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2. A chain of amino
acid molecules forms
a macromolecule
(a protein).

Source: Socratic

• In this class, we will investigate ecological
phenomena at four different levels.
• The most basic level is the atomic-molecular level.
• Atoms are the most basic particles of matter.
• Atoms can bond to each other to form molecules,
which can form macromolecules.
• Macromolecules are large complex molecules
made from a combination of smaller molecules.
• For example, plant cell walls are mostly cellulose, a
macromolecule made from long chains of glucose.
• Similarly, proteins are macromolecules made from
long chains of molecules called amino acids.

1. An amino acid
molecule consists
of individual atoms.

Source: commons.wikimedia.org

Four Levels of Ecology – 1. Atomic/Molecular

3. Macromolecules
like proteins are
used to make
components of cells.

Source: faculty.southwest.tn.edu
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Group Questions
•Briefly summarize each of the following
and how they relate to each other: atoms,
molecules, macromolecules.
•In what ways are proteins and cellulose
examples of macromolecules?
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Four Levels of Ecology – 2. Cellular
• The next level is the cellular level.
• The cell is the most basic unit of life – all living
things are made from a cell or a collection of cells.
• A cell is the smallest thing that can be alive.
• Cells are comprised of macromolecules.
• For example, the cell membrane (the outer
layer of a cell) is an extensive network of
Cell membranes
consist of sheets of
connected molecules called phospholipids. connected molecules
called phospholipids
• Similarly, proteins are macromolecules
that perform most of the functions of the cell.
In this picture of a plant cell,
• Many cells have organelles.
individual organelles called
chloroplasts appear as tiny
• These are specialized structures within the cell
green disks inside the cell.
that perform specific functions using proteins.

Photo by C. Kohn
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Group Questions
•The cell is the most basic unit of life. What
does this mean?
•How do atoms, molecules, and
macromolecules relate to cells?
•What are organelles and how do they
relate to cells?
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Four Levels of Ecology – 3. Organismal
• The next level is the organismal level.
• Organisms are individual living things, such as individual animals,
plants, fungi, or bacteria.
• The cells of complex multi-cellular organisms are usually organized
into tissues, organs, and systems.
• A tissue is a connected sheet of
cells. Multiple tissues form organs.
• Organs are parts of an organism’s
body that perform specific functions.
• Bodily systems are networks of
cooperating organs that carry out specific
Plants and animals are comprised
purposes, such as circulation or digestion.
of systems, which are made of
organs, which contain tissues,
which are made of cells.
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Group Questions
•Explain how each of the following relate
to each other: Atoms, Molecules, Cells,
Tissues, Systems, and Organisms.
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Four Levels of Ecology – 4. Ecosystem
• The final level is the ecosystem level.
• Ecosystems consist of the interactions between living organisms
(such as plants, animals, and bacteria) and non-living components
(such as sunlight, water, minerals, carbon dioxide, and oxygen).
• For example, the function of a forest ecosystem is not only affected
by living species such as deer, rabbits, trees, and fungi.
• The function of this ecosystem is also affected by temperature,
levels of sunlight, precipitation, cycling of matter, etc.
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Ecosystems consist of the
interactions between living
organisms and non-living
components of an area.
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Group Questions
•What are ecosystems?
•What determines how ecosystems
function?
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Four Levels of Ecology

Organismal Level

Cellular Level
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Ecosystem Level
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mage Source:
ttps://pixabay.com/illustrations/din
saur-meteor-impact-apocalypse277285/

• Understanding ecology frequently requires reasoning across all four
levels.
• For example, the extinction of the dinosaurs was likely caused by
the long-term effects of an asteroid hitting earth, creating large
clouds of dust that blocked out sunlight (ecosystem level).
• This affected individual plants (organismal level) because it
interrupted their ability to photosynthesize (cellular level).
• This limited the conversion of carbon dioxide and water molecules
into glucose and oxygen molecules (atomic-molecular level).

