
 

Carrying Capacity 
Carrying Capacity 
 
Ecosystems have a very delicate balance between the organisms and 
the resources found there. Several species of plants and animals can 
be a part of one ecosystem. Have you ever wondered why we only 
rarely see certain creatures, such as spiders? Some spiders can lay up 
to a thousand eggs at a time, so if one spider lives around your house 
and has a thousand baby spiders, shouldn’t you see a lot of spiders 
when it reproduces? What is actually happening to the offspring?  
 
What makes up an ecosystem? 
 
Ecosystems consist of the living and nonliving components in a defined 
area. The living components, known as biotic factors, are the plants, 
animals, and other single-celled organisms, such as bacteria, that live 
in an ecosystem. The nonliving components, or abiotic factors, 
include the air, water, temperature, soil, and rocks. These living and 
nonliving components are interconnected and work together to 
maintain the needed balance. When biotic and abiotic factors change, 
they affect the other parts of the ecosystem. What are some biotic and 
abiotic factors that you observe in Figure 1?  
 
Hierarchical Subsystems of an Ecosystem 
The organisms in an ecosystem are organized into levels based on the 
number of individuals present and how they interact. Matter and 
energy are being exchanged through each level of an ecosystem. 
 
Community  
A community consists of all biotic factors in a given ecosystem. Figure 
1 shows an aquatic ecosystem with a community of organisms. A 
community will include all plants, animals, and other living organisms, 
such as bacteria, fungi, and protists.  
 
Population  
Organisms are rarely found alone. More often than not, several 
organisms live together. More than one organism of the same species 
in an area is called a population. A population is made up of 
organisms of the same species that are able to interact and mate with 
one another.  
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Organism  
A population of organisms are composed of individuals. One human is an organism. One lone wolf is 
also an organism. In a prairie ecosystem, a single buffalo is an organism. A single bacteria living in a 
pond ecosystem is also an organism. 
 
Cellular  
All living organisms are made up of cells. Within these cells are basic atoms bonded together to form 
molecules. These atoms and molecules are cycled through the ecosystem to provide needed matter 
and energy to the components of an ecosystem. 
 
Community Interactions 
As stated earlier, components of an ecosystem are highly connected, and that includes the 
interactions between organisms. Some of those interactions are competition for resources. This can 
be competition for food, a mate, or space.  
 
In the case of food, squirrels and chipmunks are always competing for the same food 
source—acorns. Both species will hurry and gather as many acorns as they can before winter so they 
have food for the cold months.  

 
In the case of mating, organisms want to reproduce and will compete 
for their mates. You may have seen a peacock displaying his beautiful 
tail feathers. But did you know that the reason for their colorful and 
long feathers is only for attracting a mate? Female peacocks will 
choose a male that has longer and more vibrant feathers, because it 
shows that the peacock has higher genetic quality. An example of this 
type of competition can be seen in Figure 2. 
 
Space can best be described when looking at the lawn of a house. 
There are trees, grasses, flowers, and weeds that are all competing for 
the same resources in the soil. Weeds are more abundant in areas 
where there is a lot of space without much competition from grass. 
However, well-established lawns with dense grass will have fewer 
weeds, because the grass has a better-established root system and is 
able to obtain the resources from the soil before the weeds do. 
 

Another form of interaction is predation. The organism that benefits from the interaction is called the 
predator, and the organism that is consumed is the prey. Just as with competition, predatory 
interactions also play an important role in population control in ecosystems. Without predators, some 
species, especially those that reproduce quickly, would have an easy time overpopulating.  
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Carrying Capacity 
Another key interaction occurs when relationships are formed between different species in an 

ecosystem in which at least one of the organisms benefits from the 
relationship. These are known as symbiotic relationships. 
 
 
Mutualism 
In a mutualistic relationship, both of the organisms from different 
species benefit. One example that you have observed is between 
flowers and bees. Look at Figure 3. How do you think both organisms 
are benefiting? As the bee gets the nectar from the flower, pollen 
attaches to the bee. As the bee flies from one flower to another, it 
deposits the pollen to other flowers, resulting in pollination. 
 
Commensalism 
Have you ever seen white birds sitting on or near cows in a pasture? 
These are known as cattle egrets, and they have a commensalistic 
relationship with the cows. The cattle egret benefits from the 
relationship because as the cows move through the pasture, they stir 
up insects that the egret will eat. The egrets, however, do not affect the 
cows. In this type of relationship, one species benefits while the other 
is unaffected. An example of this type of relationship can be seen in 
Figure 4. 
 
