Expedition to the Deep Slope 2007

The Big Burp: Where’s the Proof?

[adapted from the 2003 Windows to the Deep Expedition]

Focus
Potential role of methane hydrates in global
warming

GRrADE LeveL
9-12 (Earth Science)

Focus QuesTion
What evidence exists to suggest that methane

hydrates played a part in the Cambrian explosion :

and Paleocene extinction events?

LearNING OBJECTIVES
Students will be able to describe the overall
events that occurred during the Cambrian explo-
sion and Paleocene extinction events.

Students will be able to define methane hydrates,

and hypothesize how these substances could con-

tribute to global warming.

Students will be able to describe and explain
evidence to support the hypothesis that methane
hydrates contributed to the Cambrian explosion
and Paleocene extinction events.

Marerias
[ Drawing materials (optional, depending upon

whether you decide to have students construct a :

geological timeline)

Aupio/VisuaL MATERIALS
None

oc®an
explorer
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: Teaching Time

© SEATING ARRANGEMENT
Maximum NumBER OF STUDENTS

Kev Woros

BackGROUND INFORMATION

Three to four 45-minute class periods (depending
upon whether students research and construct a
geological timeline), plus time for group research

Groups of 4-6 students

30

Cold seeps

Methane hydrate ice

Clathrate

Methanogenic Archaeobacteria
Greenhouse gases

Greenhouse effect

Paleocene extinction event
Cambrian explosion

“For kicks, oceanographer William P. Dillon
likes to surprise visitors to his lab by taking
ordinary-looking ice balls and setting them on
fire.

‘They're easy to light. You just put a match
to them and they will go,” says Dillon, a

researcher with the U.S. Geological Survey
(USGS) in Woods Hole, Mass.

If the truth be told, this is not typical ice. The
prop in Dillon’s show is a curious and poorly
known structure called methane hydrate.”
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from “The Mother Lode of Natural Gas” by Rich
Monastersky, hitp://www.sciencenews.org/sn_arch/11_9_96/
bob1.him

Methane hydrate is a type of clathrate, a chemi-

cal substance in which the molecules of one mate- :

rial (water, in this case) form an open lattice that
encloses molecules of another material (methane)
without actually forming chemical bonds between
the two materials. Methane is produced in many
environments by a group of Archaea known

as the methanogenic Archaeobacteria. These
Archaeobacteria obtain energy by anaerobic
metabolism through which they break down the
organic material contained in once-living plants
and animals. When this process takes place in
deep ocean sediments, methane molecules are

surrounded by water molecules, and conditions of :

low temperature and high pressure allow stable

ice-like methane hydrates to form. Besides provid- :

ing entertainment for oceanographers, methane
hydrate deposits are significant for several other
reasons:

e The U.S. Geological Survey has estimated

that on a global scale, methane hydrates may

contain roughly twice the carbon contained
in all reserves of coal, oil, and conventional
natural gas combined.

® Methane hydrates can decompose to release
large amounts of methane which is a green-
house gas that could have (and may already
have had) major consequences to the Earth’s
climate.

e Sudden release of pressurized methane gas

may cause submarine landslides which in turn :

can trigger catastrophic tsunamis.

® Methane hydrates are associated with unusu-
al and possibly unique biological communi-
ties containing previously-unknown species

that may be sources of beneficial pharmaceu- :

tical materials.

Methane hydrates are one of the chemicals that
are often found in areas where gases (such as

methane and hydrogen sulfide) and oil seep out

oceunexplorer.nouu.gov

of sediments. These areas, known as cold seeps,
are commonly found along continental margins,
and are home to many species of organisms that
have not been found anywhere else on Earth.
Recently, increasing attention has been focused
on cold seeps in the Gulf of Mexico, an area that
produces more petroleum than any other region
in the United States. Responsibility for managing
exploration and development of mineral resources
on the Nation’s outer continental shelf is a central
mission of the U.S. Department of the Interior’s
Minerals Management Service (MMS). In addi-
tion fo managing the revenues from mineral
resources, an integral part of this mission is to
protect unique and sensitive environments where
these resources are found. MMS scientists are
particularly interested in finding deep-sea che-
mosynthetic communities in the Gulf of Mexico,
because these are unique communities that often
include species that are new to science and
whose potential importance is presently unknown.
In addition, the presence of these communities
often indicates the presence of hydrocarbons at
the surface of the seafloor.

