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campbell biology exam review community ecology us is a critical area for students aiming for success in
their biology coursework. Understanding the intricate relationships and dynamics within ecological
communities forms the bedrock of many biological principles. This comprehensive review will delve into
the core concepts of community ecology as presented in Campbell Biology, equipping you with the
knowledge necessary to excel on your exams. We will explore topics such as species interactions,
community structure, ecological succession, and the factors that shape biodiversity, all within the context of

typical US university curricula.
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Defining Ecological Communities

An ecological community is defined as a group of different species that live together in the same place and
interact with one another. This interaction is fundamental to understanding how ecosystems function. In
Campbell Biology, the focus is on the interplay of these populations, considering not just their presence but
their active relationships. These relationships can range from direct predation to subtle influences on
resource availability. Understanding the boundaries of a community can be challenging, as they are often
fluid and depend on the scale of observation. However, the core concept revolves around the assemblage of

biotic components within a defined area.

The study of communities is essential for grasping the complexity of life on Earth. It allows us to analyze
how populations are structured, how energy flows through different trophic levels, and how
environmental changes impact the collective well-being of organisms. For a Campbell Biology exam
review, focusing on the definition of a community and its constituent parts is the initial and most crucial
step. It sets the stage for delving into the various interactions and structures that define these ecological

units.

Species Interactions

Species interactions form the very fabric of ecological communities. These relationships dictate the survival,
reproduction, and evolution of the species involved. Campbell Biology meticulously outlines several key
types of interspecific interactions, each with distinct outcomes for the participants. These interactions can be
classified based on whether they are beneficial (+), detrimental (-), or neutral (0) to the species involved.
Analyzing these interactions allows ecologists to predict community dynamics and understand the forces

driving biodiversity.

Interspecific Competition

Interspecific competition occurs when two or more species require the same limited resources, such as food,

water, or space. This interaction is typically detrimental to both species involved, as it leads to a reduction



in the growth, survival, and reproduction rates of the competing populations. The competitive exclusion
principle, a cornerstone of community ecology, states that two species competing for the exact same
limiting resources cannot coexist indefinitely. One species will inevitably outcompete the other, leading to

the local extinction of the less fit species.

Understanding the intensity and outcome of interspecific competition is vital for predicting species
distributions and community composition. Factors such as the degree of overlap in resource use and the
efficiency of each species in acquiring those resources play significant roles. In a Campbell Biology exam
context, questions often revolve around identifying competitive scenarios and predicting their

consequences.

Predation

Predation involves one species, the predator, consuming another species, the prey. This interaction is a
powerful selective force that shapes the evolution of both predator and prey populations. Predators often
possess adaptations for hunting, such as keen senses, speed, or specialized weaponry, while prey species
evolve defenses like camouflage, mimicry, or warning coloration. The dynamics of predator-prey
populations can lead to cyclical fluctuations, where increases in prey populations support larger predator
populations, which in turn drive down prey numbers, eventually leading to a decline in predator

populations.

The study of predation extends beyond just carnivory to include herbivory and parasitism, as these also
involve one organism consuming or deriving resources from another. The impact of predation on
community structure can be profound, influencing species diversity and the distribution of prey species.
For instance, a predator that preferentially feeds on a dominant competitor can prevent that competitor

from monopolizing resources, thereby allowing less competitive species to persist.

Herbivory

Herbivory is a type of predation where an animal consumer feeds on plant material. This interaction is
crucial in structuring plant communities and influencing plant evolution. Plants have evolved a variety of
defenses against herbivores, including physical defenses like thorns and spines, and chemical defenses like
toxins. Conversely, herbivores have developed mechanisms to overcome these defenses, such as specialized

digestive systems or behavioral adaptations.

The impact of herbivory can extend beyond individual plant survival to affect entire plant populations and
the structure of plant communities. High levels of herbivory can lead to reduced plant biomass, altered
species composition, and changes in habitat structure, which in turn affect other organisms that rely on
those plants for food and shelter. Understanding herbivory is key to comprehending the dynamics of

terrestrial and aquatic ecosystems.



