
Population Ecology 



1. Humans take up space, the more development the 
more problems with flash flooding etc.  

2. We need to know the population density in order to 
know  
a) how much food is required  
b) How much area should be conserved for wildlife  

3. We need to know the projected population size in 
order to plan for the future  

4. We need to know the growth rate of the population as 
it indicates the health of the population  



 Population Density  

 projected population size (for any future time)  

 Growth rate  

 doubling time of a population  

 Population growth  

 

 



 Sunlight is primary source of energy 

 Nutrients are replenished and wastes are disposed of 
by recycling materials 

 Soil, water, air, plants and animals are renewed 
through natural processes 

 Energy is always required to produce or maintain an 
energy flow or to recycle chemicals 



 Biodiversity takes many forms because it has evolved 
over billions of years under different conditions 

 Complex networks of + and – feedback loops exist 

 Population size and growth rate are controlled by 
interactions with other species and with abiotic 

 Organisms generally only use what they need 



 All life is dependent on the sun. 

 The health of an ecosystem is dependent on 
biodiversity.  

 Population control keeps the Earth’s systems in 
balance. 

 Nutrients are continuously recycled throughout the 
different Earth systems. 

 



 Characteristics of a Population 
 Population Density and Distribution 

 Population Size 

 Population Dynamics and Carrying Capacity 

 Reproductive Strategies 

 Conservation Biology 

 Human Impacts 

 Working with Nature 



 Population Density (or ecological population density) 
is the amount of individuals in a population per unit 
habitat area 

 Some species exist in high densities  -  Mice 

 Some species exist in low densities - Mountain lions 

 

 Density depends upon 
 social/population structure 

 mating relationships 

 time of year 



 Population density: the number of individuals in a 
population found in a particular area or volume. 
 A population’s density can affect how rapidly it can grow or 

decline. 
 e.g. biotic factors like disease 

 Some population control factors are not affected by 
population density.  
 e.g. abiotic factors like weather 



 Population distribution 
(dispersion) = spatial 
arrangement of organisms 
within an area  
 Random – haphazardly located 

individuals, with no pattern 
 Uniform – individuals are 

evenly spaced due to 
territoriality 

 Clumped – arranged according 
to availability of resources 
 Most common in nature 



 Most populations live in clumps although other patterns 
occur based on resource distribution. 
 

Figure 8-2 



 Process by which human activity breaks natural 
ecosystems into smaller and smaller pieces of land 

 Greatest impact on populations of species that require 
large areas of continuous habitat 

 Also called habitat islands 



Habitat 

fragmentation 

in northern 

Alberta  

 



 Calculate the area of the classroom. 

 Count the number of individuals in the classroom 

 Determine the density of the classroom 

 D = # individuals / area 

 What is the density of this classroom? 

 What is the distribution of individuals in the 
classroom? 



 Does crowding lead to conflict? 
 Describe some of the conflicts of crowding in the 

classroom. City. Country. 

 How does population density affect the distribution of 
school resources? Natural resources? 

 Can you think of any other issues related to crowding 
or lack of crowding in our classroom? 
 Economics?  Politics?  Environment? 

 



 Low mouse population density:  
 1000 mice in 250 acres 1000/250 = 4 mice per acre  

 High mouse population density: 
  1000 mice in 2.5 acres 1000/2.5 = 400 mice per acre  

 Low human population density  
 305 million people living in 3,615,000 square miles in the 

United States in 1996  

 High population density  
 127.7 million people living in 145,840 square miles in the 

Japan 

 
 

 



 Mark and capture is a method used to determine the 
size of a population of organisms in an ecosystem. 

 There are inherent problems in counting actual 
numbers of organisms.  What are they? 



Mark-Recapture Model Model type Description 

Lincoln-Peterson Method Closed population 
Fisheries origin, one 

marking period 

Schnabel Method Closed population  Fisheries origin, multiple marking periods 

Jolly-Seber Model  Open population Multiple marking periods 

Polluck’s Robust Design  
Combination of closed and 

open models 

During short periods of 

sampling closed 

assumptions, over the 

longitudinal study treated as open system 



 The Lincoln–Petersen method can be used to 
estimate population size if only two visits are made to 
the study area.  
 This method is well suited to the study of larger 

invertebrates and vertebrates 
 The general procedure involves capturing and marking 

animals. 
 The marked animals are then released.  
 After a certain period of time (long enough for the 

animals to redistribute themselves within the habitat) 
individuals in the mobile population are again captured 
and counted.  



 Given those conditions, estimated population size is: 
 N = Estimate of total population size  

 M = Total number of animals captured and marked on 
the first visit  

 C = Total number of animals captured on the second 
visit  

 R = Number of animals captured on the first visit that 
were then recaptured on the second visit  

 N = MC / R 

 



 The population is closed (geographically and 
demographically).  

