
EC 305: Quantitative Ecology: Module Two: Jan 2012 Semester
Assignment #2

Due date for questions 1-3: 9th April 2012 at the beginning of the class

Due date for question 4-6: 13th April 2012 by 3pm at my office/mailbox or email

1. Read May, 1977, Thresholds and breakpoints in ecosystems with multiplicity of

stable states. Nature, Vol 269: 471–477 (recommended)

2. Read Scheffer et al, 2001, Catastrophic shifts in ecosystems, Vol 413: 591–596

(required).

3. We discussed how various dynamical properties of populations and ecosystems

that exhibit multiple stable states changes as one approaches a threshold point of

collapse. For this, we looked at the model
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a. Using the R code provided in the class, plot stable fixed points of this model with

r = 1,K = 10 as a function of maximum grazing rate h (this was done in the

class). Identify the threshold value of h at which the system can collapse from

high population density to a low population density.

b. Modify the above R code to do the following: For each of the values of h considered

above, start with an initial condition that is 10% away from the stable fixed point

corresponding to larger population density. Compute the time it take to reach

within 1% of the fixed point. This is a measure of ’recovery’ time of the population

when perturbed by external forces. Plot the recovery time as a function of h.

Comment on your finding and its possible implications to real world.

c. For each value of h unto the threshold, compute the derivative f ′ = df/dN at

the stable fixed point corresponding to larger population density. Plot 1/f’ as a

function of h. Comment on your finding (you can write a simple R code for this).

d. Do you see any commonalities (or the lack of) between results of b and c above?

If so, can you comment on how they are related?

4. We considered the equation dx/dt = −x/τ + η(t) as a model for animal home

range movement pattern in one dimension; here x is the distance of animal from

its ‘central core’ and η(t) is an uncorrelated Gaussian random variable.

a. Discretize the above continuous time equation, and write an expression for how

the position of animal at time t+ dt depends on its position at time t.

b. What is the interpretation of the parameter τ .
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c. Using an R code, simulate the animal movement. Plot the trajectory (x on y axis

and time on x-axis).

d. Does the space use pattern, according to the above model, in line with what you

expect for a home range? Note that in a home range movement patterns animals

use a central core more frequently and the usage declines with the distance from

the core.

e. Calculate and plot mean square displacement change as a function of time. What

is the ‘Levy exponent’ for the home range movement?

5. Read Nathan et al, 2008, A movement ecology paradigm for unifying organismal

movement research, PNAS, Vol: 105: 19052–19059 (recommended)

6. Read Levin 1992, The problem of pattern and scale in ecology: The Robert H.

MacArthur Award Lecture. Ecology, Vol: 73: 1943–1967 (required).
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