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Proposed life science activities

1. Calculating biodiversity indices. 

Materials; 100m tape, clipboards, graph paper, digital cameras, tracing paper and soft pencils (for bark rubbing), dichotomous key to tree species, different sized baggies.

Quantifying and assessing the biodiversity of forest trees.

Background.

One way to characterize biodiversity is the richness of species found in a specific habitat. Why are some types of habitat so rich in the number of species (i. e. tropical rainforest) and others very poor - say a banana plantation in the same location? When assessing the richness of a community it is important to look not only at the total number of species but also the way the individuals are distributed among the species. Which species are abundant and which found only infrequently? For example, sampling the fish community of a stream we might find six species in pretty much the same abundance. In another stream, which also had six species, we found that 70% of the individuals belonged to the commonest species, while only 5% of individuals belonged to the rarest species. Even though each had the same species richness i.e. six, the first stream is seems instinctively more biologically diverse. The habitat is able to support a greater number of ecological niches. One way around the problem is to take into account both the number of species as well as the distribution of individuals among species. Simpson’s index D does just this by determining for each species the proportion of individuals it contributes to the whole sample.

D = N (N -1)
( [ni (ni-1)]

Where N = total number of individuals in the sample and ni the proportion of individuals of a particular species. The value of D depends on both the species richness and the evenness with which individuals are distributed among the species. D increases with both richness and evenness. The higher the value of D, the greater the biodiversity of the particular habitat under study. Such indices can be used for base line biodiversity monitoring over time, or to evaluate and compare habitats.

Example
Taxon


  n

ni (ni-1)

White oak

  6

  30

Pin oak

14

182

Black birch

  8

  56

Red maple

  3

    6





( N =31  (ni (ni-1) =274

D = N (N -1)          = 31 (30)         = 3.4

( [ni (ni-1)]              274

Methodology

Mark off a quadrat, say 50 ft X 50ft, and determine the number of tree species using field guides or keys. Next record data on the number of individual trees of each species. Remember it is OK to deal with species A, B, etc. as long as we are consistent. Using this data calculate D as shown above. Another useful exercise is to measure the bole (circumference) of individuals of various species within the quadrat at a given height, say 5 ft above the ground. Plotting this data as a scatterplot and determining if circumferences (= age of trees) are randomly distributed, clumped or correlated can provide an insight into the history of the forest community.

2. Modeling intraspecific (individual) variation in populations. Measurements of discrete variables among individuals of a population (species) e.g. shell length, femur length, seed pod size, plant height etc. when visualized as a frequency histogram always approximate a normal distribution. This reoccurring pattern is understood to represent the underlying variation present in populations. Such variation is produced in sexual reproducing species through random mutation and recombination and random alignment of chromosomes during meiosis. As such this variation is the engine of evolution - the raw material on which natural selection works. Without it there would be no evolution. Presented in this way this underlying pattern and set of processes seem transparent. However, without this theoretical lens, the visualized variation is often explained in a variety of ways, (usually as the result of some environmental factor). This activity involves careful observation, defendable choice of characters, accurate measurement, data visualization, interpretation, and finally predicting a shift in the mean as a result of some proposed selection pressure. 

Methodology

In a woodland ecosystem identify a plant species that has completed its growth cycle i.e. it has set seeds (this will control for variability produced by growth of individuals that are in different parts of their growth cycle). Choose characters that appear to show variability. These might include; overall height, number of seed pods, number of individual seeds, number of leaves (if variable), color variations, devise a metric of leaf size (l x w) as a measure of photosynthetic area, or one to characterize shape (l divided by w) and record data. Explore these data expressed in a variety of ways in TinkerPlots. In particular look at distributions and trends of character data and of correlations among characters. Do you think your sample size was large enough to make valid claims? 

Such investigations can provide an invaluable point of entry into understanding the natural world as a series of interacting character-based populations with unique histories and constantly fluctuating sets of parameters all driven by the vagaries of the environment. The success of this activity is based on identifying a population of mature individuals on which the measurements can be made. 