The 2006 Expedition to the Deep Slope was
focused on discovering and studying the sea floor
communities found near seeping hydrocarbons
on hard bottom in the deep Gulf of Mexico.

The sites visited by the Expedition were in areas
where energy companies will soon begin to drill
for oil and gas. A key objective was to provide
information on the ecology and biodiversity of
these communities to regulatory agencies and
energy companies. Dives by scientists aboard

the research submersible ALVIN revealed that
hydrocarbons seepage and chemosynthetic com-
munities were present at all ten sites visited by the
Expedition. The most abundant chemosynthetic
organisms seen were mussels and vestimentiferan
tubeworms. Expedition to the Deep Slope 2007
is focused on detailed sampling and mapping of
four key sites visited in 2006, as well as explor-
ing new sites identified from seismic survey data.
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While the potential benefits from cold-seep com-
munities are exciting, methane hydrates may also
cause big problems. Although methane hydrates
remain stable in deep-sea sediments for long
periods of time, as the sediments become deeper
and deeper they are heated by the Earth’s core.
Eventually, temperature within the sediments rises
to a point at which the clathrates are no longer
stable and free methane gas is released (at a
water depth of 2 km, this point is reached at a
sediment depth of about 500 m). The pressurized
gas remains trapped beneath hundreds of meters
of sediments that are cemented together by still-
frozen methane hydrates. If the overlying sedi-
ments are disrupted by an earthquake or under-
water landslide, the pressurized methane can
escape suddenly, producing a violent underwater
explosion that may result in disastrous tsunamis
(“tidal waves”).

The release of large quantities of methane gas
can have other consequences as well. Methane
is one of a group of the so-called “greenhouse
gases.” In the atmosphere, these gases allow
solar radiation to pass through but absorb heat
radiation that is reflected back from the Earth’s
surface, thus warming the atmosphere. Many
scientists have suggested that increased carbon
dioxide in the atmosphere produced by burning
fossil fuels is causing a “greenhouse effect” that
is gradually warming the atmosphere and the
Earth’s surface. A sudden release of methane
from deep-sea sediments could have a similar
effect, since methane has more than 30 times the
heattrapping ability of carbon dioxide.

In 1995, Australian paleoceanographer Gerald
Dickens suggested that a sudden release of
methane from submarine sediments during the
Paleocene epoch (at the end of the Tertiary
Period, about 55 million years ago) caused a
greenhouse effect that raised the temperatures in

the deep ocean by about six degrees Celsius. The

result was the extinction of many deep-sea organ-
isms known as the Paleocene extinction event.

More recently, other scientists have suggested
that similar events could have contributed to mass
extinctions during the Jurassic period (183 million
years ago), as well as to the sudden appearance
of many new animal phyla during the Cambrian
period (the “Cambrian explosion, about 520 mil-
lion years ago).

This activity focuses on how methane hydrates
might be involved with the Cambrian explosion
and the Paleocene extinction events.

© LEARNING PROCEDURE
© 1. To prepare for this lesson, visit htip://oceanexplorer.

noaa.gov/explorations/07mexico/welcome.html for informa-
tion about Expedition to the Deep Slope 2007.
You may want to visit htp://www.bio.psu.edu/cold_seeps
for a virtual tour of a cold-seep community.

2. Lead an introductory overview discussion of

the geological timescale. You may want to
have student groups research major events in
an assigned group of geologic periods, then
combine their results to construct the timescale.
Direct students to http://www.uky.edu/KGS/education/geo-
logictimescale.pdf, http://www.uky.edu/KGS/education/activities.
himb#time, and hitp://www.palaeos.com for background
information for this activity. Have students
speculate on the events that mark the end of
one period and the beginning of another. Often
these events involve mass extinctions of the
majority of species alive at a particular point
in the Earth’s history. A variety of causes have
been proposed for these extinctions, including
the evolution of oxygen-producing (i.e., pho-
tosynthetic) plants, impact of extra-terrestrial
obijects (e.g., asteroids) and climate change
(e.g., global warming or ice ages). If you

have students construct their own geological
timescale, you may want to have them include
possible explanations for the end of one period
and the beginning of the next.

