biogeochemical cycles pogil

biogeochemical cycles pogil is a term that refers to an educational approach
designed to help students explore and understand the complex interactions
involved in the cycling of elements through Earth's biological, geological,
and chemical processes. This method emphasizes active learning and guided
inquiry, making it an effective strategy for teaching the fundamental
concepts of biogeochemical cycles in ecosystems. Understanding these cycles
is critical for comprehending how nutrients move through living organisms and
the environment, impacting everything from soil fertility to climate
regulation. This article will delve into the key aspects of biogeochemical
cycles with a focus on how the Process Oriented Guided Inquiry Learning
(POGIL) framework enhances comprehension. Topics include the major
biogeochemical cycles, their significance in nature, the role of POGIL
activities in education, and practical applications in ecological studies.
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Overview of Biogeochemical Cycles

Biogeochemical cycles refer to the pathways through which chemical elements
and compounds move through the Earth's atmosphere, hydrosphere, lithosphere,
and biosphere. These cycles are essential for maintaining life by recycling
nutrients necessary for organisms to grow, reproduce, and sustain ecosystems.
Elements such as carbon, nitrogen, phosphorus, sulfur, and water continuously
cycle through different environmental compartments, undergoing various
chemical and biological transformations. The study of these cycles provides
insight into ecosystem dynamics, environmental changes, and the impacts of
human activities on natural systems.

Definition and Importance

Biogeochemical cycles integrate biological, geological, and chemical
processes to describe how elements circulate in ecosystems. Their importance
lies in sustaining life-supporting processes, regulating climate, and
maintaining soil and water quality. Without these cycles, essential nutrients



would become depleted, leading to the collapse of ecosystems. Understanding
these cycles enables scientists and students to predict environmental changes
and devise strategies to mitigate negative impacts, such as pollution and
climate change.

Components of Biogeochemical Cycles

The main components of biogeochemical cycles include reservoirs, fluxes, and
processes. Reservoirs are places where elements are stored, such as the
atmosphere, oceans, soil, and living organisms. Fluxes represent the movement
of elements between reservoirs, facilitated by physical, chemical, or
biological processes. These processes include photosynthesis, respiration,
decomposition, sedimentation, and weathering. The balance between these
components determines the stability and health of ecosystems.

Major Biogeochemical Cycles

There are several key biogeochemical cycles that sustain life on Earth. Each
cycle involves the movement of specific elements and compounds through
various environmental media. The most studied and significant cycles include
the carbon, nitrogen, phosphorus, sulfur, and water cycles. Understanding
these cycles is critical for grasping ecosystem functioning and environmental
sustainability.

Carbon Cycle

The carbon cycle is fundamental to life, as carbon forms the backbone of
organic molecules. This cycle involves the exchange of carbon between the
atmosphere, living organisms, oceans, and the Earth's crust. Processes such
as photosynthesis capture atmospheric carbon dioxide and convert it into
organic matter, while respiration and decomposition release carbon back into
the atmosphere. Human activities, especially fossil fuel combustion, have
significantly altered the carbon cycle, contributing to global climate
change.

Nitrogen Cycle

The nitrogen cycle describes the transformation and movement of nitrogen
through the environment. Nitrogen is essential for the synthesis of proteins
and nucleic acids in living organisms. Key processes include nitrogen
fixation, nitrification, assimilation, ammonification, and denitrification.
These processes convert nitrogen among its various chemical forms, enabling
plants to absorb it and animals to obtain it through food chains. Disruptions
in the nitrogen cycle can lead to environmental issues such as eutrophication
and greenhouse gas emissions.



Phosphorus Cycle

The phosphorus cycle involves the movement of phosphorus through rocks, soil,
water, and living organisms. Unlike carbon and nitrogen, phosphorus does not
have a gaseous phase under normal conditions, making its cycle primarily
sedimentary. Phosphorus is vital for energy transfer in cells and the
formation of DNA and RNA. Human activities like agriculture and mining have
impacted the phosphorus cycle, causing nutrient runoff and water pollution.

Sulfur Cycle

The sulfur cycle encompasses the circulation of sulfur through the
atmosphere, lithosphere, hydrosphere, and biosphere. Sulfur is a component of
certain amino acids and vitamins. Volcanic activity, bacterial metabolism,
and industrial processes contribute to sulfur's movement in the environment.
Sulfur compounds influence climate by affecting cloud formation and acid
rain.

