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1. Define population ecology and identify population 
distributions seen in nature.

2. Recognize the role that population size and 
density play in population dynamics.

3. Identify population growth models and factors that 
affect population growth. 

4. Compare species life history strategies and 
discuss population management approaches. 

Population Ecology Lecture Objectives
Population Ecology Lecture Objectives



Objective 1: Define population 

ecology and identify 

population distributions seen in 

nature.

Objective 1.



Population ecologists study different species around the world for many important 
reasons including:

• Determining which species need protection, such as endangered species
• Managing economically valuable species, such as commercial fisheries
• Controlling pest species and invasive species

Population ecology is the study of these populations.

A population includes all the organisms that belong to the same species that are 
living within a designated area and can interact, breed and have offspring. 

What is a population?

What is a population?

Professor Commentary
Sticky Note
We typically think of populations as the number of people living in a city or town. For example, the population of humans living in Columbus, Ohio (USA) is around 950,000 people. In the branch of ecology called population ecology, scientists study groups of individuals that belong to the same species (for example, African bush elephants with the scientific name Loxodonta africana) that are all living in the same area (for example, Kruger National Park) and that can interact, breed and have offspring. 

Other examples of populations include a population of rabbits, a population of coyotes, a population of honeybees. We can describe populations using many different characteristics, such as numbers of males, numbers of females, numbers of old, numbers of young, density of individuals, distribution of individuals, health of individuals.  We will explore some of these attributes in this lecture. 

It is important to study populations for several reasons.  These include: 

1.The need to be informed about species and their characteristics so we can determine which ones need to be protected, which populations have a healthy numbers of males, females, old and young. We may need to classify some populations that have extremely low numbers as endangered species. 
2.The need to manage species that are economically valuable, such as commercial fisheries. If their numbers are not sustainable then these species (and the people that depend on them economically) will suffer. 
3.The need to control pest species and invasive species.  These populations need to be monitored so that they do not take over native areas and cause harm to native populations. 




A living 
individual 
organism

Many individuals of the 
same species that can 
breed and produce 
offspring

Many individuals from 
different species 
interacting with one 
another

A community and all 
its abiotic components

Ecosystems that 
occupy a large 
geographic area

Organism Population Community Ecosystem Biome

biotic biotic biotic abiotic + biotic abiotic + biotic

Biome 1 Biome 2

Biome 3

Hierarchy of Life on Earth

Hierarchy of Life
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The hierarchy of life starts with an individual organism (shown here as an individual elephant) and transitions to higher and higher orders of complexity as we move from individual to population, community, ecosystem and finally, biome. 

An individual organism is a biotic component and can be broken down further to show its individual biotic parts (for example, molecules, cells, tissue, organs).  On this slide, biotic factors are shown in blue and abiotic factors are shown in orange.    

A biome is situated at the top of the hierarchy of life and is composed of ecosystems that occupy a geographically large area.  Biomes consist of both abiotic and biotic factors and communities of flora and fauna.  Biomes are defined by temperature, precipitation, elevation, location, latitude, vegetation and animals that live within the habitat.  Earth has three broad types of biomes: (1) terrestrial, (2) freshwater and (3) marine.       

By understanding how individual systems operate within these different levels of hierarchy, we can understand how life functions as part of the larger natural system on our planet, how life evolved on Earth, and perhaps how life evolved on other planets. 




Range map for Juniperus communis, the common juniper.

Image from Elbert Little, U.S. Forest Service.

A range map shows the distribution 
and boundary lines of a population.

Factors such as the time of year, 
breeding activity, where a species 
historically originated can all  
determine its range.

Range = the geographic 
area where a species can 
be found

Range

https://en.wikipedia.org/wiki/Juniperus_communis
https://en.wikipedia.org/wiki/Juniper
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Sticky Note
A population’s range is the geographic area where the population can be found living, interacting, breeding and producing offspring. 

Shown on this map in green color is the range of the common juniper.  These are evergreen scrubs found in the Northern USA and throughout Canada.  A population’s range changes over time.  These changes are due to factors like changing climate, competition from other species, predation, natural disasters, and access to resources. A population’s range also depends on the time of year, breeding or migratory activity, or a species’ historical range and origin. 




Both behavioral and ecological 
factors can influence a population 
distribution. 

Understanding a population’s 
distribution is essential for healthy 
population management. 

Population Distribution = 
spacing and location of 
individuals within their 
range 

Population Distribution
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A population’s distribution describes the spacing and location of individuals at any given time within its range. 

It is important for population ecologists to understand a species’ distribution patterns. Distribution or dispersion patterns show the spatial relationship between individuals of a population within a habitat. 

Here we see a herd of American bison in Yellowstone National Park. Large herds of 30-60 million American bison used to roam North America in a wide range spanning most of the Midwest to western USA and Canada.  Their historical range no longer exists, and their numbers have decreased to around 50,000 wild bison today.  American bison are now limited to protected areas such as national parks and wildlife preserves. 




UniformRandomClumped

Population Distribution Patterns

Population Distribution Patterns
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Individual organisms will space themselves apart from one another based on the availability of resources (e.g., food, water, shelter), predators, competition, mating behavior, etc.  Patterns of distribution are often characteristic of a particular species.  Distribution patterns often depends on local environmental conditions and the species’ growth characteristics (when it comes to plants) or behavior (when we look at animals). 

Ecologists divide distribution patterns into three broad categories; clumped, random, and uniform.




Image from OpenStax, 2011. Wikimedia Commons.

Organisms are grouped together 
in clusters.

• Found in environments with 
unevenly distributed resources

• Organisms may be clustered 
together due to social factors, 
such as family groups

• Organisms may also group 
together to hunt more effectively 
or to protect themselves from 
predators

Clumped Distribution

Clumped Distribution
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Clumped distribution patterns occurs when organisms are grouped together in clusters. 

This form of distribution often occurs in environments with unevenly distributed resources (for example, food or water), Organisms will gather around the limited resources.  For example, deer and lions living in a dry savanna will live grouped together near water, such as a river or lake.   

Organisms may also cluster together due to social factors, such as family groups.  On land, African elephants, lions, ants, honeybees live in social groups.  In the oceans, orcas, porpoise and seals live in social groups.     

Some animal species, like sardine fish, exhibit clumped distribution as a behavioral adaptation to avoid predators like swordfish and whales.

Humans exhibit clumped distribution as we prefer to live near water, fertile soil, coastlines, mountains, and warm sunny places.  




