
• Terms / Concept List

• Population, community, ecosystem

• Population Density

• Carrying capacity

• Factor that affect carrying capacity / population 
growth

• Limiting factors – density dependent/independent

• Survivorship curves

• What keeps ecosystems stable?

• Concept: Ecosystem fluctuations (modest 
disturbance-recovery vs. extreme fluctuations) 
and recovery of ecosystem.

• Primary vs. Secondary successionCopyright Pearson Prentice Hall



Chapter 14: Population Ecology

Planet at capacity: patterns of population growth
Lectures by Mark Manteuffel, St. Louis Community College



14.1–14.6 

Population

ecology is the 

study of how 

populations

interact with their

environments.



Quick terms to know:

• Population –

• Community –

• Ecosystem –

• Biotic –

• Abiotic
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Video: Top ten predators (5min)
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https://www.youtube.com/watch?v=ffcyVpqn9ng


• Do Now: 

• 1. In Connecticut, Coyote’s rely on turkey’s 
as a primary food source.  Make a double 
line graph of the relationship between the 
population size of coyotes and the population 
size of turkeys in a 20 year time period.

• 2. Make a list of factors that determine the 
population of different organisms?

• 3. Class task: categorize the list into biotic 
verses abiotic factors.



THINK ABOUT IT  
– In the 1950s, a fish farmer in 

Florida tossed a few plants called 
hydrilla into a canal. Hydrilla was 
imported from Asia for use in 
home aquariums because it is 
hardy and adaptable. The few 
plants he tossed in reproduced 
quickly and kept on reproducing. 
Today, their tangled stems snag 
boats in rivers and overtake 
habitats; native water plants and 
animals are disappearing. Why did 
these plants get so out of control? 
Is there any way to get rid of 
them? Write your response in your notebook, 

be prepare to discuss.



THINK ABOUT IT  
– Meanwhile, people in New 

England who fish for a living 
face a different problem. Their 
catch has dropped 
dramatically, despite hard work 
and new equipment. The cod
catch in one recent year was 
3,048 metric tons. Back in 
1982, it was 57,200 metric 
tons—almost 19 times higher! 
Where did all the fish go? Can 
anything be done to increase 
their numbers? 

Write your response in your notebook, 

be prepare to discuss.
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Characteristics of Populations
•Recall that a population 
is a group of organisms of 
a single species that lives 
in a given area.

•Geographic range
describes the area 
inhabited by a population.  
This map shows the how 
the range of the hydrilla 
population spread each 
decade from the 1950s to 
1990s. 



•Population density is the number of 
individuals found per unit area.  

•A population of ducks in a pond may have a 
low density, while fish and other animals in 
the same pond community may have higher 
densities. 
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Density



Population Density – Which area has the highest number

individuals?



Growth Rate  

– A population’s growth rate determines whether the 
population size increases, decreases, or stays the same.

• Hydrilla populations in their native habitats tend to stay 
more or less the same size over time. These populations have 
a growth rate of around zero; they neither increase nor 
decrease in size. 

• The hydrilla population in Florida, by contrast, has a high 
growth rate—which means that it increases in size. 

• Populations can also decrease in size, as cod populations 
have been doing. The cod population has a negative growth 
rate.

Growth rate is the increase or decrease of the 

number of individuals in a population over time



Population Growth

–Three factors can affect population size:

• the number of births

• the number of deaths

• the number of individuals that enter 
(immigrate to) or leave (emigrate from) 
the population

–.
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14.3  Populations can grow quickly 
for a while, but not forever. 

Why not?

There is no exception to the rule that every organic 
being naturally increases at so high a rate that, if not 
destroyed, the Earth would soon be covered by the 

progeny of a single pair.

—Charles Darwin, The Origin of Species









• Sometimes, when an organism is moved 
to a new environment, its population 
grows exponentially for a time. 

• Hydrilla are an example of that. 
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Organisms in New Environments  



Take-home message 14.3

 Populations tend to grow exponentially, 
but this growth is eventually limited.

Why is it limited? 

What happens?  

What will the growth curve look like?



14.4  A population’s growth 
is limited by its environment 
(a.k.a limiting factors)



Limiting Factors
– A limiting factor is a factor that controls the 

growth of a population and determines the 
carrying capacity of an environment for a 
species.

– Types of limiting factors:

• Competition, predation, parasitism, and 
disease—depend on population density. 

• Natural disasters and unusual weather—do 
not depend on population density. 





Density-dependent Factors

 The limitations on a population’s growth 
that are a consequence of population 
density

This ceiling on growth is the carrying 
capacity, K, of the environment or the 
largest number of individuals a given 
environment can support.



