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\ Extremophiles! Lifein Ice.

Authors Colleen Kellogg, University of Washington, School of Oceanography
Heather Snookal, Garfield High School, Seattle Public Schools

Summary Students discuss adaptations of life in extreme environments, with a
particular focus on life in the Arctic. They will also examine sea ice as
a habitable environment during a quick hands-on activity.

Grade Level This was developed for a high school classroom (10-11 grade) but
realistically, it can be adapted for any age

Time Two 55 minute class periods with prep time (~20 minutes) required to
make salt solutions and ice cubes. The prep should be done a few
days in advance to allow salt water ice cubes time to freeze.

Objectives 1. Students will know that an extremophile is an organism that

thrives in and may even require physically or geochemically
extreme conditions that are detrimental to the majority of life
on Earth.

2. Students will know that scientists study extremophiles to give
them more information about the beginning of life on Earth,
the limits of life, and the possibility of discovering life
elsewhere in the solar system.

3. Students will know that salt water ice provides a habitat
whereas fresh water ice does not.

4. Students will know that the organisms that live in salt water
ice are integral parts of polar food webs.

Lesson Format

Discussion, Hands-on activity, Lecture

National Standards
Addressed

9-12 Content Standard B: Science as Inquiry

9-12 Content Standard C: Physical Science: Structure and properties of
matter

K-4 Content Standard D: Life Science: Characteristics of organisms
K-4 Content Standard D: Life Science: Organisms and environments
5-8 Content Standard D: Life Science: Populations and ecosystems
5-8 Content Standard D: Life Science: Diversity and adaptations of
organisms

9-12 Content Standard D: Earth and Space Science: Biological evolution
9-12 Content Standard D: Life Science: Interdependence of organisms
K-4 Content Standard G: Science in Personal and Social Perspectives:
Changes in environments

5-8 Content Standard G: Science in Personal and Social Perspectives:
Populations, resources, and environments






Materials:

1. Ice cubes trays

2. Plastic plates or Petri dishes

3. Food coloring (one small bottle per group)

4. Dixie cups

5. Salt

6. Water (potable and unpotable)

7. 1 set of color copies of Extreme Environments information sheets laminated or

in protective covers, if possible (extreme environments.pdf)

8. Copies of Ice Observations worksheets for each student (Ice Observations.pdf)

Directions:

Preparation:

1.

Because of the rate at which saltwater freezes at normal freezer temperatures,
some advance preparation is necessary. Students will examine which ice type,
sea ice or glacial ice, is a better habitat. Therefore, both types of ice cubes must
be available to them for comparison/observation.

Begin freezing the saltwater cubes at least one day in advance. Students are
placed in groups of two or four. Each group requires at least one set of cubes
(salt and fresh water). Preparation steps:

a. Mix a saltwater solution with the same salinity of ocean water. Use 34.1
g of salt per liter of water (68.2 g/2L) for a salinity of 33 ppt. Use this
solution to make saltwater ice cubes.

b. Make freshwater ice cubes using water from the tap.

(Optional) Have the students do a “Salinity Taste Test” to increase their
understanding of the brine salinity that microbes deal with in seaice. To do
this you need potable water, salt and Dixie cups. Make 3 taste testing
solutions:

a. Fresh water (straight potable water)

b. Seawater salinity (~33 ppt; add 34.1 g of salt per liter of water)

¢. Brine salinity — bottom of sea ice (~60 ppt; add 63.8 g of salt per liter of
water)

d. Brine salinity — top horizons of sea ice (~200 ppt (it can get saltier than
this too!); add 250 g of salt per liter of water)

e. Color code a set of Dixie cups for each class so that each student gets
one of each type of solution. Make sure you make enough of each
solution to fill a quarter of a Dixie cut for each student. Estimate: Two
liters is ample for a class of 30 students.





Introduction:

Background: Before this lesson, have students (and you) read the document, Life in

Extreme Environments.pdf. Students should complete the accompanying questions,

extremophile questions.doc, to ensure that they understand the concepts that will be
examined during the lab.

1.

Warm-up (20 min) - Place students in groups. Give each group pictures of
extreme environments (extreme environments.pdf). Ask students to
brainstorm the adaptations organisms would need to survive and thrive in
extreme environments. Students will list, draw, or describe those
adaptations. Share with the class.
a. The pictures are at the beginning of the PowerPoint document,
extremophiles.ppt, and should be used as the class discusses each
environment.

Introduce today’s topic of life at the polar regions:
a. “Think. Pair. Share.” (10—15 min) — Why is it important for us to
understand how organisms are adapted to the conditions of the poles?
Have students think about this question, discuss it with a partner.
b. Class discussion

Content Introduction (objectives 2, 3 and 4): Use provided PowerPoint,
extremophiles.ppt and associated videos, to give students additional
background on extremophiles. Identify why it is important to study them, and
care about those in polar regions. Prompt students to take effective notes (15
- 20 min)
a. Stop lecture at slide 17 to transition to ice activity and salinity taste
test

Activity:

4,

Ice activity (25 min): Initial observations: “What | see, What it means”
a. Inthis activity, provide students with one fresh water ice cube and one
salt water ice cube and food coloring.

i. Explain to the students that are going to investigate the
identity of each type of ice (salt/sea or fresh/glacial) and to
decide which type would be a better habitat for life. To do
this, they will:

1. Observe the ice cubes

2. Sketch and write down observations of the physical
characteristics of the ice.

3. Fillin “What | See” and “What this Means” worksheet
(page 1, Ice Observations.doc).





ii. After recording their initial observations, students add a couple
drops of food coloring to the ice. etch and record observations
in the provided places. The presence of food coloring will help
students SEE that saltwater ice has an abundance of pores and
channels, which are perfect places for tiny organisms to live. In
contrast, freshwater ice does not. Students can determine this
because the food coloring slides off of the freshwater ice cubes.

5. Salinity Taste Test (10 minutes): If time permits, have students do the salinity
taste test part of lesson.

a. This brief activity gives students the opportunity to observe another
challenge, aside from survival at sub-zero temperatures, faced by
psychrophiles in ice: surviving in water with very high salt
concentrations.