Water Cycle

The water cycle, or hydrologic cycle, describes the continuous movement of
water on, above, and below the Earth's surface. Processes such as
evaporation, condensation, precipitation, infiltration, and runoff drive this
cycle. Water is essential for life, influencing climate, weather patterns,
and ecosystem productivity. The water cycle also interacts with other
biogeochemical cycles, facilitating the transport of nutrients and chemicals.

Role of POGIL in Teaching Biogeochemical Cycles

Process Oriented Guided Inquiry Learning (POGIL) is an instructional strategy
that promotes active learning through structured group work and guided
inquiry. In the context of biogeochemical cycles, POGIL activities help
students engage deeply with complex scientific concepts by encouraging
exploration, critical thinking, and collaboration. This approach contrasts
with traditional lecture-based methods by fostering student-centered learning
and conceptual understanding.

Structure of POGIL Activities

POGIL activities are typically organized into models, exploration questions,
and application exercises. Students work in small teams to analyze data,
interpret models of biogeochemical cycles, and answer guided questions that
lead to the construction of scientific knowledge. This structure helps
learners build a solid foundation of understanding by connecting theory to
real-world examples.



Enhancing Conceptual Understanding

By using POGIL in biogeochemical cycles education, students develop a more
comprehensive grasp of nutrient cycling processes and their environmental
implications. The inquiry-based nature of POGIL prompts students to identify
relationships among cycle components, recognize feedback mechanisms, and
evaluate human impacts. This active engagement promotes retention and
application of knowledge beyond the classroom.

Benefits of Using POGIL for Biogeochemical
Cycles

Implementing POGIL in teaching biogeochemical cycles offers numerous
advantages for both educators and learners. It encourages critical thinking,
improves communication skills, and fosters teamwork. The method supports
differentiated instruction by allowing students to learn at their own pace
within groups. Additionally, POGIL aligns with educational standards that
emphasize scientific inquiry and process skills.

Improved Retention and Engagement

Students participating in POGIL activities related to biogeochemical cycles
demonstrate higher engagement levels and better long-term retention of
material. The interactive format helps students connect abstract concepts to
tangible processes, making learning more meaningful.

Development of Scientific Skills

Through POGIL, students practice essential scientific skills such as data
analysis, hypothesis formulation, and evidence-based reasoning. These skills
are crucial for understanding and researching biogeochemical cycles and for
pursuing careers in environmental science, ecology, and related fields.

Collaborative Learning Environment

POGIL fosters a collaborative learning environment where students communicate
effectively, share ideas, and support each other's learning. This cooperative
atmosphere mirrors real-world scientific research, preparing students for
professional teamwork and problem-solving.

Applications in Environmental Science and



Ecology

Knowledge of biogeochemical cycles gained through POGIL-based instruction is
applicable in numerous scientific and environmental contexts. Understanding
these cycles aids in managing natural resources, predicting ecological
responses to climate change, and developing strategies for pollution control
and sustainability.

Environmental Monitoring and Management

Professionals use insights from biogeochemical cycles to monitor ecosystem
health, assess nutrient pollution, and implement restoration projects. For
example, tracking nitrogen and phosphorus cycles helps control eutrophication
in aquatic systems.

Climate Change Research

Biogeochemical cycles, particularly the carbon and sulfur cycles, play
significant roles in regulating atmospheric composition and climate. Research
informed by these cycles contributes to climate modeling, mitigation
strategies, and policy development.

Sustainable Agriculture and Conservation

Understanding nutrient cycles is essential for optimizing fertilizer use,
improving soil fertility, and conserving biodiversity. Applying
biogeochemical principles supports sustainable agriculture practices that
minimize environmental impact while maximizing productivity.

Educational Outreach and Public Awareness

Teaching biogeochemical cycles through POGIL not only benefits students but
also enhances public understanding of environmental issues. Educated
individuals are better equipped to make informed decisions and engage in
conservation efforts.

e Carbon Cycle

e Nitrogen Cycle

e Phosphorus Cycle
e Sulfur Cycle

e Water Cycle



Frequently Asked Questions

What is the purpose of using POGIL activities to
study biogeochemical cycles?

POGIL activities engage students in guided inquiry to help them understand
the processes and importance of biogeochemical cycles, promoting critical
thinking and collaborative learning.