“S” Shaped 

growth 

curve





THINK ABOUT IT  
– Questions to think about….

– What determines the carrying capacity of an 
environment for a particular species? 

– In its native Asia, populations of hydrilla increase 
in size until they reach carrying capacity, and 
then population growth stops. But here in the 
United States, hydrilla grows out of control. 

– Why does a species that is “well-behaved” in one 
environment grow out of control in another?



Density-independent Forces

 Factors that strike populations without 
regard for the size of the population

Mostly weather-based





How many people can Earth 
support? 

Why does the answer keep 
increasing?





Analyze this graph?  What happened?



When the population reaches carrying 
capacity, it appears to persist 

indefinitely. How is that possible?

1. Number of births > 
number of deaths

2. Number of births = 
number of deaths

3. Number of births < 
number of deaths

4. None of the above



• Predator-Prey Relationships can help keep 
a population in check and maintain a 
carrying capacity



Predator-Prey Relationships  
– Predator-Prey Relationship: Population are 

naturally controlled by predation.

– This graph shows the fluctuations in wolf and moose 
populations on Isle Royale over the years.

– Activity: Interpret the graph below, what is happening 
to each population and why?  What patterns do you 
notice?



Parasitism and Disease  
– This graph shows a sudden and dramatic drop in the wolf 

population of Isle Royale around 1980. At this time, a viral 
disease of wolves, canine parvovirus (CPV), was accidentally 
introduced to the island.

– The removal of wolves caused the moose population to 
skyrocket to 2400. 

– The densely packed moose then became infested with 
winter ticks that caused hair loss and weakness

– This virus killed all but 13 wolves on the island—and only three 
of the survivors were females.



• Graded Worksheets:

• Lynx and Hare Population, 
interpreting a predator-prey graph.
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• Carrying Capacity and Limiting Factors - Everything 
in Balance

• It's important to understand that limiting factors aren't 
necessarily bad things. They help keep environments 
healthy by keeping everything in balance.

• Humans have brought harm upon populations and 
environments because they didn't understand how carrying 
capacity works.

• Take the population of the 

• Griswald Deer.  Why was

• rapid population growth such

• a problem?



• Everything in Balance (cont.)

• What this story shows is that limiting factors are 
important, and that ecosystems are complex 
systems in which every part plays an important role. 

• Remove or otherwise interfere with one part, and 
other parts will be affected. While a population may 
temporarily increase with the removal of limiting 
factors, such as predators, such growth may have 
consequences. When a population grows out of 
control, the environment suffers. And chances are 
that eventually the population's numbers will come 
crashing down



• Everything in Balance (cont.)

• How has humans imposed new limiting factors on 
other species. Consider the damaging effects of the 
following:

• · urban development, deforestation, industrial 
agriculture (use of chemical fertilizers and 
pesticides), oil drilling, overgrazing

• These practices remove or otherwise destroy 
habitats, thus endangering plants and animals.

• Can you think of other human practices that 
impose new limiting factors on other species?



• Wildlife Conservation

• A field of study in which knowledge of carrying 
capacity and limiting factors is important is wildlife 
conservation.

• Wildlife conservationists are people who work to 
protect biodiversity, the diversity of life in an 
ecosystem, by keeping ecosystems balanced. They 
appreciate the role limiting factors play in keeping 
ecosystems healthy. They try to undo some of the 
damage humans have done to the world's 
ecosystems and to protect endangered organisms.

• In order for scientists to understand how limiting 
factors affect population they need to understand 
the age of the population over time.



14.8  Populations can be 
described quantitatively in life 
tables and survivorship curves. 



Life Tables and Survivorship Curves

 Life table

• Allow biologists to predict an individual’s 
likelihood of either dying within a particular 
age interval or surviving the interval.



Life Tables and Survivorship Curves

Survivorship curves Graphs of the 
proportion of individuals of a particular 
age that are alive in a population





Species such as humans and other large 

mammals, which have fewer numbers of 

offspring but invest much time and energy 

in caring for their young, usually have a 

Type I survivorship curve. This relatively 

flat curve reflects low juvenile mortality, 

with most individuals living to old age.

Type I Survivorship Curve



A constant probability of dying at any 

age, shown by the Type II survivorship 

curve, is evident as a straight line with a 

constant slope that decreases over time 

toward zero. Certain lizards, perching 

birds, and rodents exhibit this type of 

survivorship curve

Type II Survivorship Curve



In some species that produce many offspring but 

provide little care for them (r-selected species), 

mortality is greatest among the youngest individuals. 