Background for the teacher:

The liquid brine in sea ice gets saltier the closer it gets to the ice-air
interface. This occurs because the air above the ice, throughout the late
fall, winter and much of spring, is often colder than the seawater below
the ice. Therefore, the ice horizons closer to the air are colder than
those closer to the water, allowing more of the water to freeze. In order
to freeze, seawater needs to get “rid” of the salt so it can form pure ice
crystals. As aresult, the salt is further relegated to the brine pores and
channels that exist in sea ice. Because more of the liquid water has
frozen, cold ice has smaller AND fewer brine channels and pores than
warmer ice. Therefore, colder ice has less, but saltier, brine, and warmer
ice has more, but less salty, brine.

i. Forthe taste test: Have students taste solutions with salinities
of fresh water, ocean water, brine from lower ice horizons, and
brine from upper ice horizons. Recipes for these solutions are
provided above, in Preparation. A worksheet for this activity is
provided on the second page of the Ice Observations.doc.

6. Biological content (20 min)

a. Wrap up ice activity. Have students share what they observed.

b. Wrap up salinity taste test activity: Ask students to share the water
type/solution number pairings they came up with and their reasoning
for their decisions. Discuss why different horizons in sea ice have
different brine salinities. Discuss the differences and how they are
relevant to the experiences of the lab. Slide 20 of
extremophiles_forclassroom.pdf can help with this. Let the students
know that even within a single meter of ice, organisms inhabiting that
ice face widely different physical conditions, depending upon where
they live in theice.





C. Finish PowerPoint (extremophiles_forclassroom.ppt), beginning at
slide 21. The latter half of the PowerPoint focuses on the life in and
around sea ice.

i. The purpose of the last half of PowerPoint is to demonstrate the
importance of extremophiles in a polar food web and to discuss
some of their adaptations. Many of the organisms described at
the end of the PowerPoint are not *extremophiles* per say but
some of their adaptations to the environment are very unique
and are required for survival in harsh polar environments.

d. Wrap up with in-class discussion on affects of climate change on the
Arctic marine food web:

i. Summarize the role that life in ice plays in the Arctic marine food
web

ii. Itis predicted that the Arctic will be ice-free during summers as
few as 30 years. How do you think the polar marine food webs
will be affected? How might humans be affected by this
decrease inice?

1. The last slide of extremophiles_forclassroom.pdf is an
illustration from the Seattle Times depicted predicted
changes in the Bering Sea ecosystem, a sub-Arctic sea,
with climate change. This image would be useful to
facilitate discussion.

Assessments:

Reading questions
Ice activity worksheet
Salinity taste test worksheet

Vocabulary: most definitions courtesy of wikipedia

Adaptation — a characteristic which is especially important for an organism’s
survival

Brine — water saturated or nearly saturated with salt

Extremophiles — organisms that thrive in or may even require physically or
geochemically extreme conditions that are detrimental to the majority of life
on earth

Habitable Environment — an environment suitable for life

Ice horizon - A particular depth or layer in ice that has generally uniform
physical characteristics (for example, if someone samples a core of sea ice at 25
cm, 45 cm and 65 cm, these would be three different ice horizons)

Food Web - the eating relationships between species within an ecosystem or a
particular living space

Psychrophiles — extremophiles that are capable of growth and reproduction in
cold temperatures





e Salinity - the saltiness or dissolved salt content of a body of water
e Halophiles — extremophiles that thrive in environments with very high
concentrations of salt (high salinity)

See the table in the Life in Extreme Environments.pdf document for
classifications/definitions of other types of extremophiles

Extensions:

Following this lesson, we launched into a lab where we examined another type of
extremophile: Halophiles. This section of the extremophiles unit was introduced as a
case study of the Great Salt Lake. The materials for this lab came from the Institute for
Systems Biology (ISB):

http://baliga.systemsbiology.net/outreach discussion/halo_lesson/network_interactions.php The
resources provided by the Baliga group at ISB are great and perfect for high school
classrooms! There are eight lessons based on Ecological Networks and Halophilic
bacteria created for a high school biology class on the website. We used only some of
the parts of this curriculum (lessons 3-7) with great success.

If you plan to do the halophile lab, definitely do the salinity taste test part of our
Extremophiles: Life in Ice! Lesson. This will provide the students the opportunity to
begin thinking about the conditions that halophiles face. Mention during the salinity
taste test that next they will be examining and actually growing another type of
extremophile that thrives in these high salt concentrations. Hopefully this will connect
the two lessons.

Online resources:

Extremophile information:

e Microbial life in Extreme Environments:
http://serc.carleton.edu/microbelife/extreme/

e Astrobiology Web: Life in Extreme Environments:
http://www.astrobiology.com/extreme.html

e Space Ref.com: Life in Extreme Environments:
http://www.spaceref.com/news/viewnews.html?id=463

e The Virtual Museum of Bacteria:
http://bacteriamuseum.org/cms/Evolution/extremophiles.html

Sea ice information:
e Arctic Theme Page: How does Arctic Sea Ice form and Decay:
http://www.arctic.noaa.gov/essay wadhams.html
¢ National Snow and Ice Data Center: All About Sea Ice
http://nsidc.org/seaice/index.html




http://baliga.systemsbiology.net/outreach_discussion/halo_lesson/network_interactions.php

http://serc.carleton.edu/microbelife/extreme/

http://www.astrobiology.com/extreme.html

http://www.spaceref.com/news/viewnews.html?id=463

http://bacteriamuseum.org/cms/Evolution/extremophiles.html

http://www.arctic.noaa.gov/essay_wadhams.html

http://nsidc.org/seaice/index.html



e Encyclopedia Britannica: Sea Ice:
http://www.britannica.com/EBchecked/topic/939404/sea-ice/257553/Ice-
salinity-temperature-and-ecological-interactions

Life in the Arctic Ocean and Sea ice:
e Woods Hole Oceanus: Life in the Arctic Ocean:
http://www.whoi.edu/oceanus/viewArticle.do?id=2467
e Dive and Discover: Deeper Discovery ~ Polar Regions:
http://www.divediscover.whoi.edu/polar/index.html
e Arctic Theme Page: Organisms that Thrive in Arctic Sea Ice:
http://www.arctic.noaa.gov/essay krembsdeming.html




http://www.britannica.com/EBchecked/topic/939404/sea-ice/257553/Ice-salinity-temperature-and-ecological-interactions
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http://www.divediscover.whoi.edu/polar/index.html

http://www.arctic.noaa.gov/essay_krembsdeming.html




Ice Observations

Ice cube #1 Ice cube #1, before addition of food
coloring

What | see What this means
Before food coloring...

After food coloring...

Ice cube #1, after addition of food
coloring

e Do you think this ice cube is made of salt water or fresh water?

e Why?

Ice cube #2
/Ice cube #2, before addition of focN
coloring What | see What this means

Before food coloring...

After food coloring...

Ice cube #2, after addition of food
coloring

e Do you think this ice cube is made of salt water or fresh water?

