Feb. 3, 2004

Name _____________________________


Biology 356 Ecology Mid-term 1 (100 pts)

1. (25 pts) Examine the following Walter climate diagram. Parts a)-g) refer to this diagram
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a) Describe the climate, in terms of seasonality, water stress, and temperature and rainfall relative to other places on earth. (4 pts)

Rain falls seasonally, with two peaks annually. Temperature is relatively constant and warm. Because all rainfall amounts fall below temperature on the Walter diagram, water stress is high – evaporation exceeds precipitation.

b) What is the most likely biome? Describe the vegetation you would expect to find, particularly plant size, seasonality of leaf loss, and their likely activity space along conditions of temperature and rainfall. (4 pts)

The most likely biome is likely equatorial or subtropical, due to warm temperatures. The dryness would indicate seasonal forest, savanna, desert, or grassland. These annual rain and average temperature values actually fall intermediate among these biomes, and full credit was given for any of those answers. It is unlikely to be tropical or temperate rainforest because of the severe water stress. Vegetation in dry areas is likely small and well-spaced, with moisture-conserving adaptations such as waxy leaves or C4 photosynthesis. Dry season leaf loss might occur. In terms of activity space, organisms are likely to be adapted to warm temperatures (with a narrow activity space) and low rainfall.

c) Grime proposed three basic life history strategies for plants: stress-tolerant, ruderals, and competitive species. Define each type, and select one type that is least likely to occur in the climate addressed by this question. Why is it least likely? (4 pts)

Competitive: large plants, fast growth, vegetative spread, little investment in seeds

Ruderals: high growth, early reproduction, large investment in seeds (often appear rapidly after disturbance)

Stress tolerators: slow growth, late reproduction, little investment in seeds, often evergreen.

Because of water stress, stress tolerators are likely present. An argument can be made that either of the other types would be least likely, as both require high resource levels. The best answer depends on whether the climate is assessed as stable (in which case ruderals might do worst) or variable (in which case competitives might do worst).

d) What is the reason for the two peaks in rainfall each year? (4 pts)

The tilt of the earth relative to the sun changes annually as the earth circles the sun. Thus, the sun’s rays are perpendicular to the earth at a variety of latitudes from 20oN to 20oS throughout the year. Where the sun strikes directly, the air is warmest and rises. As it rises, it cools and rains – this is the intertropical convergence zone, where two Hadley cells are adjacent. The intertropical convergence zone passes over the equator twice annually at the spring and fall equinox. 

e) How often does the earth revolve around the sun? (1 pt) Once per year
f) Different continents contain locations where the climate matches the pattern shown in the graph.  Would you expect to find the same or different species in these locations? Why? In light of your answer, what might be the consequences of increasing rates of movement of humans worldwide? (4 pts)

Different species are present on different continents, due to biogeographic separation and separate evolutionary history. However, because of shared climate, these species often have similar traits, due to convergence. Increased human movement is likely to homogenize these evolutionarily-separate areas, altering local species composition, because many species that live in other continents actually have adaptations that allow them to survive in the same climate worldwide.

g) Species introductions often require several attempts before a species successfully establishes (self-sustaining population). Use your understanding of minimum viable population to develop a hypothesis why. In so doing, be sure to define minimum viable population. (4 pts)

Minimum viable population is the number of individuals above which there is a low probability of extinction of a population in the foreseeable future. Causes of extinction at low numbers include demographic and environmental stochasticity. Some introductions, by chance, will establish, just as there is a small probability that populations below MVP will persist into the future.

2. (25 pts) Fill in the following life table for a species where one cohort has been tracked through the entire life cycle. (1 pt each = 10)

	Age x
	nx
	lx
	sx
	mx
	bx

	0
	200
	1
	0.01
	0.99
	0

	1
	2
	0.01
	0.5
	0.5
	40

	2
	1
	0.005
	0
	1
	100

	3
	0
	0
	--
	--
	--


a) Calculate R0, showing your work. (3 pts)

R0 =  lxbx = 0.01(40) + 0.005(100) = 0.9

b) Is the population increasing or declining? ____declining___________ (2 pts)

c) What is the generation time, T? Show your work. (4 pts)

T =  x lxbx/R0 = (1(0.01)(40)+2(0.005)(100))/0.9 = 1.56 yrs 

d) What would be the consequences of the following changes in life history? Circle the correct answer. (2 pts for each)

Lower juvenile survival would cause (an increase in R0/ a decline in R0/ either).