Organisms are evenly spaced from 
one another.

• Found in populations where the 
distance between organisms is 
maximized

• Spacing is often a result of 
competition 

• Farming and agricultural practices 
showcase man made uniform 
distribution

Uniform Distribution

Uniform Distribution
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Uniform distribution occurs when organisms are spaced an equal distance from one another. 

One example of uniform dispersion comes from the plant world.  Some plant species, such as sage, secrete toxic compounds into the soil to inhibit the growth of nearby plants.  This phenomenon is known as allelopathy.  By inhibiting the growth of nearby plants, the sage plant ensures that it will have plenty of water and nutrients to grow and reproduce without competition from other plants. We can also observe uniform dispersion patterns among animal species where dominant individuals stake out and defend their territories from competing individuals.





Organisms are randomly spaced.

• Occurs when organisms of a 
species are in environments where 
the position of each individual is 
independent of all other individuals

• Often a lack of social interaction 
within the species

• More likely to occur where 
environmental conditions are 
consistent

Random Distribution

Random Distribution
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Random distribution occurs when organisms are randomly spaced in the environment. 

Species distributed in this way do not demonstrate any predictable patterns. This distribution is more likely to occur when environmental conditions are consistent and organisms act independently of one another.

An example of random distribution includes plant species, such as dandelions, that have wind-dispersed seeds. When the seeds are picked up by the wind the seeds can be spread in all directions from the original plant and sprout and grow in random locations, wherever the wind blows, and conditions are favorable. 




Image from USGCRP, 2009. 

Abiotic factors

• Climatic factors (precipitation, 
sunlight, humidity, sunlight, 
temperature, pH)

• Local geography (soil, terrain, 
elevation)

• Resource availability 
(nutrients, water)

• Land use (rural, city, natural 
setting)

Factors Affecting Species Distribution

Factors affecting Species Distribution – abiotic factors
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There are many factors that impact how different species are distributed on Earth. If we remember, abiotic factors are those that are the non-living parts of an ecosystem that affect the environment. Many abiotic factors play a role in where populations thrive.

Climatic factors such as precipitation, sunlight, humidity, temperature will all impact a species’ ability to survive in a particular location on Earth. 

Resource availability controls a population’s range.  If an area has abundance resources, such as food and water, many different species will be drawn to these areas to live and reproduce and grow in numbers. 

Land use and local geography also impact distribution patterns.  Populations will seek out areas with ideal habitats, safe locations to build nests, dens and homes, abundant and accessible food and water, protection from predators, or abundance of prey. 

Because abiotic factors are always in flux on Earth, we observe that distributions patterns for organisms and where they live are also constantly changing to adapt to changing environmental conditions.

In these two maps, we can see how the distribution of trees are expected to change in the Eastern United States from the late 1900s to the year 2100.  Major changes are expected to occur as the climate warms over the next 75 years. The dominant maple-beech-birch forests (red shading) prevalent in New England today is expected to be replaced by oak-hickory forests (shown in green shading).  This is expected to occur because oak and hickory trees prefer warmer climates, whereas maple, beech and birch trees prefer cooler temperatures. 




Image from NASA, 2013. 

• Geographic ranges of plant and animal species 
are limited by climatic factors like temperature 
and precipitation

• The magnitude and variability of climatic changes 
limits an organism’s ability to survive and 
produce offspring 

• Species can respond to changing climate by 
migrating to new areas, for example, move to 
cooler locations at higher latitudes 

• Climate changes are difficult to predict, and 
scientists use computer models to predict climate 
change and thus better prepare for shifts in 
organisms’ range and distribution

Climate

Factors Affecting Species Distribution

Factoring affecting Species Distribution -- climatic impact
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Changes in climate can alter the geographic ranges of plant and animal species across the globe. 

Shifts in climate, for examples changes in precipitation and temperature, can alter and even limit an organism’s ability to survive in a specific location. Species can adapt to changes in climate by migrating to more favorable locations to live.  Sometimes, however, species aren’t able to migrate to new locations fast enough and sometimes species aren’t able to adapt to climate changes fast enough, which can ultimately lead to their extinction. 

Earth is currently in a period of warming, which is causing a shift in the distribution of most plant and animal populations.  We can see these shifts here on this map, among terrestrial plant species found on Earth.  This map shows the expected changes in plant species over the coming decades as Earth goes through a period of global warming.  Green and blue colors represent 5% to 10% changes in plant species per decade.  This means that in 50 years we expect to see 25% to 50% new plant species growing in the green and blue regions shown on this map.  These will be significant changes that will no doubt impact hundreds-of-thousands of plant and animal species.  Many will likely face extinction.            

Changes in climate often happen gradually, over decades to centuries. As a result, it can be difficult for researchers to study population shifts and predict what will occur.  Therefore, it is important that a scientist use well-developed computer models to forecast climate change so we can properly manage and protect animal and plant species living on Earth. 




Biotic factors

• Biotic factors are living organisms or 
material (for example, organic 
compounds) that originated from 
living organisms

• Predator and prey species
• Disease caused by viruses and 

microorganisms
• Competition for resources (e.g., 

water and food)
• Human influences and interactions

Factors Affecting Species Distribution

Factors affecting Species Distribution – biotic factors

Professor Commentary
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Abiotic factors are not the only factors that impact a specie’s distribution and range. There are also many biotic factors that can affect where populations live. 

Predator-prey interactions will impact a species’ distribution.  Competition for resources, like food and water, will impact how many individuals and which types of species can exist in a particular area.  

Humans also have a great deal of influence on the locations where organisms live.  For example, construction of a major highway or large neighborhood will deter many types of organisms from occupying an area that is inhabited by humans.   




Objective 2: Recognize the 
role that population size and 
density play in population 
dynamics.

Objective 2.
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Lecture Objective 2. By the end of this video, you should be able to recognize the role that population size and density play in population dynamics. 

Population size (for example 100 deer versus 1,000 deer) and population density (for example, 100 squirrels living on Ohio State’s campus versus 1,000 squirrels living on Ohio State’s campus) both play major roles in population dynamics. 

In order to describe the current state of a population, as well as, make predictions about future populations, scientists need to know population size and population density. 




Image from Antarctica Bound, 2010. Flickr.

It’s valuable to know a population’s 
size as it can tell us about the stability 
and sustainability of a population.  
Larger populations are generally 
regarded as more stable because 
they have higher genetic diversity 
compared to a small population.  High 
genetic diversity allows a population 
as a whole to better adapt to 
environmental changes.

