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BEHAVIORAL DEACTIVATION OF PLANT DEFENSES

OBJECTIVES

Students will 

•learn about interactions between plants and herbivores

•closely observe and record (using illustrations and verbal descriptions) the details of an interaction in nature.

•analyze observed patterns of plant consumption, and propose and test hypotheses regarding their possible causes

INTRODUCTION

Roughly 1/4 of all living species are phytophagous insects.  Yet if you walk out the door (at least before the Northeastern winter hits!) you will observe that despite all of these plant-hungry insect mouths, the earth is green.  What enables plants to keep from succumbing to the constant pressure from herbivores, and keeps herbivore populations from growing huge and defoliating the plants on which they feed?  Hairston, Smith and Slobodkin (1960), in a paradigm-altering paper, suggest that herbivores are generally regulated by predators, not by the availability of food, and thus the world remains green.

Nonetheless, insect population control by predators is not the whole story.  Plant defenses, including morphological, phenological and chemical attributes, also can have a profound influence on plant—herbivore interactions.  The plant world is not a big, vulnerable bowl of salad ready for consumption.  

There’s even more to the story.  Hungry insects, over evolutionary time, have developed mechanisms to thwart plant defenses.  In the study that serves as the inspiration for this field problem, Dussourd and Denno (1991) survey plant secretory canal architecture and the preingestive feeding behavior of leaf feeding insects.  They document behavioral strategies for plant disarmament, and make a strong case that the observed insect feeding behaviors function to deactivate plant defenses.  

In this field problem we will focus upon a locally abundant, latex secreting milkweed, Asclepius syriaca.  The latex in this plant is sticky (imagine the effects of this on the scale of insect mouthparts!) and contains chemical defenses.  We will manipulate the leaves of the plants to determine how the plants protect themselves from particular types of leaf damage.  Dussourd and Denno (1991) predict that herbivores feed on plants in a manner that minimizes the impacts of plant defenses on these consumers.  By carefully examining the leaves of the plants for evidence of feeding behavior and, if we are lucky, by watching herbivores in action, we will investigate whether or not the feeding patterns of milkweed—eating herbivorous insects are consistent with the predictions of Dussourd and Denno’s hypothesis.  

PROCEDURES AND ANALYSIS

Examination of undamaged milkweed leaves

Use a hand lens to observe and describe the structure of a milkweed leaf.  Make a detailed drawing of the leaf below, showing the pattern of venation.  Make clear where the main veins are and, for a small portion of the leaf, show the pattern of secondary venation.  This drawing (and all of your illustrations) should have a scale, so that the size of the material that you are illustrating is apparent, and a brief descriptive label.  

Manipulation of milkweed leaves

When the leaf is damaged (use probes, scissors and forceps to try to replicate the ways in which insects might damage leaves), where does the latex spill out?  Is there a pattern, or does it pour out equally from all over the leaf?  Describe your leaf manipulations and observations of latex flow.

Examination of damaged milkweed leaves

Carefully examine leaves of milkweed plants that have been damaged by herbivores and describe below, with well-labeled drawings and descriptive text, the different patterns of leaf damage and consumption that you observe.

How might the patterns of plant consumption that you observe relate to the patterns of latex flow from milkweed leaves?  Work in groups of four and propose a hypothesis regarding this relationship.  

Hypothesis Design and Test

•Design, describe (below) and conduct a simple experiment to test your hypothesis regarding insect feeding behavior.  The natural world is a variable place; don’t forget to perform REPLICATES  of your experimental procedure!

•In your experiment, use your scissors and probes and/or forceps to simulate insect   feeding damage.  

•Report your experimental findings below.  Do they support your hypothesis regarding insect feeding behavior?  Why or why not?  Are their other hypotheses that might also generate results consistent with your findings?  If so, describe them.  

If you could pursue additional tests of your hypothesis regarding the feeding behavior of insects on milkweed, how would you revise the protocol that you used today, and why?  Describe in detail the specifics of how you would improve upon today’s experimental protocol in these subsequent tests.  
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ILLUSTRATIONS OF DIFFERENT PATTERNS OF MILKWEED DAMAGE:

http://www.monarchwatch.org/milkweed/damage.html