Which biogeochemical cycles are commonly explored in
POGIL activities?

Commonly explored biogeochemical cycles in POGIL activities include the
carbon cycle, nitrogen cycle, phosphorus cycle, and water cycle.

How do POGIL activities enhance understanding of the
nitrogen cycle?

POGIL activities help students analyze each step of the nitrogen cycle, such
as nitrogen fixation, nitrification, and denitrification, enabling them to
grasp how nitrogen moves through ecosystems and its significance for living
organisms.

What role do microorganisms play in biogeochemical
cycles as explained in POGIL worksheets?

Microorganisms are vital in biogeochemical cycles; for example, bacteria fix
atmospheric nitrogen into forms usable by plants, decompose organic matter,
and recycle nutrients, which POGIL activities highlight through guided
questions and models.

How can POGIL activities help students understand
human impacts on biogeochemical cycles?

POGIL activities often include scenarios illustrating how human activities
like deforestation, fossil fuel combustion, and fertilizer use disrupt
natural cycles, fostering awareness of environmental consequences.

What skills do students develop by completing
biogeochemical cycles POGIL activities?

Students develop critical thinking, data analysis, teamwork, and scientific
reasoning skills by interpreting models, answering inquiry questions, and
drawing conclusions during POGIL activities.



Can POGIL be adapted for different educational
levels when teaching biogeochemical cycles?

Yes, POGIL activities can be tailored in complexity and depth to suit middle
school, high school, or introductory college-level students studying
biogeochemical cycles.

Additional Resources

1. Biogeochemical Cycles: An Introduction to Environmental Chemistry

This book offers a comprehensive overview of the major biogeochemical cycles,
including carbon, nitrogen, phosphorus, and sulfur cycles. It integrates
chemical principles with ecological processes, making it ideal for students
studying environmental science. The text uses real-world examples and case
studies to illustrate how these cycles impact ecosystems and human
activities.

2. Understanding Biogeochemical Cycles through POGIL Activities

Designed specifically for educators, this book provides Process Oriented
Guided Inquiry Learning (POGIL) activities focused on biogeochemical cycles.
It emphasizes student engagement and critical thinking by encouraging
collaborative learning and inquiry-based exploration of carbon, nitrogen, and
water cycles. The activities are aligned with current educational standards
and can be used in high school or introductory college courses.

3. Carbon and Nitrogen Cycles in the Environment

This text delves into the detailed mechanisms of the carbon and nitrogen
cycles, exploring their significance in global climate regulation and
ecosystem health. It discusses human impacts such as fossil fuel combustion
and fertilizer use, highlighting the balance between natural processes and
anthropogenic influences. The book is suitable for advanced undergraduates
and graduate students.

4. Phosphorus Cycle Dynamics and Ecosystem Function

Focusing on the phosphorus cycle, this book examines its role in nutrient
limitation and productivity in terrestrial and aquatic ecosystems. It covers
geological sources, biological uptake, and the effects of agricultural runoff
on eutrophication. The content is research-based and includes recent findings
on phosphorus management and sustainability.

5. Water Cycle and Its Biogeochemical Implications

This book explores the hydrologic cycle in the context of biogeochemical
processes, emphasizing the movement of water and dissolved substances through
the environment. It addresses topics such as precipitation, evaporation,
groundwater flow, and their interactions with carbon and nutrient cycles. The
text is enriched with diagrams and case studies on watershed management and
pollution control.

6. Integrative Approaches to Biogeochemical Cycles



Offering a multidisciplinary perspective, this book integrates biology,
chemistry, geology, and environmental science to explain biogeochemical
cycles. It highlights the interconnectedness of Earth's spheres and examines
feedback mechanisms affecting climate and ecosystem resilience. Ideal for
students interested in holistic environmental studies and sustainability.

7. Human Impacts on Biogeochemical Cycles

This book investigates how industrialization, agriculture, and urbanization
alter natural biogeochemical cycles. It discusses consequences such as
greenhouse gas emissions, nutrient loading, and acid rain, providing insights
into mitigation strategies. The book includes policy discussions and
encourages critical evaluation of human-environment interactions.

8. POGIL Activities for Environmental Science: Biogeochemical Cycles Edition
Targeted at instructors, this resource offers a variety of POGIL activities
that facilitate active learning about the carbon, nitrogen, phosphorus, and
sulfur cycles. Each activity promotes teamwork, inquiry, and data analysis,
helping students grasp complex concepts through hands-on experience. The book
supports diverse learning styles and includes assessment tools.