Population size = number 
of individual organisms in 
a population 

Population Size
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Population size, is the number of individual organisms in a population. Here we see a population of emperor penguins living in Antarctica. This colony consists of 20,000 individual penguins.  

A population’s size can tell us how stable and sustainable a population is and whether the species will survive or decline or perhaps go extinct. A large population of penguins has a high genetic diversity as the DNA of each individual penguin is slightly different from its neighbors. Greater genetic diversity allows the penguin population to better adapt to changing environmental conditions. 

A population that is small in size, with few individuals, will have lower genetic diversity. This will make it difficult for the small population to adapt to changing environmental conditions. If a population can’t adapt, it will go extinct. 





Generally, organisms with small body size 
live together in high population density.

Density can determine how easy or 
difficult it is for populations to 
acquire resources.  
• Low density populations may 

have difficulty locating mates
• High density populations will 

experience an increase in 
competition for food or water

Population density = 
number of individual 
organisms per area or 
volume in a habitat

Small mammal Large mammal

Few

Many

LibreTexts, CC BY-NC-SA 3.0.
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Population density is the number of individual organisms per area or number of individual organisms per volume. For example, 100 mice living in the Colosseum in Rome versus 100,000 mice living in the Colosseum in Rome.  The latter example has much much higher population density of mice.   

A population’s density can determine how easy or difficult it is for the population to acquire resources and whether there will be a lot of competition among individuals for resources like food and water. Competition for resources would be fierce if 100,000 mice were living in the Rome Colosseum. Whereas there would be little to no competition with 100 mice.      

However, populations with low density might experience other problems. For example, an individual living in a low-density population, where organisms are sparse and scattered, might find it very difficult to find a mate to reproduce. 

As a general trend, organisms with small body size tend to live in high population densities. For example, ants, mice and rabbits typically have high numbers of individuals living in an area.  Opposed to organisms with a larger body size, like wolves and bears, which tend to be fewer in number and more scattered in their habitat.  




Too Low (below minimum population size) Too High (above carrying capacity)

• Natural social behaviors are deficient • Social behaviors break down

• Unable to find mates • Increase in disease
• Normal mating and courtship 

behaviors do not occur
• Food supplies are low

• Genetic diversity decreases and 
inbreeding can occur

• Increased chances of conflicts with 
humans

• Important community connections 
may be lost that can affect other 
species

• Environments are damaged from 
overuse of resources

Challenges with Population Density

Issues with Population Density

Definitions from Environmental Science for a Changing World
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It is important for populations to maintain a healthy population density that is “just right” to maximize their chance of survival. 

If a population density is too low, a population faces issues such as the inability to locate mates, possible changes in social behaviors, and decreases in genetic diversity that can cause diseases or inbreeding among individuals. 

If population density is too high, diseases caused by viruses and bacteria are easily spread because of overcrowding.  In addition, competition for limited food and water will increase. There may also be an increased conflict with humans as organisms continue to spread beyond their natural ranges and into towns and cities.  

A healthy population will eventually reach its carrying capacity, which is the population size that an ecosystem can support forever, without degrading the environment.   Many scientists think our human population of 8-billion individuals are living beyond Earth’s carrying capacity and dramatic changes in our lifestyles need to be made in order to protect humanity’s future.




The most accurate way to study a population is to count all individuals within the 
population.  However, this often requires tremendous time, money and resources 
and is rarely possible.  For example, its impossible to count all the Black 
Swallowtail Butterflies that live in Yellowstone National Park (USA). 

Instead of counting an entire population, scientists typically study a portion of a 
population by sampling, which involves counting individuals within a certain area 
(or volume for aquatic organisms) that is part of their natural habitat. 

Sampling can be done a variety of ways and depends on the type of organism, the 
habitat, and the research objectives. 

Population Research Methods

Population Research Methods

Professor Commentary
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In order to obtain measurements of population size and density, scientists perform research on populations using a variety of methods. 

The most accurate way to study a population is to count all of the individuals living within a population.  However, this is rarely possible because of the constraints of location, funding, time and resources. 

Instead of studying every single individual in a population, scientists study a smaller sample of a population living within its habitat.  For example, it would be impossible for ecologists to study all Black Swallowtail Butterflies living in Yellowstone National Park.  Instead, scientists may study all Black Swallowtail Butterflies living in a wildflower meadow that has a size of 1 km by 1 km.  And they may set up a total of 10 of these butterfly-sample-sights throughout the park, each one measuring 1 km by 1 km in size.  




Image from Yohan euano4, 2008. Wikimedia Commons.

The quadrat method is typically used for 
sampling of areas to measure populations of 
plant species or slow-moving animal species. 
A quadrat is a square that encases an area 
within a habitat. A wooden stake or string is 
typically used to mark off each quadrat and 
then a square made from various materials 
(e.g., plastic, wood) on the ground.

Quadrat Method = a square 
area, market with boundaries 
to study the population size 
and density of slow-moving 
animals or plants

Quadrat Method
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One way of sampling is by using the Quadrat Method. This is typically used to measure the density of slow-moving animals or plants.  For example, a 1 meter by 1 meter square area is defined within an organism’s habitat.  This area is marked off with a plastic square and samples of organisms are taken within this square. 

We can estimate the density of a population by counting the number of individuals living within the square. This is a rather simple method of calculating the density and is a common method used in ecology fieldwork.  An ecologist would use several plastic squares placed within a habitat and take samples from each square to get a statically reproducible sampling of the entire population.   

This image shows a white plastic square made out of PVC pipe that is being used to sample grasses. The ecologists have placed this square on the ground to count how many individual plants are present and to count how many different grass species are found within the square.  The ecologists will repeat these steps many times at different locations within this habitat.  They will use statistics to determine how many samples need to be taken within the habitat in order to draw precise and accurate conclusions from their data.  




number of marked recaptures in second catch

number marked in first catch X total number of second catch

Image from Derek Ramsey, 2008. Wikimedia Commons.

Researchers capture organisms and 
typically mark them with tags, bands, 
paint, or some other body marking. These 
marked species are released back into 
the wild and then recaptured and sampled 
sometime later (e.g., days to weeks).

