





FIRE HISTO RY OF PONDEROSA PINE ECOSYSTEMS

FOCUS QUESTIONS:
Why do foresters and ecologists think many ponderosa pine forests are unhealthy?

What role does fire play in the paderosa pine ecosystem?

OVERVIEW OF LESSON: This lesson provides students with the basic knowledge
and vocabulary they need to begin their study of fire ecology in paderosa pine
farest s. Student s can use a variety of source materials to leam about how forests, ard
the fires that bum through them, have changed over the last century. Student swill
read background material in a fire ecology newspaper, and can watch a presentatim
aoott fire from the intermet. An evaluation will allow teachers determine if students
have the background knowledge to contimue with the lesson sequence.

SUGGESTED TIME ALLOWANCE: Class Time: 2 hours

LOCATION: Classroom
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SUBJECT AREAS: Science, Math, Technology

STUDENT OBJECTIVES
Student swill:
Tdentify the basic component s of the ponderosa pine ecosystem
Underst and how current forestsdif fer from farests of 100 years ago
Leam the importance of fire to the balance within the ecosystem

VOCABULARY
Croan fire
Cambium
Fire behaviar
Tree rirngs
Surface fire
Fire sugoression

M ATERTIALS
Field joamels
Baxils
Flip dert paper/blackboard
Pre- ard Post evaluation activity sheets
TInvestigating Fire Eoology newspaper
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" PROCEDURES

Pre- and Post-evaluation

Distrilute the pre- and post-evaluation activity sheets. Remind students thet this is nct
a graded test, but rather a measure of success for the lesson. Each student will

¥t ake the test at the ed of the lessm.

1 As a class, have students brainstorm a list of what mekes a healthy forest
and what makes an unhealthy forest.

LESSON PLAN

2. Divide students in gragps of three ar farx, assigning each group the following ques -
tias:
a. When wildfire strikes, why do sare trees live and others die?

4

b What happened in the late 1800 s that contributed to crowded
forest conditions?

c How has the local ponderosa pine forest ecosystem changed over the
past century?

d What dif ferences do you think you will doserve in a thimed plot
and an unthimmed plot?

3. Hand-out copies of the enclosed newspaper and vocalbulary lists to each student.
Have each student read the newspaper and answer their question as a group.

4. Resure whole class discussion. Have each group do a presentation an their
answers to their questiom.

5 TInvite a local ecologist to the classroom to discuss panderosa pine fire eaology or
view the presentation on fire ecology at: www .volunteert askforce.org/lessons
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Fire History of Ponderosa Pine Ecosystems
Assessment Questions

L What information can e determined about tree growth from analyzing
tree rirgs?

2. The anly part of a tree thet is actielly alive is a very thin layer directly uder the
bark called the

3. During good growing caditions, arrwal growth tree rings will be
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4. In years of less favorable growing canditians, ammual growth tree rings will be

5. Panderosa pine forests have evolved over thousands of years. What are some of
the adsptatians this tree has developed which have helped its suvival rate?

6. Before Eurcpean settlement, widespread fires occurred every 2-15 years. If you
were an early explorer how would you describe the cadition of the forests in te
early 1800 s?

7. What is fire supporession and how has it aontributed to the fuel buildup an the forest
floor?
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‘ 8. Today s farests are of ten characterized by dense dog-hair thickets of young pine.
Explain what this term means.
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E 9. The three things thet af fect fire bdaviar are:
1.

=] 2.
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10. Many ponderosa pine forests today have become dense, unhealthy thicketscf
yourg trees and needle litter mats. What triggered this dange in the forest struc-
ture? When did this happen? How has this change contributed to destructive for-
est fires?

11 New Mexico has the secand highest incidence of lightning strikes. What state is
the highest?

12. What are sore ways we can restore the ponderosa pine forests of the regian to a
more rabral state?

NVESTIGATING FIRE EcoLOoGY IN PONDEROSA PINE FORESTS



FIire HISTORY OF PONDEROSA PINE ECOSYSTEMS
ASSESSMENT TEACHER MASTER SHEET

1L What information can be determined about tree growth from analyzing tree rings?

Tree rings can tell how old a tree is ad the stary of its growth. Widely spaced rings
indicate favorable climate conditions when the tree grew much in a year. Closely
packed rings indicate drought conditians or increased competition with other vegeta-
tHa

2. The anly part of a tree thet is actially alive is a very thin layer directly uder the
kark called the cambium.

3. During good growing coditians, arrwal growth tree rings will ke wide apat .

4. In years of less favorable growing caditians, amrual growth tree rings will be close
together .

-
=
g
@]
o]
=
~J
=
g
0p!
=
=
J

5. Ponderosa pine forests have evolved over thousands of years. What are some of
the adaptatians this tree has developed which have helped its suvival rate?

Thick lark protects the canbium from low intensity fires.
Lower branches of panderosa pine are shed to prevent small fires from reaching the
needles. This is called self-pruning.

6. Before Eurcpean settlement, widespread fires occurred every 2-15 years in this
area. If you were an early explorer how would you describe the condition of the
farest s in the early 1800 s?

Forest s were open and park-like. Ponderosa pines were widely spaced at a density of
between 50 and 150 trees per acre. The ground was covered with tall grasses ard
merty species of wildflowers.

7. What is fire suppression and how has it aontributed to the fuel buildup an the forest
Hooar?

Fire sugoression is the attenpt to extinguish all fives as quickly as possible befare

they have a chance to gpread. Because downed and dead trees, needles and leaves,
ard other forest litter was not periodically bumed, the elimination of fire from ecosys -
tams has resulted in a huge increase in the fuel available to firves an the forest floor.

JEMEZ MOUNTAINS EXPLORER G UIDES
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8. Today s farests are of ten characterized by dense dog-hair thidkets of youg pine.
Explain what this term means.

Dog hair thicket s are stands of gmall-dianeter pines with densities of hundreds or
even thousards of trees per acre.

9. The three things that af fect fire behaviar are:

1 fiel
2. weather

3. topography

10. Many ponderosa pine forests today have becore dense, unhealthy thickets
yourg trees ard needle litter mats. What triggered this chenge in the forest struc-
ture? When did this happeen? How has this change contributed to destructive for-
est fires?

Fire sugoression played a role in the fuel buildup. Also, grazing pattems in the late
19th ard early 20th centuries contributed through large munbers of grazing livestock
eating the grassy fuels that axe carried low-intensity wildfires through the forest.
Livestock grazing pattems changed around 1880 and fire suppression became a fac-
tor in about 1910.

11 New Mexico has the secand highest incidence of lightning strikes. What state is
the highest?

Florida

12. What are sore ways we can restore the ponderosa pine forests of the regin to a
more retural state?

Forest s can e mechanically thimed. Once the forest is in a condition that reduces
the threat of cromn fire, prescribed fires can be introduced.

NVESTIGATING FIRE EcoLOoGY IN PONDEROSA PINE FORESTS



Fire Ecology

In Ponderosa Pine Forests of the Jemez Mountains

Fire s Place in
Ponderosa Pine Forests

Hills covered with padercsa pine forest
are the reason many of us choose to live
in the montains of the Soutlwest. For
millemia, these forests have been main-
tained by frequent, low-intensity surface
fires. But mary of the farests that we love
are unhealthy, overgrown, and ripe for

a devastating crown fire. Between 1996
and 2003, 40,704 wildfires burmed
3,152,770 acres of forest in New Mexico
and Arizona, enough burned forest to
cover the entire state of Camecticut.

By living through the Cerro Grande fire,
tis af termath, arnd the lag process of
recovery of the forest ecosystem, those of
us wo live in Ios Alamos have a vast
pool of knowledge that should be shared
with other fire-af fected comunities
around the West. Hundreds of towns

ard cities within paxderosa pine forests
experience the sane pre-fire conditions
that existed here ard, unfortunately, some
of these commities will experience wild-
fie.

Everyone who lives in or near ponderosa
pire farests needs to know the role that
fire plays in the ecosystem. Studyirg fire
ecology will help you understand how
paderosa pine forests are managed and
wy it is inportent to meintain healthy
farests. Tt will give you the knowlede that
when used properly, prescribed fire is an
essential menagement tool to keep
farest s in good codition.

Understanding fire ecology can help you
meke your hore so that it can be defend-
ed agpinst a wildfire. To live in padercsa
pire farests, we nust accept fire as pat
of our enviromment and menage our lands
arnd build our hores accordingly.

W ritten by the Valunteer Task Force

What s Irsice g

Ponderosa Pine Basics

B This Forest Healthy? .....cccccccevvceeeeennnne 4
Why are the Trees Dead? ........cccccceeenne 4
Plant Identification & Successim ............ 5
USING GPS .ciiiiiiiiieeeeeeeeeeeeeeeeeeeeeeennnannnenanas 5

Crown Fires Strike the Natim

Forest Recovery after a Crowmn Fire
Creating Defensible Spa®........cceeeueennenn.d 8

Cerro Grande. Rodeo-Chediski. Missionary
Ridge. Aspen. Since May 2000 raging wild-

fires have burned through immense
expanses of forests in New Mexico,

Arizona, and (olorado. Along with dozens

of gmller fires, these well-known exam-
ples burned mostly through ponderosa
pine forest. Each bumed as a cromn fire,
which is a devastating wave of flame that
can reach 200-feet or more in height.

The ponderosa pine ecosystem-a unique
allectim of plats and animals centered
a this stately pine species-is widespread
throughout western North America, and
partiaularly in the Soutlwest. Fire has
always been a part of the padercsa pine
eqosystan, but the fires of the first years
of the 21st cantury were radically dif ferat
then fires of the past. Swll, low-intensity
fires thet stayed low to the ground have
been replaced by huge crown fires.

Tre farest itself is very much changed.
Histaric gotogradhs fram the late 1800s show

Fire clinbs fram the forest floor into the tree
canopy creating a raging crown fire.

it | ETye— ’
Forests of the late 1800 s (ft) were much
more open and grassy than the densely crowd-
ed farest s foud in meny places today (right) .

&y dif ferat podercsa pire farests then tet
foud in the Souttwmest today. Photos show
these farest s as extasive grasslards dotted
with sell clusters of podercsa pires. In
sare sceres the grasses are two ar even
three-fest hidh; the arargetearked trees reach
200 feet into the sky . These farests had an
g farest suchure with individ el trees ar
grell clups o trees paced widely apat. The
farest held between 50 ard 150 trees per acre.
Taky the faests have far many nore trees.