Parasitism and Disease

Parasitism is an interaction where one organism, the parasite, lives on or inside another organism, the host,
and feeds on it. Unlike predators, parasites typically do not immediately kill their hosts, but rather weaken
them over time, reducing their fitness. Disease is often caused by pathogens such as viruses, bacteria, fungi,
and protists, which can also infect and harm their hosts. Parasites and pathogens can have significant impacts

on host population dynamics, sometimes leading to dramatic declines.

In community ecology, parasites and pathogens are often considered under the umbrella of “biotic
interactions” that can regulate populations and influence community structure. They can act as agents of
natural selection, favoring host individuals with resistance. The study of diseases in wildlife populations is
increasingly important, especially in the context of habitat fragmentation and climate change, which can

alter host-parasite dynamics.

Mutualism

Mutualism is an interaction between two species where both species benefit. These symbiotic relationships
are widespread and essential for the functioning of many ecosystems. Examples include pollination, where
plants provide nectar and pollen to insects, and in return, the insects facilitate plant reproduction. Another
classic example is the relationship between mycorrhizal fungi and plants, where the fungi enhance

nutrient uptake for the plant, and the plant provides the fungi with carbohydrates.

Mutualistic interactions can enhance the survival and reproductive success of the participating species and
often play a critical role in nutrient cycling and energy flow within communities. Recognizing and
understanding these mutually beneficial relationships is crucial for a complete picture of community

ecology. Many organisms cannot survive or thrive without their mutualistic partners.

Commensalism

Commensalism is an interaction where one species benefits, and the other species is neither harmed nor
helped. This type of interaction is less common or harder to detect than mutualism or parasitism. An
example might be a barnacle attached to a whale; the barnacle benefits from a stable substrate and access to

food particles in the water, while the whale is generally unaffected by the presence of the barnacle.

While seemingly less impactful, commensal relationships can still contribute to the overall structure and
complexity of a community. They represent a spectrum of interspecific associations and highlight the
diverse ways in which organisms can co-exist, even if the benefit to one party is not dramatically obvious

or directly detrimental to the other.

Facilitation

Facilitation is an interaction in which the presence of one species alters the environment, making it more



suitable for another species. This can occur in both positive and negative ways. For instance, certain species
of plants may improve soil fertility, allowing other plant species to colonize an area. Conversely, some
species might make conditions more challenging for others. This concept is particularly important in

understanding ecological succession.

Facilitation highlights how species are not isolated entities but rather actively modify their surroundings,
influencing the establishment and success of other organisms. It adds another layer of complexity to
understanding community assembly and dynamics, demonstrating that indirect effects can be as powerful

as direct interactions.

Ecological Niches

The ecological niche is a fundamental concept in community ecology, describing the role and position a
species has in its environment. It encompasses all the biotic and abiotic factors that affect its survival and
reproduction. Think of it as the species' profession, including its habitat, food sources, predators, and
interactions with other species. Understanding a species' niche is crucial for comprehending its distribution

and abundance within a community.

A species' niche is not just where it lives, but also what it does within that environment. This includes its
feeding habits, its breeding patterns, its tolerance to environmental conditions like temperature and
humidity, and its interactions with all other organisms in its vicinity. In Campbell Biology, the niche

concept is often explored in relation to competition and resource partitioning.

Resource Partitioning

Resource partitioning occurs when species that occupy similar ecological niches evolve to minimize
competition by dividing the available resources. Instead of directly competing for the same limited
resources, species may specialize on different aspects of a resource, use it at different times, or in different

locations. This allows for coexistence and contributes to the biodiversity of a community.

For example, birds that eat insects might specialize on different types of insects, or feed on insects found at
different heights in trees. This evolutionary divergence in resource use is a powerful mechanism that
allows multiple species to share the same habitat without one driving the other to extinction. Identifying

resource partitioning is a key method for understanding how species coexist.

Fundamental vs. Realized Niches

The fundamental niche refers to the full range of environmental conditions and resources an organism
could potentially occupy and use in the absence of competition and predation. In contrast, the realized niche
is the portion of the fundamental niche that a species actually occupies and uses in a particular

environment, given the presence of biotic interactions like competition and predation.