° Why?





Salinity Taste Test

The water in the pores and channels of sea ice is quite salty. Even more, how salty the water
in the channels and pores is depends on where you are in the sea ice (closer to the bottom of
the ice or closer to the top, for instance). Do a taste test to decide which water you think

represents the water that exists in the following places. Mark you predictions in the table
below.

Water Type Solution color

Arctic Lake Water

Arctic Ocean Water

Brine in the bottom horizons of Arctic Sea Ice

Brine in the top horizons of Arctic Sea Ice

What led you to make each of these matches?






Life in Extreme Environments: The Universe May Be More Habitable
Than We Thought

Clearly there are physical and chemical extremes that
should make life based on organic carbon difficult if not
impossible. Yet, within the last few decades we have
found organisms that have punctured these seemingly
insurmountable limits and have come to called
"extremophiles” from the Latin "extremus" (being on the
outside) and the Greek "philos" for love. Organisms that
can live in more than one extreme, for example
Sulfalobus acidocaldarius (a member of the Archea - an
ancient branch off the family tree of life) lives at pH 3 and
80°C, are called polyextremophiles.

Who are the extremophiles?

The word "Extremophile" often invokes images of
microbes, and so-called "simple" ones at that, yet the
taxonomic range spans all three domains. (Note that life
itself is so complex that the human creation of life has
remained elusive. Thus, it is unjustifiably arrogant of us to
Artist's concept of an astronaut examining a rock call any form o_f life "simple".) While all organisms that _Ilve
sample on Mars. Life has been found living inside  at extremely high temperatures are Archaea or Bacteria,

rocks in the various extreme environments on - gykaryotes (organisms whose cells have nuclei) are

Earth. Clues derived from finding life in such . h hri |

terrestrial locations will serve as a guide to common among organisms that thrive at low temperature,
understanding where we might find life on other ~ extremes of pH (high acidity or alkalinity) pressure, water,

worlds. and salt levels. Extremophiles include multicellular

organisms, cold-lovers include vertebrates such as penguins and polar bears.

To qualify as an extremophile, does an organism have to be an extremophile during all life
stages? Under all conditions? Not at all. Spores, seeds, and sometimes eggs or larval stages
are all far more resistant to environmental extremes than adult forms. Yet some adult organisms
- trees, frogs, insects, and fish - can endure remarkably low temperatures during the winter as a
result of seasonal shifts in physiology such as

hibernation.

One of the most resilient organisms known are
tardigrades ("water bears"). Tardigrades can go into a
hibernation mode - called the tun state - one that is more
akin to "suspended animation" whereby it can survive
temperatures from -253°C to 151°C, as well as exposure
to x-rays, and vacuum conditions. When you place
tardigrades in perfluorocarbon fluid (again while
hibernating), at a pressure of 600 MPa, (that's almost
6,000 times atmospheric pressure at sea level) they
emerge from the experience just fine . Even the A Scanning Electron Micrograph of a Tartigrade
bacterium Deinococcus radiodurans, the most radiation

resistant organism known, only achieves this resistance under some conditions such as fast
growth and in nutrient-rich medium.

Excerpt from original article: Life in Extreme Environments: The Universe May Be More Habitable Than We Thought
Lynn Rothschild, Ph.D., NASA Ames Research Center Tuesday, June 18, 2002

SOURCE: http://www.spaceref.com/news/viewnews.html?id=463 Institute for Systems Biology & BSD






Classification and examples of extremophiles

Environmental type Definition examples
parameter
temperature hyperthermophile growth >80°C Pyrolobus fumarii,
thermophile growth 60-80°C 113°C
mesophile 15-60°C Synechococcus lividis
psychrophile <15°C Homo sapiens
Psychrobacter, some
insects
radiation Deinococcus
radiodurans
pressure barophile Weight loving unknown
piezophile Pressure loving For microbe, 130
MPa
vacuum tolerates vacuum (space tardigrades, insects,
devoid of matter) microbes, seeds.
desiccation xerophiles Anhydrobiotic Artemia salina;
nematodes,
microbes, fungi,
lichens
salinity halophile Salt loving Halobacteriacea,
Dunaliella salina
pH alkaliphile pH >9 Natronobacterium,
Bacillus firmus OF4,
acidophile low pH loving Spirulina spp. (all pH
10.5)
Cyanidium caldarium,
Ferroplasma sp.
(both pH 0)
oxygen anaerobe cannot tolerate O, Methanococcus
tension microaerophil tolerates some O, jannaschii
aerobe requires O, Clostridium
Homo sapiens
chemical gases Can tolerate high Cyanidium caldarium
extremes metals concentrations of metal (pure COy)

(metalotolerant)

Ferroplasma
acidarmanus(Cu, As,
Cd, Zn); Ralstonia sp.
CH34 (zn, Co, Cd,
Hg, Pb)

Excerpt from original article: Life in Extreme Environments: The Universe May Be More Habitable Than We Thought
Lynn Rothschild, Ph.D., NASA Ames Research Center Tuesday, June 18, 2002

SOURCE: http://www.spaceref.com/news/viewnews.html?id=463 Institute for Systems Biology & BSD






Life in Extreme Environments

Dry environments

Imagine a desert and a feeling of dehydration follows. In the absence of water, lipids (fats) , proteins and
nucleic acids (DNA, RNA) suffer structural damage. The Atacama desert located on the high northern
Andean plains of Chile is one of the oldest, driest hot deserts on the Earth, while the Antarctic dry valleys
are the coldest, driest places on Earth. In both cases, despite environmental extremes, life exists in the
form of microbes: cyanobacteria, algae, lichens, and fungi.

Anhydrobiosis is a strategy organisms use to survive dry spells. During anhydrobiosis their cells come to
contain only minimal amounts of water. No metabolic activity is performed. A variety of organisms can
become anhydrobiotic, including bacteria, yeast, fungi, plants, insects, the aforementioned tardigrades,
mycophagous (fungi-eating) nematodes, and the brine shrimp Artemia salina (also known as "Sea
Monkeys" when marketed to school age children). During the drying out process (desiccation), less
available water forces substances to increase in their concentration. Such increases lead to stressful
responses within a cell that are similar to those of a cell experiences when exposed to high salt
environments.

The ultimate dry environment is the "desert" of space. Adaptations to desiccation are critical for
organisms to survive in interplanetary space. One organism in particular (described below) is a natural
born space traveler.