3. Briefly introduce Expedition to the Deep Slope
2007. At this point tell students only that the
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expedition is investigating areas of the Gulf
of Mexico where cold-seep communities are
found, and that the chemicals associated with
these communities include substances called
methane hydrates. Tell students that they are
going to investigate the possible connections
between methane hydrates and some of the
major events on the geological timescale.

4. Assign one or more groups fo research the fol-
lowing topics and related questions:

Topic 1: Methane Hydrates
* What are they? (Students should include a
model of a methane hydrate molecule; see
http://198.99.247.24/scng/hydrate/about-hydrates/about_
hydrates.htm).
® Where are they found?
* Why are they important?

Topic 2: Global Warming

® What is ite

* What evidence suggests that global warming
has occurred or could occur?

® What chemicals are believed to be involved
in global warming, and how do they cause
this effecte

e Critique: Students may choose to refute the
concept of global warming, as long as they
provide a balanced presentation of credible
evidence on both sides of the question.

Topic 3: The Cambrian Explosion (students
can obtain a professional journal article on this
subject at www.gps.caliech.edu/users/jkirschvink/pdfs/Kirschvin
kRaubComptesRendus.pdf. They may not understand all
of the language, but should be able to obtain a
sense of the hypothesis and evidence involved)

® What appears to have happened?

® What are possible causes of the evente

Topic 4: The Paleocene Extinction Event
(there are many articles on the web about this
subject; you may also want to direct students to

the articles by S. Simpson, and M. Katz listed in

“Resources;” or you may decide to let them dis-
cover these by themselves).

® What appears to have happened?

® What are possible causes of the evente

5. Have each group present results of their
research. After presentations are completed,
lead a discussion of how these topics may be
related. Be sure students understand what meth-
ane hydrates are, why they are of practical
interest and importance to us, how they may
periodically release large quantities of methane
gas to the atmosphere, and what the conse-
quences of such releases might be. This is a
classic example of “good news/bad news”"—a
possible source of new energy that may also
be a time bomb. Have students discuss what
scientific and political priorities should be con-
cerning exploration of areas where methane
hydrates occur.

Encourage students to consider the significance
of mass extinction events. These obviously are a
disadvantage to the species that become extinct,
but often the absence of these species has
allowed others to develop. As a result of their
research, students may also want to comment
on the potential role of humans in mass extinc-
tion (some scientists believe that our species has
caused many other species to disappear or to be
on the verge of disappearing. Ironically, many
of the conditions that are bad for endangered
species are also bad for humans. On the other
hand, spontaneous release of large quantities of
methane from deep-sea sediments could happen
regardless of human activity, could have major
impacts on presently-living species (including our
own), and could be beyond our ability to influ-
ence the outcome.

© THe BRIDGE CONNECTION

© www.vims.edu/bridge/ — Enter “greenhouse” in the
“Search” box, then click “Search” to display
entries on the Bridge Web site for global warm-
ing and the greenhouse effect.
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The “Me” CoNNEcTION :
Have students write a short essay describing what :
should be done if there were a sudden release of
methane from deep-sea sediments into the atmo-
sphere.

CoNNEcTIONS T0 OTHER SuBJECTS
English/Language Arts, Biology, Chemistry

AsSEmSSMENT
One or more of the following products provide
opportunity for assessment:
® The geological timescale (if you decide to
have students do this activity);
® Results and presentation of individual
research topics;
e Individual or group written reports interpret-
ing the combined research results of all
groups prior fo group discussion.