The difference between these two niches is often due to the influence of interspecific competition. A



species might have the physiological capacity to live in a wider range of conditions (its fundamental niche),
but due to competition from another species, it might be restricted to a smaller area or a narrower set of
resources (its realized niche). Understanding this distinction is vital for ecological studies and conservation

efforts.

Natural Selection and Character Displacement

Character displacement is an evolutionary process where differences among similar species whose
distributions overlap geographically are accentuated in regions where they co-occur, but are minimized or
lost where their distributions do not overlap. This occurs as natural selection favors individuals that use

resources not utilized by competing species.

For instance, if two bird species compete for seeds of a particular size, individuals with beak sizes that fall
outside the range of the competitor's preferred seed size will have a survival and reproductive advantage.
Over time, this leads to divergence in beak size between the two populations where they overlap,

illustrating how competition can drive evolutionary change and contribute to niche differentiation.

Biogeographic Factors Affecting Community Diversity

The geographical distribution and characteristics of ecosystems significantly influence the diversity of
species they can support. Biogeography, the study of the spatial distribution of biodiversity, provides critical
insights into why some communities are rich in species while others are less so. Factors like latitude, land
area, and the history of geological events play crucial roles in shaping community composition and

diversity.

Understanding these large-scale patterns is essential for a holistic view of community ecology. They help
explain the presence of certain species in particular regions and the overall patterns of biodiversity
observed across the globe. For exam preparation, grasping the fundamental principles of biogeography is as

important as understanding species interactions.

Island Biogeography

The theory of island biogeography, developed by Robert MacArthur and E.O. Wilson, provides a
framework for understanding species diversity on islands. It posits that the number of species on an island is
a result of a dynamic balance between immigration of new species and extinction of existing species. Larger

islands and islands closer to the mainland tend to have higher species diversity.

This theory highlights the importance of island size and isolation. Larger islands can support larger
populations, which are less prone to extinction, and offer a wider variety of habitats. Islands closer to a
mainland source pool have higher rates of immigration, leading to greater species accumulation. This model

has been extended to other habitat "islands," such as mountaintops or isolated forest fragments.



Species-Area Relationships

The species-area relationship is a fundamental ecological principle that states that the number of species in a
given habitat tends to increase with the area of that habitat. Larger areas generally contain more
individuals and a greater variety of habitats, supporting a larger number of species. This relationship is

often described by a power function.

This principle has significant implications for conservation. It suggests that habitat fragmentation, which
reduces the size of habitat patches, can lead to a loss of species diversity. Protecting larger areas of habitat is
therefore crucial for maintaining biodiversity. The species-area curve is a common tool used in conservation

biology to estimate the potential species loss from habitat destruction.

Disturbance and Community Dynamics

Ecological communities are not static entities; they are constantly changing in response to various
disturbances. A disturbance is an event that removes some individuals from a community and alters
resource availability. These events can range from small-scale occurrences like a fallen tree to large-scale
catastrophes like wildfires or hurricanes. The frequency, intensity, and type of disturbance significantly

influence community structure and composition.

The concept of disturbance is central to understanding how communities maintain their species diversity
and resilience. Rather than being purely destructive, disturbances can also create opportunities for new
species to colonize and can prevent competitive exclusion by keeping dominant species in check.

Examining these dynamics is key for a Campbell Biology exam review.

Types of Disturbances

Disturbances in ecological communities can be varied and can arise from both natural and human-induced
causes. Natural disturbances include events such as fires, floods, volcanic eruptions, storms, and droughts.
Human-induced disturbances are increasingly significant and encompass activities like deforestation,

agriculture, urbanization, pollution, and the introduction of invasive species.

The impact of a disturbance depends on its characteristics: its intensity (how much biomass is removed or
altered), its frequency (how often it occurs), and its spatial scale. For example, a small-scale, low-intensity
disturbance might only affect a few individuals, while a large-scale, high-intensity disturbance can
completely reshape an entire community. Understanding the nature of these disturbances is crucial for

predicting community responses.

Intermediate Disturbance Hypothesis

The intermediate disturbance hypothesis proposes that the highest species diversity is maintained in

ecosystems that experience intermediate levels of disturbance. According to this hypothesis, environments



with very low disturbance levels tend to be dominated by a few superior competitors, leading to lower
diversity. Conversely, environments with very high disturbance levels are characterized by frequent

extinctions, also resulting in lower diversity.