9. Global Biogeochemical Cycles and Climate Change

This book examines the role of biogeochemical cycles in regulating Earth's
climate system, with a focus on feedback loops and tipping points. It
discusses the latest research on carbon sequestration, methane release, and
ocean acidification. Suitable for advanced students and researchers, it
combines scientific rigor with accessible explanations of climate dynamics.
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Earth's climate is crucial for understanding past and current changes in climate and above all, for
the future sustainable management of our planet.

biogeochemical cycles pogil: The Major Biogeochemical Cycles and Their Interactions
Bert Bolin, Robert B. Cook, 1983

biogeochemical cycles pogil: Interactions of the Major Biogeochemical Cycles Jerry M.
Melillo, Christopher B. Field, Bedrich Moldan, 2003 Table of contents

biogeochemical cycles pogil: Interactions of C, N, P and S Biogeochemical Cycles and
Global Change Roland Wollast, Fred T. Mackenzie, Lei Chou, 2013-06-29 This book is a natural
extension of the SCOPE (Scientific Committee of Problems on the Environment) volumes on the
carbon (C), nitrogen (N), phosphorus (P) and sulfur (S) biogeochemical cycles and their interactions
(Likens, 1981; Bolin and Cook, 1983). Substantial progress in the knowledge of these cycles has
been made since publication of those volumes. In particular, the nature and extent of biological and
inorganic interactions between these cycles have been identified, positive and negative feedbacks
recognized and the relationship between the cycles and global environmental change preliminarily
elucidated. In March 1991, a NATO Advanced Research Workshop was held for one week in
Melreux, Belgium to reexamine the biogeochemical cycles of C, N, P and S on a variety of time and
space scales from a holistic point of view. This book is the result of that workshop. The
biogeochemical cycles of C, N, P and S are intimately tied to each other through biological
productivity and subsequently to problems of global environmental change. These problems may be
the most challenging facing humanity in the 21 st century. In the broadest sense, global change
encompasses both changes to the status of the large, globally connected atmospheric, oceanic and
terrestrial environments (e. g. tropospheric temperature increase) and change occurring as the
result of nearly simultaneous local changes in many regions of the world (e. g. eutrophication).

biogeochemical cycles pogil: Biogeochemistry William H. Schlesinger, 2012-12-02
Biogeochemistry: An Analysis of Global Change deals with changes in the biogeochemistry of the
Earth's surface. The book covers the basics about the effect of life on the chemistry of the Earth,
with emphasis on the microbial and chemical reactions that occur on land, in the sea, and in the
atmosphere. Computer models are used to help understand elemental cycling and ecosystem
function. This book is divided into two sections and comprised of 14 chapters. The discussion begins
with an overview of the chemical processes controlling the environment in which we live. A simple
model for the biogeochemistry of the Earth's surface is described. The chapters that follow examine
models that astrophysicists suggest for the origin of chemical elements, as well as models for the
formation of the solar system and the planets. The biogeochemical reactions in the atmosphere,
lithosphere, and terrestrial biosphere are also described, along with rock weathering on land and
the processes that drive the weathering reactions. The reader is introduced to biogeochemical
cycling on land; biogeochemistry in freshwater wetlands and lakes, rivers and estuaries, and the sea;
and the global water, carbon, sulfur, nitrogen, and phosphorus cycles. The book concludes with the
argument that human population growth is the basis of every major environmental issue facing the
world today. This book is intended as a textbook for college-level and graduate students who are
interested in global change.

biogeochemical cycles pogil: Global Change Michael B. McElroy, 1983

biogeochemical cycles pogil: Some Perspectives of the Major Biochemical Cycles G.E.
LIKENS (ed), 1981-10-07 Biogeochemical cycles of carbon, nitrogen and sulphur. Interactions
between major biogeochemical cycles. Socio-economic impacts on biogeochemica cycles.