We care to a glariaus forest of lofty
pines, through which we have traveled
ten miles. The comntry was beautifully

undulating; and although we usually
associate the idea of barremess with
pire regians that wes not so in this
sense: every foot being covered with
finest grass ard beaurifully grassy
glades extending in every direction The
forest was perfectly open and unencum-
bered with brush wood so that traveling
was excellent.

Edward Beale, Railroad surveyor

Describing the forest when he passed
through Arizana in 1858



Ponderosa Pine Basics

Ponderosa pine (Pinus ponderosa) is tte
most common and widespread pine in
Nerth America. It grows from the dry
mountains of central Mexdco north to the
Rocky Mountains of Canada, and from
Nebraska to the Pacific Ocean. The
largest panderosa forests are foud in
northern New Mexico and along the
Mogollon Rim in central Arizam. In the
Southwest, ponderosa pines grow from
about 6,000
8,500 feet in
elevatim. As
the climate
warmed at the
ad of the last
ice age, pm-
derocsa forests
developed in
the southwest
about 8,000 to
9,000 years
ap. The pon-
derosa grows
in dry climetes

ad is fourd in locatians
thet receive as little as 7
inches of rain per year.

Tre variety of padercsa pire
in the Satdwest uselly les
resdles in budles of 3. The
redles are 4-8 indes lay,
the lapest of ay axifer (caelkearrg tree) in
the regin. O youg trees, the berk is gy ar
black. Once a paderosa pire reaches about
75 years ald, the berk tums aaroe ad aradks
irto oals thet lakk like
warmed in the anlidit,
the aane bark aells
Heaillal The cxes are
rourd ard heavy, withall
the sles tigeed with a
derp poirt. The seeds in
the axes are an inpor-
tat food soree far all sead-eating aninels in
the faest, partiailarly syrinels. Depadirg an
loml axditias, a parercsa pire can grow to
ke 150 feet tall ad wp to 4 fest in diamter.The
tree e live 400 to 500 years.

Rarkrcsa pire is a fire-achoted species.
Trese tress have bark W to 4 indes thidk to
Baverosas have lag rneedles that help protect
the growirg lrandh tips agpirst hest fran a fire.
Is they grow tall, tese trees lose their lower
lrandres in a process called selfqnirg. This
Incresses the dance of a tree to suwvive a aur-
face fire by takirg avay the fiel a fire codld bim
=0 thet the flares en t reech irto the cromn of
the tiee. The 1ot System is desp uder the
groad, of ferrg tre ratt s proteddion fram fire.

Ponderosa Pine Fire Ecology

Fire is a keystae ecological process in
porderosa pine forests of the Soutlwest.
Fire was a major factor in shaping the
appearance and characteristics of these
farest s. Fire also serves to meintain the
farest s and keep them functioning as a
healthy ecosystem.

Emwologists can
learn much
adoaut the his-
tary of an indi -
videl tree ar
an etire far-
est by study -
As a tree grows, it adds rings of cells to
the atside of the truk. Each year, a ligt
ring of spring cells is added befare a dark -
er rirg of fall cells. By counting either the
light or dark rings, anyane can estinete
the age of a tree.

A low intensity surface fire that bums
mostly grasses can damage a ponderosa
pire without killing the tree. During a small
fire, flames can wrap aroud the base of a
tree tnunk, eat away the bark, and damege
the canbium, the growing layer of cells of
the tree. Just like with an imjury to himen
ckin, scar tissue forms over the wournd.
That section of the tree truk may never
grow again. The shape of the tree at the
kase changes fram a circle to a C. The
result is called a cat-face scar. In the tree
rings, the scar tissue ramains as a dark
lire thet intemyt s the nomrel pattem.

By studying tree rings ard fire scars, ecol -
agist s have foud that prior to 1890, pan-
derosa pine forests had the highest fire
frequency of all farest types fard in the
Jemez Mountains. Frequent, low-intensity
surface fires bumed through the grassy
understory of these forests abaut every 7-
10 years. These fires, mostly caused by
lightming, kept the forest goen by thiming
aut sare of the seedlings. These fires
also recycled importanit niriars Tree
rirgs tell a similar stary in aer pats o
the Soutlwest such as along the Mogollon
Rim in Arizama, near Flagst£f, ad in the
pire farests of southerm Colorado.

Then around 1890, throughout the
Sauthwest the fires just stggoed. This was
due to the carbined ef fet s of overgraz -
ing by livestock, fire sugoression, logging,
ard the highly variable socutlwestem cli -
mate. Grazing animals, especially sheep,
ate the grass that axe carried smll fires
throuch the forest.

Starting aroud 1910, an ef fort was made to
pt at all fires thet started in the farest.
Lumber companies tock mary of the old
paderosa pines fraom the forests, allowing
Also, pericds with large amomts of rain ad
snow allowed more trees to grow. Withot
the low-intensity surfaces fires, farests
became much denser. Same of cur pon-
dercsa pine forests now have several thou-
sard trees per acre! These stands are
called dog-tair thickets

Dense stands of ponderosa pines are very
df ferent places than the wide gpen forests
of cne hindred years ago. Because the tree
canopy - the upgper layers of branches on
the tress - is so dense, little snlidt reach-
es the farest floor. Few grasses or wildflow-
ers can grow in deep shade. Also, many
pire needles fall from the trees each year.
In the past, fire pericdically cleansd wp the
layer of needles ard released mirrients into
the soil. Without fire, needles can accumi-
late to depths over ae foot. This mekes it
df ficult for seeds to germinate ard disnupts
sare nutrient cycles in the forest. The result
is a forest with very few types of plants
growing there. Species diversity is low in a
dog-heir thicket.

Trees such as Douglas fir grow well in the
shade. Inside some dense stards of pines,
Douglas firs grow as smell and mid-sized
trees. Durirg a srell fire, young Douglas
firs can provide a path far fire to carry fram
surface fuels into the crowns of paderosa
pines. Plants that allow fire to movwe irnto the
cronns of the tallest trees are called ladder
fiels.

Dense stards of trees, a thick pile of nee-
dles o the farest floor, an accumulation of
logs and branches from dead trees, and lad-
der fiels are the recipe for destructive
cromn fires. When a hot fire reaches toward
the needles of ponderosa pines, the heat
releases flammable chemicals from the nee-
dles. Trees can literally explade, ad the
sudden increase in heat and flame pushes
the wildfire into nearby trees. Crown fires
are carried rapidly through panderosa pine
farests

The importantt role thet fire plays in the pm-
derosa pine ecosystem is not unique, but
ecosystems dominated by other species of
amifer respaod to fire in dif ferent ways. In
sare ecosystems, such as high elevation
farest s in the Soutlwest, crown fires are the
natural way they bum. Swell, patchy crown
fires may bum sectians of this forest every
150 to 200 years. Each forest type should
be managed according to the specific role
fire plays there.




The Fire Triangle and Forests

Fire is a sinple chemical reactiom that
requires three components: heat, axygen,
and fuel. Remove any of the components
and you no longer have fire. Each compo-
nent supports the others in the fire trian-
de. This is true for sarething as swell as
a buming cardle or as larce as a raging

OXYGEN

Heat in a Wildfire: Why Fires Start

When enough heat is applied to fuel with
axyoen present, fire can start. Befare
people came to ponderosa pine forests
the heat thet started wildfires came main-
ly fram lighiming. The rumber of lightning
strikes in the Soutlmest, partiailarly in
the Jemez Mountains, is higher then in
arty other part of the Uhited States except
sauthem Florida.

When pecple arrived in the ponderosa
pire farest, they used fire am the lard-
scapes. As a result, even more fires
occurred in the forest. Campfires some-
times bumed into the forest, and sore-
times pegple 1lit fires to dhase gare ani -
mels aut of the farest so thet it was easier
to hrt. Iater, fires were lit to inprove
grass aaditians for grazing cattle or
sheep. Today, unintentiawl sources of
wildfire include gparks fram vehicles and
trash buming.

The tenperature of the air and the grord
can af fect how easy it is to start a fire.
High sumer temperatures increase the
denee of a wildfire stat.

Fuel for Thought: What in the Forest
Can Burn?

Many pats of the farest can serve as fuel
far a fire. Farest fiels inchude logs, dried
grasses, pire needles, ard if the fire has
enouch heat, the crowns of living trees.
Fuels are divided into two groups thet are
based o the way they bum during a fire.

Light fuels ignite fast because they are
surrounded by axygen in the air.They
have a small diameter, soittakes less
hest to start them buming. Examples of

light fuels are dried grasses, dead leaves,
dead pine needles, brush, and small
trees. Fires in ligt fuels soreed faster
ad bum cooler than fires in heavy fuels.
Heavy fuels reguire more heat to ignite.
However, & ter they start buming, heavy
fuels gives of £ much heat and bum longer
then ligt fiels. This is de to the fact thet
heavy fuels bum more slowly than light
fiels. The cutsice layers take lawer to
bum of £ before axygen can reach the
imer material. Exanples of heavy fuels
are logs, stumps, tree branches, deep
dif £ or decayed leaves, and other organic
materials.

Oxygen on the Wird

Oxygen is always present in the forest,
bt certain conditions can add more oxy -
g to a fire. The harder the wind blows,
the faster a fire spreads. Wird rot anly
provides axygen for the fire, it it also
blows the heat and flames toward
wbumed fuel. As the unburmed fuel
becares preheated, it ignites quickly and
helps to goreed the fire farther. Wird
exterds fire rapidly into ulbumed areas.
As the wind carries erbers over layg dis-
tEnces, new fires may ignite.

Other Considerations
In the forest, the supply of the three com-
ponent s can determine the severity of a
wildfire. A dense forest of fers more fuel; a
windy day provides a constant supply of
axygen. How fuels ignite, flames develop,
ad fire spreads is called fire behaviar.
Fire behavior is determined by three
mejor factors:

n The amount and type of fuels present

n The existing weather conditions

n The elevation ard slope of the area

(topography)

Fuel carposition, including moisture
level, chemical mekeup, and density,
determines its degree of flamebility.
Moisture level is most important. Live
trees usually axtain a great deal of mois-
ture while dead logs cmtain very little.

