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Chapter 55: Ecosystems - Key Concepts and US Examples

campbell biology chapter 55 examples us delves into the intricate world of
ecosystems, exploring fundamental principles that govern energy flow and
nutrient cycling. This chapter is crucial for understanding how different
components of the environment interact to sustain life. We will examine core
ecological concepts such as primary production, energy transfer through
trophic levels, and the biogeochemical cycles, all illustrated with relevant
examples found within the United States. The aim is to provide a
comprehensive overview that aids in grasping complex ecological processes.
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Introduction to Ecosystems

An ecosystem is a fundamental unit of ecology, defined as a community of
organisms interacting with their physical environment. These interactions
involve the exchange of energy and matter, creating complex webs of life.
Understanding ecosystem function is paramount for addressing environmental
challenges and ensuring the sustainability of our planet's resources.
Campbell Biology, Chapter 55, provides a robust framework for dissecting
these vital processes, with a focus on principles applicable to various
biomes.

This chapter emphasizes two primary concepts: energy flow and chemical
cycling. Energy, originating from the sun, moves unidirectionally through an
ecosystem, typically from producers to consumers. In contrast, matter,
consisting of essential chemical elements, is cycled within the ecosystenm,
being reused repeatedly. These processes are interconnected and are
influenced by the biological, physical, and chemical components of the
environment. Exploring these dynamics through concrete examples, particularly
those found in the diverse landscapes of the United States, enhances
comprehension and highlights the ecological significance of these natural
systems.



Energy Flow in Ecosystems

The concept of energy flow is central to understanding how ecosystems are
structured and function. Energy enters most ecosystems as solar radiation,
which is then converted into chemical energy by photosynthetic organisms.
This captured energy is then transferred through different trophic levels as
organisms consume one another. The efficiency of this energy transfer is a
critical factor determining the structure and biomass of higher trophic
levels.

Energy Input and Transformation

The ultimate source of energy for nearly all ecosystems on Earth is sunlight.
Photosynthesis, carried out by producers like plants, algae, and some
bacteria, converts light energy into chemical energy stored in organic
molecules. This process forms the base of the food web. Chemosynthesis is
another process where chemical energy is used to produce organic compounds,
typically found in environments devoid of sunlight, such as deep-sea
hydrothermal vents. However, for most terrestrial and aquatic ecosystems,
solar energy is the primary driver.

Trophic Levels and Food Webs

Ecosystems are organized into trophic levels, representing the feeding
positions of organisms. Producers, such as grasses and trees, occupy the
first trophic level. Primary consumers, or herbivores, feed on producers and
form the second trophic level. Secondary consumers, carnivores that eat
herbivores, are at the third trophic level. Tertiary and quaternary consumers
occupy successively higher trophic levels. Food webs illustrate the complex
feeding relationships within an ecosystem, showing that energy transfer is
not always a simple linear progression but involves multiple interconnected
pathways.

Primary Production: The Foundation of
Ecosystems

Primary production is the rate at which biomass is generated by producers
through photosynthesis or chemosynthesis. It represents the total amount of
energy that enters an ecosystem, setting the stage for all subsequent
biological activity. Variations in primary productivity significantly
influence the biodiversity and abundance of organisms within an ecosystem.



Gross Primary Production (GPP)

Gross primary production (GPP) is the total amount of energy from light that
is converted to chemical energy by producers in an ecosystem over a given
period. This is the raw energy captured from sunlight before any of it is
used by the producers themselves for their own metabolic processes.

Net Primary Production (NPP)

Net primary production (NPP) is the GPP minus the energy used by the
producers for cellular respiration. NPP represents the biomass that is
available to consumers at the next trophic level. It is a key indicator of
ecosystem health and productivity. For example, the vast forests of the
Pacific Northwest and the grasslands of the Great Plains in the US exhibit
high NPP, supporting diverse food webs.

Factors Affecting Primary Production

Several factors influence the rate of primary production. In terrestrial
ecosystems, temperature, water availability, and nutrient levels (especially
nitrogen and phosphorus) are critical. In aquatic ecosystems, light
penetration and nutrient availability are paramount. For instance, the high
rainfall and moderate temperatures in the southeastern United States
contribute to its high NPP in temperate rainforests and deciduous forests.

Secondary Production and Trophic Efficiency

Secondary production refers to the generation of biomass by consumers. This
biomass is derived from consuming other organisms. The efficiency with which
energy is transferred from one trophic level to the next is a fundamental
ecological principle with significant implications for ecosystem structure.

