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Models Predict Patterns of Population Growth

! Population sizes fluctuate as new individuals are 
born or immigrate and die or emigrate.
" Some population sizes stay            

relatively constant while                                     
others change rapidly, even                              
explosively.
! Ex: Consider a bacteria that,      

under ideals conditions,                                           divides 
every 20 minutes.
# There would be two bacteria          

after 20 minutes
# There would be four bacteria         

after 40 minutes
# There would be eight bacteria                                                      

after 60 minutes
# In 12 hours, there would be             

70 billion cells!
$ In 36 hours, there would be              

a foot-deep layer over the       
entire Earth!
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Population Size Calculation
! Assuming immigration and emigration rates are equal, a 

population’s size changes based on the number of 
deaths and the number of births over a certain amount of 
time.
" N = population size
" B = # of Births/time
" D = # of Deaths/time
" t = time
   d = change 

   dN = B - D
             dt

    Units for dN/dt =  change in individuals / particular period of time
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Per Capita Population Parameters
! Often it is useful to express population data on birth and 

death rates on a per capita (per person) basis. 
" Makes it easier to compare populations of different sizes.

! This standardizes, across different population sizes, by 
expressing population growth parameters on a per person basis.
# Example

$ If you know there are 5 births in a population in a year, that 
doesn’t tell you much about what is really going on in the 
population. Is 5 a lot or a little? 

$ This answer depends on how many are already in the 
population. 

$ If you know what is happening on a per person basis though, 
you can understand if there is a lot of births or little in the 
population better and more easily compare it to other 
populations of differing sizes.

  dN = riN
  dt



AP Biology

Ex: Analyzing Carbon (CO2) Emissions
! Comparatively, the U.S. produces a large amount of carbon 

dioxide waste through the burning of fossil fuels.
! Partly this makes sense since the U.S. has the third largest 

population size in the would. 
! But, does each individual in the U.S. produce on average more carbon 

emission’s waste than each individual in a smaller country? or in a 
less economically-developed country?
! Just knowing the total amount of carbon emissions doesn’t capture 

other important aspects of carbon emission

  dN = riN
  dt
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Ex: Total # of Covid-19 Deaths vs. Average # of 
Covid-19 Deaths Per 100,000 people

! Calculating a value to compare in which the denominator is the same for all 
populations (averaging the # of deaths per organism or in this case per 100,000 
organisms) allows one to compare the # of deaths among groups of the same 
size no matter how big or small the total population sizes are.
! India has much larger in population than the U.S. and yet has had way fewer overall 

deaths, which is curious. However, the U.S. has a population that is much larger Peru 
though so it may not stand out as curious that the U.S. had more deaths than Peru.

! When groups of 100,000 are compared though, it is clear that India experienced 
much fewer deaths than the U.S. while Peru experienced many more!
! Now, one can investigate why that may be the case?
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Per Capita Birth and Death Rates

! To determine per capita birth of death rates, divide 

the absolute # of births (B) per time or deaths (D)    

per time by population size # (N).

" Per capita birth rate 

! b = B/N   (the unit for b  = individuals / period of time * individuals)

" Per capita death rate 

! d = D/N   (the unit for d  = individuals / period of time * individuals)
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Per Capita Growth Rate
! The per capita population growth rate or per capita rate 

of increase is referred to as “r”
" Signifies the average contribution of EACH individual 

makes to population growth
! rmax = the maximum contribution each individual can make 

  under ideal conditions

         r = b - d (memorize this!)

! When r = 0 = Population is not growing
! When r = - # = Population is shrinking
! When r = + # = Population is growing

# The larger the # the faster it is growing or shrinking too.

  dN = riN
  dt
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Exponential Growth Model

! The rate of population increase under ideal or near ideal 
conditions is called exponential growth
" Calculated using the simple equation:

! dN/dt or G  = growth rate of the population
" the total number of new individuals added or lost per 

time interval
! dN/dt is the CHANGE in population size over time

! Negative value of dN/dt = identifies the # of individuals lost from 
the population in that time period

! Positive value of dN/dt = identifies the # of individuals gained in 
the population in that time period

  dN = r(max)N
   dt
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Exponential Growth Model

! In the table, a population begins with 20 rabbits.
" The growth rate (dN/dt) for this population, using r = 0.3, is 

shown in the right-hand column. 