The moisture content and distribution of
these fuels define how quidkly a fire can
spread and how intense or hot a fire may
becore. High moisture content will slow
the buming process since heat from the
five nust first elimirate noistre. In addi -
tion to moisture, a fuel’s chemical wekeup
determines how readily it will bum. Some
plats, such as ponderosa pines, have
high concentrations of volatile compounds
in their needles. Once exposed to flame,

these compounds, called terpenes, can
buarst into flare with explosive farce.
Firelly, density of fuel beds influaxe its
flammebility . If fiel particles are close
together, they will lum reedily. Bt, if il
particles are so close thet air carct cir-
adlate easily, the fuel will not bum freely.
W eather conditions such as wind, temper-
ature, and himidity cotribate to fire
behavior. Wird, a most importat factar,
Irings a fresh suply of axygen to the fire
as well as pushes the fire toward new fuel
SOUrces.

Tenperature of fuels is determined by the
surrording air temperature since fuels
Initialty at ain their heat from the sn. As
fire bums, hich heat fraom nearyy fires
preheats fuels aroard the perineter of
the fire, saretines to the point that they
burst into flames without being touched by
advancing flames.

Humidity, the amount of water vapor in
the air, o fect s the moisture level of a fuel.
At low humidity levels, fuels becare dry,
catch fire more easily, and burm more
quickly than when humidity levels are
hidh.

The dheape of the lard, which is called its
topography, plays a critical role in how a
wildfire bums. O flat land, fires usuelly
bum nmore slowly than an slopes. This is
because an slopes, heat rises from trees
buming at the base of the mountain and
preheat s the trees that grow above. This
transmit s heat quickly to overhanging
branches and other elevated fuels. At tle
sare time, radiant heat is transferred
fran the fire to other dojects an the
grord. Cawectiom plays a critical role in
Spreading fires rapidly upslge. A steep
slope draws fire upward by cavection,
ard fire spreads rapidly as cawective
heat preheats fuels wslaee. In aatrast,
fire travels slowly an flat terrain because

grourd-level fuels are anly preheated by
radiant heat.

Air rising on a hillside
preheats trees upslope
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B This Forest Healthy?

Sampling the Forest

A trained forester can meke dbservations
aoaut a farest ard determire if it is
healthy or fire prane. However, even pro-
fessionals can meke better decisions
when they make quantitative rather then
gelitative doservations. But how

do we measure the forest?

One measure of forest health is the densi-
ty of trees within an area. Befare 1880, a
typical acre of parerosa pine forest held
50 to 100 trees. Using that rumber as a
guide, researchers today can use the
munber of trees per acre as an inportant
indicatar of farest caditias.

W e an't travel into the past to sty far-
est coditions in the 1800s. But through-
out the Southwest, forest managers have
used modern techniques to backtrack
through time and change forest conditions
to sarething more like those in the past.

W e can use thimed and wnthimed stands
of ponderosa pine to make a comparism
between pre-settlement and modern
farest s and to evaluate the health of the
present forest. One such stard is located
just atside of Ios Alamos in Rendija
Canyon. The stand was thimmed in 1996
and presents a picture of an goen farest
much like those of the last centurdes.

Eocologist s can’t comt the munber of trees
in an entire forest, ard even an acre of
farest can ke too large to study.To make
measurements easier while keeping them
accurate, ecologists use a study plot to
sanple the forest. A plct is a amwll area
you measure to estimate conditions in a
larce area thet is too big to stdy. Rx
exanple, to find the peroent of surviving

pine seedlings planted af ter a fire, yau
couldn’'t comt all the dead ard swrviving
seedlings an 600 acres. But it would be
possible to set up several ane-tenth-acre
pdats ard from what you leam to estimate
the survival rate of the wole planted
area.

Researchers can use a plot sample to
calaulate tree density. They simply count
all the trees in the plot and miltiply the
court by the size of the plot. For exanple,
in a quarter-acre plot, multiply the rner
of trees by forr. If the plct is ae-qerter
of ane-quarter acre, then miltiply the
cont by 16.

Tre size and age of the trees in forests
can also indicate sarething about forest
health. (To standardize the diameter
measurements in the field, foresters
measure trees about four feet above the
grard or at chest height. The nurber is
called the TBH.) In a dog hair thidket,
trees grow close together. Closely spaced
trees must carpete with each other for
water, nitriats in the soil, ad for sn-
lignt. Not mary trees get all they need to
grow. The result is slow growth. This can
creste a farest of old trees that have
smell diameters. By drastically reducing
campetition among the crowded trees, a
thiming project releases a burst of growth
in the ramining trees. The reailt isa
rapid increase in the size of the trees.

When ecologists measure tree diameters,
they can calaulate the tree basal area of a
fad. Tree besal area is the area of the
plot covered by tree trunks. In unthimmed
pats, there are 1ot s of smell diameter
trees; in a thimed plct, there are fewer
it bigger trees. The total basal area of

Safety in a Burned Area

two plot s such plots can e srprisingly simd -
.

The two pieces of information about the
urderstory show the effat s of the thidk
acaumilation of pine needles when fire is
removed from the system, and the effatsdf
a closed cancpy that reduces the amount of
snligt an the farest floor. Both the per cent
cover ard the biocdiversity are increased
vwhen a forest is thimed and the cancpy
ocered wp. Bicdiversity is a strag indicator
of farest heslth.

WHYARE SO MANY TREES DEAD?

Drought hit the Bandelier area with a
vengeance in 2002. e el
Ponderosa and pizon A e
pines are showing signs
of significant mort ality
brought an by the lack
of rain ard the corre-
spanding invasion of
pine beetles that
dtacked the weakened
trees. 95% of the trees
across some patsd
the Pajarito Plateau
died by the sumer of
2003. Because of the
increased fire danger
posed specifically by
the ponderosas,
Bandelier Fire Crews
have been working to
build fire resks ad to
renove bug-killed trees
in critical areas. Many of
the trees were piled and
beetle larvae ard diminish the mmnber that will
become adults

Many dangers are foud in a bumed area for years after a wildfire passes through. Visitors to bumed areas
should always remember to be watchful for hazards: Always lock up, lodk down, lock all arourd.

Hazard Trees: Hazard trees are trees that could fall over and injure sareane in the area. Hazard trees can
e aes that are leaning, have fallen part way down and are resting an ancther tree. They can be trees
dovicusly weakened by the fire at the base of the truk, have vertical splits or cracks, broken or loose
linbs, or a loosened and damaged root system. As you walk through a bumed area, always try to identify
hazard trees and to avoid walking near them. Stay out of bumed areas on windy days.

Root Holes: A wildfire can bum the roots of trees ard stups-even though they are underground. When the
wood is bumed, it leaves a hole in the grord. These holes are of ten covered with soil and not visible an
the surface. If you step an a root hole, the groud above can collapse. Always watch for root holes when
traveling in a bumed area.

Rolling Qojects Af ter a wildfire there is little vegetatim to protect soil fram erosion. As soil is washed from

- i

always watch above for rolling dojects

aroard the base of dojects an steep slopes, rocks and logs can roll downhill. When walking an slopes,

Flash Floods: Because there is ro vegetadm It to desab ar slow it domn, veter flowirg donn hillsides incresses af ter wildfire. W a stam threstas,
gay ait of caym bottars. Ramanber thet a stam thet is miles away can sad a wall of water doawnstresm where it is not raining.




Plant Tdentification & Successim

To survive a wildlard fire, most plants have adgptive traits or dbilities that allow them to reproduce
or regenerate after the fire. Such plat s are called pyrodwytes, literally mesning firetrested plat s

To survive a fire, a plant must ke adle to 1ot cpen wnless bumed by fire. Today, other ceks sprout in this way.Aspens,
irsilate it self from the heat of the flames.  pecple are begimming to recognize that too, grow fram the roots of firekilled
Bark thickness is ane of the most impor- — fire is rot alweys destructive. Fire is tress.

tent factars determining fire resistance of  merely a means of change in ecosys-

trees. Padercsa pine, layg leaf pire, tams. W ithin a few wesks of a fire, seeds fram
slash pine, burr cak and giant sequoia are nearby, uloumed stands of forest can
eanples of trees with thick bark that act A hot wildfire ums all the seeds available  bilow into the bumed area an the wind, or
as insulation. Small woody plants and @ the grard ard kills most or all the can hitchhike in the fur of menmals.
shribs, which nonmally have thin bark, seels thet lie hrded in the forest soil. Grasses and some kinds of wildflowers
tend to use the soil as an insulating layer W ildfire also takes away the sources of that were foud in the forest before the
to protect their rocts. Idividsl plats new seeds that could wegrow both the fire scart to grow. Other species thet thrive
resist being killed in fires by producing cancpy and wderstory vegetatian. o kere soil can oo wild.

new growth (shoots) from underground A year after a fire in paxercsa pine
argens or roots. Sore plants protect their  Yet, a bumed farest doesn’t stay tetally farest s, red-stemmed goosefoot plants
buds as an adaptive strategy to survive a  kerren for very lag. Tre first platsto can grow by the millions.

fire. Buds can ke protected by layers of appear in a burmed area are the plants
sucaulent foliage. The uds of the laogleaf thet essily sorot from roots The roots o

pire are protected by a thick cluster of some plants that grow beneath four to
needles. Some plants even protect their eight inches of soil are insulated from the
buds by locating them within the main heat of a wildfire. When a fire renoves
stem and roots the leaves of these plants, a chamical sig-

nal stimilates the growth of shoots fram
Retention of seeds by plants util a fire the roots These shoots can reach the
does occur ard stimilation of seed dis- surface anly a few weeks aftera fire. Th
persal by fire are other exanples of fire panderosa pine forests, Gambel and
adaptatim. A mumber of pine species
arord the world, said to ke serotinous,
have cmes that gpoen anly as the result of
hest fram a fire. Their cones are held
clesed by a resin thet is sensitive to ad
opens in high temperatures generated by
wildlard fires. Serotinous oxes will not
e to relesse the seeds until the critical
temperature is reached. Some cones,
such as those an giant sequoia trees, will

Aspen shoots grow in the Cerro Grande burm
area the year af ter tte fire. These fast growing
trees need fires to open the canopy so that
their seeds receive encugh light to grow.

Gldbal Positioning System

Locating a sanpling plot an a mep was ance a dif ficult process. Since the invention of the Gldoel Positicning System (GPS),
finding exact locatians is o more dif fiault then using the ramwte aatrol for a television. The system consists of the satellite
companent and the receiver campanent. Under the right conditions, handheld GPS receivers are accurate within 10 feet.

