
Big Idea 4: Biological systems 
interact, and these systems and 
their interactions possess 
complex properties. 
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Enduring understanding 4.B: 
Competition and cooperation 
are important aspects of 
biological systems. 
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Essential knowledge 4.B.3: Interactions between and within 
populations influence patterns of species distribution and 
abundance.

a. Interactions between populations affect the distributions and 
abundance of populations.

Evidence of student learning is a demonstrated understanding of each of 
the following:
1. Competition, parasitism, predation, mutualism and commensalism can 
affect population dynamics.
2. Relationships among interacting populations can be characterized by 
positive and negative effects, and can be modeled mathematically 
(predator/prey, epidemiological models, invasive species).
3. Many complex symbiotic relationships exist in an ecosystem, and 
feedback control systems play a role in the functioning of these 
ecosystems.

✘ Specific symbiotic interactions are beyond the scope of the course and 
the AP Exam.
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Community Ecology
Main Idea: Species living in close proximity will inevitably interact 
with each

Main Idea: These interactions can be positive, negative or have little 
to no effect. 
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 Competition (-/-)

• A community is a group of species living close together and 
interacting

• Some of these interactions affect the survival and reproduction 
of the two species interacting

• These interspecific interactions include: 

COMMUNITY INTERACTIONS

• Limited resources cause species to compete for them and this 
lowers the fitness of both species
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Competitive Exclusion

• In 1934, Russian Ecologist G.F. Gause concluded that two 
competing species could not coexist permanently in the same 
place

• One species will inevitably have a slight reproductive advantage 
and eventually eliminate the inferior competitor...competitive 
exclusion principle

Ecological Niches & Evolution
• Sum use a species resources both abiotic and biotic in their 

environment...niche

• Competitive exclusion principle rephrased...no two species can 
occupy the same niche
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Ecological Niches & Evolution

• Since the two species can not occupy same niche one will use 
slightly different resources their by differentiating or 
partitioning the niche

• This resource partitioning allows two species to live in very 
similar niches

• Evolution by natural selection provides the mechanism for this 
partitioning.

• Species use their small and unique variations to use these to 
carve out a specific smaller niche from a larger one 
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Resource Partitioning

• As a result of competition a species occupies a realized 
niche (niche it actually lives in) which is smaller than its 
fundamental niche (niche it could occupy)

Note: species can 
partition their 

niches by space seen 
here or by 

time...think diurnal 
vs nocturnal
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Predation (+/-)
• Natural selection has fine tuned both predator and prey with 

remarkable adaptations.

• Predators: 

• acute senses, speed, agility, claws, teeth, fangs, stingers and 
venoms

• Prey: 

• behavioral defenses; hiding, fleeing, forming herds or 
schools, alarm calls

• morphological & physiological defenses; camouflage 
(cryptic coloration), warning colors (aposematic 
colorations), spines, poisons, toxins, chemicals, mimicry

Can you think of an example of each?
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 Herbivory (+/-)
• Natural selection has fine tuned herbivores (and the plants) with 

remarkable adaptations.

• Herbivores: 

• insects can detect toxic chemicals with their feet

• mammals 

• use smell to assess plants, 

• mammals also have specialized teeth (molars) for grinding plant 
matter, 

• mammals have specialized digestive tracts to breakdown 
cellulose

• Plants: 

• Spines and Thorns

• Toxins: strychnine, nicotine, selenium, peppermint, cloves, 
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 Symbiosis 
Note: Some define symbiosis narrowly as mutualism however the authors 
of your text use a broader definition to include all direct interactions 
between species, those that we covered already and those to come.

Parasitism (+/-)

• Parasites are organisms that 
derive nourishment from a host, 
the host is the organism that is 
harmed in the process.

• Endoparasites feed/live within 
their host (tapeworms)

• Ectoparasites feed/live on their 
host (ticks)

Most parasites have complex life cycles. This 
parasite requires two hosts and the parasite 

actually alters the behavior of the first 
(crustacean) to make it more susceptible to 

predation by its second host (birds).
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 Mutualism (+/+)
• These interactions benefit both species involved.

• Many important mutualistic relationships exist in nature. (As a 
result many of these are relevant on the AP exam...know them well!)

• #1. Nitrogen Fixation (bacteria and plants-legumes)

• #2. Cellulose Digestion in Ruminants (herbivores and bacteria)

• #3. Mycorrhizae (fungi and plants)

• #4. Coral Reefs (algae and animals-corals)

• Coevolution is often times the mechanism that generating these 
relationships.