Salinity

As airplanes descend into the San Francisco area, red patches on the eastern shore of the South Bay are
conspicuous. These are evaporation ponds of Cargill Salt Company. The cause of the red color is
halophilic (salt-loving) microbes that produce red pigments called carotenoids. The microbes involved are
either members of the Archaea, a major group of microbes superficially similar to bacteria, or the green
alga Dunaliella salina. At a bit lower (25-33%) salinity, bacteria, cyanobacteria, other green algae,
diatoms and protozoa are found. Some Archaea, cyanobacteria, and Dunaliella salina can even survive
periods in saturated sodium chloride - about as salty an environment as one can imagine.

Salt water can evaporate leaving deposits ("evaporite deposits") consisting of salts such as sodium
chloride (halite) and calcium sulfate (gypsum). Within evaporates are fluid inclusions - small trapped
pockets of water - which can provide a refuge for microbes for at least six months. Our research group
showed that cyanobacteria trapped within dry evaporite crusts can continue to have low levels of
metabolic function such as photosynthesis. These deposits also form nice fossils of the organisms
trapped within. Although highly controversial, others claim that bacteria might survive for millions of years
in the fluid inclusions of salt deposits including evaporates. Tantalizingly, such deposits have been found
on Mars.

So how do cells adapt to this potentially deadly environment? To prevent an exodus of water from the
cell, halophiles offset the high salt in the environment by accumulating such compounds as potassium
and glycine-betaine. This allows a balance of salts inside and outside of the cell preventing water from
flowing outward as would be the case if lower salt levels existed within the cells.

Excerpt from original article: Life in Extreme Environments: The Universe May Be More Habitable Than We Thought
Lynn Rothschild, Ph.D., NASA Ames Research Center Tuesday, June 18, 2002

SOURCE: http://www.spaceref.com/news/viewnews.html?id=463 Institute for Systems Biology & BSD






Acidity and Alkalinity

Yellowstone National Park has bubbling acid hotsprings that would make a witch's cauldron seem benign.
They also teem with life. Once again we have been astounded that such environments harbor life.

Acidity and alkalinity are measures of the concentration of protons, the units used are pH units. The lower
the number (down to zero), the higher the acidity. The higher (up to 14), the more alkaline. A neutral pH
near 7 is optimal for many biological processes, although some - such as the light reactions of
photosynthesis - depend on pH gradients. In nature, pH can be high, such as in soda lakes or drying
ponds, or as low as 0 and below. Organisms that live at either extreme do this by maintaining the near-
neutral pH of their cytoplasm (i.e.) the liquid and materials within their cells.

Low pH is the realm of acidophiles - "acid lovers". If you are looking for champion acid lovers, forget fish
and cyanobacteria which have not been found below pH 4, or even plants and insects which don't survive
below pH 2 to 3. The extreme acidophiles are microbes. Several algae, such as the unicellular red alga
Cyanidium caldarium and the green alga Dunaliella acidophila, are exceptional acidophiles both of which
can live below pH 1. Three fungi, Acontium cylatium, Cephalosporium sp., and Trichosporon cerebriae,
grow near pH 0. Another species, Ferroplasma acidarmanus, has been found growing at pH 0 in acid
mine drainage in Iron Mountain in California. These polyextremophiles (tolerant to multiple environmental
extremes) thrive in a brew of sulfuric acid and high levels of copper, arsenic, cadmium, and zinc with only
a cell membrane and no cell wall.

High Temperature

Temperature is a critical parameter because it determines
whether liquid water is present. If temperature is too low,
enzymatic activity slows, membrane fluidity decreases. Below
freezing ice crystals form that slice through cell membranes.
High temperatures can irreversibly alter the structure of
biomolecules such as proteins, and increase membrane fluidity.
The solubility of gasses in water is correlated with temperature,
creating problems at high temperature for aquatic organisms
requiring oxygen or carbon dioxide.
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Octopus Spring, an alkaline (pH 8.8D8.3) hotspring in

As it happens, organisms can outwit theory. Geysers, velowstone g%“&”?;mﬂ‘lggsAer'sTS#:?sg?ef%ﬁf
hotsprings, fumaroles and hydrothermal vents all house from the source at 95°C to an outflow channel, where
organisms living at or above the boiling point of water. The it cools to a low of 83°C. About every 45 minutes a
most hyperthermophilic (VERY hot loving) organisms are te%‘ﬂzfa‘t’jr"gaégrh?;;g:ss ég’c"é_t?f;?sugcrﬁ,{ﬁmg;?fhe
Archaea, with Pyrolobus fumarii (of the Crenarchaeota), a pink filamentous Thermocrinis ruber thrives.

nitrate-reducing chemolithotroph (an organism that derives

energy from minerals), capable of growing at up to 113°C, is the current champion. As such, these
hyperthermophiles are able to prevent the denaturation and chemical modification (breakdown) of DNA
which normally occurs at or around a comparatively cool 70°C. The stability of nucleic acids is enhanced
by the presence of salts which protect the DNA from being destroyed.

Thermophily (living in hot places) is more common than living in scalding, ultra hot locales, and includes
phototrophic bacteria (i.e., cyanobacteria, and purple and green bacteria who derive energy from
photosynthesis), eubacteria (i.e., Bacillus, Clostridium, Thiobacillus, Desulfotomaculum, Thermus, lactic
acid bacteria, actinomycetes, spirochetes, and numerous other genera), and the Archaea (i.e.,
Pyrococcus, Thermococcus, Thermoplasma, Sulfolobus, and the methanogens). In contrast, the upper
limit for eukaryotes is ~ 60°C, a temperature suitable for some protozoa, algae, and fungi. The maximum
temperature for mosses is another 10° lower, vascular plants (house plants, trees) about 48°C, and fish
40°C.

Excerpt from original article: Life in Extreme Environments: The Universe May Be More Habitable Than We Thought
Lynn Rothschild, Ph.D., NASA Ames Research Center Tuesday, June 18, 2002

SOURCE: http://www.spaceref.com/news/viewnews.html?id=463 Institute for Systems Biology & BSD






Low Temperature

Representatives of all major forms of life inhabit temperatures just below 0°C. Think winter, think polar
waters. While sperm banks and bacterial culture collections rely on the preservation of live samples in
liquid nitrogen at -196°C, the lowest recorded temperature for active microbial communities and animals
is substantially higher at -18°C.

Freezing of water located within a cell is almost invariably lethal. The only exception to this rule known
from nature is the nematode Panagrolaimus davidi which can withstand freezing of all of its body water. In
contrast, freezing of extracellular water - water outside of cells - is a survival strategy used by a small
number of frogs, turtles and one snake to protect their cells during the winter. Survival of freezing must
include mechanisms to survive thawing, such as the production of special proteins or "cryoprotectants”
(additives that protect against the cold) called "antifreeze" proteins. The other method to survive freezing
temperatures is to avoid freezing in the first place. Again "antifreeze" molecules are produced which can
lower the freezing point of water 9 to 18°C. Fish in Antarctic seas manage to employ these mechanisms
to their advantage.

