


Recordig findings

PREP ACTIVITY

Mystery Photographs

To be used if students are unfamiliar with
microorganisms.

Time
40 minutes, requires one instructor.

Objectives

Students will be able to:

a. Define the term microorganism.

b. Name at least two kinds of microorganisms
and their functions.

Materials

Six numbered sets of photographs of
microorganisms (from Kuhn, 1988: 30-33;
Nardo, 1991: 39, 60, 63; Ricciuti, 1994: 11, 47);
seven copies of Mystery Photographs Description
Sheet; optional: books with color photographs
of microorganisms.

PROCEDURE

1) Ask students to define the term
microorganism. Probe them for how much they
know about microorganisms. Be sure they know
the basic definition of a microorganism: an
individual organism that cannot be seen without
the aid of a microscope.

2) Break students into six groups. Have
each group number a sheet of paper from
one to thirteen. Tell students each group
will receive a set of numbered photographs
of microorganisms taken through

microscopes. They will also be given a sheet
with a description of the organisms in the
photographs. However, the descriptions

are not in the same order as the numbered
photos. Their job, as a group, is to match the
descriptions to the photographs. Tell students
to read the descriptions closely first for clues
then find the corresponding picture. Have them
write each organism’s name next to its number
on their paper that is on the photo; model one
example. Circulate among the groups as they
work. If available, hand out books with color
photographs of microorganisms to groups that
finish early.

3) Reconvene the students as a whole group. Go
over the answers, re-reading and discussing just
the descriptions that students found difficult to
match.
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Mystery Photographs Answer Guide

8 Field Trip in a Box

The transparent, foot-shaped paramecium
filters smaller protozoa and bacteria from the
water to eat. (Picture # 9)

Spirogyra a type of algae that forms floating
green masses on ponds. Looking like a
strand of DNA or part of a bracelet, they
contain chloroplasts which allow them to
photosynthesize. (Picture # 7)

Desmids are one-celled green algae that come
in a variety of shapes, including rods, balls,
ovals, and figure eights. This one looks like a
snowflake. (Picture # 13)

Shrimp and lobster have a microscopic relative
called the water flea, a roundish animal with a
small head and feathery antennae, which allow
it to swim jerkily through pond or pothole
water. (Picture # 6)

Hydra are almost microscopic animals that look
like dandelions after you’ve poofed them! Their
tentacles have stinging cells to paralyze their
prey, which include water fleas. (Picture # 1)

An armored amoeba called a forminiferan
makes a multi-chambered shell that drops to the
sea bottom when it dies. The ancient Egyptians
built the pyramids with cut blocks of limestone
made up of forminiferan shells. (Picture # 12)

If you come down with pneumonia, you will
have these hairy pneumonia bacteria in your
lungs. This one is starting to divide. (Picture #
8)

Proteus mirabilis bacteria, which look

like hairy hotdogs, are normally present in
your intestines, where they feed on nutrients.
(Picture # 2)

Yeasts are a type of microscopic fungus. Some
yeasts are used for making bread and pizza.
Magnified 40,000 times, this one looks a bit like
a pizza itself. (Picture # 4)

Look for the bug-like fungi and bacteria that
are at work decomposing a dead plant root.
(Picture # 3)

This could be an enlarged view of the leftovers
from your last visit to the dentist. (You haven’t
been there lately? Then they’re probably still in
your mouth!) These dental plaque bacteria
look a lot like thin spaghetti. (Picture # 11)

The threads holding these sand grains together
are actually sheaths of cyanobacteria, the main
organism in cryptobiotic soil (Picture # 10)

Amoebas are one-celled protozoa that move by
changing shape and pushing out pseudopods
(false feet) in the direction they want to move.
(Picture # 5)



TEACHING STATION #1

Lichens Up Close

Time
1 hour

Objectives

Students will be able to:

a. Identify rock lichens and name two lichen
components.

b. Name one role of lichens in the high desert
ecosystem.

c. Explain the basic steps of the scientific
process.