Assimilation of Energy

When a consumer eats another organism, not all of the consumed biomass 1is
assimilated (absorbed and used). Some energy is lost as undigested material
(feces), and some is used for the consumer's own metabolic processes
(respiration). Only the energy assimilated that is used for growth and
reproduction contributes to secondary production.



Trophic-Level Transfer Efficiency

Trophic-level transfer efficiency (TLTE) is the percentage of energy from one
trophic level that is converted into biomass at the next trophic level. This
efficiency is typically quite low, averaging around 10% for terrestrial
ecosystems. This means that only about 10% of the energy consumed by
herbivores is converted into herbivore biomass, and similarly, only about 10%
of herbivore biomass is converted into carnivore biomass. This "ten percent
law" explains why food chains are generally limited in length; there simply
isn't enough energy left to support many higher trophic levels.

Consider a simple US grassland ecosystem. The producers (grasses) capture a
certain amount of solar energy. The primary consumers (insects, small
mammals) that eat the grass obtain only about 10% of that energy. The
secondary consumers (birds, snakes) that eat the herbivores then acquire only
about 10% of the herbivore's energy, and so on. This explains the pyramid of
energy, where the base of producers is the largest, and the biomass and
number of organisms decrease at each successive trophic level.

Nutrient Cycling: The Biogeochemical Cycles

Unlike energy, which flows through an ecosystem, matter is cycled.
Biogeochemical cycles describe the pathways by which essential chemical
elements are transformed and transported through the Earth's biotic and
abiotic components. These cycles are crucial for maintaining the availability
of nutrients necessary for life.

The Water Cycle

The water cycle, or hydrological cycle, describes the continuous movement of
water on, above, and below the surface of the Earth. Key processes include
evaporation, transpiration, condensation, precipitation, and runoff. Water
availability is a critical limiting factor for many ecosystems. For example,
the arid deserts of the southwestern US are shaped by limited water
availability, impacting plant and animal life.

The Carbon Cycle

The carbon cycle involves the movement of carbon atoms between the
atmosphere, oceans, land, and living organisms. Photosynthesis removes carbon
dioxide from the atmosphere, while respiration and combustion release it.
Decomposition of organic matter also plays a role. Deforestation and the



burning of fossil fuels in the US have significantly altered the natural
carbon cycle, contributing to increased atmospheric C02 levels and climate
change.

The Nitrogen Cycle

Nitrogen is an essential component of proteins and nucleic acids. The
nitrogen cycle involves several steps, including nitrogen fixation
(conversion of atmospheric nitrogen gas into usable forms), nitrification,
denitrification, and ammonification. Legumes in agricultural fields across
the US, like soybeans, form symbiotic relationships with nitrogen-fixing
bacteria, enriching the soil.

The Phosphorus Cycle

The phosphorus cycle is relatively slow, as phosphorus does not have a
significant atmospheric component. Phosphorus is primarily found in rocks and
is released through weathering. It is a critical nutrient for plant growth.
Runoff from agricultural lands in the US, carrying excess phosphorus from
fertilizers, can lead to eutrophication of freshwater bodies, causing harmful
algal blooms.

Ecosystem Dynamics and Human Impacts

Ecosystems are not static; they are dynamic systems that undergo continuous
change. These changes can be natural, such as seasonal variations or
disturbances like fires, or they can be human-induced. Human activities have
a profound and often detrimental impact on ecosystem processes.

Ecological Succession

Ecological succession is the process of change in the species structure of an
ecological community over time. Primary succession occurs in virtually
lifeless areas, such as volcanic rock or bare soil, while secondary
succession occurs in areas where a community that previously existed has been
removed or disturbed, but soil remains, such as after a forest fire. The
recovery of Yellowstone National Park after the 1988 fires is a classic
example of secondary succession in the US.



Disturbances and Resilience

Disturbances are events that remove biomass or alter the availability of
resources. The frequency, intensity, and type of disturbance can
significantly impact ecosystem structure and function. Ecosystems vary in
their resilience, which is their ability to resist disturbance or recover
quickly. For example, coastal salt marshes along the Atlantic coast of the US
are vital buffer zones that can absorb storm surges, demonstrating resilience
against certain disturbances.