The intermediate disturbance hypothesis suggests that moderate levels of disturbance prevent competitive
exclusion and create a mosaic of habitats at different successional stages, thus supporting a greater variety of
species. This concept is widely discussed in ecology and is often tested in university-level biology courses.

It highlights a nuanced relationship between disturbance and biodiversity.

Ecological Succession

Ecological succession is the process of change in the species structure of an ecological community over time.
It is a directional process where one community is gradually replaced by another. This process is driven by
interactions between organisms and their environment, and it can occur over various timescales, from

years to centuries.

Understanding succession is crucial for comprehending how ecosystems recover from disturbances or
develop in new, previously uninhabited areas. It is a dynamic process involving colonization, competition,
and the modification of the environment, leading to predictable shifts in species composition and

community structure. This is a core topic in Campbell Biology.

Primary Succession

Primary succession occurs in virtually lifeless areas, where soil has not yet formed. This includes
environments like bare rock exposed by retreating glaciers, volcanic lava flows, or newly formed sand
dunes. The first organisms to colonize these areas are typically hardy pioneer species, such as lichens and
mosses, which can survive harsh conditions and contribute to the initial breakdown of rock and the

formation of rudimentary soil.

As these pioneer species establish and die, they contribute organic matter, creating a substrate that can
support more complex plant life, such as grasses and small shrubs. This gradual process of soil development
and colonization by increasingly complex vegetation characterizes primary succession. It is a slow and

arduous process, as it involves the creation of soil from scratch.

Secondary Succession

Secondary succession occurs in areas where a community that previously existed has been removed or
destroyed, but soil and some life remain. Examples include areas that have been cleared for farming, logged
forests, or land recovering from a wildfire. Because soil is already present, secondary succession typically

proceeds much more rapidly than primary succession.

In secondary succession, seeds and spores may already be present in the soil or can be dispersed from

nearby areas. Early successional species are often fast-growing and shade-intolerant plants, which are



quickly replaced by slower-growing, shade-tolerant species as the community develops. This leads to a

predictable sequence of vegetation changes over time.

Factors Influencing Succession

‘While succession often follows predictable patterns, several factors can influence its trajectory. The
availability of propagules (seeds, spores, etc.) from adjacent ecosystems plays a significant role in
recolonization. The nature of the disturbance itself—its intensity, size, and spatial heterogeneity—can also

affect which species colonize and how quickly the process unfolds.

Furthermore, species interactions, such as competition, facilitation, and inhibition, are critical drivers of
successional change. The ability of certain species to alter the environment, for instance, by improving soil
conditions or creating shade, can either promote or hinder the establishment of other species, shaping the
overall direction of succession. Climate and soil type also contribute to the unique successional pathways

observed in different regions.

Biodiversity in Communities

Biodiversity, or biological diversity, refers to the variety of life in a particular habitat or ecosystem. It
encompasses the diversity of genes, species, and ecosystems. In community ecology, a primary focus is on
species diversity, which is a crucial indicator of ecosystem health and stability. Higher biodiversity

generally leads to more resilient and productive ecosystems.

Understanding the factors that contribute to and maintain biodiversity is a central theme in modern
ecological research. It is directly linked to species interactions, disturbance regimes, and biogeographic
factors. For a Campbell Biology exam, grasping the different facets of biodiversity and what influences

them is essential.

Species Diversity

Species diversity is a measure of the number of different species in a community and their relative
abundance. It is a critical aspect of biodiversity that directly impacts ecosystem function. Ecologists often

distinguish between two components of species diversity: species richness and species evenness.

A community with high species diversity is generally considered more stable and more productive than
one with low species diversity. This is because a greater variety of species can perform different ecological

roles, leading to more efficient nutrient cycling and a greater ability to withstand environmental changes.

Species Richness

Species richness is simply the total number of different species present in a community. It is the most basic



measure of biodiversity. For example, a forest with 50 different tree species has higher species richness

than a forest with only 10 tree species, assuming similar areas are being compared.

