Exponential Growth Problems (from 3rd Exam, 2004 – 2008)

***********************the next 2 questions are linked******************

Slow-growing species of conservation concern because even after they are protected, they don’t necessarily expand rapidly.  For example, in a state park where box turtles were once abundant, they are now quite rare, with an estimated number of 20 individuals in the entire park.  Let us assume that the maximal birth rate for box turtles is 0.1 and the minimal death rate is 0.05. How long would it take to restore the population to 100 individuals, assuming ideal conditions and exponential growth?

1.  Using the General Problem Solving Procedure, what is the unknown in this scenario?  (A) Nt, (B) r, (C) N0, (D) e, (E) t.

2.  So, how long would it take to restore the population to 100 individuals, assuming ideal conditions and exponential growth? _________

***********************end of linked questions******************************

3. Which of the following figures are correct representations of exponential growth theory?
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(A) Figure 1

(B) Figure 1 and 2

(C) Figure 2

(D) Figure 3

(E) Figure 1, 2 and 3

(((((((((((((((((((((((((((((the following 3 questions are linked)))))))))))))))))))))))))))))

One of the small Hawaiian Islands (Ni’ihau) has a goat problem.  Back in the days of the great explorers in the 1700’s, it was common practice to drop goats off on remote islands so they would establish a population that could be ‘harvested’ for fresh meat by future visitors.  Let’s imagine a simple (parsimonious?) scenario:  Goats were introduced once to Ni’ihau in 1705.  In 2005 the population was 3,800 goats, and was still growing by 2% per year.

If the population grew exponentially at its current rate between its introduction and 2005, how many goats were originally introduced on the island?  We’ll break this question down into parts:

4. First, what is our unknown in this problem?

(A)  N0
(B)  Nt
(C) r

(D)
(E) t

5. Which equation would we use as a starting point to solve this problem?

(A) N=r*m/t

(B) Nt=N0ert
(C) Nt=N0t
(D) Nt=K/[1+(K/N0 – 1)e-rt]

(E) N1=N0
6. What was the introduced population size in 1705?

(A) 2

(B) 5

(C) 10

(D) 25

(E) 50

((((((((((((((((((((((((((((((((((((((((((((((((()))))))))))))))))))))))))))))))))))))))))))))))))

7.  A species of floating pondweed has single fronds that grow by enlarging then dividing.  This species expands and divides once every 2 days.  If the pond is covered on day 59 of the growing season, on what day was the pond 1/16th covered?

(A) Day 55

(B) Day 54

(C) Day 51

(D) Day 3.7

(E) The pond was never 1/16th covered.

8.  A pond becomes polluted with herbicide runoff from an adjacent farm field.  The floating pondweed, which had completely covered the pond, now begins to die off; one out of every two fronds dies every two days, and none are enlarging and splitting.  Counting Day 59 as the starting point when the pond was completely covered, on what day will the pond be 1/8th covered?

(A) Day 7.375

(B) Day 53

(C) Day 56

(D) Day 63

(E) Day 65

NOTE: time is going forward from day 59, not backwards…

9.  Starting with $10,000, and assuming continuously compounded interest, how much longer would it take to grow that balance to $1,000,000 if you earned 9% interest instead of 10%?

(A)  1 more year

(B)  2 more years

(C)  5 more years

(D)  46 more years

(E)  51 more years

10.  If the CIA web site is correct that the population of Afghanistan is growing 4.77% each year, and we assume Afghanistan is in a stable age distribution (probably incorrectly!), what is r for Afghanistan?

(A) 0.0466

(B) 0.0477

(C) 1.0466

(D) 1.0477

(E) It is impossible to estimate r because we would have to use the Euler equation.

NOTE: This problem was tricky, so I did not count it.  However, knowing the % by which a population can grow, you learn about lambda (l); so here, l was 1.0477.  Take ln of that to get r.  r=.0477 only if the it is ‘continuously compounded’ interest rate that we are talking about.

11.  Which of the following figures does NOT describe the relationships among variables and/or constants in the exponential growth equations?
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(A) Figure A

(B) Figure B

(C) Figure C

(D) Figure D

(E) All of the figures correctly describe the relationships.

12.  Real world data on population growth of people in North America in the early 1800’s and reindeer on the Pribilof Islands illustrate what major point(s) regarding exponential population growth?

(A) even large mammals can increase in population relatively quickly

(B) for a period of decades, exponential growth can be realized

(C) exponential growth cannot be maintained for long periods of time due to a variety of factors

(D) both A and B are illustrated

(E) A, B, and C are illustrated

^^^^^^^^^^^^^^^^^^^The following two questions are linked^^^^^^^^^^^^^^^^^^^^^^
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Asian longhorned beetle

The Asian longhorned beetle is a potential invasive species; a wood-boring insect that could kill many species of hardwood trees in North America.  An invasive species biologist wishes to estimate the maximum possible rate of population growth of this species.