 All animals are equally likely to be captured in 
each sample.  

 Capture and marking do not affect catchability.  

 Each sample is random.  

 Marks are not lost between sampling occasions.  

 All marks are recorded correctly and reported on 
recovery in the second sample.  

 



 This method extends the Lincoln-Peterson method to 
a series of samples in which there are 2, 3, 4,..., n 
samples. Individuals caught at each sample are first 
examined for marks, then marked and released. Only a 
single type of mark need be used because we just need 
to distinguish 2 types of individuals: marked, caught in 
one or more prior samples; and unmarked, never 
caught before. For each sample t, the following is 
determined:  



 N = SUM (Mt Ct) / SUM Rt  
 Ct = Total number of individuals caught in sample t  

 Rt = Number of individuals already marked (Recaptures) 
when caught in sample t  

 Mt = Number of marked animals in the pop'n just before 
the tth sample is taken.  

 Schnabel treated the multiple samples as a series of 
Lincoln-Peterson (L-P) samples and obtained a 
population estimate as a weighted average of the L-P 
estimates which is an approximation to the maximum 
likelihood estimate of N. 

 



 Natality = births within the population  

 Mortality = deaths within the population 

 Immigration = arrival of individuals from outside the 
population  

 Emigration = departure of individuals from the 
population 



 Natality (births) 
 Number of individuals added through reproduction 

 Birth Rate includes the total number of live births per 
capita 

 Crude Birth Rate - # Live Births per 1000 individuals 

 Total Fertility Rate – Average number of children born 
alive per woman in her lifetime 

 Mortality 
 Number of individuals removed through death 

 Death rate includes all deaths per capita 

 Crude Death Rate Deaths per 1000 



 Crude Growth Rate formula =  
(Crude birth rate + immigration rate) - (Crude death rate + 

emigration rate) = CGR 

 

The CGR for the Earth is roughly 1.3% right now ! 

 



 Populations increase through births and immigration 

 

 
 Populations decrease through deaths and emigration 

 

 



 The Total Fertility Rate or TFR is an estimate of the 
average number of children who will be born alive to a 
woman during her lifetime if she passes through all 
her childbearing years (ages 15-44) conforming to age-
specific fertility rates of a given year.  

 In simpler terms, it is an estimate of the average number 
of children a woman will have during her childbearing 
years.  



 The Replacement Level Fertility or RLF is the number 
of children a couple must have to replace them.  

 The average for a country or the world usually is slightly 
higher than 2 children per couple (2.1 in the United 
States and 2.5 in some developing countries) because 
some children die before reaching their reproductive 
years.  



 How do you determine the size of a population? 

 How can you determine the size of dispersed 
population? 



 Identifying growth trends and predicting the future 
population size. 



 Ability of populations of a given species to increase in 
size 

 Abiotic Contributing Factors: 
 Favorable light 

 Favorable Temperatures 

 Favorable chemical environment - nutrients 

 Biotic Contributing Factors: 
 Reproductive rate 

 Generalized niche 

 Ability to migrate or disperse 

 Adequate defense mechanisms 

 Ability to cope with adverse conditions 



 The maximum rate at which a population can increase 
is its biotic potential The biotic potential of a species 
is influenced by  

 the age at which reproduction begins  

 the time the species remains reproductive  

 the number of offspring produced during each period of 
reproduction  
 Low biotic potential = humans, elephants  

 High biotic potential = microorganisms  



 Population sizes may stay the same, increase, decrease, vary 
in regular cycles, or change erratically. 
 Stable: fluctuates slightly above and below carrying capacity. 
 Irruptive: populations explode and then crash to a more stable 

level. 
 Cyclic: populations fluctuate and regular cyclic or boom-and-

bust cycles. 
 Irregular: erratic changes possibly due to chaos or drastic 

change.  

 



 Populations show two types of growth 
 Exponential   

 J-shaped curve 

 Unlimited Growth 

 Growth is independent of population density 

 Logistic  
 S-shaped curve 

 Growth affected by environmental stress 

 Growth is not independent of population density 



 Steady growth rates cause 
exponential population 
growth 
 Something increases by a fixed 

percent 

 Graphed as a J-shaped curve 

 Exponential growth cannot be 
sustained indefinitely 
 It occurs in nature with a small 

population and ideal 
conditions 



 As early as Darwin, scientists have realized that 
populations have the ability to grow exponentially 

 All populations have this ability, although not all 
populations realized this type of growth 

 Darwin pondered the question of exponential growth.  
He knew that all species had the potential to grow 
exponentially 

 He used elephants as an example because elephants 
are one of the slowest breeders on the planet 



 N = Noert  where  
 No is the initial population size 

 r is the rate of growth in decimal form 

 t is the time (same units as the rate of growth) 

 If the growth rate of an elephant population is 2%, 
starting with one male and one female, how many 
elephants would you have in 250 years? 
 297 elephants!   

