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[bookmark: _GoBack]Populations II: Geometric, Exponential, Logistic 

[image: ]Review from last lecture:  Age/stage structure (life history) of population influence how population size changes through time.


Which of these examples shows a stable pop?






Note: Births = Deaths is an oversimplification for nearly all populations. Even though populations are generally “stable” over long-time frames--constantly growing or shrinking. 


How do we quantitatively characterize changes in populations? Or predict next year’s population size?


1. Simple population growth models

Estimate change through time (and rate of change)



a. Density Independent—grows to infinity or shrinks to zero
                                                             (just a matter of time = RATE of CHANGE)
		
Rate of population change is constant

		How an idealized population would grow in a limitless environment 
 		
Is this ever the case for natural populations?



i. Geometric 
1. discrete reproduction
2. population changes in “steps”

Nt+1=Nt     = geometric population growth rate*

*this is the proportional change in population size at each time-step and can thought to be roughly equivalent to R0, the net reproductive rate (from the last lecture)

ii. Exponential
1. continuous reproduction
2. smooth population change with time

dN/dt = rN    r = per capita growth rate*

*think of this as the average contribution per individual to the change in population size (rate) –we estimated this in the last lecture using life-tables
[image: ]
					Can be integrated and written as discrete form:

			      		Nt = N0ert     Does this equation look familiar?






Geometric and Exponential population growth parameters (, r) are related to one another:
			     r = ln ()

r varies between infinity: r < 0 (declining), r = 0 (stable), r > 0 (growing)

 varies between 0 and +infinity:  < 1 (declining),  = 1 (stable),  > 1 (growing)



Potential limits to population growth:

iii. Density Dependent: does the number of individuals around you affect your ability to forage, grow, survive, or reproduce?

1. food/prey
2. water (plants)
3. shelter/nest sites/territories
4. mates (too many or too few)
5. disease

iv. Density Independent: 
1. weather—stochastic events (hurricanes, floods, fires, etc.)
2. climate

Can you think of a scenario where density independent processes become density dependent for a given species?

How do we incorporate these (density dependent) processes into our simple models?

b. Simple population growth models with “density dependence”—

i. Logistic 
1. like exponential growth with an upper limit
2. growth rate of pop’n slows as limit* is approached

*Limit is called the carrying capacity (K) = max. # individuals that could be supported by an area

dN/dt = r0N(1-N/K)  

 r0 = per capita growth rate in the absence of density dependence (equivalent to exponential)		

*think of this as the exponential growth rate as being “adjusted” according to how far the population is from the limit (K):

	When it’s far from K the population will grow faster
	When it’s close to K the population will grow slower
	At K the population growth rate = 0

		Can be integrated and written as discrete form (ugly but useful):

			     			Discrete forms allow us to project pop’n 
						a certain number of timesteps in future





ii. How do we recognize/test for density dependence in real populations?

1. [image: ]Experimental
 					-manipulate density, measure performance

2. Observe natural populations over a range of densities

Examples?
	-Fisheries stock-recruit relationships
		
	-Song sparrow reproductive success 

Simple dynamics of density-independent and density-dependent populations


Plot the following numbers to show changes in population abundance. Then follow the calculations for the population rate of change  and the per capita rate of change . Note how the axis labels differ for each graph. N = density.

	Time
	N 
Geomet.
Increase
	dN/dt
	dN/dt/N
	N
Logistic
	dN/dt
	dN/dt/N
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	20
	
	
	5
	
	

	1
	23
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	2
	27
	
	
	12
	
	

	3
	31
	
	
	18
	
	

	4
	36
	
	
	27
	
	

	5
	42
	
	
	38
	
	

	6
	49
	
	
	50
	
	

	7
	57
	
	
	62
	
	

	8
	66
	
	
	73
	
	

	9
	77
	
	
	82
	
	

	10
	90
	
	
	88
	
	



Population abundance (N)
Population rate of change (dN/dt)
Geometric increase
Logistic
Time
Time
Density (N)
Density (N)
Density (N)
Density (N)
Per capita rate of change (dN/dt/N)











A Quick Guide to Selecting a Population Model
Is the population regulated?
Density-independent: Does reproduction occur continuously or in annual bouts?
Density-dependent: Use LOGISTIC EQUATION
Continuous reproduction: Use EXPONENTIAL EQUATION
Discrete reproduction: Use GEOMETRIC EQUATION
No
Yes





Life table variables (also on handout from last lecture):

x = age, where a cohort of newborn individuals = 0
nx = the number of individuals at age x

lx = survivorship to age x, calculated as 
Survivorship describes how many survived from birth to age x


sx = survival rate from age x to x+1, calculated as 

bx = birth rate, fecundity, or the average number of offspring produced per individual at age x


Net reproductive rate, 


Generation time is the average age when an individual gives birth to its offspring, 

Estimated exponential growth rate of the population, 
image3.emf
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