



    Population Growth

Will a population of a given species increase or decrease over a certain period of time?  Or, with a certain rat population, how many will there be after x months?  

The Leslie Matrix Population Model, formalized by and named after P. H. Leslie in 1945, has been found to be very useful in determining population growth.  Using birth rates, survival rates, and a base population for a given species, this model can be used to calculate population growth by age distribution.  Ecologists, for example, use it to determine whether a species can survive when introduced into a new environment.

Leslie examined the growth rate of a population of small brown rats, Rattus norvegicus.  Their life span is 15-18 months.  They have their first litter at approximately 3 months and continue to reproduce every 3 months until they reach the age of 15 months.  The following table summarizes the birthrates and survival rates by age group:

                                      Rattus norvegicus
	Age (months)
	Birthrate
	Survival Rate

	0-3
	0
	0.6

	3-6
	0.3
	0.9

	6-9
	0.8
	0.9

	9-12
	0.7
	0.8

	12-15
	0.4
	0.6

	15-18
	0
	0


(assume birthrates and survival rates remain constant)
If an original female rat population is shown in the following table, how many rats will there be after three months?  What will be necessary to find to be able to answer that question?
	Age (months)
	Number of rats

	0-3
	15

	3-6
	9

	6-9
	13

	9-12
	5

	12-15
	0

	15-18
	0


1.  How many new rats (births) will there be after 3 months (one cycle)?  Explain or show work.

2.  How many rats survive from each age group after 3 months (one cycle).  Explain or show work.
3.  What matrices could be used for the calculations for #2 and #3, if any?  Explain. 
4.  Complete each table for the number of rats in each age group after x months. (round to hundredths)


	Age (months)
	Number of rats

	0-3
	

	3-6
	

	6-9
	

	9-12
	

	12-15
	

	15-18
	

	Total
	

	Age (months)
	Number of rats

	0-3
	

	3-6
	

	6-9
	

	9-12
	

	12-15
	

	15-18
	

	Total
	



	Age (months)
	Number of rats

	0-3
	

	3-6
	

	6-9
	

	9-12
	

	12-15
	

	15-18
	

	Total
	

	Age (months)
	Number of rats

	0-3
	

	3-6
	

	6-9
	

	9-12
	

	12-15
	

	15-18
	

	Total
	


5.  Compare the original number of rats to the numbers after 3, 6, 9,and 12 months.  What do you observe?
6.  What do you think might happen to this population if we extended the calculation to 15, 18, 21, etc., months?  Justify your answer.
7.  A species of deer has the following birth and survival rates:
	Age (years)
	Birthrate
	Survival Rate

	0-2
	0
	0.6

	2-4
	0.3
	0.9

	4-6
	0.8
	0.9

	6-8
	0.7
	0.8

	8-10
	0.4
	0.6

	10-12
	0
	0

	Age (years)
	Number of deer

	0-2
	50

	2-4
	30

	4-6
	24

	6-8
	24

	8-10
	12

	10-12
	8

	Total
	


8.  Using matrices, calculate the number of newborn deer after 2 years (one cycle).  Show the matrices.  Intrepret the result by using labels on the matrices. 
9.  Explore the possibility of multiplying the initial population distribution in a row matrix times some column matrix to find the number of deer after 2 years that move from the 0-2 group to the 2-4 group.  Repeat finding the number of deer from the 2-4 to the 4-6 group.  What column matrices did you end up using and why?
10.  Complete the tables for the species of deer using the initial population given in #7.  What do you observe as the cycles increase?


	Age (years)
	Number of deer

	0-2
	

	2-4
	

	4-6
	

	6-8
	

	8-10
	

	10-12
	

	Total
	

	Age (years)
	Number of deer

	0-2
	

	2-4
	

	4-6
	

	6-8
	

	8-10
	

	10-12
	

	Total
	



	Age (years)
	Number of deer

	0-2
	

	2-4
	

	4-6
	

	6-8
	

	8-10
	

	10-12
	

	Total
	

	Age (years)
	Number of deer

	0-2
	

	2-4
	

	4-6
	

	6-8
	

	8-10
	

	10-12
	

	Total
	


11.  Find a matrix than can be multiplied by the initial population row matrix to result in the population distribution after a cycle.  (show answer on back) 
1.  Explain how both urban planners and wildlife managers might be interested in population growth models.
In humans a woman who has three children starting at age 15 contributes as much to population growth as one who has five children starting at age 30.
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