Materials

Hand lenses; name tags (algae; fungus; water
and minerals; sunlight; oxygen; carbon dioxide;
photosynthesis); pictures of lichens; inside a
lichen picture; microscope; quarter sheets of
blank paper for observations; copies of Science
Investigation Form and Data Collection Sheet
(back to back); cardboard plot frames; pencils;
clipboards; measuring tapes; compass.

PROCEDURE

1) Start by briefly pointing out both lichens

and mosses on nearby rocks. Make sure that

the students can distinguish between them, by
discussing some characteristics of both. Pour
water on the moss and let students see how

it turns green and discuss why this happens.
Point out a lichen ghost on the rock and discuss.
Remind students that both moss and lichens are
fragile, so please do not pick at them or remove
them from the rock.

2) Tell the students that lichens are made up of
two organisms working together in a symbiotic
relationship, and ask if they know or can guess
what these are. If a student answers fungus

or algae, have her stand up and put on the
corresponding nametag. Prompt as needed.
Then, ask students to name something that
plants need to grow. As they answer, hand out
corresponding name tags, and explain that the
fungus attaches to the rock and brings in most
of the water and minerals. Have the person with
the water and minerals nametag stand next to
the fungus. Have the people with the carbon
dioxide and sunlight nametags stand around the
algae. Explain that algae is the only organism of
the two that can photosynthesize (make food
from these ingredients). Because algae gives off
oxygen during photosynthesis, have the person
with the oxygen nametag point away from algae.
Give the photosynthesis tag to the last student,
or have algae hold it. Re-emphasize that the
algae makes most of the lichen’s food. Mention,
however, that fungus attaches to rock, bringing

in much of the water and minerals necessary
for making food. Tell students they just acted
out the parts of lichen and give them a round of
applause. Show students the inside the lichen
picture and point out the different parts. For

an amusing review, tell the students you have a
really bad joke, which goes something like this:
“Allen Algae and Frieda Fungus took a lichen
to each other. Allen did the cooking, and Frieda
built the house. But, you know what I hear?
Their marriage is on the rocks.” Groan along
with the kids.

3) Tell students that they will be using hand
lenses and microscopes to make observations
about the area’s lichen. Review the concept of
a scientific observation and if needed practice
making observations using an object such as a
hat. Hand out hand lenses, quarter sheets and
pencils; ask each student to write down three
observations he/she makes using the hand
lenses and three observations he/she makes
using the microscope. Give boundaries. Find
aloose piece of lichen and place it under the
microscope for investigation. After about 5
minutes, have students sit back down and take
turns reading at least one observation from each
category.

4) Have students guess how many species of
lichens there are in the world. (Answer: over
15,000) Show students lichen photos as you talk
about lichens. Review why they are important:

+ They grow all over world and like trees, use
carbon dioxide and provide the oxygen we
breathe.

« Lichens are a food source for some animals.

« Traditionally, Native Americans used lichens
for medicine and dye for cloth; some even ate
lichens.

« Lichens are important as air pollution
indicators, because they are sensitive to
pollution.

« Lichens sometimes help archaeologists in
dating ruins. Discuss lichens growth rates.
Measure a lichen that is approximately 11mm
in diameter and discuss how that lichen is as
old as the students.

5) Save about 35 minutes for the rest of this
station, Ask students if they think lichens could
ever help them. Do the students think lichens
could help them discover which way is north if
they were lost? (Remind students that if they
are completely lost they should stay put.) Tell
the students we are going to investigate whether
lichens prefer to grow more on one slope or
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another (north or south facing) and that if
lichens prefer growing in a particular spot it
may help them find their way.

6) Pass out clipboards, pencils, and back-to-
back copies of the Science Investigation Form
and Data Collection Sheet. Instruct students

to work in pairs and write their names on

their sheet. Go over the steps of a scientific
investigation, as needed. Have students write

in the question: “Do more lichens grow on
north-facing rocks or on south-facing rocks?”
For their prediction/hypothesis, students should
write which slope they believe will have more
lichens. Describe that a north facing slope is

a slope that faces north, etc. Using a compass,
have the students figure out which direction is
north, and which slope is the north facing slope.
Use the “Never Eat Soggy Waffles” mnemonic
to label the other directions and slopes.

