ENSCI 383/7993 		Homework #7
Delivered on March 31		Turn a hard copy at the beginning of class on April 14
The following exercises were developed based on the paper below:
Solé, R. (2024). Nonequilibrium dynamics in conservation biology: Scales, attractors and critical points. Biol. Conserv., 294, 110601.
I uploaded the paper to the Content folder for your reference while completing the homework.


3.1 Consider Levins’ metapopulation model (Levins, 1969): 
     where p is the fraction of occupied patches, c is the colonization rate, and e is the extinction rate.
     (a) Determine the steady states of the system.
     (b) Perform a linear stability analysis around each steady state.
     (c) For the non-zero steady state, calculate the recovery rate  and interpret its meaning in terms of engineering resilience.

[bookmark: _Hlk198363303]3.2 Based on the Levins model in Exercise 3.1: 
	(a) Determine the critical relationship between colonization rate c and extinction rate e at which the non-zero steady state disappears, leading to system collapse. 
	(b) Using the resilience potential landscape concept, explain how this critical threshold represents a tipping point for the metapopulation.
(c) Discuss how the ratio c/e influences system stability and resilience. How does its value indicate proximity to collapse?



3.3 The classical Levins metapopulation model assumes that all habitat patches are potentially available for colonization. To better reflect real ecosystems, we now consider habitat loss by introducing a new parameter: D, the fraction of destroyed or unsuitable habitat, such that only 1−D of the landscape remains habitable. The modified Levins model: , where p is fraction of occupied patches, c is colonization rate, e is extinction rate, and D is habitat destruction (with ).
	(a) Find all steady states of the system.
(b) Determine the condition under which a non-zero steady state exists.
(c) Perform a linear stability analysis at the non-zero steady state.
  What does the recovery rate  tell you about engineering resilience?
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