Mark and Recapture Method 
= a sampling technique that 
estimates population size 
from a number of marked 
individuals in samples of 
mobile organisms

Mark and Recapture Method
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A method to sample mobile populations is to capture an organism, mark it, release it back into its habitat, and then recapture it at a later date. Based on the number of marked organisms that are recaptured, an ecologist can determine the overall population size, as well as other factors such as where a species has travelled and how long it took to migrate from point A to point B. 

Researchers collect organisms using a variety of methods and depending on the species to be captured. They will mark them with tags, bands, paint or other forms of nontoxic markings that are harmless to the organism and will allow the organism to behave naturally.  These tags have specific tracking numbers on them in order for researchers to catalog the tags and refer back to the species if it is recaptured at a later date. Many different types of details can be included on the tags. Often citizen scientists participate in tagging and recapture programs to assist scientists in collecting data. 

Here we see a tagged Monarch butterfly. You can see the white-colored tag on its wing. The tag doesn’t affect the butterfly in any way. Monarchs are a commonly marked species because they migrate thousands of miles and tagging them allows scientists to follow them during their migration. Tagging Monarchs allows researchers to trace their migration pathways and survival rates. Collecting this information over years and decades can provide valuable answers and insight to monarch biology, survival and help guide future conservation efforts to save this species from extinction. 




https://www.nps.gov/articles/common-loon-brief.htm

This graph shows data from the Common Loon Citizen Science project 
in Glacier National Park (GNP). Data was collected over time in order 
to gain a better understanding of the park’s loon population and to 
gauge factors that affect the nesting success. 

Graph from National Parks Service.

Population dynamics tell us how 
populations interact with other species 
and with the physical environment. By 
tracking populations, we can see how 
they have changed and predict their 
changes in the future. This influences 
management decisions and 
conservation efforts. 

Population Dynamics = 
changes over time in 
population size and 
composition

Population Dynamics

https://www.nps.gov/articles/common-loon-brief.htm
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As well as knowing factors about a population such as its size and density, it is important to consider how these measurements change over time. Population ecology is a dynamic field of study in that researchers must look at the changes that are occurring amongst the populations and how outside factors are affecting these organisms. 

Population dynamics are these changes over time in the population size and composition. 

An example shown here is a citizen science project completed in Glacier National Park. Park biologists established the project to estimate the loon population in the park.  Loons are waterbirds, similar to ducks and geese, that are noted for their beautiful plumage and distinct calls.  Here, biologists wanted to identify factors that affect the loons’ nesting success in the park. Volunteers collected data throughout the park’s lakes regarding the numbers of pairs, males, females, chicks.  These data were given to park managers so that they could make well-informed management decisions to protect this important waterbird species. 




Map of population trends for 
native and invasive species of 
jellyfish. 

Image from Brotz, et al. 2012. Wikimedia Commons.

Population distribution, size and 
density describe a population at a fixed 
point in time.  

To study how populations change over 
time, scientists use tools of 
demography, the statistical study of 
population changes over time. 

Scientists use statistics such as birth 
rates, death rates, life expectancies, 
incidence of disease, immigration rates 
and emigration rates. 

Population Dynamics 

Population Dynamics continued
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Population dynamics can inform us about a population’s health, a population’s needs, its movements, or we can use the data to predict how a population will change in the future. 

Demography, which is the statistical study of a population change, tells us about birth rates, death rates and life expectancies, et cetera, to let us understand a population’s future. 

Computer models can be applied to population dynamics and provide insight on new population patterns. Computer models are created using population data and environment parameters to allow scientists to predict how a population will behave in the future. Models can be used to assist scientists with preservation efforts to save endangered or threatened species. Models can also be used to produce maps like this one, that shows changes in native and invasive species of jellyfish across the globe and where they will likely be found in the future. 




Objective 3: Identify 

population growth models 

and factors that affect 

population growth.

Objective 3



Population growth is controlled by growth factors, which are resources (e.g., 
water, space, food) that individuals need to survive and reproduce so that a 
population can growth in number. A population that is able to grow without any 
environmental limitations, will eventually reach its full biotic potential.  

Biotic potential is the unrestricted growth of a population as each member of the 
population survives and produces offspring resulting in maximum growth. 

Resistance factors (also called limiting factors) are things that keep a 
population’s biotic potential in check. These are things that directly (e.g., 
predators, disease, fire) or indirectly (e.g., competition) reduce a population’s size. 

Population Growth

Population Growth
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Population growth is controlled by several factors including a species’ birth rate, immigration and emigration patterns, a species’ death rate, water, food, space, predation and competition.

In favorable conditions, a population can grow in size and number. This will continue until a population reaches its full biotic potential.  This is the maximum growth a population can reach due to each member surviving and producing offspring. 

Earth’s ecosystems are vast, but they are not be able to support unlimited growth.  Earth has many resistance factors (also called limiting factors) that keep population size in check, in balance and healthy. 

Resistance factors are those things that limit the size of a population and regulates its growth. Resistance factors can directly control or indirectly control a population size. Ecologists define two types of resistance factors: density-dependent factors and density-independent factors. 




Density-dependent limiting factors are those that alter a population’s growth and 
depend on the population’s density.  Typically, as a population’s density increases 
(e.g., 100 deer living in Yellowstone National Park increases to 100,000 deer) its 
growth will start to decrease due to the factors listed below.  These factors are 
usually biotic.

Examples of Density-Dependent Factors: 
• Competition for Limited Resources
• Predation
• Waste Accumulation
• Disease
• Invasive Species

Density-Dependent Factors

Density-Dependent Factors
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Density-dependent factors most often result in a decrease in a population’s size. That is, as an area (such as Yellowstone National Park) gains more individuals, things become less ideal for populations to survive, reproduce and grow in size.  Over time the population growth rate decreases. These limiting factors are typically biotic in nature.  For example, as the number of deer living in Yellowstone National Park increases, the amount of grass to feed the deer will decreases because it is being eaten by all the deer.  This results in increased competition among the deer for grass.  Less food is available and so deer populations decline.   

Examples of density-dependent factors include:
•Competition among same species (individuals of white tail deer) or different species (white tail deer and elk) for limited resources
•Predation
•Waste accumulation
•Diseases
Invasive species 



Interspecific competition occurs between 
members of different species (e.g., gray 
wolves and red fox). 

Red Fox

Grey Wolf

Intraspecific competition occurs 
between members of the same 
species (e.g., gray wolves).

Interspecific versus Intraspecific Competition

Competition
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Populations face both intraspecific competition between members of the same species (gray wolves) and interspecific competition from members of different species (gray wolves and red fox). 