13.  If the beetle has an effective annual birth rate of 10, while the death rate is 0.5, what is the intrinsic rate of increase (per capita population growth rate) for this population?

(A) 10

(B) 5

(C) 13360

(D) 9.5

(E) 0.5218

14.  The researcher determines that a population of 100,000,000 beetles would be large enough to devastate a particular forest stand and produce noticeable mortality of hardwood trees.  At maximal rates, how long would it take the beetle to increase from a small introduced population of 10 to 100,000,000?

(A) 1.7 years

(B) 1.9 years 

(C) 2.1 years 

(D) 3.2 years 

(E) 16.1 years

^^^^^^^^^^^^^^^^^^^^^^^^^end of linked questions^^^^^^^^^^^^^^^^^^^^^^^^

************************Linked Questions*******************

This one will give you some practice at other types of problems too:

Any species can potentially grow exponentially, and for short periods they actually can achieve these rates.  This is the problem with invasive species.  They are present in deceptively low numbers early in an invasion.  The following series of problems explores the structure and dynamics of a population of rabbits introduced to a 24 hectare island in Lake Superior.  This deliberate experimental introduction was done to study colonization and invasion processes.  You may use pertinent information from prior parts of the problem to help you arrive at solutions, where appropriate.

15.  Early in the invasion process, rabbits were soon at ‘intermediate’ population levels, however, because of their habit of living in warrens underground, it was impossible to view all of them at any one point in time.  In order to assess initial population size, which of the following methods should an ecologist use?  

(A) direct counts

(B) remote sensing

(C) quadrat sampling

(D) mark-recapture

(E) none of the above will work to census rabbit populations

16.  Twelve months after the introduction, the Principal Investigator (PI) on the ‘Great Rabbit Experiment’ (GRE) set 100 traps at random locations on the island.  She came back 24 hours later to find she had caught 56 rabbits.  All of these were labeled with small ear tags, then released near where they were caught.  Five days later, she re-set all 100 traps, this time, catching 72 rabbits.  To her surprise, half of these had ear tags.  From this, she estimated rabbit number on the island to be:

(A) 40

(B) 72

(C) 112

(D) 144

(E)  infinite

17.  One of the favorite plants of rabbits on the island was alder – not because they ate this species, but because it provided good cover from predators, so rabbit warrens were almost always located under the shrubs.  To get clues about rabbit dispersion on the island, the PI on the GRE decided to measure dispersion of the alder shrubs.  She placed forty 20 m x 20 m quadrats randomly on the island and counted the number of shrubs per quadrat.  She then determined from the mean and the variance in these counts that the shrubs exhibited the most uncommon dispersion pattern in nature.  Which mean and variance levels did she measure?

(A) mean = 2.38, variance = 1.26

(B) mean = 8.68, variance = 8.68

(C) mean = 6.14, variance = 13.21

(D) none of the above would yield the most uncommon dispersion pattern

(E) A, B, and C would yield the same unusual dispersion pattern

18.  In order to study more details of population dynamics, the PI dug small pits adjacent to 10 of the rabbit warrens on the island, then installed both above and belowground video monitoring equipment to observe rabbit behavior remotely.  After making observations over 6 months, she got to know every rabbit in the 10 warrens by sight, and was able to observe both births and disappearances within the warrens.  Given the colonial nature of the rabbits, and the short-term nature of the study, she assumed disappearances represented deaths.  From this, she calculated annualized birth and death rates of the rabbits in the early exponential growth phase of the population.  The birth rate was 5.  The death rate was 0.5.  What was the intrinsic rate of increase (r) of this population of rabbits?

(A) 0

(B) 4.5

(C) 5

(D) 5.5

(E) 10

19.  At this phase in the population’s growth, what was the doubling time?

(A) 0.067 years

(B) 0.154 years

(C) 0.139 years

(D) 2.168 years

(E) 10.244 years

20.  A hectare is a 100 m x 100 m area (in case you forgot!).  If every rabbit, occupies 20 cm x 20 cm of space (on average), how long would it take for the rabbits to completely cover the island (starting with the N determined in the mark-recapture study above) one layer deep if the exponential growth phase were to continue unabated?

(A) 2.4 y

(B) 4.1 y

(C) 6.8 y

(D) 21.9 y

(E) 148.3 y

21.  What is the finite rate of increase (l) for this rabbit population in the exponential growth phase?

(A) 1.65

(B) 2.86

(C) 8.80

(D) 12.13

(E) 90.02