The GPS is a system of 24 satellites. The satellites:
n abit at 11,000 miles above the earth’s surface
n take about 12 hours to complete ane orbit
are spaced so that at least 4 are always in view of an doserver at any point an Earth
axtain a controlling camputer and commicate with the Earth via radio
are powered by solar cells
use atamic clocks to generate ard transmit time signals
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A GPS receiver locks anto the timing sigmals to determine the receiver’s latitude, lagitude, and
elevatiom. Scientists use the GPS in a wide variety of studies. The data can be used to mark the
location of a study area an a mep, or to re-locate a plot an the groard.

GPS readings need to be precise. This requires recording latitude ard longitude in degrees, mimtes, secads, and tenths of
seconds.

n Each degree of latitude is about 70 miles.

n Dividing a degree into 60 mirutes mekes each mirute about 1.1 miles.

n Dividing a minute into 60 seconds mekes each second about 90 feet.

n Dividing a secaxd into tenths permits the user to be acawate within 9 feet.




Crown Fires Strike the Natiom

o

On May 10, 2000, the Cerro Grande Fire, pushed by hich winds up to 54 nph, swept
through Ios Alams, New Mexico. In its path, the wildfire bumed 235 structres ard left 400
families hareless. Before the fire was aut nmore then two months later, it hed dharred more

then 42,000 acres of forest in the Jerez Mountairs.

The Cerro Grande Fire

May-July 2000

Location: Bandelier National Monument
& Santa Fe Natiawl Forest

On May 7, 2000, what had started as a
prescribed fire jurped the fire lines near
the summit of Cerro Grande peak and
roared into the panderosa pine forest
below. Wirds up to
40 miles per hour
pushed the fire
towerd the city of
Ios Alamos. When
the fire frait nmoved
ae mile in a
metter of minutes, the part of Ios Alamos
closest to the flames was evacuated.

Befare the fire, sciatists studied tree
rings ard fire scars from trees in the pm-
derosa pine forests near Ios Alamos.
They discovered that before 1880 fires in
the forest had bumed through the area
every five to ten years. By 1910 the fires
stopped. Locking for a cause of this sud-
den erd to fires, researchers fourd that
between 1880 and 1910 huge flocks of
sheep came to graze in the forests
Starting aroud 1910 all fires in the area
were put cut as quickly as possible.
Sheep removed the grassy fuels that
spread small fires through the ponderosa
pire farest ad any fire thet did start was
put ocut. With ro fire to kesp the farest
fuels -pine needles, dead trees, ard
crowds of srell live trees-in check, fuels
in the forest huilt wp to dangercus levels.

A trits initial nn, the fire grew sloaly
through ponderosa pine woods choked
with smell trees over the next two days.

Just af ter noon an May 10, wind gusts up
to 60 miles per hour pushed the fire into
the croms of the trees an the edge of Los
Alamos Canyon. As the flames raced from
tree to tree, the wird carried huming fire

brands across the caryon ard into the city.

W ithin mirutes, an evacuation order was
given to the 12,000 pegple living in Ios
Alamos. The residents hrriedly packed a
few belangings and drove slowly out of
tomn. By 4 BM, the streets of Los Alamos
were enpty.

In the farest, wird gusts fed axygen to the
fire ard the cromn fire raced two miles in
one hour. In the town, sare of the homes
nearest the forest caught five. Fivamen
fram all over New Mexico fought the
flares in the city.The high winds contin-
ued into the night, helping spread the
flames from house to house.

In the forest, the fire goread to two direc-
tions. One branch of the fire reached
toward White Rock, a nearby town where
many Los Alamos residents had found
gelter .22 1 AM on May 11, the order wes
given to evacuate White Rock. Many Los
Alamos residents were evacuated a sec-
ad time.

The next moming, pats of Los Alaws still
burmed. The homes of 400 families were
lt. The fire in the forest had moved four
miles dwing the night. Ancther day of
strang winds moved the fire through the
Santa Fe National Forest to Santa Clara
Pueblo lands.

Dry caditians ard plenty of fuel kept the
fire huming an a smeller scale until July.
By then the fire had burmed 42,000 acres.

The mark of a true commnity is when disaster strikes and everyone from school
students to seniar citizens pall together to meke recovery hepgeen. From tree planting
to seeding & mulching, raouilding trails to lesming in classroors about fire effects
the citizens of Ios Alamos worked together to begin the restoration of their mountain.

Craig Martin, Los Alamos County Open Space Specialist

An Early Crown Fire
in the Jemez Mountains

Ia Mesa Fire June 1977

Location: Santa Fe National Forest

and Bandelier National Monument

A few minutes before 4 PM on June
17, 1977 the St. Peters Dome lockout
ranger reported a thin colum of
smoke on Mesa del Rito. By 4:30 BM,
flames and heavy smoke covered the
contryside. The human-caused fire
s arted in a slash pile near a dirt roed.

In less then two hoars, the fire grew to
50 acres. Hot, dry, and windy condi -
tians led to a rapid soread. Tre fire
burmed in heavy panderosa pine forest
o the mesas, ard cinders fell an the
town of White Rock eight miles down-
wind. For seven days, the fire bumed
through pire forest. n the night of
June 23, a heavy thunderstorm doused
most of the fire and it was declared
axtrolled. The fire bumed about 15,
300 acres.

An Arizona Example

Rodeo-Chediski Fire

Location: Rxt Apache Indian
Reservation and Apache-Sitgreaves
Natiamal Forest,

June-July 2002

On June 18, 2002 a human-caused fire
spread north from near the rodeo
grounds on the White Mountain Apache
Reservation. Wird pushed the fire north
into the warld’s laroest stand of pon-
derosa pine alang the 50-mile Mogollan
Rim in cattral Arizam. Two days later,a
lost hiker tried to sigmel a heliagter by
ligtirg a fire. Winds quickly pushed the
fire up Chediski Peak, which was 15
miles fram the growing Rodeo Fire.

Both fires foud abudant fuel in the
overgrown stands of ponderosa pine,
ard plenty of axygen in the strang, dry
sumer winds. Towns to the north were
evacuated. By June 22, the fire reached
the top of the rim and raced into the
towns of Heber and Overgaard, destroy-
ing more than 400 homes.

On June 23, the two fires cambined into
one huge fire called by mary The
Monster, the largest recarded fire in the
history of the Soutlwest. About 30,000
people were evacuated from nearby
toms. By the time the fire was am-
tained in July, it had bumed almost
500,000 acres.




Forest Recovery After a

(£t torigt) A bumed section of Rendija Canyon shows that few trees survived the heat of the
Cerro Grande fire in this part of the caryon; Following reseeding ef fotr s by volunteers, the same
section in the caryon has mery grasses growing the following year; Heavy flooding af fected a
burmed area in Valle Canyon during the sumer rains following the Cerro Grande fire; Volunteers
reamstruct a trail dameged by the Cerro Grande fire.

THE FLAMES AND HEAT ARE JUST THE BEGINNING OF THE
DAMAGE TO AN ECOSYSTEM CAUSED BYA CROWN FIRE.

Of ten all vegetation is killed ard 1o tree leaves, omifer needles, or groud cover
remain to absorb the impact of falling raindrps or to slow the flow of water across the
hillsides. Begirming with the first rainstarm, farest soil begins to erode ard is of ten
washed away. In momntain ranges in the Soutlwest, soil can take 10,000 years to
develop. Rainstorms can dump millians of gallans in a watershed in less than an hour.
Such storms produce flash floods. Compared to the flow of the streams befare the fire,
the post-fire flows can be 1,000 times greater.

Intense heat can kill most of the seeds lying in the forest soil. But sare plants, such as
aspen and oaks, have underground roots desp encuch to survive the fire. Witthin
weeks, the surviving roots send up shoots Aspen sprouts can grow three feet high in
the weeks following a wildfire. Qek roots can send up dozens of sprouts Also, the wind
and birds carry seeds fram areas cutside the burm and drop them on the ash-covered
soil. Depending on the climate conditions, many grass and wildflower species come
kack to a bumed area in the firs twovaars.

Af ter a wildfire, it is of ten a race to get livirg plat s growing befare the fivst rains of the
sumer to help hold the soil in place. Iand menagers of ten operate emergency seed-
ing project s. Because grass plants are quick-growing and have an extensive system of
filrous root s, they are ideal for holding soil. Grass seeds can ke scattered by hard or
fram the air with helioopters or airplanes. Because they are adspted to the caditians in
the ecosystem, native grass species are used. The seeds grow best when a layer of
straw mulch covers them. After the Cerro Grande fire, much of the seeding and
mulching was done by volunteers.

W ildfire can destroy padercsa pine seeds in the soil. In areas of extensive cromn fire,
live trees that could provide new seeds may be miles away. Ik is inpxtant to plant pm-
derosa pine seedlings to regenerate the forest ard to provide a source of seeds for the
future. Seedlings-usually no nore than six-inches tall-are planted in mery burmed
areas. More than 200,000 seedlings have been planted cn the Cerro Grande fire.

Crown Fire

Quemazon Trail by Caryn Kohlrust
(Mountain Elementary School

et Grader)

Thige in its own way as,
Erosion comes far and near when
Manmmals have leftg
As many pecple come and go,
Zillians of lizards ard insects ramain,
On ard under rocks, with,
Nothing left of their hore.

Though we know the
Reason the fire has care, the
Amphibians and
Tnsect s might not, sare of us are
Locking for what sleft of our hores.

Both the ecological and human recovery from wildfires is very slow. The com-
munity of Los Alamos, with the help of thousands of people in New Mexico,
survived the Cerro Grarde Fire. In their own words:

We will raouild ard rise axt of the aghes. Senator Steve Stoddard,
retived residat of Ios Alamos

A disaster survivor is anyone affected by the Cerro Grarnde Fire. Losing your hone,
living in a damaged hare, as well as having your sense of safety and well-being
compromised by the evacuation makes you a survivor. Project Recovery

Reactions to Bummed Forests

The sight of a severely bumed forest
touches everyone, even the most hard-
ered firefigiter . The forest, both before
a fire ad af tr, evdkes dif ference sen-
sory experiences and emotions in each
of us. How does a burned forest make
yau feel? You may be surprised to find
beauty even in the blackness.