Intraspecific competition occurs between members of the same species. For example, two male wolves might compete for female mates in the same area. This type of competition is a basic factor in natural selection. It leads to the evolution of adaptations within a species. 

Interspecific competition occurs between members of different species. For example, predators of different species such as the grey wolf and the red fox might compete for the same prey. This competition can lead to a decrease in number for the less adapted species as this species will have fewer resources, is less likely to survive and thus produces less offspring. In extreme cases this can lead to extinction of the species in that particular ecosystem. 




Canada LynxSnowshoe hare

Image OpenStax College, 2016.

Population sizes of both predators 
and prey species do not remain 
constant over time, rather they 
fluctuate in cycles that reflect their 
interactions.

A common example is the lynx and 
the snowshoe hare. We can see that 
the populations fluctuate on an 
approximately 10-year cycle with the 
predator populations slightly delayed 
behind the prey. 

Predation-prey Dynamics 

Predation-prey Dynamics
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Predation is another density-dependent factor that functions to control population growth.

The population sizes of predators and prey change over time as they interact with one another. In this way, their numbers cycle between large and small population sizes. 

A common example of predator prey cycling can be observed in lynx and snowshoe hare. 

The Canada lynx is the predator, and the snowshoe hare is its prey.  Lynx-hare populations have been shown to ”co-vary” in cycles where a drop in hare populations can predict a decrease in lynx population.  An increase in hare populations can predict an increase in lynx populations.  This can be explained simply as more hares means more food for the lynx, therefore the lynx population will grow, and the hare population will shrink. 

However, when the lynx population grows too large, hares become difficult to find and eat because of competition among individual lynx for hares.  As the hare populations declines, the lynx population follows this decline because lynx run out of prey to eat. The declining lynx population allows the hare population to grow again in size and the cycle starts all over again.

This is a simplified example.  We know that there are other factors likely involved in this cycle, such as the availability of food resources (plants) for the hares to eat.  But lynx-hare is a great example of the predator-prey dynamics.




Density-independent limiting factors affect population growth rate independent of 
the population’s density. These factors are not capable of regulating populations 
at constant levels. They can often lead to inconsistent, sudden shifts in the 
population. These factors are most often abiotic factors.

Examples:
• Natural disasters
• Storms
• Fires
• Floods
• Pollution
• Human activities

Density-Independent Factors

Density-Independent Factors

Professor Commentary
Sticky Note
The other group of limiting factors (or resistance factors) that influence a population's size regardless of the population’s density, are known are density-independent factors. These factors are most often abiotic factors. 

These factors are more inconsistent and can cause more sudden shift in the population and are therefore not capable of regulating populations at constant levels. 

Examples of density-independent factors include:
•Natural disasters
•Storms 
•Fires 
•Floods
•Pollution and human activities 




In nature, population growth is very 
complex and density-dependent and 
density independent factors are quite 
likely to interact. 

Populations that are more dense reacting 
to environmental density-independent 
factors will recover differently than a 
population that is more spread out. 

Density-Dependent and 
Density-Independent Factors

Limiting Factors
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Populations in nature are constantly being influenced by outside factors. They are impacted by both density-dependent and density-independent factors. However, they do not react to any one limiting factor in the same way. Population growth is VERY complex and no one factor is impacting a population at one time, rather many are interacting at once. 

Populations that are more dense reacting to environmental density-independent factors (such as storms or fires) will recover differently than a population that is more spread out. 

For example, if we have a population of rabbits and they are experiencing a particularly harsh winter season, a rabbit population that is more dense with more individuals will likely recover faster with more rabbits able to reproduce than a population with fewer mating pairs. 

Scientists work to understand how these factors impact populations and based on the changes that occur they try to predict patterns or changes in the populations. 




Images OpenStax College, 2016.

Population Growth Models

Population Growth Rate Models

(K)
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Scientists create models to show population growth over time and analyze population dynamics. Two population growth models that we commonly see in nature are exponential growth and logistic growth. 

While these two models are the two that are most often used in ecology, population ecologists use other models to describe population growth.  For this class we are only going to focus on these two models.  

On this slide you can see that we plotted population size over time.  Time can be measured in minutes (for bacteria) to centuries (for giant redwoods).  Population size can be a few individuals (for snow leopards) to billions of individuals (for bacteria).    




Image from Rocky Mountain Laboratories, NIAID, NIH. Wikimedia Commons.

Growth rate increases over time as the 
number of individuals in the population 
increases. 

Occurs when a population has unlimited 
resources and little to no environmental 
limitations.  Isn’t sustainable in nature.

When graphed, this population growth 
shows a J-shaped curve.

Bacteria growth are the prime example 
of exponential growth. 

Exponential Growth

Exponential Growth

Image OpenStax College, 2016.
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Exponential growth occurs when a population’s growth rate remains constant no matter what the population size, therefore the population grows faster and faster as it gets larger and larger in number. 

A good example of exponential growth are bacteria. Scientists can observe the reproduction of bacteria in a lab.  Its known as binary fission or the process of a single bacterium splitting in half producing two bacteria. 

A researcher starts with 100 bacteria in a beaker and after 1 hour each bacterium divides in two.  Therefore, after 1 hour there will be 200 bacteria living in the beaker.  After another hour passes, these 200 bacteria will each divide thus resulting in 400 bacteria living in the beaker after 2 hours. After another hour passes, these 400 bacteria divide into 800 bacteria, and so on.  100, 200, 400, 800, 1,600 and on and on.    

In nature, populations like bacteria can grow exponentially for a period of time, but eventually their growth will be limited by lack of resources.  Earth has finite resources available to populations and so exponential growth can NOT occur for very long in nature.  Lack of food, lack of water, predation, increased competition, increased waste will eventually stop exponential growth.  

When we graph exponential growth, we describe the curve as a J-shaped curve because it looks like the letter J. 




Image OpenStax College, 2016.

In logistic growth, resources are limited, 
and this acts to controls a population’s 
size because the environment can only 
support so many individuals. 

Individuals must compete for resources 
and those that are successful will survive, 
reproduce and pass on their genetic traits 
to their offspring, thus producing the most 
fit individuals (natural selection). 

When graphed, logistic population growth 
displays an S-shaped curve.

Logistic Growth

Logistic Growth
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Logistic growth includes population sizes that are controlled by the surrounding environment and the limited resources available. The population’s growth rate decreases as the population size reaches a maximum number of individuals. This is what almost all species display in nature. 