Parasitism  
In parasitism, the organism that benefits directly from the interaction is 
called a parasite, and the organism that is consumed is called a host. 
Parasites may or may not kill their hosts by interacting with them. Why 
do you think a tick, as seen in Figure 5, is considered a parasite? 
 
Keystone Species 
Could one species impact the survival of an ecosystem? The answer is 
yes. These organisms are referred to as keystone species, and if 
these species were removed, the ecosystem would be impacted and 
changed drastically. These keystone species can help control the 
population sizes or even provide resources for a variety of species in 
the ecosystem. The coral is an important marine keystone species. 

What do you think of when you hear of the Great Barrier Reef? You probably imagine an abundance 
of biodiversity, with many types of fish and aquatic life. The reason that this area is so abundant with 
life is because the coral makes up over 2,900 reefs! These coral reefs provide shelter and mating 
grounds for the many species that live in the ecosystem. 
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Carrying Capacity 
Other examples of keystone species include sea otters along the 
California coastline (Figure 6), starfish in the Pacific Northwest, 
kangaroo rats in southeastern Arizona, and gray wolves in the Greater 
Yellowstone Ecosystem. All of these have important roles to play in 
their respective ecosystems, and removal of those species could have 
a catastrophic impact on the species’s overall ecosystem. 
 
Population Growth 
Every species on Earth reproduces at various rates. For instance, 
female rabbits are only pregnant for about 30 days before having an 
average litter of about six offspring. Then these rabbits can start 
breeding, themselves, at around 6–9 months! If you look at a 
population growth curve of any population, instead of a linear growth, 
you will see an exponential growth. That means that a population 
growth will start slowly when the population is small, but as the 
population gets larger, it will start growing at a faster rate. This growth 
rate occurs when there are unlimited resources, high reproductive 
rates, and very low competition for space and shelter.  
 

What would you expect the population of rabbits to be if we extended the 
graph for 10 more years? What about 30 more years? Would you expect this population of rabbits to 
grow indefinitely? The truth is, populations have limits on how large they can grow. Factors that 
impact growth are based on the resources and other population interactions that occur in that 
particular ecosystem. Resources that were once plentiful in an ecosystem with a small population 
size are now in high demand. Competition for food, shelter, mates, and other resources will increase, 
causing the growth rate to slow down. This is known as logistic growth, and it can be seen in the 
graph on the right in Figure 7 below. 
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What impacts population growth? 
Why does the number of organisms in a population not continue to 
grow continually? The population size is directly influenced by births, 
deaths, immigration, and emigration. Births and immigration cause 
populations to grow, while deaths and emigration cause a decrease in 
the population. However, other factors also have an influence on the 
number of different populations in an ecosystem, such as disease, 
competition, space, natural disasters, and human interaction. The 
abiotic and biotic factors in an ecosystem are all interconnected. When 
these factors change, they affect the other parts of the ecosystem. The 
response to these changes affects the population, which in turn, affects 
the whole community. 
 

Carrying Capacity 
As you have read, populations of different species rarely grow uncontrolled. This is because every 
ecosystem limits the number of organisms and populations that can be supported in an ecosystem, 
which is based on different factors found in that ecosystem. This is known as the carrying capacity 
of the ecosystem. If a population exceeds the carrying capacity, some of the organisms in the 
population will die, because the ecosystem cannot support their needs. The population size that the 
ecosystem can support will fluctuate naturally around a certain level, which will be the carrying 
capacity for the ecosystem.  
 

Limiting factors, the factors that determine the carrying capacity of an ecosystem, primarily include 
the availability of living and nonliving resources as well as challenges such as predation, competition, 
and disease. These factors, including others, are further explained below. 
 

Factors That Impact Carrying Capacity 
 

Density-dependent factors are limiting factors that depend on the population size. These factors 
play more of a role in dense populations than in sparse ones. Examples of density-dependent factors 
include the following. 
 