On way of expressing feelings about

a bumed farest is to create a work of
art or poem. David Hockney, anartist
best known for paintings, also worked
with photagraghs he called Jjoiners.
Joirers is a method of taking many
photograghs, or the individal pats,
a subject ard piecing the prints togeth -
er to recreate the scere in a photo ool -
lage. Hockney corbined multiple views
of a single scere in arder to explore the
way pecple shift their caze in many
directions as they doserve sarething.




Creating Defensible Space

Living on the Edge: Defensible Space

Beple wo live in hich risk wildfire aress
are faced with the growing caxem thet a
their hores ard possessias to wildfire.
These losses can be minimized if hore-
onrers take a pro-active agorcach to hare
safety. When homeowners take the time to
keaare aware of apgorapriate safety meas-
ues ad pt forth the ef fart to inplavet
those measures, they of ten grestly inprove
the daility o fire fidtes to poet tdeir
haves, ad will redxe their wilrerzhility to
the desudthve foees o fire.

Defearsible space is ae of the prinery
determirent s of a hildiry's adility to sxvive
avildire. Tre gsal of aeating defensible
Space is to devel a lardscaee arord a
hildirg thet provides an qeartnity for fire-
fidters to defad it agpinst fire. W
grasses, brush, trees, ad other camm
farest flels are raoved, reduosd, ar modi -
fied in a yard, a fire's Inasity o reamess to
a soucare deresse. Thet sittation provides
a spae fr firefidtars to ettle te Hae.
Defensible spae is ot a geratee thet a
snhire will srvive, bt it often increases

Space.

Create a FireWise Home
by Cameron Ott, Collin Delano, and Sarah Wyman

Sixth graders at Mountain Elementary School in Ios Alamos have suggested
the following ways to help prevent a wildfire from destroying your hore:

1. Clean your roof and keep gutters free of ddoris like pine nesdles.
2. Move woodpiles away from your house.

3. Clear brush arord your hore to create at least a thirty foot defensible

4. Iardscape with fire resistant vegetatim.

5. Keep flammebles, like propare tanks, 50 feet away fram your house.

6. Create fuel breaks by strategically placing sidewalks, graveled patls,

fish pads, ard walls.

7. Whenever possible, use fire resistant building materials such as metal roof -

g

Vi www.firewise.org for more informetio.

the daces of protedtion from wildfire.

Cregting a defarsible gpace stats with
ladscpirg. Yau dould ramoe all
bumeble vegetation frana distane of at
least 30 fest framyor loee. You may
have to art donn trees ar ramove brush.
Pire needles shauld be ro nore then
two indhes desp. All aer deed verta-
tim guld e raoed. I there are
mery pire trees arord the house, you
ghuld thin the farest by ravovirg marny
o tte ress. Ay amller treess ar low
brandhes thet aoild act as ladder fiels
dould ke taken at.

Yau can replace sare of the vegetadon
arord yar haee with fireresistat
plats These plats waelly lave a hich
moisture aatat in the leaves thet
mekes them nore dif fiqilt tolan. Trees
like mgples, walnts, ad willoss are
good dhoices. Wildflowers ard grasses

can help creste a nmare defensible space.

Houses rear the ede of the farest dould
ke hilt with safe, resistat meterdials. A
metal roof ad wells of stom ar addee

d fer good fire prtection. Wooden decks
are highly flameble ard shauld ke pro-
tected with gpecial meterials.

Other actias cn meke a big dif ferae.
Keep the yerd clemn of ddadis. Cleen the
roof ad gtters at lesst twice a year. Move
piles of firewood et lesst 30 fest fram e
house. Propae tarks dhauld ke used ar
stared away fram the house.

Bery family wo lives in the poderosa
pire ecosystan should meke a defensible
Space plan.

Extension activities

rings?

do you see growing there?

Visit a nearby paxderosa pine forest. Try to firnd the following features and answer the questians.
Fird a tree with a cat-face scar near the base. Fram which direction do you think the wind wes blowing during the fire?

Fird a tree that has been cut with a saw. How old was the tree when it wes cut? Are there any fire scars interrupting the
Locate a dog-hair thicket. How deep is the layer of pine needles an the forest floor? How mery kinds of wildflowers

Fird a tall, orange-barked ponderosa pine. How far above the ground are the fivst branches? What does the bark grell 1like?

Locate a smell paderosa pine with needles you can reach. If you bresk a needle in two, does it release a pleasant srell?

1




VOCABULARY OF FIRE ECOLOGY

—~. Acre:a unit of area egqual to 43,560 square feet.

Acquisition time:the time it takes a GPS receiver to acquire satellite signals ard
Adaptation :an alteratim in structre or function of a plant or animel that helpsic
charge over the course of successive generatians in order to ke ketter suited to live
nits envirament.

Background:all dojets that core from behind the subject away from the camera.

Basal area per hectare:the area of the cross-section of tree stams near their base,
generally at breast height and including bark, measured over 1 ha of lard.
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Biodiversity : the diversity of plats, animels, and other living arganigrs in all their
formms and levels of organization, including genes, species, ecosystems, and the evo-
lutionary and functiawl processes that 1link them.

Bole: truk of a tree

Breast height : the standard height, 1.3m above ground level, at which the diameter
of a scanding tree is measured.

Camera angles:the area seen by a lens or viewfinder; or the positioning of the sub-
ject in relatio to the carera dht.

Cambium:the single layer of cells between the woody part of the tree ard the kark.
Division of these cells results in diameter growth of the tree through formation of wood
cells (xylam) and imer bark (chloam) .

Canopy: the forest cover of branches and foliage formed by tree crowns.

Centimeter (am : in the metric systam, a wnit of length defined as 1/100 of a meter,
equal to 10 millimeters or 1/10 of a decimeter.

Circumference : the distance arord a circle or gphere.

Clinometer:a simple instrument for measuring vertical angles or slgoes. In forestry,
used to measure distance and tree heights

Coordinate :a rumber used to locate a point on a muer line, or either of two rum-
bers used to locate a point an a coordinate grid.

Combustible debris:itews that catch fire ard bum easily; flameble.
Commercial thinning:a silviailture trestment thet thins auxt a thidk stand of trees by

removing trees that are large encugh to ke sold as products such as poles or fence
posts. It is carried aut to inprove the health ad growth rate of the rammining trees.

JEMEZ MOUNTAINS EXPLORER G UIDES
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Competing vegetation:vegetation that seeks and uses the limited common

- resources (space, lidht, water, ad mutriets) of a forest site nesded by preferred trees

Competition:the struggle among individual organisms for food, water, gpace, etc.
when the available suply is limited.

Composition:the proportion of each tree gpecies in a stand expressed as a percent -
ae of the total number, kasal area or volure of all tree goecies in the stard.

Crown fire:a fire that bums primerily in the leaves and needles of trees, Spreading
fram tree to tree above the grouard.

Damaged timber :tinber that has been af fected by injurdicus agents such as wind (as
in the case of blowdow), fire, insects, ar disesse.

Debris flow:mixture of soil, rodk, wood debris and water which flows rapidly down
steep gullies; comonly initiate an slgpes greater than 30.

Deciduous : peramial plants which are normally leafless for sore time during the
year .

Defensible space:an area around a structure where fuels and vegetatim are trest -
ed, cleared, cor reduced to slow the spread of wildfire towerds the structure, giving fire-
fighters a dhance to deferd the structure.

Data: information usually gathered by doservation, questioning, or measurement.
Density: In plant ecology, DENSITY = (Tdral ruber of individuals) /total ares) .
Diameter:a line segrent that passes through the center of a circle (or sphere) ard
has endpoints an the circle (or sphere); also, the lagth of such a line segrent. In
farestry, a lire passing through the center of a tree.

Diameter tape:a graduated tape based an the relationship of circumference to diam-
eter which provides direct measure of tree diameter when stretched arord the out -
side of the tree, usally at resst heidgit.

Dichotomous key:a tool used by scientists to fird the idatity of a utterfly, a plat,
a rock, or anything else. Dichotamous means divided in two pats. A key is used by
answering a series of yes or no questians.

D B H:Diameter breast height; the bole diameter of a tree measured cutside the bark
at a heidght of 1.3 meters.

Disturbance : a discrete event, either matural or humen-induced, that causes a
change in the existing condition of an ecological system.

NVESTIGATING FIRE EcoLOoGY IN PONDEROSA PINE FORESTS



Dominance (Dominant) :the extent to which a given species predominates in a com- g
munity because of its size, adoundance, or coverace. '

Drought : a time when there is little or mo precipitation such as rain or snow.

Duff : the layer of partially and fully deconposed orgenic meterials lying below the 1it -
ter and immediately above the mineral soil.

Ecological balance:astate of dynamic equilibrium within a comunity of organisms
in which genetic, species arnd ecosystem diversity ramin relatively stable, suoject to
gradual changes through natural succession.

Ecology : the science that studies the ways in which plants and animels live together
in the natural ewirament of our planet.
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Ecosystem:a fuxtianl wmit axsisting of all the living agenians (plat s, animals,
ard micrdees) in a given area, ard all the non-living physical and chemical factors of
their envirament, linked together through mitrient, cycling ard energy flow.An
ecosystam can ke of any size- a log, pad, field, forest, or the earth s biosphere

but it always functions as a whole unit. Ecosystems are comonly descrilbed accord -
ing to the major type of vegetation, for example, forest ecosystem, old-growth ecosys -
tem, or range ecosystem.

Ecotone:a transition area between two adjacent ecological cammities usually
exhibiting competition between organisms.
Elevation: the height above sea level.

Endangered species:a species in danger of extinctim.

Estimate:a lkallpark answer, a rumber close to another muber, a caladlation of a
close, rather than exact, answer.

Evergreen :never entirely without green foliage, leaves persisting until a new set has
appeared.

Fire : a self-sustaining chemical reactiom that can release energy in the form of light
ard heat.

Fire behavior : the mammer in which a fire reacts to fuel, weather and tooography;
caomon terms used to describe fire behavior include smoldering, creeping, ruming,

Spotting, torching and crowning.

Fire danger :an assessment of both fixed and variable factors of the fire envirament,
which determine the ease of ignitian, rate of sporead, dif fiadlty of aoixol, ad fire
impadt.