Populations may exhibit exponential growth for a time, especially if there are few individuals or if there are abundant resources.  However, when the number of individuals within a population increases or if resources become depleted, population growth will slow.  When a population begins to level off or reach a more sustainable level, we say that the population has reached the carrying capacity of the ecosystem.  This is the maximum population size that an ecosystem can sustain indefinitely.  We observe an S-shaped curve on a graph for the logistic growth model. 

These bison in Yellowstone National Park are an example of a population with logistic growth. The bison population is limited by the resources available to them within the park.




Image from Nchisick, 2019.. Wikimedia Commons.

Carrying Capacity 
(K) is the maximum 
population size that 
a particular 
environment can 
support indefinitely

K is observed in 
logistic growth

Carrying Capacity

Carrying Capacity (K)
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The carrying capacity (K) is the maximum population size that a particular environment can support indefinitely. We see the carrying capacity or K here on the graph as the dotted red line.  In logistic growth a population displays a S-shaped curve.  It grows until it reaches the maximum size that can be supported by the environment and then the population levels off and remains at a stable population size.   

Growth factors (e.g., food, water, space) and limiting factors (e.g., predation, competition, fire) determine a population’s carrying capacity. 




Image from Mathboy321,2019. Wikimedia Commons..

Minimum Viable 
Population (MVP) is 
the smallest population 
size at which a 
population can exist 
without facing extinction 
due to inbreeding, 
disasters or limiting 
factors.

Minimum Viable Population

Population 
Faces 
Extinction

Population 
Doing
Well
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While carrying capacity (K) is the maximum population size that the environment can support, the minimum viable population (MVP) is the the smallest population size at which a population can exist without going extinct due to inbreeding, natural disasters or limiting factors. 

We can see minimum viable population (MVP) and Carrying Capacity (K) represented as two points on this graph.

If a population falls below its minimum viable population, there won’t be enough breeding adults producing offspring and the species will be doomed to extinction.




Limiting factors interact in complicated ways and produce patterns when it comes to 
population growth. In nature, populations grow, decline, and fluctuate in different 
ways. 

Populations do NOT permanently remain at their carrying capacity. Population 
ecology is a dynamic study in which these factors are constantly changing to 
influence populations and their growth. Even when populations appear to be stable, 
they often fluctuate around the carrying capacity, opposed to staying at the same 
value for long periods of time. 

Population density influences how well a population thrives. When a population falls 
below the minimum viable population or rises above the carrying capacity the 
species will be challenged. 

Population Growth Patterns

Population Growth Patterns
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It is important to remember that populations and population growth is complicated and dynamic! Populations are constantly affected by internal and external factors that cause them to grow, decline, and fluctuate in different ways. Population growth is very rarely constant. 

Populations do not remain at their carrying capacity or at their minimum viable population. Levels are constantly changing over time. Even when a population appears to be stable, they are often fluctuating around the carrying capacity, opposed to staying at an exact value for a long period of time. 

Population density influences a population’s ability to survive. When a population falls below the minimum viable population or rises above the carrying capacity, challenges arise for the species. 




Images from CK-12 Foundation, 2016. 

Some populations experience uneven 
rise and fall in their numbers; others 
have more regular cycles of boom 
(increase) and bust (decrease) referred 
to as cyclical oscillations.

Cyclical oscillations typically occur 
because of interactions between 
populations of multiple species or 
because of density-dependent limiting 
factors that drive a repeating cycle. 

Population Growth Patterns

Population Growth Patterns continued
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The fluctuations of population growth patterns vary for different populations. Some occur in regular cycles, while others are less predicable. The uneven rise and fall in a population’s size is referred to as a cyclical oscillation. 

Density-dependent factors such as predation and competition regulate these oscillations. 




1. What is the annual growth rate of red otters on Kennewick Island?
Answer:

Calculating Annual Growth Rates and Doubling Times
In 2018 Kennewick Island had 38 red otters living on it. In 2019 Kennewick Island had 43 red otters living on it.

20192018

In 2019 the island had 43 otters.  In 2018, the population 
consisted of 38 otters.  We can use simple math to 
calculate the %  increase, which is called annual growth
rate.

43 - 38 = 5 In 1 year, the population grew by 5 otters.

38 x 100 = 13%
5

The population grew by 13; this is the annual growth rate

2. Using the growth rate that you calculated in Question #1, approximately  how long will it take the 
population of red otters to double from 38 individuals to 76 individuals living on Kennewick Island?

We will use the “Rule of 70”  
to answer Question 2.

70
13 = 5.4 years Answer:  In 5.4 years (in the year 2023) we will 

see 76 otters; 5.4 years is the doubling time.

Calculations
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We can calculate the annual growth rates and doubling time of a population using simple math.  

Let’s look at an example. 

In 2018 Kennewick Island had 38 red otters inhabiting it.  A year later, in 2019, the island saw 43 red otters living there. We can see an increase in 5 new otters in 1 year time. 

To calculate the annual growth rate for this population of red otters, we divide the number of new otters, 5, by the original population of otters, 38 and multiply by 100 to calculate a 13% annual growth rate. 

If we want to calculate the doubling time, or how long it will take for the population of otters to double in size, we can use the Rule of 70. We take number 70 and divide it by the annual growth rate. In this case, 70 divided by 13 and we get 5.4 years.  This tells us that in 5.4 years, or in the year 2023, the population of otters on Kennewick Island will be 76 otters. 




Objective 4: Compare species 

life history strategies and 

discuss population 

management approaches.

Objective 4



Life history strategies are a species’ biological characteristics that influence how 
quickly its population can potentially increase in number.  Includes life span, 
fecundity (number of offspring an organism can produce) or maturity rate.

Life history is shaped by natural selection and produces specific traits for a species 
such as number of offspring an adult can produce, amount of parental care for 
offspring, and timing of reproduction. Life history strategies are different for each 
species and are dependent on its characteristics, its habitat, the environment and 
other outside pressures.

An organism’s life history strategies and energy budgets will determine the type of 
reproductive capacity that a population will maintain over time. 

Life History Strategies

Life History Strategies
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The life history of a species is its pattern of survival and the reproduction events that are specific to that species. We can think about this as the species lifecycle in terms of survival and reproduction. This is determined by natural selection.