Other changes with low temperature include changes in the structure of a cell's proteins - most notably
their enzymes - so as to allow them to function at lower temperatures. The fluidity of cell membranes
decreases with temperature. In response, organisms that are able to adapt to cold environments simply
increase the ratio of unsaturated to saturated fatty acids thus retaining the required flexibility of
membranes.

Radiation

Radiation is a hazard even on a comfortable planet like Earth. Sunlight can cause major damage unless
mechanisms are in place to repair - or at least limit - the damage. Humans lacking the capacity to repair
ultraviolet (UV) damage have xeroderma pigmentosa. This disease is so serious that suffers cannot leave
their house during the day unless completely covered, and must even shade the windows in their homes.

Once you leave the protected surface of Earth, things can get more hostile. One of the major problems
that organisms might face during interplanetary transfer (inside a rock blasted off of a planet by a large
impact event for example), living on Mars, or even at high altitudes on Earth is the high levels of UV
(ultraviolet) radiation.

In space there is cosmic and galactic radiation to contend with
as well. The dangers of UV and ionizing radiation range from
inhibition of photosynthesis up to damage to nucleic acids.
Direct damage to DNA or indirect damage through the
production of reactive oxygen molecules creates can alter the
sequence or even break DNA strands.

Several bacteria including two Rubrobacter species and the
green alga Dunaliella bardawil, can endure high levels of
radiation. Deinococcus radiodurans, on the other hand is a
champ and can withstand up to 20 kGy of gamma radiation up
to 1,000 joules per s02. meter of UV radiation. Indeed, D.
radiodurans can be exposed to levels of radiation that blow its
genome into pieces only to have the organism repair its
genome and be back to normal operations in a day.

USHUS

This extraordinary tolerance is accomplished through a unique
repair mechanism which involves reassembling damaged
(fragmented) DNA. Scientists at the Department of Energy are looking to augment D. radiodurans
genome such that it can be used to clean up mixed toxic and radioactive spills. So eager are

"A "tetrad" of Deinococcus radiodurans cells.

Excerpt from original article: Life in Extreme Environments: The Universe May Be More Habitable Than We Thought
Lynn Rothschild, Ph.D., NASA Ames Research Center Tuesday, June 18, 2002

SOURCE: http://www.spaceref.com/news/viewnews.html?id=463 Institute for Systems Biology & BSD






biotechnologist to understand just how D. radiodurans does what it does that its genome was among the
first organisms to be fully sequenced.

Gravity

Gravity is a constant force in our lives; who has not imagined what it would be like to be an astronaut
escaping gravity even temporarily? The universe offers a variety of gravitational experiences, from the
near absence of gravity's effects in space (more accurately referred to as microgravity) to the oppressive
gravitational regimes of planets substantially larger than ours.

Gravitational effects are more pronounced as the mass of an organism increases. That being said, flight
experiments have revealed that even individual cells respond to changes in gravity. Cell cultures carried
aboard various spacecraft including kidney cells and white blood cells showed marked alterations in their
behavior, some of which is directly due to the absence of the effects of a strong gravity field. Indeed,
recent work conducted aboard Space Shuttle missions has shown that there is a genetic component (as
yet understood) to kidney cell responses to microgravity

exposure.

Pressure

Pressure increases with depth, be it in a water column or in
rock. Hydrostatic (water) pressure increases at a rate of about
one-tenth of an atmosphere per meter depth, whereas lithostatic
(rock) pressure increases at about twice that rate. Pressure
decreases with altitude, so that by 10 km above sea level
atmospheric pressure is almost a quarter of that at sea level.
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The boiling point of water increases with pressure, so water at A deep ocean hydrothermal vent belching sulfide-
rich hot water. The black "smoke" is created as

the bottom of the ocean remains liquid at 400;C. Because liquid  suffide minerals form in the mixing process between
water normally does not occur above ~100°C, increased vent water and colder ocean water. These minerals
pressure should increase the optimal temperature for microbial settle and can accumulate to great thicknesses.
growth, but surprisingly pressure only extends temperature range by a few degrees suggesting that it is
temperature itself that is the limiting factor.

The Marianas trench is the world's deepest sea floor at 10,898 m, yet it harbors organisms that can grow
at temperature and pressure we experience everyday. It has also yielded obligately piezophilic species
(i.e. organisms that are pressure loving and can only grow under high pressure) that can only grow at the
immense pressures found at the ocean's greatest depths.

Other extreme conditions

A bit of creative thinking suggests other physical and chemical extremes not considered here, including
unusual atmospheric compositions, redox potential, toxic or xenobiotic (manmade) compounds, and
heavy metal concentration. There are even organisms such as Geobacter metallireducens that can
survive immersion in high levels of organic solvents such as those found in toxic waste dumps. Others
thrive inside the cooling water within nuclear reactors. While these organisms have received relatively
little attention from the extremophile community, the search for life elsewhere may well rely on a better
understanding of these extremes.

Excerpt from original article: Life in Extreme Environments: The Universe May Be More Habitable Than We Thought
Lynn Rothschild, Ph.D., NASA Ames Research Center Tuesday, June 18, 2002

SOURCE: http://www.spaceref.com/news/viewnews.html?id=463 Institute for Systems Biology & BSD






Excerpt from original article: Life in Extreme Environments: The Universe May Be More
Habitable Than We Thought

SOURCE: http://www.spaceref.com/news/viewnews.html?id=463
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Acid Mine Drainage: Acid mine drainages are negative by-products of metal or coal
mining. They form when previously covered, sub-surface minerals are exposed to
air and water (normally as a result of human activity). Weathering reactions with
these minerals cause the release of metals and acidic compounds into the
environment. The pH of acid mine drainages can be as low as -3.6 and they can have
temperatures of over 100°F. Often, these acid mine areas have very high
concentration of metals such as iron or copper.

For reference:

pH < 7 is acidic

The pH of soft drinks range from 2.5-3.5 and the pH of orange juice is about 4.2

High concentration of metals such as iron, copper and nickel are toxic to most
organisms





Yellowstone Hot Springs: There are 3 main types of hot springs in Yellowstone.
Some general characteristics of two of them are listed in the table below.