ExTeNsIoNs
1.Visit http://oceanexplorer.noaa.gov/explorations/07mexico/
welcome.himl to keep up to date with the latest :
Expedition to the Deep Slope 2007 discoveries. :

2. Visit hitp://earthednet.org/Ocean_Materials/Mini_Studies/
Greenhouse_gases/Greenhouse_gases.html for more infor-
mation and activities related to the greenhouse
effect.

Mutrimepia LearnING OBJECTS
http://www.learningdemo.com/noaa/ Click on the links
to Lessons 3, 5, 6, 11, and 12 for interac-
tive multimedia presentations and Learning
Activities on Deep-Sea Corals, Chemosynthesis
and Hydrothermal Vent Life, Deep-Sea Benthos,
Energy from the Oceans, and Food, Water, and
Medicine from the Sea.

OtHER ReLevanT LEssons

FROM THE OCEAN EXPLORATION PROGRAM
What’s Down There? (8 pages; 278kb PDF)
(from the Cayman Islands Twilight Zone 2007
Expedition) htip://oceanexplorer.noaa.gov/explorations/
071wilightzone/background/edu/media/whatsdown.pdf

Focus: Mapping Coral Reef Habitats

In this activity, students will be able to access
data on selected coral reefs and manipulate these
data to characterize these reefs, and explain the
need for baseline data in coral reef monitoring
programs. Students also will be able to identify
and explain five ways that coral reefs benefit
human beings, and identify and explain three
major threats to coral reefs.

The Benthic Drugstore (8 pages; 278kb PDF)
(from the Cayman Islands Twilight Zone 2007
Expedition) http://oceanexplorer.noaa.gov/explorations/
071wilightzone/background/edu/media/drugstore.pdf

Focus: Pharmacologically-active chemicals
derived from marine invertebrates (Life Science/
Chemistry)

In this activity, students will be able to identify at
least three pharmacologically-active chemicals
derived from marine invertebrates, describe the
diseasefighting action of at least three pharma-
cologically-active chemicals derived from marine
invertebrates, and infer why sessile marine inver-
tebrates appear to be promising sources of new
drugs.

Watch the Screen! (8 pages; 278kb PDF)
(from the Cayman Islands Twilight Zone 2007
Expedition) http://oceanexplorer.noaa.gov/explorations/
07twilightzone/background/edu/media/watchscreen.pdf

Focus: Screening natural products for biological
activity (Life Science/Chemistry)

In this activity, students will be able to explain
and carry out a simple process for screening
natural products for biological activity, and will
be able to infer why organisms such as sessile
marine invertebrates appear to be promising
sources of new drugs.
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Now Take a Deep Breath (8 pages;

278kb PDF) (from the Cayman Islands Twilight
Zone 2007 Expedition) hitp://oceanexplorer.noaa.gov/
explorations/071wilightzone/background/edu/media/breath.pdf

Focus: Physics and physiology of SCUBA diving
(Physical Science/Life Science)

In this activity, students will be able to define
Henry's Law, Boyle’s Law, and Dalton’s Law of
Partial Pressures, and explain their relevance to
SCUBA diving; discuss the causes of air embo-
lism, decompression sickness, nitrogen narco-
sis, and oxygen foxicity in SCUBA divers; and
explain the advantages of gas mixtures such as
Nitrox and Trimix and closed-circuit rebreather
systems.

Biochemistry Detectives (8 pages, 480k
(from the 2002 Gulf of Mexico Expedition)

http://oceanexplorer.noaa.gov/explorations/02mexico/background/

edu/media/gom_biochem.pdf

Focus: Biochemical clues to energy-obtaining strat-

egies (Chemistry)

In this activity, students will be able to explain the

process of chemosynthesis, explain the relevance
of chemosynthesis to biological communities in
the vicinity of cold seeps, and describe three
energy-obtaining strategies used by organisms in
cold-seep communities. Students will also be able
to interpret analyses of enzyme activity and 1°C
isotope values to draw inferences about energy-
obtaining strategies used by organisms in cold-
seep communities.