7) Under procedure, have students list the

steps “1 — Place plot” and “2 - collect data.”
Explain some elements of good procedure,
including random selection of plots and no
altering of data to fit what they have predicted.
Demonstrate how to randomly select a plot by
having one partner close their eyes turn around

twice, and with their help of their partner, take
two steps forward and place the plot at their
feet.

8) Collect the first set of data as a group.

Take time to explain aspect (the slope facing

a particular direction), and review compass
directions. Demonstrate how to measure
smallest and largest lichens and how to estimate
percentages of cover by lichens. Give students
boundaries, and have them investigate two more
plots. When they are finished, bring the group
to an opposite-facing slope and have them
collect data on three more plots.

9) Gather students and discuss their results.

If the students haven’t already figured this

out, more lichens, and more types, grow on
north facing slopes. For their conclusion, have
students write why they think there are more
lichens on north-facing slopes (i.e. lichens seem
to thrive in moister, cooler locations) and what
experiment they would do to confirm their
conclusion. Tell students that in science, finding
a conclusion often leads to more questions.

Studying microorganisms through a
microscope
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Science Investigation Form

Scientist name:

Question:

Hypothesis (Prediction):

Procedure (List step by step.):

Results (What actually happened?

Conclusions (Why do you think we obtained these results? What experiments would you do to

prove your conclusion?)
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Data Collection Sheet

Do More Lichens Grow on North-Facing Slopes or South-Facing Slopes?

PLOT #1

Aspect:

# of Colors:

Smallest:

Largest:

% of Coverage:

PLOT #3

Aspect:

# of Colors:

Smallest:

Largest:

% of Coverage:

PLOT #5

Aspect:

# of Colors:

Smallest:

Largest:

% of Coverage:

PLOT #2

Aspect:

# of Colors:

Smallest:

Largest:

% of Coverage:

PLOT #4

Aspect:

# of Colors:

Smallest:

Largest:

% of Coverage:

PLOT #6

Aspect:

# of Colors:

Smallest:

Largest:

% of Coverage:




TEACHING STATION #2

Cryptos Up Close

Time
1 hour

Objectives

The students will be able to:

a. Identify cryptobiotic soil.

b. Name at least two functions or roles of
cryptobiotic soil.

c. Explain the basic steps of the scientific
process.

Materials

Disturbed chunks of cryptobiotic crust for
examining; microphotographs of cyanobacterial
sheaths; hand lenses; microscope; copies of
Science Investigation Forms (one for every two
kids)and Cryptobiotic Soil Data Collection
Sheet(one per group); rulers; pencils; clipboards;
calculators; polysaccharide sheath model;
quarter sheets of blank paper for observations;
bottle of water(Not Provided).

PROCEDURE

1) Have students sit within a few feet of
cryptobiotic soil. Tell them that they will be
studying biological soil crust, better known as
“cryptos”. Have each of the students tell you
something they already know about cryptos.
Correct any wrong information and expand

on students comments to explain what cryptos
are and their role in the desert ecosystem.
(Information can be found in #3 below, or in the
background material provided in this binder.)

2) Pass out blank quarter sheets, hand lenses
and pencils. Tell students they will be recording
observations about soil crusts. If they have

not yet been to the lichen station, review the
characteristics of a scientific observation. Have
students record three or four observations of
different cryptos including at least one using the
microscope. Students should take turns looking
through the microscope at a piece of crypto,
and they should get on their bellies with hand
lenses to look at live cryptos. Give boundaries
and warnings about not crushing living cryptos.
After a few minutes, gather the group, and
briefly discuss their observations.

3) If the information has not already been
discussed, share the following information:

+ Cryptobiotic soil crust is actually a
community of organisms and there
are slightly different organisms in the
community from place to place depending

on the age of the community. Explain that
cyanobacteria form the core of the crust.

Use the polysaccharide sheath model and/

or your fingers coming out of the end of a
pulled-down long sleeve to demonstrate how
the filaments come out of a sheath when

the soil is moist. Show them real sheaths in

a chunk of crypto. These sheaths are what
allow the crust to play such an important
role in holding the soil together. Show them
the electron microscope photographs of

the sheaths. Ask students if they have ever
accidentally spilled macaroni on the floor
and stepped on it. Explain that cyanobacteria
sheathes are like pasta, when they are hard
they can easily be shattered into a thousand
pieces.