! Note: the larger the population size, the                             
more new individuals are added during                               
each time interval.

! Graphing these data          
produces a J-shaped                                       
curve, which is        
typical of                                                                    
exponential growth.

  dN = r(max)N
  dt
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Exponential Growth Model

" The lower part of the J,                
where the slope of the line is              
almost flat, results from the          
relatively slow growth when             
N is small. 
! As the population increases,                   

the slope becomes larger.
" The exponential growth model gives an idealized picture 

of unregulated population growth. 
! There is no restriction on the abilities of the organisms to live, 

grow, and reproduce. 
# Even elephants, the slowest breeders on the planet, would increase 

in population size exponentially if enough resources were available. 
! Obviously, no population—neither bacteria nor rabbits nor 

elephants—can grow exponentially indefinitely!!!

  dN = r(max)N
  dt
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African elephant
protected from hunting

Whooping crane
coming back from near extinction

Exponential growth rate - J shaped Curve
! Characteristic of populations without limiting factors 

" Seen in populations introduced to a new environment or 
rebounding from a catastrophe
! After approximately 60 years of exponential growth, the large number of 

elephants had caused enough damage to the park vegetation that a collapse in 
the elephant food supply was likely, leading to an end to population growth 
through starvation. 
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Introduced species
! Non-native species

" transplanted populations often grow 
exponentially in new areas (if the areas have 
suitable biotic and abiotic factors for the 
introduced species)
! loss of natural population size controls 

# may experience lack of predators, 
parasites, competitors

" May out-compete native species             
for resources
! results in reduce biodiversity                 

in the area 
" Examples

! African honeybee
! gypsy moth
! zebra mussel
! purple loosestrife kudzu

gypsy moth
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Introduced species

kudzu
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Zebra Mussel

ecological & economic damage

~2 months
" reduces biodiversity 
" causes loss of food 

sources & nesting sites for 
native animals

" economic damage
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Purple loosestrife

1968 1978

" reduces diversity 
" loss of food & nesting sites 

for animals
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K =
carrying
capacity

Logistic rate of growth
! Can populations continue to grow 

exponentially? Of course not! In real life, biotic & abiotic 
resources are limited & organism interactions can 
affect the ability to expand in population size.

effect of 
natural controls

no natural controls

What 
happens as N 
approaches 

K? 

The maximum 
population size a 

particular environment 
can sustain.

  dN = rmaxN (K-N)
  dt                   K
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Limiting Factors & the Logistic Growth Model

! In nature, a population that is introduced to a new 
environment or is rebounding from a catastrophic 
decline in numbers may grow exponentially for a while, 
but eventually, one or more environmental factors will 
limit its growth. 
" Environmental              

factors that               
restrict population              
growth are called       
limiting factors.
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Limiting Factors & the Logistic Growth Model

! You can see the effect of population-limiting factors in 
this graph, which illustrates the growth of a population of 
fur seals on St. Paul Island, off the coast of Alaska. 

" Before 1925, the seal population 
on the island remained low 
because of uncontrolled hunting. 
After hunting was controlled, the 
population increased rapidly until 
about 1935, when it began to level 
off and started fluctuating around 
a population size of about 10,000 
bull seals. 
! At this point, a number of 

limiting factors, including some 
hunting and the amount of space 
suitable for breeding, restricted 
population growth.
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What is the Carrying Capacity Can Change.

! Even in one location, K is not a fixed number. 
" Organisms interact with other organisms in their 

communities, including predators, parasites, and 
food sources, that may affect K. 
! Changes in abiotic                                 

factors may also          
increase or decrease      
carrying capacity. 