biogeochemical cycles pogil: Primary Productivity and Biogeochemical Cycles in the
Sea Paul G. Falkowski, Avril D. Woodhead, 1992-05-31 Biological processes in the oceans play a
crucial role in regulating the fluxes of many important elements such as carbon, nitrogen, sulfur,
oxygen, phosphorus, and silicon. As we come to the end of the 20th century, oceanographers have
increasingly focussed on how these elements are cycled within the ocean, the interdependencies of
these cycles, and the effect of the cycle on the composition of the earth's atmosphere and climate.
Many techniques and tools have been developed or adapted over the past decade to help in this



effort. These include satellite sensors of upper ocean phytoplankton distributions, flow cytometry,
molecular biological probes, sophisticated moored and shipboard instrumentation, and vastly
increased numerical modeling capabilities. This volume is the result of the 37th Brookhaven
Symposium in Biology, in which a wide spectrum of oceanographers, chemists, biologists, and
modelers discussed the progress in understanding the role of primary producers in biogeochemical
cycles. The symposium is dedicated to Dr. Richard W. Eppley, an intellectual giant in biological
oceanography, who inspired a generation of scientists to delve into problems of understanding
biogeochemical cycles in the sea. We gratefully acknowledge support from the U.S. Department of
Energy, the National Aeronautics and Space Administration, the National Science Foundation, the
National Oceanic and Atmospheric Administration, the Electric Power Research Institute, and the
Environmental Protection Agency. Special thanks to Claire Lamberti for her help in producing this
volume.

biogeochemical cycles pogil: The handbook of environmental chemistry. 1, The natural
environment and the biogeochemical cycles : E Otto Hutzinger, 1990

biogeochemical cycles pogil: The Natural Environment and the Biogeochemical Cycles Otto
Hutzinger, 2014-09-01

biogeochemical cycles pogil: The Natural Environment and the Biogeochemical Cycles
William Sefton Fyfe, H. Puchelt, M. Taube, 1992

biogeochemical cycles pogil: The Biogeochemical Cycling of Sulfur and Nitrogen in the
Remote Atmosphere James N. Galloway, Robert J. Charlson, Meinrat O. Andreae, Henning Rodhe,
1985-10-31 Viewed from space, the Earth appears as a globe without a beginning or an end.
Encompassing the globe is the atmosphere with its three phases- gaseous, liquid, and solid--moving
in directions influenced by sunlight, gravity, and rotation. The chemical compositions of these
phases are determined by biogeochemical cycles. Over the past hundred years, the processes
governing the rates and reactions in the atmospheric biogeochemical cycles have typically been
studied in regions where scientists lived. Hence, as time has gone by, the advances in our knowledge
of atmospheric chemical cycles in remote areas have lagged substantially behind those for more
populated areas. Not only are the data less abundant, they are also scattered. Therefore, we felt a
workshop would be an excellent mechanism to assess the state of-knowledge of the atmospheric
cycles of sulfur and nitrogen in remote areas and to make recommendations for future research.
Thus, a NATO Advanced Research Workshop '~he Biogeochemical Cycling of Sulfur and Nitrogen in
the Remote Atmosphere was held at the Bermuda Biological Station, St. Georges, Bermuda, from
8-12 October 1984. The workshop was attended by 24 international scientists known for their work
in atmospheric cycling in remote areas. This volume contains the back ground papers and the
discussions resulting from that workshop. The workshop was organized along the lines of the
atmospheric cycle. There were working groups on emission, transport, transformation, and deposi
tion.

biogeochemical cycles pogil: Biogeochemical Cycles and Climate Han Dolman, 2019-05-02
Changing concentrations of greenhouse gasses are key to our changing climate. Biogochemical
Cycles and Climate examines the interaction of the main biogeochemical cycles of the earth with the
physics of climate from the perspective of the earth as an integrated system. Biogeochemical cycles
play a fundamental role in the Earth's system - they describe the movement of matter and transfer of
energy around the planet. This text aims to answer some fundamental questions. How have the
cycles of key nutrients, such as carbon, nitrogen, phosphorous, and water changed, both in the
geological past and more recently through the impact of humans on the Earth System? How do these
cycles interact with each other and affect the physical properties of climate? How can we use this
knowledge to mitigate some of the impacts of changing biogeochemistry on climate, and the Earth's
habitability and resilience? Understanding the complex interactions of biogeochemistry with the
Earth's climate is crucial for understanding past and current changes in climate and above all, for
the future sustainable management of our planet.