 





 Because of Environmental Resistance, population 
growth decreases as density reaches carrying capacity 

 Graph of individuals vs. time yields a sigmoid or S-
curved growth curve 

 Reproductive time lag causes population overshoot 

 Population will not be steady curve due to resources 
(prey) and predators 



 Basic Concept: Over a long period of time, populations 
of species in an ecosystem are usually in a state of 
equilibrium (balance between births and deaths) 

 There is a dynamic balance between biotic potential and 
environmental resistance 



 Limiting factors = physical, chemical and 
biological characteristics that restrain 
population growth 

 Water, space, food, predators, and disease 

 Environmental resistance = All limiting 
factors taken together 



 Exponential curve is not realistic due to carrying 
capacity of area 

 Carrying capacity is maximum number of individuals a 
habitat can support over a given period of time due to 
environmental resistance (sustainability) 



 Ability of populations of a given species to increase in 
size 

 Abiotic Contributing Factors: 
 Unfavorable light 

 Unfavorable Temperatures 

 Unfavorable chemical environment - nutrients 

 Biotic Contributing Factors: 
 Low reproductive rate 

 Specialized niche 

 Inability to migrate or disperse 

 Inadequate defense mechanisms 

 Inability to cope with adverse conditions 



 Biotic Potential 
 factors allow a population to increase under ideal 

conditions, potentially leading to exponential growth 

 

 Environmental Resistance  

 affect the young more than the elderly in a population, 
thereby affecting recruitment (survival to reproductive 
age) 





 Over time species may increase their carrying capacity by 
developing adaptations. 

 Some species maintain their carrying capacity by 
migrating to other areas. 

 So far, technological, social, and other cultural changes 
have extended the earth’s carrying capacity for humans. 

 



 No population can increase its size indefinitely. 

 The intrinsic rate of increase (r) is the rate at which a 
population would grow if it had unlimited resources. 

 Carrying capacity (K): the maximum population of a given 
species that a particular habitat can sustain indefinitely 
without degrading the habitat. 



 The growth of natural populations is more accurately 
depicted by the logistic growth equation rather than 
the exponential growth equation.  
 In logistic population growth, the rapid increase in 

number peaks when the population reaches the carrying 
capacity.  

 dN/dt = rN(1-N/K) 
 I = rN ( K - N / K) 

 I = the annual increase for the population,  
 r = the annual growth rate,  
 N = the population size, and  
 K = the carrying capacity 



 Populations grow 
rapidly with ample 
resources, but as 
resources become 
limited, its growth 
rate slows and levels 
off. 

 

 

Figure 8-4 



 When the population size equals the carrying capacity 
(N = K) the growth rate is zero (I = 0) or zero 

 When the population size exceeds the carrying 
capacity (N > K), I becomes a negative number and the 
population decreases.  

 Deer population explodes, insufficient predators. 

 Deer die off from disease & starvation, overbrowsed 
vegetation 



 Members of populations 
which exceed their 
resources will die unless 
they adapt or move to an 
area with more resources. 

 

Figure 8-6 





 The truth is, we just don’t know what the carrying 
capacity of our planet is until the J-shaped curve starts 
to decline. 

 The predicted carrying capacity is around 15 billion; 
however, we really do not know. 



 Goal of every species is to produce as many offspring as 
possible 

 Each individual has a limited amount of energy to put 
towards life and reproduction 

 This leads to a trade-off of long life or high 
reproductive rate 

 Natural Selection has lead to two strategies for species:  
r - strategists and K - strategists 



 Spend most of their time in exponential growth 

 

 Maximize reproductive life 

 

 Minimum life 



 Many small offspring 
 Little or no parental care and protection of offspring 
 Early reproductive age 
 Most offspring die before reaching reproductive age 
 Small adults 
 Adapted to unstable climate and environmental conditions 
 High population growth rate – (r) 
 Population size fluctuates wildly above and below carrying 

capacity – (K) 
 Generalist niche 
 Low ability to compete 
 Early successional species 



 Fewer, larger offspring 
 High parental care and protection of offspring 
 Later reproductive age 
 Most offspring survive to reproductive age 
 Larger adults 
 Adapted to stable climate and environmental conditions 
 Lower population growth rate (r) 
 Population size fairly stable and usually close to carrying 

capacity (K) 
 Specialist niche 
 High ability to compete 
 Late successional species 





 Late Loss:  K-strategists that produce few young and 
care for them until they reach reproductive age thus 
reducing juvenile mortality 

 Constant Loss: typically intermediate reproductive 
strategies with fairly constant mortality throughout all 
age classes 

 Early Loss: r-strategists with many offspring, high 
infant mortality and high survivorship once  a certain 
size and age 



 

 The way to represent the age structure of a population is 
with a survivorship curve. 