Life history strategies are the biological characteristics of a species that influence how quickly a population can potentially increase in number. For example, the life span of an individual or how quickly young individuals reach sexual maturity. 

Different species utilize different life history strategies, which affects their life cycle.  For example, the number of offspring an adult female will raise, the level of parental care offered to offspring, and the timing of reproduction. 




Image from OpenStax, 2020. Data adapted from Deevey, 1947..

Life tables provide data regarding the 
life history of an organism, divides the 
population into different age groups, 
and shows predicted life expectancy. 

Life tables typically include:
• Mortality rate
• Percentage of organisms within 

specific age intervals
• Life expectancies 

Life Tables

Life Tables

Professor Commentary
Sticky Note
Life tables are a way to study the life history of a species. They typically show measurements such as mortality rates, birth and death rates, and life expectancies.  They can be created with other data as well. 

The information collected and analyzed in these tables can be used to gain insight about the health of a species, their current population size and their potential for growth. They can be used to predict how much a population may change, either growing or declining, and help ecologists protect species that may be in danger of decline. 





Image from OpenStax, 2012. Obtained from Wikimedia Commons. 

Life tables can also be plotted 
graphically as survivorship curves. 
These graphs show the number of 
individuals surviving at each age 
interval versus time. Population 
ecologists can use these graphs to 
compare the life histories of 
different populations. 

There are three types of curves 
(shown here as Type I, II, III) that 
populations can display.

Survivorship Curves

Survivorship Curves
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Life tables can be plotted as a graph, which ecologists call survivorship curves. These graphs show the number of individuals surviving at each age interval over time. Population ecologists can use these graphs to compare the life histories of different species, for example humans, yellow warbler birds and pin oak trees. 

Populations living on Earth, display three types of curves – Type I, II and III.  

Type 1 survivorship curves are typical for larger mammals, including humans.  Large mammals typically have a high percentage of their offspring survive in their early and middle years and live longer lives. Type I species also have fewer offspring and raising their offspring required a great deal of time and parental care. 

Type 2 survivorship curves are typical for birds, like the yellow warbler shown here. An equal number of birds tend to die at each age interval. Bird species tend to have few offspring and provide a significant amount of parental care raising their offspring. 

Type 3 survivorship curves are typical for species such as plants, insects, fish and marine invertebrates. These species have many young and few of these  offspring survive past their first year or two. Those that do live to old age are likely to then survive for a long period of time. The species that show this survivorship curve typically offer little to none parental care to their offspring and are greatly affected by predation and competition.  




African Elephant

1. K = carrying capacity
2. Mature later and live longer
3. Experience a slower growth
4. Produce fewer, larger offspring
5. Experience a longer gestation period
6. High-level of parental care
7. Adapted to a stable environment
8. Often predators or higher-level 

consumers
9. Niche specialists

Examples: Elephants, Primates, Bears, 
Trees, Whales, Humans

K-selected Species

K-selected species
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Ecologists recognize two different life strategies for species, K-selected and r-selected species. 

K-selected species are large-sized mammals and large-sized plants.  These organisms reach sexual maturity later in life and live longer. They produce fewer offspring who grow slowly and need a great deal of parental care during this time of development. K-selected species are adapted to stable environments and rely on these stable environments to survive because they are typically niche specialists.  Things like climate change and global warming are serious threats to K-selected species and often lead to extinction.   

Species such as elephants, bears, giant redwoods and humans are examples of K-selected species. 




Deer mouse, adult and young

1. r = reproductive success
2. Mature quickly and have shorter life 

span, typically small in size
3. Experience rapid growth
4. Produce many offspring
5. Experience a short gestational period
6. Little parental care of offspring
7. Adapted to changing environments
8. Are often prey species
9. Niche generalists

Examples: Mice, rabbits, insects, many 
types of plants.

r-selected Species

r-selected species
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R-selected species are typically small in size and include small mammals, insects and small plant species. They reach sexual maturity quickly, produce many offspring that do not require much parental care and many offspring die before their first birthday.  Many r-selected organisms are prey species.   

R-selected species are able to survive and live in changing and unpredictable environments. They can occupy and live in many different habitats as niche generalists. Factors like climate change and global warming are less of a threat to r-selected species because, as niche generalists, they have evolved to thrive in all types of habitats.   




• K-selected species tend to have stable population size in undisturbed areas.  
There numbers increase and decrease in response to the environment. Their 
population size fluctuates at or near carrying capacity (K).

• r-selected species have rapid reproductive potential.  These populations can 
experience sudden population growth with high peaks, which may exceed an 
ecosystem’s carrying capacity. This will be followed by a sudden population crash 
as individuals die or migrate out of the area. Some populations may level off at or 
near the carrying capacity (K), while other populations continue to overshoot K 
and then crash. These cycles in population size are referred to as a boom-and-
bust cycles.

Boom-and-Bust Cycles

Boom-and-Bust Cycles
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K-selected and r-selected species survive in different environments based on their unique characteristics. 

K-selected species tend to have stable population size in their undisturbed areas. Their populations fluctuate at or near carrying capacity or (K). Their populations increase or decrease in response to changes in the environment. 

r-selected species exhibit rapid reproduction, which leads to a sudden population growth with high peaks. These peaks can exceed the carrying capacity of an ecosystem. The population size can also decrease rapidly, falling well below the carrying capacity. Population size for r-selected species often cycle between periods of fast growth followed by periods of fast decline. These cycles are referred to as boom-and-bust cycles.  




Image Argus fin, 2006. Wikimedia Commons. 

Lemming

• Boom = the population grows 
rapidly to a maximum level

• Bust = the population declines 
rapidly to a minimal level

Boom-and-Bust Cycles

Boom-and-Bust Cycles continued

Lemming

Carrying 
Capacity 
(K)

Boom

Bust
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A well-known example of organisms that show cycles of boom-and-bust are lemmings.  A lemming is a small rodent that inhabits tundra biomes.

In 1924, a biologist named Charles Elton, discovered that lemming populations exhibited regular cycles of population growth and decline.  A boom occurs when the population grows rapidly, and many young are born.  A bust occurs when a population drastically declines to a minimal level. When a lemming population outgrows the resources contained within an area, the lemmings will either die or migrate to a new area to find resources. 




Top-down models predict changes in 
population density at one tropic level caused 
by an inverse change in a higher trophic level. 
For example, elk population density declines 
in Yellowstone National Park due to an 
increase in the number of wolves in the park.