biogeochemical cycles pogil: Biogeochemical Cycles Katerina Dontsova, Zsuzsanna



Balogh-Brunstad, Ga€l Le Roux, 2020-04-14 Elements move through Earth's critical zone along
interconnected pathways that are strongly influenced by fluctuations in water and energy. The
biogeochemical cycling of elements is inextricably linked to changes in climate and ecological
disturbances, both natural and man-made. Biogeochemical Cycles: Ecological Drivers and
Environmental Impact examines the influences and effects of biogeochemical elemental cycles in
different ecosystems in the critical zone. Volume highlights include: Impact of global change on the
biogeochemical functioning of diverse ecosystems Biological drivers of soil, rock, and mineral
weathering Natural elemental sources for improving sustainability of ecosystems Links between
natural ecosystems and managed agricultural systems Non-carbon elemental cycles affected by
climate change Subsystems particularly vulnerable to global change The American Geophysical
Union promotes discovery in Earth and space science for the benefit of humanity. Its publications
disseminate scientific knowledge and provide resources for researchers, students, and professionals.
Find out more about this book from this Q&A with the Author. Book Review:
http://www.elementsmagazine.org/archives/el6 6/e16 6 dep bookreview.pdf

biogeochemical cycles pogil: Earth System Science M. C. JACOBSON, 2000

biogeochemical cycles pogil: Ocean Biogeochemical Dynamics Jorge L. Sarmiento, Nicolas
Gruber, 2006-06-09 Ocean Biogeochemical Dynamics provides a broad theoretical framework upon
which graduate students and upper-level undergraduates can formulate an understanding of the
processes that control the mean concentration and distribution of biologically utilized elements and
compounds in the ocean. Though it is written as a textbook, it will also be of interest to more
advanced scientists as a wide-ranging synthesis of our present understanding of ocean
biogeochemical processes. The first two chapters of the book provide an introductory overview of
biogeochemical and physical oceanography. The next four chapters concentrate on processes at the
air-sea interface, the production of organic matter in the upper ocean, the remineralization of
organic matter in the water column, and the processing of organic matter in the sediments. The
focus of these chapters is on analyzing the cycles of organic carbon, oxygen, and nutrients. The next
three chapters round out the authors' coverage of ocean biogeochemical cycles with discussions of
silica, dissolved inorganic carbon and alkalinity, and CaCO3. The final chapter discusses applications
of ocean biogeochemistry to our understanding of the role of the ocean carbon cycle in interannual
to decadal variability, paleoclimatology, and the anthropogenic carbon budget. The problem sets
included at the end of each chapter encourage students to ask critical questions in this exciting new
field. While much of the approach is mathematical, the math is at a level that should be accessible to
students with a year or two of college level mathematics and/or physics.

biogeochemical cycles pogil: Cycles of Life Vaclav Smil, 1997-01-01 Introduces
biogeochemical cycles, explaining the interrelationship of carbon, nitrogen, sulfur, and living
organisims as agents of change in the environment

biogeochemical cycles pogil: The Ocean Carbon Cycle and Climate Mick Follows, Temel
Oguz, 2004-08-03 Our desire to understand the global carbon cycle and its link to the climate system
represents a huge challenge. These overarching questions have driven a great deal of scientific
endeavour in recent years: What are the basic oceanic mechanisms which control the oceanic carbon
reservoirs and the partitioning of carbon between ocean and atmosphere? How do these
mechanisms depend on the state of the climate system and how does the carbon cycle feed back on
climate? What is the current rate at which fossil fuel carbon dioxide is absorbed by the oceans and
how might this change in the future? To begin to answer these questions we must first understand
the distribution of carbon in the ocean, its partitioning between different ocean reservoirs (the
solubility and biological pumps of carbon), the mechanisms controlling these reservoirs, and the
relationship of the significant physical and biological processes to the physical environment. The
recent surveys from the JGOFS and WOCE (Joint Global Ocean Flux Study and World Ocean
Circulation Ex periment) programs have given us a first truly global survey of the physical and
biogeochemical properties of the ocean. These new, high quality data provide the opportunity to
better quantify the present oceans reservoirs of carbon and the changes due to fossil fuel burning. In



addition, diverse process studies and time-series observations have clearly revealed the complexity
of interactions between nutrient cycles, ecosystems, the carbon-cycle and the physical envi ronment.

biogeochemical cycles pogil: The Natural Environment and the Biogeochemical Cycles H. ]J. M
Bowen, 1980
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