Glucose & O2
Mitochondria

Cellular
Respiration
Carbon Dioxide
(CO2)

Water (H2O)

AtomicMolecular
Level
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Group Questions
•Explain how the dinosaurs went extinct
using all four levels of ecology.

• Much of what occurs at the ecosystem level is Nucleus
due to changes that happen at the cellular level.
• Two organelles (cellular structures) play significant
roles for the movement of matter and energy:
the mitochondria and the chloroplast.

Source: how-to-draw-cartoons-online.com

Cellular Organelles - Mitochondria

Cellular
Membrane
Source: commons.wikimedia.org
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Mitochondria

• Mitochondria take in glucose and oxygen
Glucose &
(O2) molecules and rearrange them to form O2 In
CO2 and H2O molecules.
• Mitochondria are found in all multi-celled
organisms (including plants, fungi, and
animals) as well as some single-celled
Mitochondria
organisms (such as yeast).

CO2 &
H2O Out

Cellular Respiration

• The mitochondria are the organelles where
cellular respiration occurs.
• Cellular respiration is the process in
which glucose and oxygen molecules are
rearranged into CO2 and H2O in order to
transfer chemical energy to ATP.
• ATP is a molecule that acts like a
rechargeable battery for the cell.
• ATP can efficiently power almost any
activity that occurs within the cell.
• The primary purpose of cellular respiration
is to transfer energy from the chemical
bonds of glucose to the bonds of ATP.
• After the mitochondria rearrange the
atoms in glucose and oxygen (O2)
molecules, the newly-formed CO2 and
H2O then dissipate outside of the cell.

Uncharged
ATP
chemical bond en

Charged
ATP

ergy

Glucose
Oxygen

Water
Carbon
Dioxide

Source: commons.wikimedia.org
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Group Questions
• What are mitochondria? Where are they found?
• Summarize how cellular respiration occurs in
the mitochondria.
• What goes into the mitochondria and what
comes out during cellular respiration?
• What is the primary purpose of cellular
respiration? Why is it necessary to change
glucose & oxygen into CO2 & H2O?

• The chloroplast is another organelle that plays an Nucleus
important role for the movement of matter and
energy in ecosystems.
• Chloroplasts are organelles that can use light
Mitochondria
energy to rearrange the atoms found in CO2 and
H2O to form glucose and oxygen (O2) molecules. CO2 &
• Unlike mitochondria, which are found in all multi- H2O
celled organisms such as plants, animals, and
fungi, chloroplasts are only found in plants*.
*and some kinds of algae
Chloroplast
• Photosynthesis occurs in the chloroplasts.
• This is the process in which light energy is used
to produce glucose and oxygen from CO2 & H2O.

Cell Wall &
Membrane

Source: how-to-draw-cartoons-online.com

Cellular Organelles - Chloroplast

Chloroplast
Source: commons.wikimedia.org

15

Glucose & O2

Photosynthesis & Energy

• Photosynthesis provides the initial source of
chemical energy needed by all living organisms
in an ecosystem.
• Photosynthesis is where light energy is
transformed into chemical energy, making it
usable by any living organism.
• Without photosynthesis, living organisms
would not have access to any usable source
of energy.
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• All chemical energy used by living organisms
can be traced back to photosynthesis.
• Plants produce glucose primarily for cellular
respiration in their own cells.
• However, if a plant is consumed by another
organism, the chemical energy contained in
their cells is partially transferred to that
organism.

CO2 &
H2O

Source: Google Sites

16

Mitochondria à

Plant Cell

Most of the glucose
and O2 that plant
cells produce during
photosynthesis is
moved to their cell’s
mitochondria for cell
respiration. The plant
cell will store a small
amount of glucose in
its cells.

17

Group Questions
• Summarize how photosynthesis occurs in the
chloroplast.
• What goes into the chloroplast and what
comes out during photosynthesis?
• What is the overall purpose of
photosynthesis?
• Why is photosynthesis important to living
organisms? What would happen if
photosynthesis was interrupted?
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Full Plant

Photosynthesis & Biosynthesis

Plant Cell

• Photosynthesis is crucial for making biomass through biosynthesis.
• Biosynthesis is the process in which organisms use molecules they
consume to make the molecules needed for their own cells.
• Biosynthesis is necessary for organisms to make biomass, the
collective tissue of living organisms. (Biomass is short for ‘biological mass’)
• For example, all the matter within your body is your own biomass.