• Obligate mutualism: at least one species has lost the ability to live with 
out its partner

• Facultative mutualism: both species can survive with out its partner
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#1. Nitrogen Fixation (bacteria and plants-legumes)

• Atmospheric nitrogen is abundant however it is biologically unavailable. Most 
organisms are unable to break the triple covalent bonds between nitrogen 
atoms.

• It is imperative that these bonds are broken because “life” needs 
nitrogen atoms to build amino acids and nucleotides.

• Nitrogen fixation is the conversion of atmospheric nitrogen (N2) gas to 
ammonia (NH3)...N2 + 8 H+ + 8 e− → 2 NH3 + H2

• This reaction requires nitrogenase the enzyme cable of fixing nitrogen gas.

• This reaction is energetically costly.

• The microorganisms capable of nitrogen fixation are called diazotrophs 

• Cyanobacteria (blue-green algae), Azotobacteraceae, *Rhizobia, *Frankia

• The latter two form mutualistic relationships with other species

An Introduction
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#1. Nitrogen Fixation (bacteria and plants-legumes)
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#1. Nitrogen Fixation (bacteria and plants-legumes)
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#2. Cellulose Digestion in Ruminants (herbivores and bacteria)

Overview

• Herbivores have an established mutualistic relationship with anaerobic 
bacteria (some yeast and fungi as well) that lives in its digestive tract. These 
anaerobic bacteria possess the enzyme celulase necessary to chemically digest 
cellulose 

• Termites have an established mutualistic relationship with a protist (some 
yeast and fungi as well) that lives in its digestive tract. These protists possess 
the enzyme cellulase necessary to chemically digest cellulose.

• Many animals, like humans can not digest cellulose which will as a result 
simply pass through our digestive tracts. This is what we call fiber and diets 
high in fiber may reduce the risk of colon cancers.

• In Abrahamic religions, a distinction between clean and unclean animals 
approximately falls according to whether the animal ruminates. The Law of 
Moses in the Bible allowed only the eating of animals that had cloven hooves 
and "that chew the cud", a stipulation preserved to this day in the Jewish laws 
of Kashrut. (source wikipedia)
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• The verb to ruminate has been extended metaphorically to mean to ponder thoughtfully or 
to meditate on some topic. Similarly, ideas may be chewed on or digested. Chew the (one's) 
cud is to reflect or meditate. (wikipedia)

• Methane has 23 times the warming potential of carbon dioxide and its production by 
ruminants may contribute to a greenhouse effect or climate change. Methane production 
by animals, principally ruminants, is estimated 15-20% global production of methane. The 
rumen is the major site of methane production in ruminants. (wikipedia)

What do the 
microorganisms 
get from this  
relationship?
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#3. Mycorrhizae (fungi and plants)

Overview

• This relationship is both ancient and extensive. Fossil evidence suggests that 
this relationship is over 400 million old and may have contributed to plants 
colonizing land. Furthermore this relationship is found in roughly 80% of all 
plant species.

• Plants (through photosynthesis) provide fungi a constant supply of sugar 
(food) while the fungi provides plants with increased water and mineral 
absorption (through their vast surface area and unique cell chemistry). 

• Mycorrhizal plants are more resistant to disease, toxins and drought.
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#4. Coral Reefs (algae and animals-corals)

Overview

• Coral (a coelenterate = a hollow bodied animal) provides shelter and 
inorganic nutrients to the Algae (zooxanthellae) provides sugars 
through photosynthesis.
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• Coral bleaching occurs when the coral expels the algae as a result of 
environmental stress.

• The algae’s photosynthetic pigments (or protozoan) give coral reefs their 
color when they are expelled all that remains is the light colored inorganic 
compounds.
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 Commensalism (0/+)
• These interactions benefit one species and the other is effected 

no way positive or negative. Some argue that this can not exist, 
that all interactions have some effect no matter how small.

• ex. barnacles on whales, algae on turtle shells

What do you think? Can argue both ways?
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• Occurs where the survival and reproduction of one species is  
dependent on another even though they are not in direct contact 
of a symbiosis.

• common in plant ecology, where one species alters the soil composition 
thereby effecting what other species can or can not live in those 
conditions.