+ Crypto communities grow extremely slowly.
Show the students a piece of crust with no
color or bumps, point out how it contains
polysaccharide sheaths. Explain that this
crust is very young. Explain that over time
it turns black and gets bumpy, but that crust
takes 75-100 years to become a mature
community and do all its jobs, such as fixing
nitrogen for the plants (taking nitrogen out
of the atmosphere and breaking it apart so
plants can use it).

« Like fertilizer, the lichens in cryptobiotic soil
add nitrogen to the soil. Ask if any students
have seen their parents add compost or
fertilizer to plants. The essential ingredient in
fertilizer is nitrogen and there are few natural
sources. (e.g. beans, alfalfa, biological soil
crusts).

+ Cryptos function as a soil stabilizer and water
absorber.

4) Ask students what questions they might have
about crypotobiotic soil crust. Explain that
they are going to do a scientific investigation
using the crusts in this area. Pass out clipboards
with the Science Investigation Forms. Instruct
students to work in pairs and write their names
on their sheet. Describe the tools available

and provide some examples of ways to use
them. Have each team decide on a question to
investigate. If a team is struggling to come up
with an idea, suggest some investigations (list
provided). Help students choose investigations
that they can perform using the tools and the
time available.

5) Once students have recorded their questions
on the science investigation form, have students
come up with an appropriate hypothesis

and develop procedures to investigate their
question. Students may need assistance to
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Seedling in biological soil crust
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develop procedures. Provide students with
boundaries and let them perform their
investigations, recording their findings on the
back of their sheet. Encourage students to take
several data samples so that their investigations
are more accurate.

6) Once investigations are complete, have
students write about what they learned under
conclusions. Have each team present their
question, procedure and conclusions to the

group.

7) Tell students that since they were able to
investigate something they were interested in,
now you want to investigate something you are
interested in. Tell the students that you know
that the size of a crypto indicates age but you
wonder if pothole gardens near each other
could have different size cryptos. Ask each
student to give a hypothesis.

8) Tell students that in order to investigate this
question; you will need their help to gather
some data. Take the group to the first research

site. Ask students to make observations about
the area and record them. For example, ask
them if there plants growing in the pothole
garden, how many and what kind, what do
the crypto’s look like? Next, ask students

to measure the height of crypto bumps.
Demonstrate how to measure so their data is
consistent. Record their findings on the data
collection sheet. Repeat procedure in another
area. As a group, figure out average bumpiness
for each area. Discuss factors that might be
relevant in interpreting their data. (i.e. crushing
by footsteps, ORVs, bicycles, or even wildlife,
drainage patterns, blown sand from a nearby
wash or trail suffocating the crust, different
types of substrate, steeper slope in one area).
Ask students why they think the bumps were
bigger in one area. How do their observations
of the area confirm their conclusions? Use
discussion to review the jobs the cryptos do for
the ecosystem.

9) Review station by having students each name
something they discovered about soil crusts.




Science Investigation Form

Scientist name:

Question:

Hypothesis (Prediction):

Procedure (List step by step.):

Results (What data did we collect?)

Conclusions (What did we learn or what do our results mean?)
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Cryptobiotic Soil Data Collection Sheet

Could nearby cryptos be different ages?

AREA ONE AREA TWO
Area Observations: Area Observations:
Height of Bumps: Height of Bumps:
1 1.

2. 2

3. 3

4 4

5 5

6 6

7. 7

8. 8

9 9.

10. 10.

Compute average bumpiness for each area.

Average = total measurements in area / number of measurements in area

16 Field Trip in a Box



Investigation tools and suggestions for crypto experiments (please list more questions as your

students come up with them):

TOOLS

Water, rulers, microscope, old crypto (crypto
stored in the box for years), hand lenses.

QUESTIONS

« What happens when you put water on a
crypto? Students pour a capful of water on
several areas of cryptos and observe the
changes. Extension: Have students pour
water on cryptos under the microscope and
observe the changes.