 Type I:  Late loss population live to an old age. 

 Type II: Constant loss population die at all ages. 

 Type III:  Most members of early loss population, die at 
young ages. 



 Crude birth/death rates = 
rates per 1000 individuals 

 Survivorship curves = the 
likelihood of death varies 
with age  
 Type I: More deaths at older 

ages 

 Type II: Equal number of 
deaths at all ages 

 Type III: More deaths at 
young ages 

 



 Sex ratio = proportion of males to females 

 In monogamous species, a 50/50 sex ratio maximizes 
population growth 

 Age Structure = the relative numbers of organisms of each 
age within a population 

Age structure diagrams (pyramids) = show the age 
structure of populations 



 The age structure of a population is usually shown 
graphically 

 The population is usually divided up into 
prereproductives, reproductives and postreproductives 

 The age structure of a population dictates whether is 
will grow, shrink, or stay the same size 

 



 How fast a population grows or declines depends on its 
age structure. 

 Prereproductive age: not mature enough to reproduce. 

 Reproductive age: those capable of reproduction. 

 Postreproductive age: those too old to reproduce. 

 



Positive Growth                Zero  Growth                   Negative 

Growth   (ZPG)   Pyramid  Shape 

      Vertical Edges            Inverted Pyramid  

 

 

 



 Fragmentation and degrading habitat 

 Simplifying natural ecosystems 

 Strengthening some populations of pest species and 
disease-causing bacteria by overuse of pesticides 

 Elimination of some predators 



 Deliberately or accidentally introducing new species 

 Overharvesting potentially renewable resources 

 Interfering with the normal chemical cycling and 
energy flows in ecosystem 



 Human population more than quadrupled from 1860 to 
1991  

 Human use of inanimate energy increased from 1 billion to 
93 billion megawatt hours/year.  

 There is an imbalance in world population growth  
 less developed countries are growing at a rate of 1.9% per year  
 developed countries are growing at a rate of 0.3-0.4% per year  
 total fertility rate in less developed countries is 4.2 children 

per woman  
 total fertility rate in developed countries such as Italy, 

Germany and Spain is 1.2 to 1.3 children per woman  



 As population in one species declines, other species may 
appear 

 Human development now displaces other species and 
threatens biodiversity 
 As Monteverde dried out, species from lower, drier habitats 

appeared 

 But, species from the cloud-forest habitats disappeared 



 Social and economic factors affect species and 
communities 

 Nature is viewed as an obstacle to development 

 Nature is viewed as only a source of resources 

 Human population growth pressures biodiversity 



 Careful and sensible use of natural resources by 
humans 

 Originated in 1970s to deal with problems in 
maintaining earth's biodiversity 

 Dedicated to protecting ecosystems and to finding 
practical ways to prevent premature extinctions of 
species 



 Three Principles 
 Biodiversity and ecological integrity are useful and 

necessary to all life on earth and should not be reduced 
by human actions 

 Humans should not cause or hasten the premature 
extinction of populations and species or disrupt vital 
ecological processes 

 Best way to preserve earth’s biodiversity and ecological 
integrity is to protect intact ecosystems that provide 
sufficient habitat 



QUESTION: Viewpoints 

Do you think humans are subject to limiting factors 
and, ultimately, a fixed carrying capacity? 

a) Yes, although we have raised the carrying 
capacity, there are limits to the number of 
humans the Earth can support 

b) Yes, but technology will keep raising the 
carrying capacity, so it’s not much of a 
problem 

c) No, humans are no longer constrained by 
environmental limits, due to our technology 
and ability to manipulate the environment 

d) I don’t care; it really does not affect me 



Which of the following graphs shows a population that will 
have fewer individuals in the future? 

(a) (c) (b) (d) 



Which type of distribution is a 
result of individuals guarding 
their territory? 

a)  Random  

b)  Uniform 

c)  Clumped 

d)  None of these 



What does this graph show? 

a) The effects of 
carrying capacity on 
population growth 

b) A population that 
keeps growing 

c) The effects of 
exponential growth 

d) The effects of 
increasing carrying 
capacity 



 They were over-hunted 
to the brink of 
extinction by the early 
1900’s and are now 
making a comeback. 

 

Figure 8-1 



 Sea otters are an 
important keystone 
species for sea urchins 
and other kelp-eating 
organisms. 

 

 

Figure 8-1 



 Can we continue to expand the earth's carrying 
capacity for humans? 
 a. No. Unless humans voluntarily control their 

population and conserve resources, nature will do it for 
us. 

 b. Yes. New technologies and strategies will allow us to 
further delay exceeding the earth's carrying capacity. 