Fire hazard: the potatial fire behaviar for a fuel type, regprdless of the fuel type s
weather-influenced fuel noisture content or its resistance to fiveguard amstructio.
Assesgrent is based an physical fuel dharacteristics, such as fuel

JEMEZ MOUNTAINS EXPLORER G UIDES



arrangement, fuel load, condition of herlaceocus vegetation, and presence of elevated

Fire impact(s) :the immediately evident effect of fire o the ecosystam in temms of
bicgdtysical alteratians (e.g., crown scorch, mineral soil erosian, decth of um, fuel
consumption) .

Fire history : the dravlogical record of the coorrence of fire in an
ecosystem.

Fire intensity:a general term relating to the heat energy released in a fire.
Fire-resistant species : gpecies with morphological dharacteristics that give it a lower

prdosbility of being injured ar killed by fire then a fire-sensitive species, which has a
relatively hich prdeebility of being imjured ar killed by fire.
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Fire scars:scar tissue that develops if a tree ar dmb is bumed by a fire bt is ot
killed The fire leaves a record of thet partiadlar bum an the plart. Sciatrists can
examine fire scars and detemmine when and how many fires occurred during the
plat s lifedie.

Fire suppression:all activities aocemed with cotrolling and extirguiching a fire fol -
lowirg it s detection. Synanymous with fire control.

Fire triangle : the three components thet are necessary far a fire to take place and for
the fire to kesp buming; the ingredients are heat, fuel, and axyoen.

Firewise landscaping:management of vegetation that removes flammeble fuels from
arord a structure to reduce exposure to radiant heat. The flammable fuels may be
replaced with green lawn, gardens, certain-irdividuelly spaced green, ornamentd
shnios, individually spaced and pruned trees, decorative stone or other non-flamma -
ble ar flare-resistant meterials.

Food chain:a chain of organigns, linked together because each is food for the next
in lire. Erergy passes fran ae level to next. All the food chains in an ecosystem are
camected together in a carplex food web.

Forest fire:an uncontained and freely spreading combustion that consumes the natu-
ral fiels of a farest, sxh as AU f, Iitter, grass, dead branch wood, snags, logs,
stumps, weeds, bruch, foliage, and, to a limited degree, green trees.

Forest management plan:a general plan for the menagement of a forest area, usu-
ally for a full ratim cyle, including the dojectives, prescribed menegarent, activities
ard standards to be employed to achieve gpecified goals. Comonly supported with
more detailed develooment plans.

Forest health: a forest codition that is maturally resilient to davege; dharacterized
by biadiversity, it catains sustained habitat far tinker, fish, wildlife, and hurens, ad
meets present and future resource management dojectives.
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Formula:a gereral rule for finding the value of sarething. A fommula is usually written g
as an equation with variables representing unknown quantities. '

Fuel : all the deed ard living meterial that will bum. This includes grasses, dead
branches and pine needles an the ground, as well as standing live and dead trees.
Also included are minerals near the surface, such as coal that will bum during a fire,
and humen-built structures.

Fuel load:the amount of corbustible material (living and dead plants ard trees) that
is faurd in an area.

Glcobal Positioning System (GPS) :a gldoal navigation system based on 24 or more
satellites adoiting the earth at an altitude of 12,000 miles ard providing very precise,
worldwide positioning and navigation information 24 hours a day, in any weather.
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GPS coordinates:a set of rumbers that describes your location an or above the
earth. Coordinates are typically based an latitude/lagitude lines of reference or a
gldml/regianl grid projection.

GPS distance: the length (in feet, meters, miles, etc.) between two waypoints ac
from your arrent position to a destimation waypoint. This length can be measured in
straight-line (dhnb lire) or grest-circle (over the earth) temrs.

GPS receiver: amsists of the circuitry necessary to receive the signal from GBS
satellites and uses the infometio to calculation the user s position an the earth.

Ground fire: fire thet bumms in the arganic material in the litter layer, mostly by smol -
dering carbustion. Fires in duff, peat, dead moss and lichens, and downed wood are
typically groad fires.

Habitet : the place where an organism lives and/or the conditions of that ernviranment
including the soil, vegetation, water, ad food.

Hazard tree:a live or dead tree whose trunk, root system or branches have deterio-
rated or been damaged to such an extent as to be a potential darnger to humen safe-

.

Heat : necessary irgredient for fire to start; can be supplied by lightning or humen
sources.

Hectare: an area of 10,000 square meters, or 100 x 100 meters. There are 100
hectares in a square kilareter.

Human impact or influence: a disturbance or change in ecosystem composition,
structure or function caused by humans.

Increment borer: a tool used to extract a core of wood fram a living tree for the pur-
pose of studying the arrual growth rings of the tree.
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Invasive species:species that can move into an area and become dominant numeri -

- cally ar in temms of cover, resource use, or other ecological impacts

Joiner photographs :miltiple frame imeges shot from dif ferent arngles and later
joined together to recreate the soene or persm.

Juvenile spacing:a silvicultural treatment to reduce the nunber of trees in youg
fands, often carried cut before the stems removed are large enocugh to be used or
sold as a forest product. Prevent s stagnation and improves growing conditions for the
rameining crop trees so that at fimal harvest the end-product quality and value is
increased. Also called pre-comerical thiming.

Keystone species:a gpecies that plays an inportant ecological role in determining
the overall structure arnd dynamic relationships within a bictic cammnity.A keystone
Species presaxe is essential to the integrity ard stadility of a particular ecosysten.

Ladder fuels: fuels that provide vertical catiruity between the surface fuels ard
crom fuels in a farest stard, tlhus oontributing to the ease of torching and crowning.

Latitude : the degree measure of an angle whose vertex is the center of the Earth and
a1 sice is a radius to the equator. Used to irdicate the location of a place with refer-
ence (north or south) to the equator.

Litter : the top layer of the farest floor that includes frechly fallen leaves, nesdles, fine
twics, lark flakes, fruits, matted dead grass and other vegetative pats that are altered
little by decanposition. Litter also accumulates beneath rangeland shrubs. Sare sur-
face feather moss and lichens are considered to be litter because their moisture
regoose is similar to thaet of dead fire fiel.

Longitude : the degree measure of how far east or west of the prime meridian a loca-
tion is on Earth: determined by the angle formed by semicircles of langitude camect -
ing the North Pole and South Pole and the prime meridian.

Maximum density:the maximum allowable stand density above which stands must
be spaced to a target density of well-gpaced acceptable steams to achieve free-grow-
irg status.

Meter (m) : the basic it of length in the metric system, equal to 100 centimeters, ard
1000 millimeters.

Monitoring : the pericdic measurement or doservation of selected physical and bio-
logical parameters for establishing base lines and for detecting and quantifying
changes over time.

Monitoring plot :a plct installed for measuring or calibrating actual growth of treated
sads. The dojective is similar to that of research plots it uswally limited to ae ar

two treatments; for example, thimed versus unthimed areas. These are usually per -
menent plots administered by the Naticnal Forest system, sometimes in coogperation
with Forest Management Research.

NVESTIGATING FIRE EcoLOoGY IN PONDEROSA PINE FORESTS



Mixed stand:astand conposed of two or more tree gpecies.

Mortality : death or destructian of forest trees as a result of corpetitiaon, disease,
insect damege, drought, wind, fire and other factors (excluding harvesting) .

Noxious weeds:any weed so designated by the Weed Control Regulations and iden-
tified n a regiaml district noxdaus weed aattrol list.

Old growth forest : forest which has not had significant umatural disturiences alter -
Igits content or structure since Eurcpean settlement.

Organizing data:arranging and presenting data in a way that mekes the data easier
to underst ad.
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Overgrazing: the practice of grazing tco mery ruminants an land unable to recover
tis vegetation or of grazing ruminants an lard not suitable for grazing because of

slope. Overgrazing exceeds the carrying capacity of a pastre.
Percent (%) :per hundred, or out of a lundred. 1% means 1/100 or 0.01.

Phleom:a layer of tree tissie just inside the bark thet caducts food fram the leaves
to the stem ard roots. See Cambium

Photo collage :an artistic composition mede of various materials (such as paper,
cloth, or wood) glued an a picture surface.

Picneer plants:a succession term for plants capable of invading kare sites, such as
a newly exposed soil surface, ard persisting there, i.e., lmizing until sugplanted by
invader or other succession species.

Plant community:an assemblage of plants ccowrring together at any point in time,
thus designating no partiailar emlogical stats.

Plant harvesting: the collectiom of plat life includirg, it rot linited to, kerk, berrdes,
boughs, branches, burls, aaxes, aoks, fems, flowers, grasses, herbs, fugi, lichens,
mosses, mushrooms, roots, sedges, shrubs, sprays ard twigs.

Plot : a carefully measured area laid out for experinmentation or measurement.

Prescribed fire:any fire ignited by menagament actions to meet specific dojectives.
Prior to ignitio, a written, aporoved prescribed fire plan nust exist, and Natiawal
Environmental Protection Act requirements must be met.

Pre-settlement fire regime:the time fram about 1500 to the mid to late 1800 s, a
period when Native American populations had already been heavily impacted by
Eurcpean presence and before extensive settlement by Eurcpean Americans in most
pats of Narth Averica, before extensive cowersion of wildlands for agricultural and
other purposes, and before fires were ef fectively suporessed in mery areas.
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Prime meridian:an imeginary semicircle on the Earth, camecting the North Pole and

- South Pole through Greenwich, England.

Random sample:a sanple taken fraom a population in a way that gives all menbers
of the population the sare chance of being selected.

Recreation:any pdhysical or psydological revitalization throuch the voluntary parsuit
of leisure time. Forest recreation includes the use ard enjoyment of a forest or wild-
lard setting, including herdtage landmarks, developed facilities, and other bigphysical
featires.

Reduction:the ravoval of plant pats, such as branches or leaves, constitutes reduc-
tion. Examples of reduction are pruning dead wood from a shrub, removing low tree
branches, and mowing dead grass.

Reforestation : the retiral ar artificial restoddng (i.e., planting, seedirg) of an area
with farest trees. Also called forest regeneration.

Removal : this tedmiqe irvolves the elimination of entire plants, partiailarly trees
and shrubs, from the site. Examples of removal would be the cutting down of a dead
tree or the autting aut of a flammeble shrub.

Replacement : Replacanent is the substitution of less flameble plants for more haz -
ardous vegetation. For exanple, renmoval of a dense stand of flammable shrubs and
planting an irricated, well maintained flower bed would ke a type of replacement.

Restoration: the retum of an ecosystem or habita toits original commity structure,
with it s natural carplement of gpecies and natural functians.