Hot Food (4 pages, 372k) (from the 2003 Gulf
of Mexico Deep Sea Habitats Expedition)

http://oceanexplorer.noaa.gov/explorations/03mex/background/
edu/media/mexdh_hotfood.pdf

Focus: Energy content of hydrocarbon substrates

in chemosynthesis (Chemistry)

oceunexplorer.nouu.gov

In this activity, students will compare and contrast
photosynthesis and chemosynthesis as processes
that provide energy to biological communities,
and given information on the molecular structure
of two or more substances, will make inferences
about the relative amount of energy that could
be provided by the substances. Students will also
be able to make inferences about the potential of
light hydrocarbons as an energy source for deep-
water coral reef communities.

Cool Corals (7 pages, 476k| (from the 2003
Life on the Edge Expedition) hitp://oceanexplorer.noaa.
gov/explorations/03edge/background/edu/media/cool.pdf

Focus: Biology and ecology of Lophelia corals
(Life Science)

In this activity, students will describe the basic
morphology of Lophelia corals and explain the
significance of these organisms, interpret prelimi-
nary observations on the behavior of Lophelia
polyps, and infer possible explanations for these
observations. Students will also discuss why
biological communities associated with Lophelia
corals are the focus of major worldwide conser-
vation efforts.

Submersible Designer (4 pages, 452k) (from
the 2002 Galapagos Rift Expedition) hitp://oceanex-
plorer.noaa.gov/explorations/02galapagos/background/education/
media/gal_gr9-12_I4.pdf

Focus: Deep Sea Submersibles

In this activity, students will understand that

the physical features of water can be restric-

tive to movement; students will understand the
importance of design in underwater vehicles by
designing their own submersible; Students will
understand how submersibles such as ALVIN use
energy, buoyancy, and gravity to enable them to
move through the water.
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What's the Difference? (15 pages, 1Mb)
(from the 2003 Mountains in the Sea Expedition)
http://oceanexplorer.noaa.gov/explorations/03mountains/back-
ground/education/media/mts_difference.pdf

Focus: Identification of biological communities
from survey data (Life Science)

In this activity, students will be able to calculate a

simple similarity coefficient based upon data from

biological surveys of different areas, describe
similarities between groups of organisms using a
dendrogram, and infer conditions that may influ-
ence biological communities given information
about the groupings of organisms that are found
in these communities.

Living in Extreme Environments (12 pages,
1Mb) (from the 2003 Mountains in the Sea
Expedition) http://oceanexplorer.noaa.gov/explorations/
03mountains/background/education/media/mts_extremeenv.pdf

Focus: Biological Sampling Methods (Biological
Science)

In this activity, students will understand the use of

four methods commonly used by scientists to sam-

ple populations; will understand how to gather,

record, and analyze data from a scientific investi- :

gation; will begin to think about what organisms
need in order to survive; and will understand the
concept of interdependence of organisms.

Cut-off Genes (12 pages, 648k) (from the

2004 Mountains in the Sea Expedition) http://ocean-

explorer.noaa.gov/explorations/04mountains/hackground/edu/
media/MTS04.genes.pdf

Focus: Gene sequencing and phylogenetic
expressions (Life Science)

Students will be able to explain the concept of

gene-sequence analysis; and, given gene sequence :

data, will be able to draw inferences about phylo-

genetic similarities of different organisms.

What Was for Dinner? (5 pages, 400k) (from
the 2003 Life on the Edge Expedition) http://ocean-
explorer.noaa.gov/explorations/03edge/background/edu/media/
dinner.pdf

Focus: Use of isotopes to help define trophic rela-
tionships (Life Science)

In this activity, students will describe at least three
energy-obtaining strategies used by organisms in
deep-reef communities and interpret analyses of
BN, 3C, and *4S isotope values.

Chemosynthesis for the Classroom (9
pages, 276k) (from the 2006 Expedition to the
Deep Slope) http://oceanexplorer.noaa.gov/explorations/
06mexico/background/edu/GOM%2006%20Chemo.pdf

Focus: Chemosynthetic bacteria and succession in
chemosynthetic communities (Chemistry/Biology)

In this activity, students will observe the develop-
ment of chemosynthetic bacterial communities
and will recognize that organisms modify their
environment in ways that create opportunities for
other organisms to thrive. Students will also be
able to explain the process of chemosynthesis
and the relevance of chemosynthesis to biological
communities in the vicinity of cold seeps.

