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Individuals in a population can be distributed in three ways:  random, uniform, and clumped.  Random distribution is relatively rare in natural populations (Odum 1971).  Intraspecific competition can lead to uniform distribution.  Most populations tend to show clumped distribution.  Protection from predation by aggregating, location of resources and mates are factors that can cause clumping.  In the following exercise, the distributional patterns of the tall goldenrod (Solidago altissima L., Asteraceae) and the gall-making fly (Eurosta solidaginis (Fitch), (Diptera: Tephritidae) are to be examined.


The tall goldnrod is an abundant species found in old fields and disturbed sites throughout the Midwest.  Patches of the perennial clonal herb are commonly discovered infested by the tephritid fly as recognized by the presence of one or two spheroid-shaped galls on the stem of a plant.  Female flies oviposite a single egg into the terminal bud of a stem during spring (Weis and Abrahamson 1985).  The emerging larva then tunnels through the bud to just beneath the apical meristem.  A gall is initiated which will continue to expand until mid-summer.  The larva feeds within the inner tissues of the gall until it enters diapause come fall.  Mature adults emerge from the galls during the following spring.  The gall obstructs the flow of nutrients to the apical meristem, leading to reduced flower and seed production by the goldenrod.


Galls are conspicuous, and are pecked open by downy woodpeckers and black-capped chickadees which look for the succulent white larvae of the fly to eat (Cane and Kurczewski 1976).  The larvae are also preyed upon by the parasitoid wasps, Eurytoma obtusiventris and E. gigantea (Hymenoptera: Eurytomidae)(Abrahamson et. al. 1983).


The parasitic interaction between the tall goldenrod and the tephritid fly, confounded by predatory pressures on the fly, provides an intriguing study of the interplay of factors that determine patterns of distribution.  The objectives of the following exercise are to determine the distributional patterns shown by the two symbionts and to develop hypothetical explanations to the types of distributions shown.

Procedure
Break into groups of 3 or 4 individuals.  Each group will be responsible for counting the number of tall goldenrods, and the number of galls in 20 quadrants.  The type of distribution can be determined by comparing the product of s2/x, where s2 is the sample variance in the density of the goldenrod or fly from quadrants, and x is the mean density.  Sample variance is computed by, (((xi-x)2)/(n-1), where xi is a sample statistic and n is the number of quadrants surveyed (i.e., 20).  Sample mean is computed as (xi /n.  If the product, s2/x is approximately 1, clumped distribution is assumed; if greater than 1, clumped; and if less than 1, uniform.

For an example of calculations, suppose three quadrants yielded 10, 20, and 30 goldenrods per quadrant, respectively.  The variance among goldenrod is computed as, 

s2 = [(10-20)2 + (20-20)2 + ( 30-20)2]/(3-1) = 100, where the sample mean = (10+20+30)/3 = 20.  The s2/x = 5.  Thus, the distribution of the goldenrod would be evaluated as being clumped.

Questions
1.  What pattern of distribution did the tall goldenrod show?  What factors may explain  this type of distribution shown by the tall goldenrod?

2.  What pattern of distribution did the tephritid fly show?  What factors may explain this type of distribution shown by the tephritid fly?
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