! In any case, the           
concept of carrying          
capacity expresses         
an essential fact of                                               
nature: Resources                         
are finite!!!
# K varies with changes in resources
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Logistic Growth Model

! What does the logistic growth model                                                      
suggest to us about real populations in nature?
" The model predicts that a population’s growth rate will be 

small when the population size is either small or large, and 
highest when the population is at an intermediate level relative 
to the carrying capacity. 
! At a low population level, resources are abundant, and the 

population is able to grow nearly exponentially. 
# the increase is small because N is small. 

! In contrast, at a high population level, limiting factors strongly 
oppose the population’s potential to increase. 
# There might be less food available per individual or fewer breeding 

territories, nest sites, or shelters. 
$ These limiting factors cause the birth rate to decrease, the 

death rate to increase, or both. 
$ Eventually, the population stabilizes at the carrying 

capacity (K), when the birth rate equals the death rate.

! K occurs when B = D   (the population is not changing in size)
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! K = Maximum population size 
that environment can support 
with no degradation of habitat

! New individuals are added 
most rapidly at intermediate 
population sizes when you 
have:
1. Considerable size of breeding 

population
2. Lots of available space & 

resources (like nutrients/water/
sunlight etc..)

! As N approaches K:
" Population growth rate slows 

dramatically as approach K
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  Logistic Population Growth - S sigmoid curve

What’s going 
on with the 
plankton?

Overshoot: adjustment not 
instantaneously to growth

Negative effects may some time to 
be realized

  dN = rmaxN (K-N)
  dt                   K

K
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Regulation of population size
! Limiting factors

" density dependent
" Death rate that rises as population 

density rises
" Biotic factors

! Competition for resources: food, mates, 
nesting sites

! Predators, parasites, pathogens 
(disease)

! Accumulation of Toxic Waste
" density independent

! Birth and death rate does not 
change with population density

! abiotic factors
# sunlight (energy)
# temperature
# rainfall

swarming locusts

marking territory
= competition

competition for nesting sites
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Reproductive strategies
! K-selection

" Density-Dependent selection
" Selection for life history traits that are sensitive            to 

population density
! Adaptations favored that enable organisms to                                                

survive/reproduce with few resources
! Competitive ability and efficient use of resources favored 
! late reproduction
! few offspring
! invest a lot of                                                                                                  

energy in raising offspring
# primates & coconut

! r-selection
" Density-independent selection
" Selection for life history traits that maximize reproductive success 

in uncrowded environments (low densities)
! Adaptations that promote rapid reproduction
! early reproduction
! Many small offspring
! little parental care

# insects & many plants

K-selected

r-selected

Operates in populations
 near carrying capacity

Operates in populations
well below carrying capacity

Ex:  in disturbed habitats
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Trade offs

Number & size of offspring
vs.

Survival of offspring & parent r-selected

K-selected
“Of course, long before you mature, 

most of you will be eaten.”
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Different Life Strategies (to survive and reproduce) have 
evolved based on environmental circumstances, each 

species correlated to a type of survivorship curve.
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Changes in Carrying Capacity over time are caused 
at times by changes in prey or predator numbers

! Population Cycles Occur
" due to predator – prey interactions

! As # of hare increases there is more food           
for the lynx so lynx # rise as a result. 

! As # of lynx rise, more eat the hare so               
following lynx population growth, hare #’s drop.

! As hare #’s drop, there is less food for the lynx, so lynx #’s drop again and 
the cycle continues.

At what 
population level is the
carrying capacity?

K
K
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Human population growth

What factors have contributed to 
this exponential growth pattern? 

1650→500 million

2005→6 billion

Industrial Revolution

Significant advances
in medicine through
science and technology

Bubonic plague "Black Death"

  Population of… 
China: 1.41 billion
India: 1.39 billion

adding ~83 million/year
>227,000+ per day!

Doubling times
250m → 500m =  y (long)
500m → 1b = y (long)
1b → 2b = 80y (1850–1930)
2b → 4b = 75y (1930–1975) 

Is the human 
population reaching
carrying capacity?

world pop. as of 
‘11-12  > 7 billion

Nov ’22 = ~ 8 billion
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Any
Questions?