How Diverse is That? (12 pages, 296k) (from
the 2006 Expedition to the Deep Slope) hitp://
oceanexplorer.noaa.gov/explorations/06mexico/background/edu/
6OM?%2006%20Diverse.pdf

Focus: Quantifying biological diversity (Life
Science)

In this activity, students will be able to discuss the
meaning of biological diversity and will be able
to compare and contrast the concepts of variety
and relative abundance as they relate to biologi-
cal diversity. Given abundance and distribution
data of species in two communities, students
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will be able to calculate an appropriate numeric

indicator that describes the biological diversity of

these communities.

C.S.l. on the Deep Reef (Chemotrophic
Species Investigations, That Is) (11 pages, 280k)
(from the 2006 Expedition to the Deep Slope)
http://oceanexplorer.noaa.gov/explorations/06mexico/background/
edu/GOM%2006%20CSI.pdf

Focus: Chemotrophic organisms (Life Science/
Chemistry)

In this activity, students will describe at least three :

chemotrophic symbioses known from deep-sea
habitats and will identify and explain at least
three indicators of chemotrophic nutrition.

This Life Stinks (9 pages, 280k) (from the
2006 Expedition to the Deep Slope) hitp://ocean-
explorer.noaa.gov/explorations/06mexico/background/edu/
GOM?%2006%20Stinks.pdf

Focus: Methane-based chemosynthetic processes
(Physical Science)

In this activity, students will be able to define

the process of chemosynthesis, and contrast this
process with photosynthesis. Students will also
explain the process of methane-based chemosyn-
thesis and explain the relevance of chemosyn-
thesis to biological communities in the vicinity of
cold seeps.

OTHER LiNks AND ResouRces
The Web links below are provided for informa-
tional purposes only. Links outside of Ocean
Explorer have been checked at the time of this
page’s publication, but the linking sites may
become outdated or non-operational over time.

http://oceanexplorer.noaa.gov/explorations/07mexico/welcome.himl —

Follow Expedition to the Deep Slope 2007
daily as documentaries and discoveries are

posted each day for your classroom use.
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 http://www.bio.psu.edu/People/Faculty/Fisher/fhome.htm — Web

site for the senior biologist on Expedition to
the Deep Slope 2007

http://www-ocean.tamu.edu/Quarterdeck /QD5.3/macdonald.html

— Article on cold-seep communities

: http://www.resa.net/nasa/ocean_methane.htm — Links to

other sites with information about methane
hydrates and associated communities

http://www.uky.edu/KGS/education/geologictimescale.pdf and

http://www.uky.edu/KGS/education/activities.himl#time
— Great resources on geological time and
major events in Earth’s history

hitp://www.rps.psu.edu/deep/ — Notes from another expedi-

tion exploring deep-sea communities

http://www.geol.ucsh.edu/faculty/valentine/Valentine%202002. pdf

- Review of methane-based chemosynthetic
processes

hitp://www.palaeos.com/ — Lots of information about life

on Earth, geochronology, paleontology,
and more, with many illustrations

Katz, M, E., D. K. Pak, G. R. Dickens, and K.

G. Miller. 1999. The source and fate of
massive carbon input during the latest
Paleocene thermal maximum. Science 286:
1531-1533.

Kirschvink, J. L. and T. D. Raub. 2003. A methane

fuse for the Cambrian explosion: carbon
cycles and true polar wander. Comptes
Rendus Geoscience 335:65-78. Journal
article on the possible role of methane
release in rapid diversification of animal
groups. Also available on-line at www.gps.
caltech.edu/users/jkirschvink /pdfs/KirschvinkRaubComptes
Rendus.pdf

© Simpson, S. 2000. Methane fever. Scientific

American (Feb. 2000) pp 24-27. Article
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about role of methane release in the
Paleocene extinction event.

