
Question 2 

a) Below is a Cohort Life Table for a population of gray squirrels.  Fill in the remaining spaces: 
Gray Squirrel Cohort Life Table 

x nx lx dx mx Lx Tx ex bx lxbx 

0 500 1 0.7 0.7 325 794 1.588 0 0 
1 0.3 0.06 0.2 135 469 3.127 0.5 0.15 
2 120 0.048 0.2 108 334 2.783 2 
3 96 0.192 0.038 0.2 2 0.348 
4 77 69.5 139.5 1.811 2 0.308 
5 62 0.124 46.5 70 1.129 0.124 
6 31 0.062 0.046 0.75 0 0 
7 8 0.016 0.016 1 4 4 0.5 0 0 
8 0 0 0 0 0 0 0 0 0 

b) When the table was made, some of the values were measured and others were calculated from 
those values.  Which three values in the table must be measured in order to construct the rest of 
the table? 

The gray squirrels have a high infant mortality rate (mx), but those that survive tend to not die of 
natural causes until age five to seven. In the meanwhile, those that die do so because of a natural 
predator of the gray squirrel, the Sports Utility Vehicle (SUV). 

c)	 Given the table above, what is the replacement rate (Ro) of the population? Is this population 
increasing, decreasing or staying the same? 

d) A migration of SUVs into the area has increased the mortality rate (mx) of all squirrels between 
the ages of one and four years by 0.2. 

i)	 Calculate the number of animals (nx) and the proportion of the original cohort surviving 
to each age (lx) for the years one through five given this new mortality rate. For any 
fractional values of nx, round to the nearest whole number. 

ii) What is the new replacement rate for the population? Is this population increasing,
decreasing or staying the same? 
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Question 2, continued 
e)	 Given the original conditions, what is the generation time (G) of the gray squirrels? (Hint: G = (Σ 

lx bx x) / Ro) 

f)	 What is the intrinsic rate of increase (r) of the gray squirrels? (Hint: r = lnRo / G) 

g) In the space below, draw a graph showing the growth of the cohort and its offspring as a 
function of time. Recall that Nt = No ert. Let your time axis go from 0 to 25 years. 

h) How many gray squirrels are present after 25 years?  Is this realistic?  If so, explain why.  If not, 
explain what we have not taken into account. 

i)	 If the carrying capacity (K) equals 2,000, make a very rough sketch of the growth of the cohort 
and its offspring on the graph that you have made above.  Be sure to indicate which curve 
belongs to part g and which belongs to part i.  Assume instantaneous feedback. 
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Question 2, continued 

Survivorship curves reveal information about survival strategies of species.  They are plots of the 
survival over time of individuals in a cohort (group of individuals in same population, born in same
time period). 
j) Draw three different types of survivorship curves (label your axes). 

k) Use your drawing above to indicate which type of survivorship curve best applies to the cohorts 
given below. 

i) Cohort of 20 sugar maple seedlings growing in the shadow of the parent, a tall sugar 
maple in mature forest. 

ii) Cohort of 100 babies born at Mass General Hospital. 

iii) Cohort of 1000 zooplankton in a lake containing a stable fish population which
preys on zooplankton. 

iv) Cohort of 100 corn plants planted and cultivated on a farm. 
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Question 2 

a) Below is a Cohort Life Table for a population of gray squirrels.  Fill in the remaining spaces: 

Gray Squirrel Cohort Life Table 
x nx lx dx mx Lx Tx ex bx lxbx 

0 500 1 0.7 0.7 325 794 1.588 0 0 
1 *150 0.3 0.06 0.2 135 469 3.127 0.5 0.15 
2 120 *0.24 0.048 0.2 108 334 2.783 2 *0.48 
3 96 0.192 0.038 0.2 *86.5 *226 *2.354 2 0.348 
4 77 *0.154 *0.03 *0.2 69.5 139.5 1.811 2 0.308 
5 62 0.124 *0.062 *0.5 46.5 70 1.129 *1 0.124 
6 31 0.062 0.046 0.75 *19.5 *23.5 *0.758 0 0 
7 8 0.016 0.016 1 4 4 0.5 0 0 
8 0 0 0 0 0 0 0 0 0 

b) When the table was made, some of the values were measured and others were calculated from 
those values. Which three values in the table must be measured in order to construct the rest of 
the table? 

x, nx, bx 

The gray squirrels have a high infant mortality rate (mx), but those that survive tend to not die of 
natural causes until age five to seven.  In the meanwhile, those that die do so because of a natural 
predator of the gray squirrel, the Sports Utility Vehicle (SUV). 

c)	 Given the table above, what is the replacement rate (Ro) of the population? Is this population 
increasing, decreasing or staying the same? 