Sample:a subset of a population used to represent the whole pogoulation.

Separation distance : Separatio distances are measured between tree canopies
(cutermost branches) and not between trurks.

Spreadsheet : atable displayed by a carmputer program, which is used to perform
mathematical operations, evaluate formuilas, and relate data quidkly.The name comes
from ledger worksheets for financial records. Such sheet s were of ten taped together
ard then spread cut for examination.

Serotinous :a pine cae or other seed case that requires heat from a fire to cpen ard
release the seed.

Snag:astanding dead tree or part of a dead tree fram which at least the smaller
branches have fallen.

Soil erosion:the wearing away of the earth s surface by water, gravity, wird, and ice.
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Solar cell :a device made of semiconductor materials which produce a voltage when
exposed to light.

Species:a simgular or plural term for a populatiaon or series of pooulatians of orcan -
isms that are cgpable of interbreeding freely with each other but not with meners of
other species.

Stand:a grogp of plants of the same species, same size, and same age.

Stand density:a relative measure of the amout of stocking on a forest area. Often
described in terms of stems per hectare.

Stewardship : caring for land and associated resources and passing healthy ecosys -
tems to future generatians.

Succession:the gradual replacement of one plant and animal comumity by ancther,
as in the change fram an gpen field to a mature forest.

Surface fire:a fire thet s leaf litter, fallen branches ard other fuels located an the
farest flaor.

Thinning :a aitting of gpecific trees made in a forest stand primerily to promote tree
growth and to improve the average form of the trees that remain.

Thumbnail sketch:very quick, loose drawirng.

Understory : any plants growing under the cancpy formed by other plants, particilarly
herbaceous and shrub vegetation.

Vegetation : plait life in ggeral

W atershed:an area of lard that collects and discharges water into a single main
stream tlrough a series of sreller tributares.

W ildfire : an uplamed or umented natural or humen-caused fire or a prescribed fire
that has escaped its bourds.

W ildland/Urban Interface:a popular term used to describe an area where various
structures (most notably private homes) and other human developments meet or are
intermingled with forest and other vegetative fiel types.

Zeric : having very little moisture; tolerating or adapted to dry caditians.
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WHY DO FORESTS BURN? EXPLORING FIRE BEHAVIOR

" FOCUS QUESTIONS
Wy do some wildfires bum entire forests and others do not?

How do firefignters kresk the fire triangle to coitrol a wildfire?

OVERVIEW OF LESSON PLAN

Student s will arrive at a kasic knowlede of the fire triangle thragh four activities.
They will exterd this knowledge into the realm of wildlard fire, identifying the key
components of the fire triangle in the natural world. Simple damonstrations will show
student s how forest density, slooe, and weather caditians af fect the matire of wild-
lard fire. For a fun way to study fire bebavior, studets can play a gare of fire tag.

SUGGESTED TIME ALLOWANCE:Class Time: 3 hours
LOCATION: Classroom, school yard
SUBJECT AREAS:Science, Math, Technology

STUDENT OBJECTIVES
Student swill:
Crectly idatify the three pats of te fire tdagle
Relate pats of the fire trdangle to the forest ewvirament
Evaluate the ef fat s of slgoe, farest density, and wind an fire behavior
Explain how firefidghters attack the fire trdagle to put ait a wildfire

VOCABULARY
Fire triargle
Cromn fire
Fire behavior
Sloee
Forest density

M ATERIALS
Three Parts of the Fire Triagle
Cardle
Pie pan
Modeling clay
Matches
Tall, wide-mouth jar
Scissors
Field jomels
Paxils

The Fire Triangle in the Real Wadd
Investicating Fire Ecology newspaper
Field jomrels
Paxils
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3 Fire Behavior:
How, Where, And When A Fire Bumms Can A fet The Fire Triagle

Kitchen matches

Nn-taxic modeling clay (potters clay to prevent melting)
Metal trays

Recycled spray bottles for water

Stopwatch

Thermometer

Hest resistant mittens or oven hot pads

Safety glasses

Deta sheets

LESSON PLAN

Fire Tag
Yellow arm berds for ane quarter of the students
Blue Nexrf kalls for ae quarter of the students

%
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PROCEDURES

Three Parts of the Fire Triangle
1 Before class, use the modeling clay to hold the candle securely in the pie pan.

2. Draw a triargle on the board or overhead. Ask students what is needed for a fire.
W rite answers an the board. Then use the answers to organize the three patsd
the Fire Triamgle: heat, fuel, and oxygen. Include in the discussion the following
questions: Bumable things surround us every day. Why aren t they on fire? What
is the fiel in fires we are familiar with?

3. W ith a cadle, daastrate thet if any of the three sides of the fire triagle is ro-
ke, there is ro fire.

4. Stare at the cardle for a moment. Ask why it is not buming? What is missing from
the fire triargle? (Hest)
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5. Light the cardle. Place the jar over the cardle. Wait uitil the cardle goes ait. Ask
why the cardle is no longer buming. What is missing fram the fire

triangle? (Oxyogen)

6. Light the candle aggin. Use scissors to cut the wick. What is missing fram the fire
triargle? (Rel)

The Fire Triangle in the Real Wadd
Have students read dooit the fire triangle in the real world in their newspaper.

Student s duld record in their field jomel:
Three sources of heat for wildfires

Forr types of fiel for wildfires ad classify each as light fuel or heavy fuel
Two ways that wind increases the oxygen for a wildfire
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FIRE BEHAVIOR:
~. Ho w, WHERE & WHEN A FIRE BURNS CAN AFFECT THE FIRE TRIANGLE

1 Prepare at least four metchstick forests. Ruild a faest in each tray. Greste a 5 x 8
lase for trees (matches) from a thin layer of modeling clay by padking fimly to the
pan ad flattening. In the first three trays, space matches vertically appraximately
ae-half inch gpart. In the last tray, place about 20 matches total in well-spaced
clumps to mimic historic paderosa pine forests

. Do the demonstrations on a non-flanmmeble surface in the school yard. Place cne
tray an a flat surface. Elevate ae ed of a secand tray about 20 degrees to repre-
sent a moderate slogee in the land s topography. Elevate ae ed of the third tray
about 40 degrees to represent a stesp slope in the lard s topography . R the his-
toric padercsa forest tray, kesp the tray flat ar put it ar a 20 degree sloee.

LESSON PLAN

3. Set the matchstick forests a a heat-resistant surface. If you dm t have laboratory
facilities, ae really good surface to use is a trash-can 1id filled with sard. Have a
spray bottle and fire extinguisher nearby.

Pre-
V&t

4. Explain to students that the individual matches represent trees that have flameble
crowns, like the amifers in local forests. In this demmstration, student swill
doserve how slope and tree density af fect fire spread through tree crowns.

5. Discuss the type of doservations students should meke and record on the data
sheet. Make sure students uderstard the topograply of the forest, rumber of
matches (forest density), the time to bum all the matches in secods, the ambient
temperature, and mumber of unburned trees.

6. Before lighting the matches, ask students for their hypothesis about how the fires

7. Lignt the match tips alog ae ede of the flat forest and doserve fire behavior.
Then light the match tips alag the top edge of a medium-slope forest and doserve.
Then light the bottam row of matches on the other medium-slope forest and
doserve. Fimally, light the bottom row of matches an the stesp forest and doserve
Ask for descriptians of what the students doserve ard interpretatians in terms of
the fire triangle. (Heat travels upwerd, so the metdhes ard trees uchill fram a fire
receive more heat then those below arnd are easier to ignite.)

8. Ask students to remove whatever remains of the matches from each board. They
can use the nail in the kit to pdke the bumed matches out, if necessary.
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FIREFIGHTERS AND THE FIRE TRIANGLE

1. Review the fire trdargle.

2. Have students discuss ways that firefighters could use knowledoe of the fire trian-
gle to st a wildfire.
a. Eliminate fiel
Cut down and remove trees in the path of the fire (creste a firdaresk)
Scrape away a wide band of material lying an the groud (create a fire line)
b. Eliminate axygen
Throw water an the fire
Throw dirt an the fire
c. Eliminate heat
Throw water or fire retardant an the fire

3. Play Fire Tag

FIire Ta G

To start, designate ae child as the spark (et stats the fire) . Oe quarter of the
gragp will ke fire fighters, identified by their yellow arm karnds and each equipeed with
a blie Nerf kall. The remaining students will ke tress (ar fuel, vwhich allow the fire to
grow) . At the begiming, explain to the players what each of their roles will ke (see
below) . Have the spark go to ae ad of the playing area, ad align the fire fighters at
the other end. Now tell the trees to take root and grow anywhere they wish on the
playirg field. They should stand with their arms held up to mimic tree branches.

<

i
=
e
N
(0p)]
@)
2
HJ
£
>
2

The spark, ar lidhtmirg, stats the ganme by tagging a tree. Trees may not run from the
fire! Tagged trees become part of the fire and must join hands with the spak. Trhe fire
must now contimue its puarsuit of trees as a wnit, attenpting to capture trees with their
free hards. Ceptured trees must join the cdhain of fire.

Fire can either move as a log chain, or may bresk into several smaller groups and
trael as goot fires. They may not travel as individuals (pairs ar mare aily!) . This dis-
tinguishes them from uwlourmed trees.

Fire fighters should be held am the sidelines until the fire has had a dence to  grow
to 34 players. At this point, ask the fire fighters, Do you arell anke? They 11 be rar-
ing to go, so when they yell Yes!, allow them to go put aut

tre fire.

Firefignters nust avoid fire (they, too, can kecare fuel for the fire and nust join the
fire if caght) while attenptirg to slow the fire s growth. They can do this in three
ways:

L Renoval of fuels Firefignters may tag trees and escort them cut of the game to
the sidelines. Fire fidghters and trees may not ke captured by fire en raute!

(Adapted from A Teachers Guide to Fire Ecology in New Mexico and the Southwest, New Mexico
South Central Mountains RD and D)
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2. Direct attack - Firefidghters may tag fire with their blue bandanas (water) . Fire units
that get hit with water must walk fraom that point on.

3. Containment Fire fighters may join hands to encircle or coitain a soot fire wet
fires are the easiest to aotain because they walk slowly). Contained goot fires
must oo to the sidelines.