While a straightforward metric, species richness alone does not tell the whole story about community
composition. A community could have high species richness but be dominated by one or two very
abundant species, which might have different ecological implications than a community with the same

richness but where all species are present in roughly equal numbers.

Species Abundance

Species abundance refers to the number of individuals of a particular species within a community, or
sometimes the proportion of individuals in a community belonging to a particular species. When combined
with species richness, it provides a more complete picture of species diversity, often referred to as species

evenness.

For instance, two communities might have the same number of species (richness), but if one community
has one species that makes up 90% of all individuals, while the other community has all species present in
roughly equal numbers, the latter community has higher species evenness. Evenness is a crucial

component of overall species diversity.

Keystone Species

A keystone species is a species on which other species in an ecosystem largely depend, such that if it were
removed the ecosystem would change drastically. These species often have a disproportionately large effect
on their environment relative to their abundance. They play critical roles in maintaining community

structure and function.

Examples of keystone species include sea otters, which control populations of sea urchins, preventing them
from overgrazing kelp forests. Without sea otters, kelp forests can be decimated, leading to a loss of habitat

for many other species. Identifying and protecting keystone species is a vital conservation strategy.

Ecosystem Engineers

Ecosystem engineers are organisms that create, modify, maintain, or destroy a habitat. They have a
significant impact on the availability of resources and can dramatically alter the structure and composition of

an ecosystem. Their effects on other species are often indirect but profoundly important.

Examples include beavers, which build dams that create wetlands, or corals, which build reefs that provide
habitat for a vast array of marine life. These organisms can essentially sculpt their environments,

influencing everything from water flow to nutrient availability and creating niches for other species.



Trophic Structure

The trophic structure of a community describes the feeding relationships between its different species. It is
organized into trophic levels, representing the flow of energy from producers to consumers. Understanding
trophic structure is fundamental to understanding how energy is transferred through an ecosystem and

how the community is organized.

The trophic structure is often depicted as food chains and food webs, which illustrate the complex
interdependencies within a community. The concept of trophic levels is a key element in Campbell

Biology's discussion of community ecology, as it underlies many of the interactions and dynamics observed.

Food Webs

A food web is a graphical representation of the feeding relationships within a community. Unlike a simple
food chain, a food web shows the multiple feeding connections between various species, reflecting the
complexity and interconnectedness of real ecosystems. Most organisms feed on more than one type of food

and are themselves prey for more than one predator.

Food webs highlight the fact that no organism lives in isolation; they are part of intricate networks of
interaction. The stability of a food web is influenced by the diversity of species and the strength of their
connections. Disruptions at one level of the food web can have cascading effects throughout the entire

system.

Trophic Levels

Trophic levels represent the positions organisms occupy in a food chain or food web. The primary trophic
level consists of producers (autotrophs), which create their own food, usually through photosynthesis. The
next level, primary consumers (herbivores), feed on producers. Secondary consumers (carnivores or

omnivores) feed on primary consumers, and tertiary consumers feed on secondary consumers, and so on.

The flow of energy through these trophic levels is unidirectional and diminishes at each successive level
due to metabolic losses. This energy limitation dictates the structure of food webs and limits the number of
trophic levels that can be sustained in an ecosystem. Understanding these levels is crucial for grasping

energy dynamics.

Food Chain Length

The length of a food chain refers to the number of links between the top predator and the primary
producer. While food webs are complex, a simplified food chain provides a basic model of energy transfer.

On average, food chains are relatively short, typically consisting of four or five trophic levels.

The length of food chains is limited by the energetic inefficiency of energy transfer between trophic

levels. Only about 10% of the energy from one trophic level is converted into biomass at the next level.



This energy pyramid effect restricts the number of consumers that can be supported at higher trophic

levels, thus limiting the overall length of food chains in most ecosystems.

Biogeochemical Cycles in Communities

Biogeochemical cycles are the pathways by which chemical elements of life are circulated through the
biotic and abiotic components of ecosystems. These cycles, such as the water cycle, carbon cycle, nitrogen
cycle, and phosphorus cycle, are fundamental to the functioning of all communities. They ensure the

continuous availability of essential nutrients for life.