The Type III survivorship curve indicative of this life 

history is initially very steep, which is reflective of very 

high mortality among the young, but flattens out as 

those individuals who reach maturity survive for a 

relatively longer time; it is exhibited by animals such 

as many insects or shellfish

Type III Survivorship Curve



Think about how knowing the survivorship 
curves of a species might help conservation 
efforts for that species.

Video:  

• Discussion Question: Why is it 
important to monitor how many fish are 
caught and why it is important to know 
their survivorship curves?



• Bycatch Activity:  

• Your role is to converse the biodiversity of 
the ocean by creating a net that reduces 
the number of non-target species caught.

• How might bycatching affect ecosystem 
stability and the limiting factors that help 
control the carrying capacity?



• Discussion Question:

• What keeps ecosystems stable over time?

• Please read the article provided and answer 
the questions as your read.



Ecosystems can recover from disturbance
Disturbances influences species diversity 

and composition

• A disturbance changes a community by 
removing organisms or changing resource 
availability (fire, drought, flood, storm, 
human activity)

• Ecological succession: transitions in 
species composition in a certain area over 
ecological time and can influence the 
population dynamics of the ecosystem.



Primary Succession

• Plants & animals invade where soil 
has not yet formed

– Ex. colonization of volcanic island or 
glacier



Secondary Succession

• Occurs when existing community is 
cleared by a disturbance that leaves soil 
intact

– Ex. abandoned farm, forest fire

Soon after fire. As this photo taken soon after the fire 
shows, the burn left a patchy landscape. Note the 
unburned trees in the distance.

One year after fire. This photo of the same general area 
taken the following year indicates how rapidly the com-
munity began to recover. A variety of herbaceous plants, 
different from those in the former forest, cover the ground.



Primary vs. Secondary Succession
• Primary:

– The gradual growth of an ecosystem in an area lacking 
soil over a long period of time.

– Often takes several hundred to a few thousand years.

• Secondary:

– Occurs when a plant community has been destroyed 
without severe disturbance to the soil.

– Typically much faster but not always.



• Succession Worksheets



• Think and Discuss- Ecosystem fluctuations 

• Create a list of ecological disturbance, is it a 
small or large disturbance? What is the 
impact to the ecosystem and will the 
ecosystem recover?

• A few examples are given to get you started.

•

Disturbance Small or Large 
Disturbance

Impact / Recovery 

Drought

Prescribed Burn

Clearcutting for 
agriculture



• Honors - Watch short clip of Wolves Change 
rivers, have students come up with ideas of 
what changed the river and why – their 
answer should connect to what they have 
learned throughout the unit.  

• Create a diagram of what happened.



• additional resources to consider:

• Online Simulation:  https://www.learner.org/courses/envsci/interactives/ecology/index.php, may need to modify 
worksheet, another option https://1.cdn.edl.io/npFwXV9EdxptOmRsx8gTeoCFuQJeLX8jOgIxlbCmwOU3pgis.pdf  

• CER - In Explore Section of CREC bundle: Students will analyze a line graph showing the population size of 
reindeer on St. Matthew Island in  five year intervals. After seeing the entire graph, students will generate 
explanations about what they think happened that caused the population growth pattern in the deer population. 
Groups of students will be given envelopes with a series of real-world clues from actual St Matthew Island studies. 
Groups will draw a conclusion, based on their clues, explaining why they think the population of reindeer 
experienced exponential growth and then a swift and dramatic die-off. Groups will modify and revise their 
explanations as they are provided with more and more clues. Students will generate a  claim and support with 
evidence, using the clues provided. After discussing, students will then identify one factor (minimally) that would 
have allowed the reindeer population to survive at carrying capacity. 

• Over the course of time have humans reached their carrying capacity - why or why not – show human growth 
curve vs. Predator-prey relationship. 

• Evaluate / Project grade– Watch short clip of Wolves Change rivers, have students come up with ideas of what 
changed the river and why – their answer should connect to what they have learned throughout the unit.  Honors 
should write a paper on their ideas (independently).  CP give them questions to answer. 

• https://cptv.pbslearningmedia.org/resource/a58e3ca2-52ab-45f5-87ac-26ee0d681146/wolves-of-yellowstone-
earth-a-new-wild/#.Wn2_ldQrLGg How Wolves Change Rivers 4:33 video 

• https://www.natureworkseverywhere.org/asset/Wolves_of_Yellowstone_Teacher_Guide_FINAL_NWE.pdf - have 
students complete worksheets found on this pdf. 

• Nature Conservancy Video and Lesson Plans  https://www.natureworkseverywhere.org/resources/wolves-of-
yellowstone/ 

•


