2011 Summer Workshop in Elementary Science


Flour Beetle Biology

So far this semester you have studied the critical aspects of living organisms.  A few weeks ago you examined how a living organism grows by cell division and mitosis.  Populations of many microorganisms do increase simply by mitosis and cell division.  You have also studied how a population grows and changes by evolution through sexual reproduction.  Many of you made excellent observations of the development of milkweed bugs at two levels of population density; you may submit your results for extra credit if directed to do so by your instructor.  Today you will observe the effects of food supply quality on the development of a new population.  For this exercise you have prepared two cultures of Tribolium confusum (the confused flour beetle) early in the semester.

Complete Metamorphosis in Flour Beetle.

Over one month ago you started cultures of confused flour beetles (Tribolium confusum) in small cups with two different kinds of flour.  One cup contained whole wheat flour and the control had white flour.  Today you will sift through these mixtures and count the number of each developmental stage of flour beetles in the treated and control media.

Flour beetle “eggs” hatch into small worm-like larvae.  These feed on flour mixture and grow.  They usually cast off their cuticle one time to become a much larger larva.  These large larvae feed voraciously on the flour mixture and any other edible material (sometimes including each other!).  Ultimately the large larvae become inactive as resting pupae.  These intermediate forms rest as their body is transformed into an adult flour beetle.  The pupae can be sexed by examination of the posterior terminal segment.  The female has two small lateral papillae while the male has a single branched median papilla.  The adults which emerge from the pupae are typical, if small, beetles.

Be sure to examine each stage of flour beetle in the dissection microscope and observe its form and activity.  Assemble a sequence of sketches of the flour beetle which demonstrates complete metamorphosis.  Your sketches must be labeled!  Be sure to observe the details of form and label them on your sketches.  Label each distinct stage in complete metamorphosis.

	First Instar Larva


	Second Instar Larva

	Pupae (male)                              (female)


	Adult (dorsal)                        (ventral)


As you may recall, we started out with two kinds of flour medium.  Whole wheat flour is made by grinding whole wheat grains into the flour; white flour is made by polishing off the wheat germ, the seed coat, and the aleurone layer from the grain before grinding it into flour.

Observations: Wheat grains are very tiny compared to corn, so we will observe germinating corn kernels.  Hold a soaked corn seed with forceps so that the white shield-shaped area faces up.  Slice the corn seed longitudinally so that the shield-shaped area is bisected.  Place one half-seed in tetrazolium and the other half in plain water; be sure the cut surface is placed down into the liquid.  Tetrazolium stain changes from colorless to pink in the presence of enzymes (protein).  After 15 to 20 minutes observe any color change in the seeds.

Where does the pink color (protein) appear?
seed coat      endosperm      embryo

Now flood the cut surface of each half with iodine solution.  Recall that iodine indicates the presence of starch by turning it blue/black.

Where does the blue/black color (starch) appear?
seed coat      endosperm      embryo

Question:  Based upon your analysis of a corn kernel, which type of wheat flour should represent the better (more balanced = more “complete”) flour as food for beetles?

white      whole wheat

Your answer above is speculative until tested as a hypothesis.

Hypothesis (falsifiable!):

Prediction:

If


then


when
.

Experiment:

In sifting through the whole wheat and white flour mixtures, keep a tally of the number of adults, pupae, large larvae, and small larvae in each culture.  Make sure your data make the class chart for distribution before your instructor duplicates the chart for the class to analyze.  Make sure you get a copy of the class results to take home.

	
	Number of First Instar Larvae
	Number of Second Instar Larvae
	Number of

Pupae
	Number of

Adults

	White Flour
	
	
	
	

	Whole Wheat Flour
	
	
	
	


Analysis:

At home, prepare an analysis of the whole-class Tribolium results.  Compare the average number of each stage in the two types of flour by t-tests:

	
	White Flour
	Whole Wheat

	Average Number of First Instar Larvae
	
	

	Standard Deviation of these Means
	
	

	T-Test Value of p
	

	Decision (same or different?)
	

	
	White Flour
	Whole Wheat

	Average Number of Second Instar Larvae
	
	

	Standard Deviation of these Means
	
	

	T-Test Value of p
	

	Decision (same or different?)
	

	
	White Flour
	Whole Wheat

	Average Number of Pupae
	
	

	Standard Deviation of these Means
	
	

	T-Test Value of p
	

	Decision (same or different?)
	

	
	White Flour
	Whole Wheat

	Average Number of Adults
	
	

	Standard Deviation of these Means
	
	

	T-Test Value of p
	

	Decision (same or different?)
	


Decision on the hypothesis: (Page 2)


Final Experiment.
Do flour beetles prefer to be in the light or in the dark?  Do flour beetles prefer a humid or a dry environment?  Are flour beetles repulsed by odors such as DEET?  For this part of the exercise, you will work BY YOURSELF, and use 10 adult flour beetles, a divided Petri Dish, black plastic, DEET, paper towels, or other materials to answer a question of your choice.  Use the standard sections of the scientific method to present your logic:

Observations:


Question:


Hypothesis:


Prediction: If


then


when


Experiment:
	
	
	

	
	side
	side

	1 min
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	


Analysis:
	
	Side
	Side

	Average Number of Adults
	
	

	Standard Deviation of these Means
	
	

	Number of Samples
	
	

	Degrees of Freedom
	

	T-Statistic
	

	T-Table Value
	

	Statistical Decision (same or different?)
	


On average, the beetles spent more time on 
side of the dish.

Decision:
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