« How tall can crypto bumps grow? Students
measure the tallest bumps they can find and
record their results. Show students how to
measure accurately without punching their
ruler through the crust.

+ What is the difference between fresh crypto
and crypto that’s been in a box? Students
observe a fresh piece of crypto and an old
piece and record their observations.

« Do cryptos grow with other plants? Students
examine several pothole gardens and record
observations about what plants and how
many plants are growing along with cryptos.
Extension: Have students also record
observations about the cyrptos in each area
and think about if the differences in cryptos
are related to the differences in plants.

How are old cryptos different from young
cryptos? (Some groups measured size &
others looked at color & texture)

Are cryptos with lichens bigger than cryptos
with more moss?

Do cryptos grow larger in the sun or in the
shade?

Are there more cryptos near plants or away
from plants? (some groups measured size
instead of #)

Does water change the shape or size of
cryptos?

How is damaged crypto different from
healthy crypto? (students looked at the
surface & dirt beneath with hand lenses &
microscope)

How many kinds of crypto are there?
(students looked at colors, size, & shapes)
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ASSESSMENT ACTIVITY

Tell Me About It

PROCEDURE

Divide students into groups. Tell each group
their assignment will be to create an 8% x 11
brochure about either biological soil crust or
lichens. Each brochure should include:

« What microorganisms are found in their
subject

+ What role their subject plays in a desert
ecosystem

« How humans interact with their subject

« Four fun facts about their subject

« Illustrations or pictures that provide
information

Students can gather more information for their
brochures on the internet or from brochures
available at the Arches Visitor Center.

Arches would like to have quality examples of
student work. Please send copies to:

Canyon Country Outdoor Education
Arches National Park

P.O. Box 907

Moab, Utah 84532



Grading Rubric: Lichen Brochure

4 POINTS

3

2

1

Brochure lists both algae and
fungus and discusses the
functions they serve.

Brochure lists both algae
and fungus but does not list
functions

Brochure lists either algae
or fungus and discusses its
functions

Brochure lists either algae or
fungus or does not discuss
functions

Brochure discusses a lichens
role in photosynthesis,

food source for animals or
humans, human uses, and
indicator of shady slopes

Discusses 3 roles in the
ecosystem

Discusses 2 roles in the
ecosystem

Discusses 1 role in the
ecosystem

Brochure discusses human
uses of lichen and lichen
sensitivity to air quality
correctly

Brochure discusses either
human uses of lichen or
lichen sensitivity correctly

Brochure names correct
human uses but does not
discuss sensitivity to air
pollution

Brochure names incorrect
human uses

Lists four facts

Lists 3 facts

Lists 2 fun facts

Lists 1 fun fact

Includes pictures that provide
added information to the
reader

Includes pictures

Includes a picture

Includes no pictures

Grading Rubric: Soil Crust Brochure

4 POINTS

3

2

1

Brochure lists cyanobactera,
lichen, moss and bacteria and
discusses cyanobacteria as
the primary colonizer.

Brochure lists cyanobacteria,
lichen, moss, bacteria

but does not discusses
cyanobacteria as the primary
colonizer.

Brochure lists 2-3 organisms
correctly

Brochure lists organisms
incorrectly or not at all.

Brochure discusses soil crust
roles in erosion control,
nitrogen fixing, water
absorption and creating an
environment for seeds

Discusses 3 roles in the
ecosystem

Discusses 2 roles in the
ecosystem

Discusses 1 role in the
ecosystem

Brochure discusses human
impacts on cryptos, correctly
lists time for regrowth and
how to avoid crushing soil
crusts

Brochure discusses impacts
on cryptos, correctly lists
time for regrowth but does
not discuss how to avoid
crushing soil crusts

Brochure names impacts or
time for regrowth incorrectly
and does not discuss how to
avoid crushing soil crusts

Brochure names human
interactions incorrectly

Lists four facts

Lists 3 facts

Lists 2 fun facts

Lists 1 fun fact

Includes pictures that provide
added information to the
reader

Includes pictures

Includes a picture

Includes no pictures
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