Lower survival from stage 1 to stage 2 would cause (an increase in T/ a decline in T/ either).

A tradeoff between survival and fecundity, in which bx increases but sx declines, would cause (an increase in R0/ a decline in R0/ either).

3. (25 pts) As you explore Washington’s beaches, you notice dramatic differences in the shell morphology of a common intertidal snail, Nucella lamellosa. In some places, the shell is smooth and plain (see sketch), whereas in others it has elaborate frills running at intervals from top to bottom.

a) How could you determine whether this variation in shell morphology is due to genetic differences among populations or due to phenotypic plasticity? Define phenotypic plasticity, and then design an experiment to assess it. Be sure to include a hypothesis and details of your experimental design and measurements.

Phenotypic plasiticity is the response of form and function to environmental variation. It occurs when phenotypic traits are sensitive to the environment, and organisms of a single genotype can appear very different. (2 pts)

Hypothesis: Snails of similar genotype look different (or look similar, for the null hypothesis) across a variety of environments. (2 pts)

Methods: Transplant snails that originate in one environment (and therefore share local genotype) into several environments. For instance, transplant juvenile smooth snails into areas that have smooth adults and areas that have frilled adults. Measure shell frilliness of new shell that is produced by these juveniles as they grow. If all juveniles remain smooth, this result suggests a strong genotypic effect on shell shape. If juveniles in frilly environments grow frills, this result suggests a strong environmental effect on shell shape. (4 pts)
b) Show hypothetical results of your experiment in a graph of reaction norms. Be sure to label your axes and make sure that all of your experimental treatments are represented on your graph. You get to decide whether your results support or do not support a genotype x environment interaction. However, you must include a few sentences that summarize in words the results that you show in your graph.



The dashed line supports a conclusion of strictly genetic effects on shell shape, because shape does not change across environments.

The solid line supports a conclusion of environmental effects on shell shape, because shape varies with environment. Graph: 6 pts, Text: 3 pts


c) Much research has focused on the adaptive value of frilled vs. unfrilled shells for Nucella, and one of the best explanations is that frilled shells make the snail more difficult for predators to eat. Making shell is an energetically expensive task. In this question, define tradeoffs. How would you expect population growth rate to vary between frilled and unfrilled snail populations when predators are not present? Why? (6 pts)

A tradeoff occurs because energy used for one attribute or activity of an organism is unavailable for other purposes, given limited resources. Energy is limited and must be partitioned among organismal processes.

With few predators, population growth rate of smooth individuals should exceed population growth rate of frilled individuals because smooth individuals have more energy available for reproduction and growth, as opposed to frills that confer no survival benefit.

How would you expect population growth rate to vary between frilled and unfrilled snail populations when predators are present? Why?

However, when predators are present, frilled snails should have higher survival than unfrilled snails. Therefore, the relative population growth rates may be reversed. Even though smooth snails allocate more energy to growth and reproduction, they die at high rates and their population growth rate may be lower than for frilled snails.

4. (25 pts) Examine the following graphs and decide whether they represent populations undergoing density-dependent or density-independent population dynamics. Briefly tell why you selected density-dependent or density-independent for each of the graphs. Pay careful attention to the axes!!!!

(2 points for correct answer to each graph, 4 pts for good explanation

a)

Density dependent. The population shows logistic growth in this time series, characteristic of a carrying capacity where the population levels off at high density. At high density, individuals have to contribute less to population growth than at low density.


b)


Density independent. The total number of births in the population increases linearly with population size. This occurs when the per capita birth rate remains constant, so the increase in total births simply reflects that there are more individuals to reproduce in high-density populations.

c)

Density dependent. Survival rate applies to individuals, so in this case individual performance varies with density, which is precisely the definition of density dependence.


d)

Density dependent. Birth rate applies to individuals, so again individual performance varies with density.


d) Which of the graphs shows depensation?__d____ (2 pts)

e) Place a K where the carrying capacity is on at least one of the graphs. On graph a) (2 pts)

f) All of these graphs represent deterministic population dynamics. If you were to consider stochasticity, would it be more relevant at low or high population size? ___low (2 pts)__ Why? (3 pts) Birth and death rates, as well as sex ratios, can depart from average values dramatically at low densities, because the law of large numbers does not apply. 
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