Human Alteration of Ecosystems

Human activities, including habitat destruction, pollution, climate change,
and the introduction of invasive species, pose significant threats to
ecosystems worldwide. The fragmentation of forests in the eastern US for
urban development reduces habitat availability for many species. Invasive
species, such as the zebra mussel in the Great Lakes, can outcompete native
organisms and disrupt food webs.

Case Studies of US Ecosystems

The United States boasts an incredible diversity of ecosystems, each with
unique characteristics and challenges. Examining specific examples provides
practical insights into the principles discussed in Campbell Biology's
Chapter 55.

The Everglades Ecosystem

The Everglades in Florida is a vast subtropical wetland ecosystem. It is
characterized by slow-moving water, diverse plant communities, and abundant
wildlife, including the iconic American alligator. Energy flows from the
extensive primary production of sawgrass and other aquatic plants. Nutrient
cycling, particularly phosphorus, is critical and sensitive to pollution from
surrounding agricultural areas, leading to significant conservation efforts
to restore its natural hydrology and ecological integrity.

The Rocky Mountain Alpine Ecosystem

The alpine ecosystems of the Rocky Mountains present a stark contrast. High
altitudes, cold temperatures, strong winds, and intense solar radiation
create challenging conditions for life. Primary production is limited by a



short growing season and harsh climate. Organisms here are highly adapted to
survive extreme environments. Energy transfer is slow, and the ecosystem is
vulnerable to changes in temperature due to climate change, impacting
snowpack and plant life.

The Pacific Northwest Temperate Rainforest

The temperate rainforests of the Pacific Northwest are characterized by high
rainfall, moderate temperatures, and dense coniferous forests. These
ecosystems exhibit exceptionally high primary productivity, driven by
abundant water and nutrients. The decomposition of fallen logs and organic
matter supports a rich understory and a complex food web. The cycling of
carbon and nitrogen is highly efficient, contributing to the massive biomass
accumulation of trees like Douglas fir and Sitka spruce.

Conclusion

Campbell Biology's Chapter 55 on Ecosystems provides a fundamental
understanding of how energy flows and nutrients cycle through living systems.
The principles of primary production, trophic efficiency, and biogeochemical
cycles are universally applicable, yet they manifest uniquely in different
environments. By examining these concepts through the lens of diverse US
ecosystems, such as the Everglades, the Rocky Mountains, and the Pacific
Northwest rainforests, we gain a deeper appreciation for the complexity,
interconnectedness, and fragility of the natural world. Recognizing the
significant impacts of human activities underscores the importance of
ecological knowledge in guiding conservation efforts and ensuring the health
of our planet for future generations.

FAQ

Q: What is the primary source of energy for most US
ecosystems?

A: The primary source of energy for most US ecosystems is sunlight, which is
captured by producers through photosynthesis.

Q: Can you provide an example of a US ecosystem with
high primary productivity?

A: Yes, the temperate rainforests of the Pacific Northwest, with their
abundant rainfall and moderate temperatures, exhibit very high primary



productivity.

Q: What is the "ten percent law" in the context of
Campbell Biology Chapter 557

A: The "ten percent law" refers to the general observation that only about
10% of the energy from one trophic level is transferred and incorporated into
biomass at the next trophic level.

Q: How does human activity impact nutrient cycling
in US ecosystems?

A: Human activities like agriculture, which involves the use of fertilizers,
can lead to excess nutrient runoff (e.g., phosphorus and nitrogen) into
aquatic ecosystems, causing eutrophication.

Q: What is ecological succession, and can you give a
US example?

A: Ecological succession is the gradual process of change in species
composition over time. An example in the US is the secondary succession
observed in Yellowstone National Park following the 1988 forest fires.

Q: What are some key challenges facing the
Everglades ecosystem in Florida?

A: Key challenges for the Everglades include altered hydrology due to water
management practices and nutrient pollution from surrounding agricultural
lands.

Q: How do different US biomes, like deserts and
rainforests, showcase variations in energy flow?

A: Arid US desert ecosystems have low primary productivity due to water
scarcity, limiting energy flow to higher trophic levels. In contrast, the wet
temperate rainforests of the Pacific Northwest have high primary
productivity, supporting more complex food webs and greater energy flow.

Q: What is the significance of the carbon cycle in
US environmental issues?

A: The carbon cycle is significant in US environmental issues due to the
impact of fossil fuel combustion and deforestation on atmospheric C02 levels,



contributing to climate change.
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