Volcanic: alkaline Volcanic: acid
Source Water 93 87
temp (°C)
pH 9.6 24
Sulfide (asin 1 35
hydrogen sulfide
or sulfuric acid)
Carbonate 70 0

For reference:

pH < 7 is acidic

The pH of soft drinks range from 2.5-3.5 and the pH of orange juice is about 4.2
pH > 7 is basic

The pH of bleach is 12.6 and ammonia is 11.5

water boiling point: 100°C
hydrogen sulfide is toxic to many organisms
Tums and other antacids (to settle your stomach) are high in carbonate





Hydrothermal Vents: Seafloor hot springs located at mid-ocean ridges and hot
spots where seawater has circulated through the oceanic crust and exits the seafloor
at temperatures up to 750°F. The fluids coming out of the vents are very mineral-
rich but are toxic to most life. These vents, however, support one of the few
ecosystems on Earth whose primary producers are chemosynthetic (derive energy
from chemicals and chemical reactions rather than sunlight) rather photosynthetic.





Dead Sea: This hypersaline (meaning really salty) lake is the deepest hypersaline lake
in the world (1,083 ft). The salinity of the Dead Sea ranges from 26-35% salt while
ocean salinities generally range from 3.2-3.7% salt, meaning that salt concentrations
in the Dead Sea are nearly 10x that of the surface ocean.





Mono Lake: Mono Lake is a hypersaline lake, meaning it is really salty. Salt
concentrations are about 50 grams per liter. Most ocean water has only about
30-35 grams of salt per liter.

In case you were curious:

The pillars in this picture are called tufa and are made of limestone. Tufa form at
the bottom of the lake as a result of chemical reactions between lake water and
water coming out of springs at the lake floor. Limestone precipitates (comes out of
solution) from this reaction, forming these structures. Tufa grow slowly over time
and eventually pop out of the lake surface, as pictured here.





Polar regions (Arctic and Antarctic):

Antarctica Arctic Ocean
Average summer 20°F* 29°F
temperature
Average winter -30°F -29°F
temperature

*Temperatures vary widely in Antarctica because it is a continent. Even in the summer, the interior of
Antarctica has temperatures < 0°F. The average for the interior is -50°F. On the coast, temperatures are
much warmer (but still pretty cold!).

Both the Arctic and the Antarctic (on the ocean...not on the continent) have sea ice.
Salt is concentrated into little pockets of liquid water in sea ice called brine pockets.
Concentration of salt in these pockets can get up to 6 times the concentration of

sea water.






Left: Siphonophore. Upper right: Dumbo octopus. Lower right: Ctenophore.

Deep sea: Every 33 feet you go down in the ocean there is an increase in pressure
by 1 atmosphere (atm; an atmosphere is a unit of measure for pressure - equivalent
to 14.7 pounds per square inch). So, at a depth of 3300 ft in the ocean the pressure is
roughly 100 atm. Here at sea level, we experience an air pressure of 1 atm. Imagine
living at 100 times the pressure you normally experience. More than half of the
world’s ocean is deeper that 9800 ft (pressure: 297 atm). Some organisms travel to
great depths from the surface in short periods of time. For instance, Sperm whales
make hour-long dives down to 7,380 feet. This means that this whale experiences a
change in pressure from 1 atm to 223 atm in the course of 1 hour!!






Reading Questions: Life in Extreme Environments

Before reading the article, answer these questions:

1.

2.
3.
4

What is the difference between biotic and abiotic factors? Give examples of each.
What are some factors needed for organisms to live?

What does the word extremophile mean to you?

Give examples of extreme conditions. Do you think that any organisms can live in
those conditions?

While reading Life in Extreme Environments, answer these questions:

5.

6.

10.

What are tardigrades? What extreme conditions do they tolerate? How do they
tolerate these conditions?

Give examples of organisms that live in dry environments. Explain what mechanism
they use to survive dry conditions.

Why are most organisms not able to survive in very low temperatures? Give examples
of organisms that can. How are they adapted to live in low temperature
environments?

What are some effects of radiation on living organisms? How do some organisms
endure high levels of radiation?

Explain what discovery has led scientists to believe that the biosphere is larger than
what was previously though.

Choose one extreme environment and explain how the organisms living in that
environment can survive those severe conditions.






Extremophiles! Lifein Ice.

A lesson created for a 10t + 11t grade Environmental
Science classroom
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Extremophile: an organism that
thrives in and may even require
physically or geochemically
extreme conditions that are
typically detrimental to the
majority of life on Earth
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Presentation Notes

So, what exactly is an extremophile?  
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Presentation Notes

Image Source: http://upload.wikimedia.org/wikipedia/en/b/b0/Rio_tinto_river_CarolStoker_NASA_Ames_Research_Center.jpg



The following seven slides go along with the warm up for the activity, so that you can have them up on the screen while the students are talking about the adaptations needed to survive in the various extreme conditions.  The extreme conditions faced in each environment are listed with the pictures in the “extreme environments” document.  Adaptations are addressed in the “Extremophiles reading” that we had students read for homework ahead of time (so it might be good to have that reading under your belt ahead of time).
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Image source: http://www.mosaicoutdoor.org/yellowstone/image/YellowstoneMorningGlory.jpg
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Presentation Notes

Image Source: http://web.uvic.ca/sciweb/images/hydrothermal-vent.jpg





Mono Lake : Hypersaline Lake
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Presentation Notes

Image source: http://en.wikipedia.org/wiki/File:Dead_Sea-18.jpg
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Image Source: colleen kellogg, taken of ellesmere island, canada
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Image sources: http://www.cdnn.info/news/industry/i070521.html

http://s3.amazonaws.com/readers/purpleslinky/2008/06/15/181188_8.jpg

http://neatorama.cachefly.net/images/2007-02/dumbo-octopus.jpg





Extremophiles

An organism that grows optimally...

Acidophile At a pH less that 3
Alkaliphile At a pH greater than 9
Thermophile At temperatures between 60-80°C (140-

176°F)

Hyperthermophile

At temperatures between 80-122°C (176-
252°F)

Halophile

At salt concentrations 5x greater than
that of the ocean

Psychrophile

At temperatures below 15°C (29°F)

Xerophile

In extremely dry conditions

Barophile

At very high pressures
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This table highlights some of the types of extremophiles that our students were responsible for.  There are numerous types of extremophiles out there, ranging from those adapted to life at extremely low or high pHs…those adapted to high salt concentrations and those adapted to existing at very high pressures, such as those experienced at the bottom of the ocean.  