Competition for Resources  
An ecosystem only has a finite supply of biotic and abiotic resources; thus, it can only support a 
certain number of organisms. Once the carrying capacity has been exceeded, organisms will start 
competing within their own population as well as with other populations of different species for 
required resources for survival. Organisms also will compete for available space to use for living, 
growing, hibernating, or mating. 
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Carrying Capacity 
Sometimes the introduction of animals or plants that are not native to a 
particular area will “take over” and increase competition for resources 
in that area. These new species are known as invasive species. 
Some invasive species happen intentionally by humans, while others 
happen accidentally. In Florida, a population of Burmese pythons, such 
as the one pictured in Figure 8, have exploded in population. These 
pythons are originally from Southeast Asia and were imported to the 
United States, where they became popular pets. Scientists are unsure 
how the pythons escaped into the wild to begin with; however, some 
believe that as pet owners were not able to care for the large snakes, 
they released them into the wild. These pythons can grow to a very 
large size and, without many predators, are a classic example of an 
invasive species. Regardless of how invasive species are introduced 
into the ecosystem, the invaders take away the resources that native 
species need to survive. 
 

Disease and Parasites  
When populations are larger and closely packed together, disease and parasites can spread more 
readily from organism to organism. For example, in crops where plants are grown closely together, a 
disease that affects only a few plants can quickly spread and affect the entire crop. However, the 
disease would have a harder time spreading in a less dense population. 
 
Predation 
Predator-prey relationships are natural interactions within any ecosystem that limit population size. 
The population size of predators and their prey cycles over time, with the predator population 
normally lagging a little behind the prey population. This can be seen in the population graph in 
Figure 9. As the lynx population declines, the hare population increases because of the lack of 
predation in the ecosystem. However, with an abundant supply of prey, the lynx population will start 
to increase. This relationship cycles over time. 
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Predation is a factor that can affect the structure of a community within an ecosystem. For example, 
in a forest community, a population of hawks feeds on rabbits, squirrels, and other small mammals. 
The relationship regulates the population size of the rabbits and squirrels. However, if another limiting 
factor, such as disease or competition, kills individual hawks and decreases the hawk population, 
then the rabbit and squirrel populations will grow because of decreased predation. The external 
limiting factor was a detriment to the hawk population but benefited the rabbits and squirrels. As a 
result, the structure and species distribution of the community changed. 
 
Density-independent factors will affect all the populations in an ecosystem in a similar way, no 
matter the size of the population. These factors include natural disasters, temperature, climate 
change, and human activities. For example, when humans cut forests down, they remove shelter and 
food for the populations that live in the forest. Populations that rely on the trees more for survival are 
those that will be impacted the most. Some populations may die out completely, while others will have 
to adapt to their new surroundings or move to find somewhere else to live. Examples of 
density-independent factors are listed below. 

 
Habitat Destruction  
Human activity has had a disastrous effect on the giant panda 
population in China. The demand for farming and timber industries has 
led to the destruction of bamboo forests in China. The giant pandas 
survive almost exclusively on the bamboo plant. Bamboo is not rich in 
nutrients, so the pandas must eat large quantities of the plant to 
adequately nourish themselves. Unfortunately, due to human activity, 
their food source is becoming more difficult to find in their habitat. As a 
result, the panda population is dwindling. Scientists estimate that the 
wild panda population is fewer than 2,000 individuals, which makes 
this unique creature an endangered species. 
 

Boundaries  
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Carrying Capacity 
Changes in the boundaries of an ecosystem can be influenced by human activity or even changes in 
weather patterns. Building roads or building homes in well-established ecosystems can change the 
boundaries of the ecosystem as well as the resources available for the organisms living there. The 
new ecosystem may not have access to the resources it once relied on, which can change the 
carrying capacity for that ecosystem. 
 
Pollution  
Overuse of automobiles and factories releases gaseous waste, such as sulfur, sulfurous oxides, and 
nitrous oxides, which cause air pollution. Oil from roads, fertilizers from crops, and other substances 
contaminate runoff and pollute the water. This pollution can harm animals and plant species and, in 
some cases, wipe them out completely from an area. Figure 10 shows the percentages of certain 
sources of contaminants that end up entering and polluting our oceans, which in turn impact those 
ecosystems. 
 
Climate Change  
A change in the common weather patterns of an area constitutes climate change. Indicators of 
climate change are increased frequency of weather disasters, unseasonably cold or hot conditions, 
natural disasters occurring in locations where they typically never do, etc. Some human activities 
have been linked to climate change, which is commonly called global warming. Fluctuations in climate 
can impact the species that are adapted to live in that ecosystem. The most vulnerable organisms 
that seem to be impacted in a changing climate are smaller species, such as insects. 
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Carrying Capacity 
Areas that stay warmer longer than usual can confuse migration patterns for organisms such as the 
monarch butterfly. They normally migrate all the way to Mexico, but changes in the warmer seasons 
in the United States have caused them to stay instead of migrating. The migration process still 
occurs, but not with the capacity it has in previous years. 
 