NaTIONAL ScIENCE EDUCATION STANDARDS

Content Standard A: Science As Inquiry
e Abilities necessary to do scientific inquiry
¢ Understanding about scientific inquiry

Content Standard B: Physical Science
e Structure and properties of matter
e Conservation of energy and increase in dis-
order
® Interactions of energy and matter

Content Standard C: Life Science
® Biological evolution

Content Standard D: Earth and Space Science
e Energy in the Earth system
* Origin and evolution of the Earth system

Content Standard E: Science and Technology
* Abilities of technological design

¢ Understandings about science and technology :

Content Standard F: Science in Personal & Social Perspectives
® Natural resources
e Environmental quality
¢ Natural and human-induced hazards
e Science and technology in local, national,
and global challenges

Ocean Limeracy EssentiaL PriNcIPLES

AND FunbamentaL CoNcepTs

Essential Principle 1.

The Earth has one big ocean with many features.
Fundamental Concept h. Although the ocean is
large, it is finite and resources are limited.

Essential Principle 3.

The ocean is a major influence on weather and climate.
Fundamental Concept f. The ocean has had, and
will continue to have, a significant influence on
climate change by absorbing, storing, and mov-
ing heat, carbon and water.
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. Essential Principle 5.

: The ocean supports a great diversity of life and ecosystems.

¢ Fundamental Concept c. Some major groups are
found exclusively in the ocean. The diversity of
major groups of organisms is much greater in the
ocean than on land.
Fundamental Concept d. Ocean biology provides
many unique examples of life cycles, adaptations
and important relationships among organisms
(such as symbiosis, predator-prey dynamics and
energy fransfer) that do not occur on land.
Fundamental Concept g. There are deep ocean
ecosystems that are independent of energy
from sunlight and photosynthetic organisms.
Hydrothermal vents, submarine hot springs, and
methane cold seeps rely only on chemical energy
and chemosynthetic organisms to support life.

: Essential Principle 6.

* The ocean and humans are inextricably interconnected.

: Fundamental Concept b. From the ocean we

get foods, medicines, and mineral and energy
resources. In addition, it provides jobs, supports
our nation’s economy, serves as a highway for
transportation of goods and people, and plays a
role in national security.

Fundamental Concept g. Everyone is responsible
for caring for the ocean. The ocean sustains life on
Earth and humans must live in ways that sustain the
ocean. Individual and collective actions are needed
to effectively manage ocean resources for all.

: Essential Principle 7.

: The ocean is largely unexplored.

© Fundamental Concept a. The ocean is the last
and largest unexplored place on Earth—less than
5% of it has been explored. This is the great
frontier for the next generation’s explorers and
researchers, where they will find great opportuni-
ties for inquiry and investigation.
Fundamental Concept b. Understanding the
ocean is more than a matter of curiosity.

Exploration, inquiry and study are required to bet-
ter understand ocean systems and processes.
Fundamental Concept d. New technologies,
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sensors and tools are expanding our ability to
explore the ocean. Ocean scientists are relying
more and more on satellites, drifters, buoys, sub-
sea observatories and unmanned submersibles.
Fundamental Concept f. Ocean exploration is
truly interdisciplinary. It requires close collabora-
tion among biologists, chemists, climatologists,
computer programmers, engineers, geologists,
meteorologists, and physicists, and new ways of
thinking.

Senp Us Your Feepsack
We value your feedback on this lesson.
Please send your comments to:
oceanexeducation@noua.gov

For More INForRMATION :
Paula Keener-Chavis, Director, Education Programs
NOAA Ocean Exploration Program :
Hollings Marine Laboratory
331 Fort Johnson Road, Charleston SC 29412
843.762.8818
843.762.8737 (fax)
paula.keener-chavis@noaa.gov

ACKNOWLEDGEMENTS
This lesson plan was produced by Mel Goodwin,
PhD, The Harmony Project, Charleston, SC
for the National Oceanic and Atmospheric
Administration. If reproducing this lesson, please :
cite NOAA as the source, and provide the follow- :
ing URL: http://oceanexplorer.noaa.gov :




