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Latest News

Coral reefs ‘will be gone by the end of the
century’

http://goo.gl/9Xxq8

When you’re talking about the destruction of
an entire ecosystem within one human generation,
there might be some small differences in the details
it is a dramatic image and a dramatic statement.
But the overall message we agree with. People are
not taking on board the sheer speed of the changes
we’re seeing.

–Professor Alex Rogers, Oxford University
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Ecology

The study of one’s house

Study of the interactions between organisms and their biotic
and abiotic environments
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Ecology Levels of organization

Levels of Biological Organization
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Ecology Levels of organization

Levels of Biological Organization

After Odum (1963)
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Ecology Levels of organization

Protoplasm

The living material of the cell
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Ecology Levels of organization

Cell

“collection of living matter enclosed by a barrier that
separates the cell from its surroundings; basic unit of all
forms of life” (Miller and Levine, 2006)
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Ecology Levels of organization

Organ

“group of tissues that work together to perform closely
related functions” (Miller and Levine, 2006)
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Ecology Levels of organization

Organism

“any biological individual capable of self-sustained
independent living including the functions of maintenance of
its internal environment (homeostasis) and reproduction”
(EIC and NCSE, 2011)
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Ecology Levels of organization

Population

A collection of monospecific organisms inhabiting the same
area simultaneously
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Ecology Levels of organization

Community

A group of interacting populations, also inhabiting the same
area simultaneously
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Ecology Levels of organization

Ecosystem

An interacting biotic community and the abiotic elements
they interact with
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Ecology Levels of organization

Landscape

“Area that is spatially heterogeneous in at least one feature
of interest.” (Turner et al., 2001)
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Ecology Levels of organization

Biosphere

The physical domain of life on the planet
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Energy

What is energy?

Ability or capacity to do work
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Energy

Potential Energy

Stored energy resulting from the relative position of matter
rather than its motion
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Energy

Kinetic Energy

A body or particle’s energy due to its motion
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Energy

Open & Closed Systems

I An open system exchanges energy with its surroundings

I A closed system does not receive or emit energy

I Thermodynamically, the Earth is an open system

I However, materially, it is a closed system
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Energy

First Law of Thermodynamics
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Energy

First Law of Thermodynamics

I Conservation of energy

I Energy can be transformed, but not destroyed (or
created)

I Change in internal energy equals heat added to the
system minus work done by the system
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Energy

Second Law of Thermodynamics
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Energy

Second Law of Thermodynamics

I Law of entropy

I With every transformation, some energy is lost to heat

I No conversion is 100% efficient

I Heat tends to flow from hot to cold regions and energy
tends to flow from mechanical to heat energy

I Any flow against these trends must be compensated by
an offset in the opposite direction (Gamow, 2006)
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Energy Photosynthesis and Respiration

Photosynthesis

I Transformation of radiant energy into chemical energy

I Plants accomplish this with photosynthetic pigments,
e.g. chlorophyll

I Combines radiant energy, carbon dioxide, and water to
produce glucose, liberating oxygen

6CO2+12H2O+radiant energy→C6H12O6+6H2O+6O2 (1)
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Energy Photosynthesis and Respiration

Aerobic Respiration

I Releases chemical energy stored by plants, turns it into
kinetic energy

I Both plants and animals respire

I Breaks down glucose with water and oxygen to release
energy, liberating carbon dioxide

I Not all respiration is aerobic

C6H12O6 + 6O2 + 6H2O→6CO2 + 12H2O + energy (2)
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Energy Photosynthesis and Respiration

Photosynthesis & Aerobic Respiration
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Energy Photosynthesis and Respiration

Anaerobic Respiration

Produce carbohydrates via chemosynthesis
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Energy Flows Trophic Levels

Basic Food Chain
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Energy Flows Trophic Levels

Basic Food Pyramid
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Energy Flows Trophic Levels

Producers

I Also called autotrophs (as opposed to heterotrophs)

I Convert inorganic matter into organic molecules

I Plants, algae, and some bacteria
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Energy Flows Trophic Levels