Catastrophic Events  
Catastrophic events, which include hurricanes, tornados, floods, and wildfires, can also have an 
impact on the carrying capacity of an ecosystem. For example, a tornado can destroy a plant 
population. Without those producers, some of the primary consumers of the ecosystem may starve. 
This would then impact the secondary and tertiary consumers and, therefore, the ecosystem as a 
whole. 
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Carrying Capacity 
Does the scale of an ecosystem matter? 
 

Factors have a varying impact on ecosystems, with some having a larger 
impact than others. Sometimes we may think of ecosystems taking up a 
large and vast area, but ecosystems can sometimes be as small as the 
area under a rock. However, the larger an ecosystem with more 
biodiversity, the less the impact a change may have on that system. Look 
at the two ecosystems in Figure 11. In which ecosystem do you think 
changes will play more of a role?  

 
Imagine the following example. You have an established aquarium and a 
pond that both contain fish. Factors that can impact these ecosystems 
include the type and number of species present, food sources, water 
temperature, and pH. Both of these are freshwater ecosystems that will 
require maintenance. To help maintain the water levels, water sometimes 
needs to be added. The aquarium is a 10-gallon tank, while the outdoor 
pond is roughly 165 gallons. Approximately 2 gallons of water are added 
to the aquarium, while the 
outdoor pond requires 
roughly 20 gallons. After a 
couple days, the fish in the 

aquarium begin to die, while the fish in the outdoor pond 
are fine. You believe the water may have caused the 
fish to die, so you test the tap water and find that there 
were high levels of chlorine. You used the same water 
for both systems, but only the aquarium was impacted. 
Why? The answer involves the scale of each system. 
The amount of chlorine added to the 10-gallon tank 
would be detrimental to organisms, compared to the 
165-gallon pond that could handle the change better. 
With smaller ecosystems, such as an aquarium, small 
changes can have a much greater impact.  
 
Carrying capacity can be influenced by a number of factors. It is important to keep in mind the scale 
of the system being evaluated when trying to predict how a change in the system would impact the 
overall carrying capacity of that ecosystem. 
 
 
 
 
 
 

10 



 

Carrying Capacity 
How is carrying capacity monitored? 
Scientists can monitor carrying capacity by using various tools to measure population sizes and other 
biotic and abiotic factors in ecosystems. However, it can be difficult and expensive to constantly 
measure the carrying capacity of different ecosystems due to the fluctuations in the carrying capacity 
as well as the large area an ecosystem can encompass. Instead, scientists will normally sample 
smaller sections of the area to gain information on population size or abundance of different biotic 
and abiotic factors to represent the ecosystem as a whole. 
 
Population sizes can also be managed to help control the growth of any group of organisms that may 
be in danger of overcrowding the area. One example is incorporating hunting seasons to balance 
certain species of organisms with their habitats. Sometimes if scientists notice population sizes 
decreasing in one community, they may trap and take organisms from another community where they 
are abundant and move them to the community with the low population size. Monitoring the birth and 
death rates of species and their habitats helps scientists determine what type of management tool 
may need to be put in place in different ecosystems. 
 
Scientists can use information from the data 
they collect to compare population growths of 
various species in an ecosystem. The graph 
in Figure 12 compares a causal relationship 
between a predator and prey. You can see 
that as the prey population increases, the 
predator population’s growth will soon follow. 
The same is true for a decrease in the 
population size of the prey. There will now not 
be enough food for all the predators, so they, 
too, will begin to decrease in population. 
 