Top-Down Regulation is the 
control of a population’s size 
due to pressures from the top 
tropic level that causes death.  
These include the resistance 
factors like predation, natural 
disasters, and disease.

Top Down Regulation

Gray Wolf
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Population ecologists use models to predict how an organism’s population size will change in the future.  This allows them to maintain a healthy population of organisms, for example wolves, within a protected area like Yellowstone National Park.   

Top-down regulation occurs when a population experiences factors that cause death.  These factors include predators, natural disasters and disease. For example, predators, like gray wolves, sit at the top of the trophic pyramid in Yellowstone National park. Elk are the main prey animal for wolves.  As the population of wolves increase, the wolves kill and eat more elk. Thus, the population of elk declines, as the population of wolves increases. If human hunters were to come into the park and kill some wolves, the population of wolves would decline, and thus the number of elk would increase.  




This model focuses on how factors at 
lower trophic levels affect organisms 
living at higher trophic levels. 

Bottom-Up Regulation is the 
control of a population’s size 
due to factors at the bottom of 
a tropic pyramid that control 
growth and survival.   These 
include growth factors such as 
nutrients, water, sunlight, 
space and habitat.

Grass and wildflower meadow
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Bottom-up regulation occurs because of limited resources.  A population needs growth factors like water, sunlight, space, and nutrients to grow, survive and reproduce. If a growth factor is in limited supply, for example Yellowstone National Park experiences prolonged drought, grass populations will decline due to lack of water. Then, the elk population will decline due to lack of grass and the wolf population will decline due to lack of elk.  




United States federally owned land
Image National Atlas of the US, 2014. Wikimedia Commons. 

Federal Lands

https://fas.org/sgp/crs/misc/R42346.pdf
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The federal government of the United States owns approximately 640 million acres (2.6 million kilometers squared) or about 28% of the total land in the United States.  Notice that most of this land is contained within the western United States, including Alaska.   

This land is managed by a variety of federal government agencies including, the United States Bureau of Land Management, the U.S. Fish and Wildlife Service, the U.S. National Park Service, the U.S. Department of the Interior, the U.S. Forest Service and the U.S. Department of Agriculture.  By law, these agencies are required to ensure that this land is managed for the citizens of the United States for its preservation, its use for recreation, and its use for natural resources. One of the major responsibilities in managing this land, is to protect the wildlife (both the plants and animals) that live within these lands. Scientists working in these various federal agencies, use their knowledge and understanding of population ecology to manage and protect the wildlife. 




Image by Ninjatacoshell, 2011. Wikimedia Commons. 

This map shows New Mexico’s 58 Wildlife Management Units. 
These units are managed by the U.S. Bureau of Land Management 
and the New Mexico Department of Fish and Game. 

Wildlife Management works to 
balance the needs of people with 
the needs of wildlife (plants and 
animals).  It uses both monitoring 
programs and research-based 
programs to maintain healthy 
populations. Wildlife management 
can include, reintroduction of 
native species, hunting, wildlife 
conservation and pest control.

Wildlife Management
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Wildlife management is used by federal agencies to manage populations of plants and animals that live on federal land.  The federal agencies work to balance the needs of people with the needs of wildlife. There are many models, methods, protocols and techniques involved in wildlife management.  These include wildlife monitoring programs that assess the size, dynamics and health of a population and research-based programs operated by scientists.  Population management programs can include reintroduction of a species to a location, hunting to decrease population size, conservation of land and water and pest control programs that target invasive or pest species. 

Wildlife management programs will look different for different species and different locations. Some states within the United States, for example New Mexico, divide their land into small units to better manage each plant and animal population that are specific to each unit. 




Wildlife managers keep wildlife populations healthy, well-maintained and ensure that 
humans and wildlife can coexist in nature. Wildlife managers work in a variety of 
ecosystems and with a wide range of plant and animal species. They must be 
knowledgeable of the species living within their management ecosystem. Wildlife 
managers manage population numbers by:

1. Monitoring wildlife populations (health, age, sex, birth rate, death rate, migration)
2. Investing in and conducting research (biology, chemistry, ecology)
3. Adjusting harvest levels or objectives (catch quota for fish, hunting limits)
4. Preserving and restoring wildlife habitat (reintroduction of native species)
5. Providing access and information to the public (park rangers, news, classes) 

Wildlife Management
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Wildlife managers are those people who are assigned with the task of overseeing wildlife management practices. They ensure that wildlife areas are protected areas and ensure that wildlife populations are healthy and well-maintained. 

They must ensure that both humans and wildlife can coexist in a healthy manner in these locations. They must also ensure that wildlife populations are healthy in terms of their diets, numbers, age, sex, young, migration patterns, etc. They must be knowledgeable about the environment in which they are working and have a thorough understanding of the biology, chemistry and ecology of the habitat.

Several ways that a wildlife manager may attempt to control a population includes:
1.Monitoring the wildlife populations living within the habitat
2.Investing in and conducting research on things like predation, competition, nutrition, migration
3.Adjusting harvest limits for fishing and hunting in the habitat 
4.Preserving and restoring wildlife habitats and reintroducing native species
5.Providing access and information to the public so that everyone can enjoy the wildlife in a responsible manner
●
While these activities may not all be directly related to controlling a species population, they are all really important to managing healthy populations of wildlife.  It is important to involve all stakeholders (for example, the general public, scientists, non-profit organizations, federal, state and local agencies) in an area and share information with one another regarding wildlife management and resource use.  It is important to preserve and sometimes restore wildlife habitats to protect species that may be in decline or threatened. 




Wildlife management plans are created by management agencies to protect 
resources, plants, animals and to provide long-term strategies for their management. 

These plans likely include;
1. Population management strategies
2. Habitat management strategies
3. Costs and expenditures
4. Outreach and education efforts
5. Evaluation of different techniques

No two management plans are the same, plans vary depending to the goals, size, 
available resources, type of habitat, number of different species needing protection, 
time, viable schedule, workload, cost, etc. 

Wildlife Management Plans

Wildlife Management Plans
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Wildlife management plans provide long-term strategies to manage resources, plants, animals and land. 

These plans typically include:
1.Population management strategies
2.Habitat management strategies
3.Costs and expenditures
4.Outreach and education efforts
5.Evaluation of different techniques

No two management plans will ever be the same.  Plans will vary depending on the goals, size, available resources, type of habitat, number of different species needing protection, time, viable schedule, workload, cost, etc. 