Plant
Cell Wall

• All biomass starts as glucose, which can be used to form cellulose.
• Cellulose is a macromolecule formed by assembling individual
glucose molecules into long durable chains (see image à).
• Cellulose comprises most of the biomass of plants and gives plants
their shape and structure.

Source: GLBRC.org

• If an animal consumes plant biomass, it uses some of these
molecules to make its own animal biomass.
• When any biomass is consumed, some of the atoms in those
molecules stay in that organism to create more biomass.
• This is how all living organisms create and replace bodily tissue.

Cellulose

Chains of
Glucose
Molecules
Glucose
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Group Questions
• What is biosynthesis? What is biomass? How are these
terms related? How are they different?
• From where does a plant’s biomass come from?
• Include the following in your answer: biosynthesis;
photosynthesis; glucose; cellulose.
• True or false: all the carbon atoms in your body began
as carbon atoms in a glucose molecule.
• Explain

Photosynthesis & Ecosystem Balance
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• Combustion is the process of burning something.

d
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• Decomposition is very similar to respiration.

b
cal

• Respiration is not the only process that produces
CO2 and H2O from biomass and O2.
• Decomposition and combustion also convert
biomass and oxygen into CO2 and H2O.
• Decomposition is the process in which dead or
dying biomass is broken down by decomposers
like bacteria & fungi.

Chloroplast

mi
che

• Photosynthesis is also critical for maintaining a
balance of matter movement in ecosystems.
• The glucose and oxygen that go into cellular
respiration produce CO2 and H2O.
• The CO2 and H2O that go into photosynthesis
produce glucose and oxygen.
• This creates an endless cycle of matter.

Source: commons.wikimedia.org
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Photosynthesis & Ecosystem Balance
• Cellular respiration, decomposition,
and combustion decrease amounts of
biomass and increase CO2 levels.
• Photosynthesis increases amounts of
biomass and decreases CO2 levels.
• There is currently an imbalance in
the carbon cycle.
• This is because the processes
that convert biomass and oxygen
into CO2 and H2O are occurring at a
greater rate than photosynthesis.
• As a result, CO2 levels are surging to
their highest levels in human history à

Photosynthesis
increases the amount of
biomass and decreases
the amount of CO2.

Respiration,
decomposition, and
burning decrease the
amount of biomass
and increase the
amount of CO2.
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Image Source: climate.nasa.gov
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Group Questions
• How do cellular respiration in the mitochondria and
photosynthesis in the chloroplasts help to balance the
movement of matter in ecosystems? Why is this
important?
• What process(es) increase the amount of biomass?
• What process(es) decrease the amount of biomass?
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The 10% Rule

Carbon Atoms

Energy

• When biomass is consumed by an organism, most of the energy and matter
leave that organism. Only a small amount remains inside the organism’s biomass.
• For example, about 90% of the carbon
90% of the energy in the animal’s food is converted to heat
atoms that were in the grain and hay
and lost. 10% of the energy remains in the animal as the
consumed by this steer will be lost
energy of the chemical bonds in its biomass.
as CO2, methane, or in their manure.
• About 90% of the energy in the feed
of this animal will be lost as heat.
375$kg$of$carbon$is$
37$kg$of$carbon$is$lost$as$methane$
consumed$
in$hay$and$
• Only 10% of the carbon atoms and
pasture.$
10% of the energy consumed become
451$kg$of$carbon$is$lost$as$CO2.$
a part of this animal’s biomass.
295$kg$of$carbon$is$
• Because of this, it takes about ten times
consumed$ in$other$grains.
as much plant biomass to support an
593$kg$of$carbon$is$lost$in$the$
herbivore’s animal biomass.
animal’s$manure.
• If a carnivore eats an animal, they will
481$kg$of$carbon$is$
also only acquire about 10% of the
106$kg$of$carbon$is$added$to$
consumed$ from$corn.
the$animal’s$body.
matter and energy of their prey.
• This means that each unit of
predator biomass requires 100x
as much plant biomass.
INPUTS

OUTPUTS

Per$beef$animal$ over$a$420$day$period
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All matter and energy in
living organisms must first
be acquired by plants
from the environment and
transformed into biomass.