Ro = 1.41. Because Ro is greater than one, the population is increasing. 

d) A migration of SUVs into the area has increased the mortality rate (mx) of all squirrels between the 
ages of one and four years by 0.2. 

i) Calculate the number of animals (nx) and the proportion of the original cohort surviving to 
each age (lx) for the years one through five given this new mortality rate. For any fractional 
values of nx, round to the nearest whole number. 

l
n1-5 = 150, 90, 54, 32, 19 

1-5 = 0.3, 0.18, 0.108, 0.064, 0.038 


ii) What is the new replacement rate for the population?  Is this population increasing, 
decreasing or staying the same? 
Ro= 0.892. Therefore, the population is now decreasing. 
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Question 2, continued 

e) Given the original conditions, what is the generation time (G) of the gray squirrels? (Hint: G = (Σ lx 
bx x) / Ro) 

G = (Σ lx bx x) / Ro  Therefore G = 4 years 

f) What is the intrinsic rate of increase (r) of the gray squirrels? (Hint: r = lnRo / G) 
r = lnRo / G Therefore r = 0.086 per year 

g) In the space below, draw a graph showing the growth of the cohort and its offspring as a function 
of time. Recall that Nt = No ert. Let your time axis go from 0 to 25 years. 
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h) How many gray squirrels are present after 25 years?  Is this realistic? If so, explain why. If not, 
explain what we have not taken into account. 
There are about 4,300 squirrels present after 25 years. This is not realistic because we have not taken 
into account any density dependent restrictions on the squirrels’ growth such as limited space or 
resources. 

i)	 If the carrying capacity (K) equals 2,000, make a very rough sketch of the growth of the cohort and 
its offspring on the graph that you have made above. Be sure to indicate which curve belongs to 
part g and which belongs to part i. Assume instantaneous feedback. 
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Question 2, continued 

Survivorship curves reveal information about survival strategies of species.  They are plots of the 
survival over time of individuals in a cohort (group of individuals in same population, born in same 
time period). 

j) Draw three different types of survivorship curves (label your axes). 

Type I 

Type II 

Type III 
0% 

50% 

100% 

Age of Individuals in Cohort 

k) Use your drawing above to indicate which type of survivorship curve best applies to the cohorts 
given below. 

i) Cohort of 20 sugar maple seedlings growing in the shadow of the parent, a tall sugar maple 
in mature forest. 
Type III curve best applies, since the parent has generated many offspring but will invest no extra 
energy in caring for these offspring. In fact, in this case the parent is successfully out competing its 
offspring for the limited resource, light. When the tall sugar maple eventually dies, one or two of its 
offspring may grow tall to fill the gap created in the canopy. The other seedlings will remain small and 
will presumably die at a young age. 

ii) Cohort of 100 babies born at Mass General Hospital. 
Type I curve best applies, since human infant mortality is relatively low (when high quality health care 
is accessible) and since humans invest a tremendous amount of energy in caring for their offspring. 

iii) Cohort of 1000 zooplankton in a lake containing a stable fish population which preys on 
zooplankton. 
Type II curve best applies. Parental zooplankton don't invest energy in caring for their offspring. In 
this case, survivorship will mainly be determined by the rate at which the fish preys on the zooplankton.  
Presumably zooplankton don't acquire skill at avoiding predation as they age, so each zooplankton 
should be at an equal risk of predation throughout its life. 

iv) Cohort of 100 corn plants planted and cultivated on a farm. 
Type I. Plants will be protected from disease and predation and will live until they are harvested. 
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