Facilitation (+/+) or (0/+) 

On your own checkout the story of the Honey Badgers & Honey Guides. 
As well as the relationship between the Acacia and Ants
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Essential knowledge 4.B.3: Interactions between and within 
populations influence patterns of species distribution and 
abundance.

b.  A population of organisms has properties that are 
different from those of the individuals that make up the 
population. The cooperation and competition between 
individuals contributes to these different properties.
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Essential knowledge 4.B.3: Interactions between and within 
populations influence patterns of species distribution and 
abundance.

c.  Species-specific and environmental catastrophes, 
geological events, the sudden influx/depletion of abiotic 
resources or increased human activities affect species 
distribution and abundance. [See also 1.A.1, 1.A.2]

To foster student understanding of this concept, instructors 
can choose an illustrative example such as:

-Loss of keystone species

-Kudzu

-Dutch elm disease
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REGULATION OF POPULATION 
GROWTH 

• There may be relationship between the life histories and 
population density.

• K-selected traits or density dependent traits are those traits that 
are favored in populations living near their carrying capacity

• with less available resources competition is strong and quality 
offspring is favored to compete successfully

• r-selected traits or density independent traits are those traits that 
are favored in populations living far from their carrying 
capacity

• in unpredictable environments or new environments competition is 
low and thus simply producing more gametes/offspring is favored

• As it turns many factors that regulate population size are in 
fact density dependent. 

• Understanding these factors can have practical applications

• preventing extinctions, managing endangered species, managing pests

 Population Change Over Time 
• Once again will simplify matters by ignoring immigration and emigration or 

assume they cancel each other out!

• A factor that does not effect birth rates and death rates as the 
population becomes more dense is said to be density independent.

• Should birth rates and death rates change as population size change 
then those factors are said to be density dependent. 
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• There may be relationship between the life histories and 
population density.

• K-selected traits or density dependent traits are those traits that 
are favored in populations living near their carrying capacity

• with less available resources competition is strong and quality 
offspring is favored to compete successfully

• r-selected traits or density independent traits are those traits that 
are favored in populations living far from their carrying 
capacity

• in unpredictable environments or new environments competition is 
low and thus simply producing more gametes/offspring is favored

Density Dependent 
Population Regulation 

*Negative Feedback regulates population growth.  Without this mechanism 
populations would continually grow, exceed their carrying capacity and 
crash. (*negative feedback is a common and important theme in biology, 
you must understand it completely)

• Density Dependent Factors. 

• Competition

• Predation

• Disease

• Territoriality

• Toxic Waste

• Intrinsic Factors

Propose how each of these might regulate population 
growth as density increases. Can you provide examples?
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• There may be relationship between the life histories and 
population density.

• K-selected traits or density dependent traits are those traits that 
are favored in populations living near their carrying capacity

• with less available resources competition is strong and quality 
offspring is favored to compete successfully

• r-selected traits or density independent traits are those traits that 
are favored in populations living far from their carrying 
capacity

• in unpredictable environments or new environments competition is 
low and thus simply producing more gametes/offspring is favored

Population Dynamics 
Regardless the mechanism most populations fluctuate to some extent or 
another.  The reasons may be complex and often involve both biotic and 
abiotic factors.

• Biotic & Abiotic Factors. 

• harsh weather,    parasites,      food availability, etc.

1. Stability and Fluctuation 
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• There may be relationship between the life histories and 
population density.

• K-selected traits or density dependent traits are those traits that 
are favored in populations living near their carrying capacity

• with less available resources competition is strong and quality 
offspring is favored to compete successfully

• r-selected traits or density independent traits are those traits that 
are favored in populations living far from their carrying 
capacity

• in unpredictable environments or new environments competition is 
low and thus simply producing more gametes/offspring is favored

• 10 year cycling pattern in snowshoe hares... Why?

Population Cycles 
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• 3 Hypotheses

• if food shortages...

• if predation...

• if sunspot activity...

• and...___________

• then...___________

• and or but...__________

• therefore...____________

Can you fill in the blanks?
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• There may be relationship between the life histories and 
population density.

• K-selected traits or density dependent traits are those traits that 
are favored in populations living near their carrying capacity

• with less available resources competition is strong and quality 
offspring is favored to compete successfully

• r-selected traits or density independent traits are those traits that 
are favored in populations living far from their carrying 
capacity

• in unpredictable environments or new environments competition is 
low and thus simply producing more gametes/offspring is favored

• The sunspot hypothesis is an interesting and remarkable idea.