Primary Consumers

I Consume producers

I Herbivores

I Convert plant material into usable substances

Napoletano (UDM BIO 1030) Ecosystems 12 September 2011 30 / 57



Ecosystems

Napoletano

Latest News

Ecology

Energy

Energy Flows

Trophic Levels

Modeling Energy
Flows

Productivity

References

31 / 57

Energy Flows Trophic Levels

Secondary Consumers

I Consume primary consumers

I Carnivores

I Cannot convert plant material

Napoletano (UDM BIO 1030) Ecosystems 12 September 2011 31 / 57



Ecosystems

Napoletano

Latest News

Ecology

Energy

Energy Flows

Trophic Levels

Modeling Energy
Flows

Productivity

References

32 / 57

Energy Flows Trophic Levels

Tertiary Consumers

I Consume secondary consumers (although many may
also consume primary consumers)

I Also carnivores

I “Top predators”

I Cannot convert plant material

I Least efficient in terms of energy flow
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Energy Flows Trophic Levels

Omnivores

I Both primary and secondary/tertiary consumers

I Can convert plant material

I Some can be consumed by tertiary consumers
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Energy Flows Trophic Levels

Detritivores

I Consume detritus (i.e. inert organic matter)

I Can convert both plant and animal material

I Work in conjunction with decomposers
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Energy Flows Trophic Levels

Decomposers

I Saprotrophs (and heterotrophs)

I Break down inert organic matter into forms that can be
used again by producers

I Work in conjunction with (and are sometimes the same
as) detritivores

Napoletano (UDM BIO 1030) Ecosystems 12 September 2011 35 / 57



Ecosystems

Napoletano

Latest News

Ecology

Energy

Energy Flows

Trophic Levels

Modeling Energy
Flows

Productivity

References

36 / 57

Energy Flows Trophic Levels

Food Web

I Most organisms rely on multiple food choices

I More complex model

I More realistic model

I Energy still constrained to move in one direction

I Energy is dissipated as heat at each juncture
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Energy Flows Trophic Levels

Simplified Temperate Forest Food Web
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Energy Flows Trophic Levels

Arctic Marine Food Web
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Energy Flows Modeling Energy Flows

Pyramid of Numbers
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Energy Flows Modeling Energy Flows

Pyramid of Numbers
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Energy Flows Modeling Energy Flows

Uses of Number Pyramids

I Reflect the numbers of organisms required to sustain
organisms at each trophic level

I Measures organisms’ relative abundance

I Some groups of primary consumers consist of large
numbers of smaller individuals, i.e. inverted pyramid

Napoletano (UDM BIO 1030) Ecosystems 12 September 2011 41 / 57



Ecosystems

Napoletano

Latest News

Ecology

Energy

Energy Flows

Trophic Levels

Modeling Energy
Flows

Productivity

References

42 / 57

Energy Flows Modeling Energy Flows

Pyramid of Biomass
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Energy Flows Modeling Energy Flows

Pyramid of Biomass
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Energy Flows Modeling Energy Flows

Uses of Biomass Pyramids

I Provide a standardized measure of flows between
trophic levels

I Reflect the amount of energy fixed by different trophic
levels at a particular point in time

I Comparative resource requirements of tertiary
consumers become apparent, and can be standardized
in units of, e.g., vegetation
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Energy Flows Modeling Energy Flows

Pyramid of Energy
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Energy Flows Modeling Energy Flows

Pyramid of Energy
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Energy Flows Modeling Energy Flows

Uses of Energy Pyramids

I Reflect actual energy flows between trophic levels

I Losses to entropy can also be measured, significance
becomes apparent

I Can be used to compute energy budgets
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Energy Flows Productivity

Gross Primary Productivity

Rate of energy capture by plants (terrestrial) in
photosynthesis
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Energy Flows Productivity

Gross Primary Productivity
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Energy Flows Productivity

Plant Respiration

Recall that plants respire. This consumes some of the energy
that they capture.
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Energy Flows Productivity

Plant Respiration
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Energy Flows Productivity

Net Primary Productivity

Energy available to consumers

NPP = GPP− Plant Respiration (3)
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Energy Flows Productivity

Net Primary Productivity
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Energy Flows Productivity

Comparative Net Primary Productivity by
Ecosystem, World Average
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Energy Flows Productivity

Comparative Net Primary Productivity by
Ecosystem, Per Unit Area
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Energy Flows Productivity

Human Appropriation of Net Primary
Productivity
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Energy Flows Productivity
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