Extremophile growth

Hyperthermophiles

Thermophiles

Mesophiles

Psychrotrophs
Psychrophiles

Growth Rate

| | | | I. 1 | | | | ]

] |
-10 0 10 20 30 40 50 60 70 80 90 100 110 120

Temperature (°C)
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Other extremophiles are classified by the temperature range that they grow at, from super cold-loving organisms called psychrophiles that we find at the poles to super hot temperature-loving organisms called hyperthermophiles that we find in hot springs at places like yellowstone or at hydrothermal vents in the deep sea.  



The students, in the days or night before, had read a handout describing the different classes of extremophiles and their unique adaptations (Life in Extreme Environments.pdf).  I used this graph to remind them of the different ranges for maximum growth for the different types of extremophiles that are defined by their temperature limitations.





Why study extremophiles?

e Help us (scientists and everyone) find and
understand the limits of life on Earth

 Extreme conditions here on Earth may be similar
to conditions on other planets or moons (Mars,
Europa, etc.) — if we know what types of organisms
live here maybe this knowledge will help us find
life elsewhere in the universe (Astrobiology)
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Presentation Notes

Bring in points one by one…



Used this slide to introduce why scientists even care about and student extremophiles 





Astrobiology:

the study of the origin, evolution, distribution, and
future of life in the universe

Mars
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Presentation Notes

Astrobiology is the framework under which many scientists are UW studenting extremophiles – trying to understand their adaptations so that we might better understand the limits of life on earth.  These limitations might better help us find life elsewhere as well as help us better understand how life came to be on earth…



There is a funny youtube video/rap about astrobiology: http://www.youtube.com/watch?v=NL3lhm6oy5I   It is pretty great.  �
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Why study extremophiles?

Help us (scientists and everyone) find and
understand the limits of life on Earth

Extreme conditions here on Earth may be similar
to conditions on other planets or moons (Mars,
Europa, etc.) — if we know what types of organisms
live here maybe this knowledge will help us find
life elsewhere in the universe (Astrobiology)

Studying life in extreme conditions, such as
hydrothermal vents, may help us better
understand how life originated on Earth

Some extremophiles are important links in food
webs (and some of these food webs may be
affected by climate change)
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Bring in points one by one…



Used this slide to introduce why scientists even care about and student extremophiles 
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Sea ice covers ~10% of the ocean
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National Snow and Ice Data Center

September Arctic Sea lce Extent
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Year

Sea ice volume is declining = Habitat is declining
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This is to show that habitat for some extremophiles is declining with climate change.  We need to study and understand them so that we can better understand how they might adapt or what might happen if they are lost all together.





Arctic Food Web

Animals and plants in a habitat are part of a food web.
A change in just one part of the food web may make
them endangered or extinct.

In this food web, Arctic cod eat plankton.
Arctic birds, seals, and polar bears eat the
cod. Polar bears and killer whales eat the
seals. Each “link” in the web is food for the
next link. What would happen if one of the
links became extinct?

Image source: hftp://colbyheppelI.bIogspot.com/
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Since I study the arctic, I focus this lesson on psychrophiles, cold-loving extremophiles.  I show this food web to explain where the extremophiles fit in.  They don’t even show, in this food web, bacteria.  Many psychrophilic and psychrotolerant bacteria exist in the arctic, both in the water column as well as in the ice.  Many phytoplankton and ice algae in the arctic are also important extremophiles and serve as the base of the arctic food web.  It is important to understand how life can even exist in ice…and which ice is a better habitat for life: sea ice or freshwater ice.  



Image source: http://colbyheppell.blogspot.com/
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Video of the under-side of sea ice in the arctic.   Source for video: http://oceanexplorer.noaa.gov/explorations/05arctic/logs/july11/media/underice_experiences_video.html



After this we started the saltwater ice vs freshwater ice activity and salinity taste test activity



http://www.youtube.com/watch?v=Ub7dzThwsX4



lce cube #1

lce Observations

Before food coloring. ..

What this means

After food coloring...

* [ you think this ice cube is made of salt water or fresh water?

s Why?

/Iuﬂhﬂbﬂﬂimmmdhﬂ\

coloring

lce cube #1, before addition of food
woloring

\\mmn.am:mmm
woloring

\_Iu cube #2,afteraddition of food

«<oloring

Ice cube #2
What | see What this means
Before food coloring...
After food colaring...

* o you think this ice cube is made of salt water or fresh water?

» Whyt
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Show whole document





Salinity Taste Test

The water in the pores and channels of sea ice is quite salty. Even more, how salty the water
in the channels and pores is depends on where you are in the sea ice (closer to the bottom of
the ice or closer to the top, for instance), Do a taste test to decide which water you think
represents the water that exists in the following places, Mark you predictions in the table
below.

Arctic Lake Water ]
Arctic Ocean Water ]
Brine in the bottom horizons of ArcticSealece | |

Brine in the top horizons of ArcticSealce | |

What led you to make each of these matches?
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Show whole document





Colder ice = More salty brine

Pictures of thin-sections of ice.
Yellow indicates brine pores and channels. Gray indicates ice.

(@)
Colder / ™~ Warmer

Ice Temperature Porosity Ice
(how porous or “holey”

Golden et al. GRL, 2007 theiceis)



Presenter

Presentation Notes

If you decide to do the salinity taste test, you should leave this slide in.  If you don’t want to go into too much detail about this…move the slide to the end, so that you can show it should someone ask questions about it.  Otherwise, it might be beyond the scope of the lecture. 

Background Information for this slide: The liquid brine in sea ice gets saltier the closer you get to the ice-air interface.  This occurs because the air above the ice, throughout the late fall, winter and much of spring, is often colder than the seawater below the ice.  Therefore, the ice horizons closer to the air are colder than those closer to the water, allowing more of the water to freeze.  In order to freeze, seawater needs to get “rid” of the salt so it can form pure ice crystals.  As a result, the salt is further relegated to the brine pores and channels that exist in sea ice.  Colder ice has smaller and fewer brine channels and pores than warmer ice, because more of the liquid water has frozen. So colder ice has less, but saltier brine, while warmer ice has more, less salty, brine. 







Lifein Sealce

Temperature range: -2 to -55°C
Salinity of brines: up to 7x seawater

Concentration of bacteria: >100,000 per
milliliter of brine

Concentration of viruses: >1,000,000 per
milliliter brine
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This slide summarizes some facts about the sea ice environment and the life that exists there.