• Apparently when sunspot activity is low...

• slightly less atmospheric ozone is produced...

• less ozone means more UV radiation reaches the earth (plants)..

• plants respond by making more UV blocking chemicals...

• this results in less secondary compounds being made...

• less secondary compounds to deter herbivores...

• means the quality of food is higher for hares...

• higher quality food can support more hares

• COOL... this reminds us how sensitive life can be to abiotic factors 
and further that our actions even if they slightly alter the environment 
may have larger consequences.
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• There may be relationship between the life histories and 
population density.

• K-selected traits or density dependent traits are those traits that 
are favored in populations living near their carrying capacity

• with less available resources competition is strong and quality 
offspring is favored to compete successfully

• r-selected traits or density independent traits are those traits that 
are favored in populations living far from their carrying 
capacity

• in unpredictable environments or new environments competition is 
low and thus simply producing more gametes/offspring is favored

• Immigration & Emigration are especially important in 
metapopultaions 

• Metapopulations are local populations linked together, they 
occupy discrete suitable habitats in a sea of unsuitable habitats

• Essentially when resources become limited the population can 
emigrate from that one and immigrate to another

Immigration & Emigration (metapopulations)

Aland Islands, Finland Glanville Fritillary
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• Humans are the main causal agent of biodiversity loss.

• There are 4 major threats to biodiversity.

• Habitat Loss, Invasive Species, Overharvesting                     & 
Global Change.

Threats to Biodiversity

1. Habitat Loss

• Human alteration of habitats is the single greatest threat to 
habitat loss.

• Agriculture, Urban Development, Forestry, Mining and 
Pollution.

• Habitat loss often results in extinction.
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1. Habitat Loss
• 98% of tropical dry forests in Mexico and Central 

America have been cleared.

• 90% of tropical rain forests in Veracruz, Mexico have 
been cleared.

• 93% of Coral Reefs worldwide are damaged.

• At the current rate 40-50% of all coral reefs could 
disappear by 2050.

2. Invasive Species
• Non-native species moved intentionally or accidentally in new 

geographic areas.

• Free from predators, pathogens and parasites their 
populations grow rapidly and disrupt community interactions.
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2. Invasive Species
• Non-native species disrupt community interactions by preying 

on native species or by out competing them.

• Invasive species have contributed to 40% of all extinctions 
since 1750.

• They are costly and worldwide problem.

• Examples include: Kudzu, Brown Tree Snake, Zebra Mussel
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3. Overharvesting
• Harvesting organisms at a rate that 

exceeds the populations ability to 
rebound.

• Species with small habitats and/or 
low reproductive rates are especially 
vulnerable.

• Ex. Great Auk now extinct, 
Elephants once decimated
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3. Overharvesting (over fishing)
• Blue Fin Tuna and Northern Cod are classic examples of 

overharvesting.

• Prior to 1980 Blue Fins had little commercial value (0.03$/lb) and 
valued mostly for cat food and sportfishing.

• Then in the 1980’s Blue Fin’s were introduced into the sashimi 
and sushi market, today valued at over 100$/lb

• From 1980 to 1990 the Blue Fin population was reduced by 80%
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4. Global Change
• Global Change includes changing climates and atmospheric 

chemistry.

• Acid Precipitation is one of the first examples of global change.

• rain, sleet, fog, snow, etc with a pH less than 5.2

• Burning wood releases sulfur and nitrogen that react with water 
to from acids

• Acid precipitation harms both aquatic and terrestrial ecosystems

• Regulations have reduced sulfur emissions by 40% between 
1993 and 2008 however nitrogen emissions are still increasing
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Conservation Ecology

Main Idea: Small populations have low diversity and as a result 
are more vulnerable.
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 Small Population Approach

POPULATION CONSERVATION 
FOCUSES ON POPULATION SIZE, 
GENETIC DIVERSITY AND 
CRITICAL HABITAT

• Small populations suffer from Inbreeding and Genetic Drift 
which result in a loss of genetic variation.

• Particularly vulnerable to over harvesting and habitat loss

• study processes that cause extinctions of small populations

The Extinction Vortex: Evolution Implications
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Learning Objectives: 
LO 4.19 The student is able to use data analysis to 
refine observations and measurements regarding the 
effect of population interactions on patterns of species 
distribution and abundance. [See SP 2.2, 5.2]
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