A grassland is often covered with many different kinds of flowers in the spring. One year there were 
very few flowers in the spring, and a wild grass grew instead. Some may say that the grass caused 
the flowers to not grow. But several factors would need to be looked at before making this conclusion. 
Was there a significant weather change, such as a major flood or drought? Was there a change in the 
number of species that are responsible for pollination? Was there a change in species of plants that 
would prevent the flowers from growing? With further investigation, it was found that the bees that 
generally pollinated the flowers had a significant decrease in population due to an increase in 
predators. This caused a major decrease in flower pollination; therefore, fewer flowers grew. With 
fewer flowers in the area, there were more resources for the grass, so the grass was able to grow in 
population. The amount of grass was a correlational event, meaning the amount of grass growing did 
not cause the flowers not to grow, but instead was related to the fact that the flowers did not grow.  
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Carrying Capacity 
As you have learned, the carrying capacity and limiting factors of ecosystems help keep a balance for 
populations and maintain biodiversity. Biodiversity is necessary in an environment, because it can 
protect against a single disease destroying an entire ecosystem. The more diverse an area is, the 
healthier it is. 
 
As the human population grows and expands farther into natural areas, habitat loss is increasing, and 
biodiversity is decreasing. This will, in turn, impact the carrying capacity of ecosystems. The careful 
balancing of human wants with environmental needs is essential for maintaining healthy ecosystems 
for people as well as other organisms. 
 
So, back to the spider question. Why don’t you see more spiders at your house when a thousand 
baby spiders are hatched? The ability for the spiders to survive depends on many factors, including 
space, food, and mates. Most times, the offspring will disperse to different areas to avoid competition 
for food. Therefore, it can essentially be said that your household has a carrying capacity for spiders 
that is pretty small. Most of us are grateful for that fact! 
 

 
 
  

12 



 

Carrying Capacity 
Beyond the Classroom 

 
In general, limiting factors allow ecosystems to be balanced and healthy. On a much smaller scale, 
we can see how space, food, water, and shelter are factors that impact the healthiness of our own 
families. 
 
Look around your home. What are some limiting factors that influence your life on a daily basis? Go 
for a walk in your neighborhood and look for the impact of limiting factors on the populations that live 
there. Do not forget that humans are also part of this ecosystem! 
 
Here are some questions to think about as you are on your walk: 

1. What would happen if a new predator were to move into your neighborhood ecosystem? 
2. Are there any invasive plant species impacting your local ecosystem? 
3. When are limiting factors useful to an ecosystem? When can a limiting factor cause an 

ecosystem to become unbalanced? 
 
Observe firsthand how ecosystems can respond to varying environmental factors. Take care of a 
small plant or terrarium over several weeks. Introduce changes to the external factors in order to 
observe how your organism(s) respond to the changes. Examples of these external conditions could 
include food, water, light, and temperature. Just make sure you do not change the external condition 
too much to where the change is a detriment to the organism(s). 
 
Record your observations over time in a table or graph. Write a summary of how the impacts of your 
tested external condition could have an effect on a larger community of your organism(s) if you were 
to scale up. What are the limitations to this experiment? 
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Carrying Capacity Review 

 
Reviewing Key Terms 
 
Use each of the following terms in a separate 
sentence. 
 

1. Carrying capacity 
2. Limiting factor 
3. Keystone species 
4. Ecosystem 
5. Symbiosis 

 
Use the correct key term to complete each of 
the following sentences. 
 

1. ________________ is the number of 
organisms an ecosystem can support. 

2. All the living components of an 
ecosystem are known as ________ 
factors. 

3. _________________ can determine a 
population’s carrying capacity. 

 
 
 
Reviewing Main Ideas 
 

1. What would happen if a population were 
to exceed its carrying capacity? 

a. More organisms of that species 
will be born. 

b. The death rate of the population 
will rise. 

c. The predators of this population 
will decrease. 

d. Immigration of more organisms of 
that species will take place. 
 
 

 
 

 
2. What does the dotted line on the graph 

below represent?. 

a. Birth rate 
b. Carrying capacity 
c. Limiting factor 
d. Death rate 

 
 
 
 

3. What type of relationship is most likely 
represented in the graph below? 

a. Predator-prey 
b. Mutualistic 
c. Parasitic 
d. Invasive species 
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Making Connections 
 

1. Describe how changes in limiting factors 
can impact population growth. 

2. Explain at least three ways population is 
controlled. 

3. How are carrying capacity, ecosystems, 
and biodiversity interrelated with one 
another? 

 
4. Explain what you believe may have 

happened to the ecosystem in year 6 
from the Ecosystem Study graph above. 

 
Open-Ended Response 
 

1. Describe the difference between the 
exponential and logistic growths of 
populations.  

2. Explain why it is important to monitor the 
carrying capacity of ecosystems. 

3. How do invasive species impact the 
carrying capacity of ecosystems? 
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