The 10% Rule

Matter & energy absorbed
during photosynthesis.

100 units of
plant
biomass

Most consumed
biomass becomes
CO2 and H2O

Matter & energy released
during respiration.

10 units of
herbivore
biomass
1 unit of
carnivore
biomass

• When biomass is consumed, 90% of the matter and energy within that biomass is lost
from the consuming organism; only 10% remains. This is known as the 10% Rule.
• For example, 90% of the carbon atoms plants absorb from carbon dioxide is returned to
CO2 in cellular respiration (plants use most of the glucose they produce for cell respiration).
• Rabbits that consume plants also lose 90% of the matter and energy in the plant biomass.
• This is also true for the fox that eats the rabbits; as such, there needs to be at least 100x
more plant biomass than carnivore biomass (see image above).
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Group Questions
•What is the 10% rule?
•How does it help to explain why there are
so many more plants than animals in an
ecosystem?
•How does the 10% rule explain why there
are so many more herbivores than
carnivores in ecosystems?
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Species Productivity

• The amount of living species that an area can support is determined by
the rate at which plants can produce biomass from CO2 and H2O as
well as the 10% Rule.
• Sunnier, warmer, wetter climates enable more biomass production.
• Darker, drier, colder climates have less biomass production.
• For example, the warm, wet Amazon rainforest tends
to have a large amount and a wide variety of living species.
• The Amazon climate allows for a large number of
plants to produce huge amounts of biomass.
• This abundance of biomass can support a wide
variety of other living species in addition to plants.
• The cold, dry Antarctic continent is unable to
support large amounts of plant life.
• Because it is cold and dry, much less CO2 & H2O
is converted into biomass.
s
• This results in far less biodiversity in polar areas.
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Group Questions
•Why do areas that are sunnier, warmer,
and wetter usually have a wider variety of
species and a greater number of living
organisms than areas that are colder,
drier, and cloudier?
•Explain using the following terms: 10%
rule, biomass, CO2, H2O.
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Unit Objectives

1. Explain how each of the following relate to each other: Atoms, Molecules, Macromolecules, Organelle, Cells, Tissues, Systems,
and Organisms. Provide examples of each.
2. What are ecosystems? What determines how ecosystems function?
3. Explain how the dinosaurs went extinct using all four levels of ecology (atomic-molecular, cellular, organismal, and ecosystem).
4. Summarize how cellular respiration occurs in the mitochondria. What goes into the mitochondria and what comes out during
cellular respiration? What is the primary purpose of cellular respiration?
5. Summarize how photosynthesis occurs in the chloroplast. What goes into the chloroplast and what comes out during
photosynthesis? What is the overall purpose of photosynthesis?
6. What are three ways in which plant photosynthesis is necessary for the function of all ecosystems?
7. What is biosynthesis? What is biomass? How are these terms related? How are they different?
8. What is the source of all biomass? Include the following in your answer: biosynthesis; photosynthesis; glucose; cellulose.
9. True or false: all the carbon atoms in your body began as carbon atoms in a glucose molecule. Explain
10.What process(es) increase the amount of biomass? What process(es) decrease the amount of biomass?
11.What is the 10% rule? How does it help to explain why there are so many more plants than animals in an ecosystem, and why
there are so many more herbivores than carnivores?
12.Why do areas that are sunnier, warmer, and wetter usually have a wider variety of species and a greater number of living
organisms than areas that are colder, drier, and cloudier? Explain using the following terms: 10% rule, biomass, CO2, H2O.
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Tracing Matter and Energy
Carbon Dioxide
Oxygen

Carbon Dioxide
Glucose

Water

Water