Lifein Sea lce

Magnification into brine channels

B
bh e

nutrients

Arctic ocean

bacteria ?‘g‘! ! ’ worms

oo d E unicellular algae and diatom chains @ crustaceans
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Diagram source: http://www.arctic.noaa.gov/essay_krembsdeming.html



Diagram showing life in ice.  I used this to describe the sea ice microbial community to the students.  If you take a quick look at the above link, this provides even more information.  You can also talk about how size, connectivity, and brine salinity characteristics of these brine channels change depending upon where you are in the ice (closer to the water or closer to the air)…this idea is further explained with the next slide.





Microbes in
seaice

Remember these guys are
important decomposers and
recyclers. They are also a
food source for other
microorganisms.

ice
) & > crystal
ice brine veins
crystal
Lo\
k\\-j . \

crystal

100 um

. — — Q_

brine pocket
<

ice
crystal
10 um

bacteria 2
- 9
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Photo source: http://oceanexplorer.noaa.gov/explorations/02arctic/background/microorgs/media/brine.html



Shows presence of bacteria in the little brine veins and pores that the students discovered in their saltwater vs freshwater ice activity.  Image shows evidence the bacteria exist in those veins and pores rather than in the ice itself.  They need the liquid brine in order to survive.







Effects of extreme environment

 Increased lipid and protein rigidity

* |ce crystal growth in/outside cells (causing
cells to burst!)

* High concentrations of salts can breakdown
or degrade proteins
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These are some challenges that face that microbes in sea ice and thus, are things that microbes in ice must have adaptations for…





Cellular adaptations of
psychrophiles

More flexible enzymes
Cold-shock proteins
Antifreeze proteins

Exopolymeric substances (snot-like stuff that
microbes secrete around themselves for
protection)
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These are some of the adaptations that psychrophiles have to deal with the challenges discussed in the previous slide





(more) Life in Sea lce

g

e
Ice Algae
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Photo source: http://www.arctic.noaa.gov/essay_krembsdeming.html



A ring of ice algae at the ice-water interface.  They grow to such high concentrations, discoloring the ice, that they are visible to the naked eye!  Clearly they have adapted to living in sea ice… 

This begins the part of the slide show that talks about the arctic food web…





Ice Algae

. " picture LA. Melnikov

Photo cowrtesy Doug Allen, Change in Arctic Matine Production (CAE) Project.
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Photo sources: http://www.arctic.noaa.gov/essay_krembsdeming.html; http://research.iarc.uaf.edu/amg/icephecom.html; http://www.arctic.noaa.gov/images/Melosira_arctica.jpg



This slide discussed ice algae factoids…adaptations…





Ice Algae Adaptations

- Survive all winter long ::

(with no sunlight!)

- Can photosynthesize, once
there is some sunlight, at
temperatures well below
freezing

- Produce compounds to
protect from UV radiation

- Produce exopolymeric
substances to protect from
ice, cold and to help anchor
them in place in theice

. i picture LA. Melnikov
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Photo sources: http://www.arctic.noaa.gov/essay_krembsdeming.html; http://research.iarc.uaf.edu/amg/icephecom.html; http://www.arctic.noaa.gov/images/Melosira_arctica.jpg



This slide discussed ice algae factoids…adaptations…and these are just some of them….





Krill feeding on ice algae
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Ice algae are an important part of the arctic food web – they are the base of it.  Krill and other zooplankton feed on ice algae in spring time, kicking off the most productive time of year in the Arctic.  Top picture shows a krill, bottom picture show krill feeding on ice algae.  In order to survive in the winter, some krill actually reduces their body size to reduce their food requirements while resources are scarce.  Krill and other zooplankton are an important source of food to animals like fish and whales.   





Krill Adaptations

Can reduce
body size when
resources are
low!
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Ice algae are an important part of the arctic food web – they are the base of it.  Krill and other zooplankton feed on ice algae in spring time, kicking off the most productive time of year in the Arctic.  Top picture shows a krill, bottom picture show krill feeding on ice algae.  In order to survive in the winter, some krill actually reduces their body size to reduce their food requirements while resources are scarce.  Krill and other zooplankton are an important source of food to animals like fish and whales.   





- have antifreeze proteins
in their blood
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Image source: http://oceanexplorer.noaa.gov/explorations/05arctic/logs/july24/july24.html



Arctic Cod, an important food source in the arctic – birds, other fish, belugas, seals, and other marine mammals – have evolved to have special antifreeze proteins in their blood.  These allow them to survive in extremely cold conditions without literally freezing to death. They depend upon food in the form of zooplankton that feed on sea ice algae.





Polar Bears

g - — -
- —- e, Tl
—

Have thick layer of fat
underneath skin

Oily fur coats (make it
easy to shake off
freezing water after
swimming, allowing for

quicker drying)
Keen swimmers: Large
feet help in swimming

Photo credit: Colleen Kellogg, UW Oceanography
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Now, for the infamous marine mammal of the arctic…polar bears.  These guys have some interested adaptations that allow them to be successful marine mammals.  The above is a lists of some of those adaptations…





Arctic Food Web

Animals and plants in a habitat are part of a food web.
A change in just one part of the food web may make
them endangered or extinct. 'Lk

In this food web, Arctic cod eat plankton.
Arctic birds, seals, and polar bears eat the
cod. Polar bears and killer whales eat the

seals. Each “link” in the web is food for the

next link. What would happen if one of the m_
links became extinct?
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Just to show the food web again…and now to point out where the extremophiles fit in, further demonstrating their importance in Arctic marine food webs.



They don’t even show, in this food web, bacteria or any organisms living in sea ice.  Many psychrophilic and psychrotolerant bacteria exist in the arctic, both in the water column as well as in the ice.  Many phytoplankton and ice algae in the arctic are also important extremophiles and serve as the base of the arctic food web.  It is important to understand how life can even exist in ice…and which ice is a better habitat for life: sea ice or freshwater ice.  



Image source: http://colbyheppell.blogspot.com/
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This is to show that habitat for some extremophiles is declining with climate change.  We need to study and understand them so that we can better understand how they might adapt or what might happen if they are lost all together.
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Climate

change’s
impact on
polar food
webs

Change in the nation’s “fish basket”

Rising temperatures are transforming Alaska’s Bering Sea, the source of half of America’s seafood and the
mainstay of Seattle’s fishing industry. Crab, flatfish, walrus and seal populations are suffering while pollock and
cod are on the rise.
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Presenter

Presentation Notes

Image source: http://seattletimes.nwsource.com/news/local/beringsea/



Here is an image from the seattle times – showing what might happen with the food web in the Bering Sea, a sub-arctic region, as sea ice continues to recede with climate change and increase ocean and air temperatures.  I didn’t end up using this in my presentation due to time constraints, but I think it is really good….but perhaps more relevant during a climate change unit…
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