In community ecology, understanding these cycles is crucial because they directly influence the
productivity and structure of ecosystems. Nutrient availability often limits primary productivity, which in
turn affects all higher trophic levels. Human activities are increasingly impacting these cycles, leading to

significant environmental consequences.

The Role of Nutrients

Nutrients are essential elements that organisms require for growth and survival. They are cycled through
ecosystems via biogeochemical processes. The availability of key nutrients, such as nitrogen and
phosphorus, often acts as a limiting factor for primary productivity in both terrestrial and aquatic
environments. When nutrient levels are low, plant growth is restricted, which can have cascading effects

throughout the entire food web.

Changes in nutrient availability, often due to human activities like fertilizer runoff or pollution, can lead to
eutrophication in aquatic systems or altered plant community composition in terrestrial systems. Therefore,
understanding nutrient cycling is critical for comprehending ecosystem dynamics and managing

environmental impacts.

Impact of Human Activities on Communities

Human activities have a profound and often detrimental impact on ecological communities worldwide.
These impacts include habitat destruction and fragmentation, pollution of air, water, and soil, the
introduction of invasive species, overexploitation of resources, and climate change. These factors disrupt

species interactions, alter community structure, reduce biodiversity, and threaten ecosystem functions.

For example, deforestation reduces habitat availability, leading to species loss. Pollution can poison
organisms and disrupt nutrient cycles. Invasive species can outcompete native species, leading to dramatic
shifts in community composition. Climate change alters temperature and precipitation patterns, forcing
species to adapt, migrate, or face extinction. Recognizing and mitigating these impacts is a critical challenge

for conservation biology and sustainable development.



Q What are the key differences between primary and secondary
succession?

A: Primary succession occurs in areas devoid of life, where soil has not yet formed, such as bare rock. It is a
slow process involving pioneer species that create soil. Secondary succession occurs in areas where a
community previously existed but has been disturbed, with soil and some life remaining, making it a faster

process of recovery.

Q: Can you provide an example of a keystone species and explain its role?

A: A classic example of a keystone species is the sea otter. Sea otters prey on sea urchins, which are
herbivores that graze on kelp. Without sea otters, sea urchin populations can explode, leading to the
destruction of kelp forests. This loss of kelp forests drastically alters the marine ecosystem, impacting

numerous other species that rely on the kelp for food and shelter.

Q What is the intermediate disturbance hypothesis, and what is its
significance for species diversity?

A: The intermediate disturbance hypothesis suggests that species diversity is highest in communities that
experience moderate levels of disturbance. Very low disturbance allows dominant competitors to exclude
others, while very high disturbance leads to frequent extinctions. Intermediate disturbances prevent

competitive exclusion and create diverse habitats, thus fostering higher species richness.

Q How does resource partitioning allow for the coexistence of competing
species?

A: Resource partitioning allows competing species to coexist by enabling them to divide up the available
resources. Instead of vying for the exact same limited resources, species may specialize on different parts of
a resource, use it at different times, or in different locations. This reduces direct competition and allows

multiple species to utilize the same habitat.

Q What are the primary components of an ecological niche, as discussed
in Campbell Biology?

A: An ecological niche encompasses all the biotic and abiotic factors that affect a species' survival and
reproduction. This includes its habitat, its food sources, its predators, its temperature and moisture
tolerances, its reproductive strategies, and its interactions with all other species within the community. It

essentially describes the species' role and position within its ecosystem.



Q How does island biogeography theory explain species richness on
islands?

A: Island biogeography theory explains island species richness as a balance between immigration and
extinction rates. Larger islands and islands closer to the mainland tend to have higher species richness
because they receive more immigrants and have lower extinction rates due to larger population sizes and

habitat diversity.

Q: What is the difference between a fundamental niche and a realized
niche?

A: The fundamental niche represents the full range of conditions and resources a species could use in the
absence of competition and predation. The realized niche is the portion of the fundamental niche that a

species actually occupies and uses in a particular environment, influenced by biotic interactions.

Q Why is the trophic structure of a community important for energy
flow?

A: The trophic structure dictates how energy flows from producers to various levels of consumers. Each
transfer between trophic levels involves energy loss, meaning less energy is available at higher levels. This
inherent inefficiency limits the number of trophic levels and influences the overall biomass and

productivity of the community.
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