that.  Additional figures will be labeled “Figure 2; Figure 3” etc., each with a descriptive title.  Figures can be bar graphs, line plots, scatter plots, etc., but they generally have two axes, and each will need to be labeled with units (if any).  For example, if we plotted tree height on the Y-axis, and tree diameter on the X-axis, the Y-axis label would be “Tree Height (m)”.  The axes need to have appropriate scales on them, generally starting at zero and proceeding in equal increments along the axis.  Finally, if you are using different symbols or colors on a figure, you will need to include a legend somewhere (usually to the side or below the figure) that explains the symbols.  For this course, figures do NOT need to be computer-generated, but that would be nice.  IF they are hand–drawn, I expect them to be very neat, clear, and drawn on graph paper.  If you provide a table, tables have titles like “Table 1: The average height of two species of trees” that are placed above the table.   Make sure that all rows are labeled, and all columns have column headings that describe what is in the column.  Also, be sure to put units on any measurements. 
3. Discussion (8pts) – This is where you interpret and discuss your results.  It is also where you point out problems with the measurements, techniques, etc., and where you offer potential solutions to those problems, discuss the effects that the problems might have lead to etc.   Also, this is where you propose new hypotheses, discuss other experiments that should be done etc.   Basically, in the discussion section you show me that you have really thought about and understand your results.  For most of the labs this semester, the questions at the end of each lab exercise can be addressed in (and, indeed, used to structure) your discussion section.  
Here’s what I expect in the Results Section:


A figure comparing height to diameter for both species (put them both on the same graph…like on page 46).  


A second figure with tree species on the X-axis and Diameter/Height ratio on the Y-axis.  In this figure, I want you to show the average diameter/height ratio for each of the two species (these can be points or bars).  Additionally, I would like you to put error bars on these means.  The error bars for figures are generally standard error bars (the lab last week showed you how to calculate standard errors).  

A text portion of the Results.  Something that simply summarizes the overall results, and refers to each of your two figures.  

Here’s what I expect in the Discussion:


An interpretation of the diameter/height ratio data, with potential testable hypotheses to explain either the difference or a lack of difference (you may have several hypotheses here – just show me that you put some good thought into it).  You should answer each of the five questions on page 47 in this discussion somewhere.  I think using these questions to structure your discussion is a good idea.  Additionally, I think you should address the overall difference in diameter/height ratio for the two tree species, and come up with some testable hypotheses regarding why these ratios might be similar or different.  

As always, discuss any problems you had and any improvements that might be made to the methods for this project.  

Although I will not require you to go to the library and cite external references for this lab report, I will expect a Literature Cited section with full bibliographic information if you choose to cite an external source.

Lab Reports will be due on Wednesday (in lecture) of the week following the lab.
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