Sumary of goals of players:

TREES: Stard still: you may ke captured by either fire or ramoved to the sidelines by

FIRE: Teg trees ard fire fighters and grow! Awoid weter-wielding firefighters.
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FIRE FIGHTERS: Ramwve trees to sidelines before they are captured by fire. Tag fire
with water to slow its advance. Join hards with other fire fighters to
encircle gpot fires arnd ramove them to the sidelines.

Pre-
V&t

The game is over when no trees remain. Compare the ninber of fire players lefta
the end of the gare with the mumber of tree players an the sidelines. Who won, the
fire fidters ar the fire? Roint ot the similarities and dif ferances to real life.

EVALUATION

Direct students to design a matchstick forest to doserve a dif ferent slope, weather, o
fuel conditian, or to solve a sgpecific prdolem. For example, meke a matchstick forest
a a steep slooe and then remove 12 trees from it. Find the best arrangement of 12

fewer trees to reduce the risk of fire soread.

Student s should ke able to explain why their experiment is important, meke a predic-
tim of the regilt s, ad sugoort their ideas with their knowledge of fire behavior.
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Name

Why Do Forests Burm? Exploring the Fire Triangle
Assessment Questions

0p!
Comprehensive Paragraph: What are the elements of a fire triagle ad wat H
occurs when one of these components is removed from the triangle? g
=
H
(0p)]
a5
B
=
Matching: =
Fire Triagle a. a fire that bums primarily in the leaves ard
needles of trees, spreading fram tree to tree
above the ground.
Crown Fire kb mamer in which a fire reacts to figl,
weather, and topography; common terms used
to described this activity include:
gmoldering, cresping, ruming, spotting
and crowning.
Fire Behavior. c the three components that are necessary
for a fire to take place ad for the fire
to keep buming

True or False:
L Trees, flame and weather are the three components of the fire triagle wen refer-
ring to wildlad fires..
Tne o False

2. Throwirng water or dirt an a fire elimimates the fuels, thus stopping the growth of a
fire.
Tre or False
Multiple Choice:
The three sources of heat for a wildland fire are ,
and

Nane two ways that wind can add to the intensity of a wild fire.
and

Name at least two types of light fuels , and
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WHY DO FORESTS BURN? EXPLORING THE FIRE TRIANGLE
ASSESSMENT TEACHER MASTER SHEET

Comprehensive Paragraph:

What are the elements of the fire triangle and what occurs when ane of these carnpo-
nents is removed from the triarngle? How do firefighters take advantae of the fire trd -
agle to stp a fire?

The three elements of the fire triangle are heat, axyoen, ard fuel. If any ae of the
element s is rawved, fires will o lager bum. Student should provide an example,
such as, aixtting a fire lresk to halt the ggorcach of a fire.

Matching:

Fire Tdaygle c
Crom Fire a
Fire Behaviar b
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True or False:
L Trees, flame and weather are the three components of the fire triarngle wen refer -
rirng to wildlad fires.. False

2. Throwing water or dirt an a fire eliminates the fuels, thus stooping the growth of a
fire. False

Multiple Choice:

1 The three sorces of heat for a wildlard fire are lightning, fires(canpfires), ad
Sparks or power lines.

2. Nare two ways that wind can add to the intensity of a wild fire. Provides more oxy-
gen and blows heat/fire to unbumed fuel .

3. Nae at least two types of light fiels . grasses and brush or smll trees.
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WHY DO FORESTS BURN? EXPLORING THE FIRE TRIANGLE

Name Date

D ATA SHEET FOR MATCHSTICK FOREST EXPERIMENTS

Experiment 1:

Forest density (rumber of matches)

Topography (slope angle)

Temperature

Other factors
Hypothesis

(0p]
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OQbservations:
Time to bum
Number of unburned trees

Other doservations

Experiment 2:
Forest density (rurmber of matches)

Topography (slope angle)

Temperature

Other factors
Hypothesis

Qbservations:
Time to bum
Number of unburned trees

Other doservations
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Experiment 3:

Forest density (mumber of matches)

Number of unburned trees

Other dobservations

[  Topogrephy (slope angle)
] Temperature
&J Other factors
N Hypothesis
E|

Z Oobservations:
Fd Time to bum
A

D

EH

0]

Experiment 4 :

Forest density (mumber of matches)

Topography (slope angle)

Temperature

Other factors

Hypothesis

Observations:
Time to bum

Number of unburned trees

Other dbservations
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WILDFIRE AND NATIVE PLANTS

' FOCUS QUESTIONS

What effect does wildfire have an plant 2

Wt are the comm types of plant gpecies that inhabit your area af ter a foest fire?
How can we use a dichotanmous key to classify living things?

OVERVIEW OF THE LESSON PLAN

This lesson will introduce students to conmon plant species found in the region fol -
lowirg a farest fire. Tt will prepare them for a visit to a recantly bumed forest, where
they will interpret, docurent, and irnventory common plants. Back in the classroan,
they will aopile their infometio into a field guide. In arder to ensure that this lessan
is successful, the students will need to identify conmon plant s via available resources
in the classroom befare goirng aut in the field. Students will identify comon species
using a set of plant identification cards ard a dichotomus key .

SUGGESTED TIME ALLOWANCE:2 hours
LOCATION: Classroom
SUBJECTS :Science, Language ZAts , Math, Zt, Technology

STUDENT OBJECTIVES
S tudent swill:
Respond to the quote Ndoody Sees a Flower, by Georgia O Keeffe
Develop a working definition with the word adaptatio .
Understand the conoept of forest successio.
(lassify doject s with a dichotomous key.
Tdentify common trees with a dichotomous key.
Use plant identification cards to develop their own dichotanous key.
Develop a working knowledge of common plants and an awareness of plant diversity
in a fire disturbed area.

VOCABULARY
Forest succession
Adaptatim
Serotinous
Phyrophytes
Endangered species
Dichotomous key

M ATERTALS
Websites, books, newspaper articles, encyclooedias
Overhead pictures of common plants in regian (gotiaal)
Field joamrsls
Field guides of regianl plant life
Camputer with intemet and data base access
Handout: Key to Some Common Trees
Sanples of paderosa pine, linber pine, juniper, pimm pine, Douglas fir
Plant identification cards
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PROCEDURES

S 1 Warm up

W rite this gqrotation an the board: Nabody sees a flower, really it is so amll we
haven t time, arnd to see takes time, like to have a fried takes time. Georgia

O Keeffe. Student s respad to this quote in their science jomals.

D ISCUSSION QUESTIONS:

Do you agree or disagree?
What is the author saying?

W RITING : Create your own saying about flowers and friendships
W rite questions you would like to ask Georgia O Keeffe

LESSON PLAN

LLUSTRATING : Express the meaning in visual form with a sketch.
Use color, pattem shapes or shading to interpret the meaning

Pre-
V&t

Think of five ways people are like flowers. Share your answers with the class.

2 Deelg a wakirng definitiom of the ward adgctation with sodats.
Discuss the fact that plant and animal adaptatians dom t oocur over a generation or
two ut may take thousands of years to evolve. Plants have a distinct disadvantage,
compared to aninels, in the face of fires. They are unable to nn, fly, cresp or crawl
at of a fire s path and have adapted other methods to survive fires.

Idividial plants have adaptatians to ensure their survival throoh a fire.

To sxvive a fire, a plant nust ke able to insulate itself fram the heat of the flames.
Bark thickness is the most important factor determining fire resistance of trees.
Poderosa pine, laxgleaf pine, slach pine, ldblolly pine and giant sequoia are exam-
ples of trees with thick kark thet acts as insulation fram farest fires.

Small woody plants and shribs nommelly have thin bark. These plants use

the soil as an insulating layer to protect tharselves. Individual plant s resist beirg
killed in fires by producing new growth (shoots) from underground organs or roots
Some plants protect their buds as an adsptive strategy to suxvive a fire. Buds can
be protected by layers of succulent, nonflammeble foliage. Langleaf pine exenpli -
fies this adgptive strategy . The buds of the lagleaf pine are protected by a thick
cluster of needles. Sare plants even protect their buds by locating them within the
main stem and roots A few poplar tree species possess this trait.

Retention of seeds by plants ard stimilation of seed dispersal by fire are other
exanples of fire-adaptive strategies. A munber of pine species have cones that

open anly af ter a fire. These cones are said to be sercotinous (pronounced sir-OT'-I-
ous) . Jack pines have axes that are held closed by a resin that is sensitive to hich
temperatures. These aoes will not goen to release their seeds until the critical tem-
perature is reached. Cones of Lodgepole pines (a westem U.S. variety of tree) vary
from serctinous to free-goening.
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When these trees grow in areas subject to frequent fires, mary of the cones are
serotinous. However, if lodgepole pines grow in areas where fire is less frequent, the
pine cones open and release their seeds more of ten without fire.

(Adapted from the Department of Trterdicr, Fire Ecology: Resource Management Education Unit) .

Encourage students to give examples of plant and animel adaptatians that meke it
possible far each to live in a partiailar area. List these in their jomals ad o the
board. Exanples for animals might include a bax turtle shell that protects it fram pred-
ators, a great homed owl stalans that edble it to catch ad hold its prey, the vhite
tailed deer s coloring that blends with forest vegetation and helps it evade predators.

3. Introduce the concept of forest succession.
Forest ecosystems are always changing. Plants grow usirng soil rutrients and even-
tally die, reuming nitriats to the sail. Aninmals feed an plants and leave waste.
Bacteria, fugi ard insects thrive an decaying plants, animals and animel waste,
breaking down these materials and replacing soil mitrients These interactians of
plats, animals, kacteria, fungi, ard insects costantly occur in ecosystens.
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Successian is a change in plants and aninels which ooccurs periodically in all conmua-
mities. An open space or meadow will eventually be overgrown by a forest which in
tum will grow to a clinex farest. The length of time ard kinds of plants irvolved in
each successional change depend on marny factors. The successional progression
can ke changed at any state by meny dif ferent factors and disturdeences. These fac-
tors and disturtances have negative and positive effets an succession. Disturlbences
in the forest can ke huren mede or ratural.

Much of what we know of the effats of wildfire an plant commumnity succession
comes from plots establighed prior to low intensity prescribed fives ar fram ploets
sampled immediately after hich intensity cromn fires. There is dovious change in
the plant commnity following fire. Sare of the species may ke practically eliminat -
ed, perhaps as mary as 50%. Sore species increase for a short time praoably
fran the stimiation of buming, increased sunlight, lack of conpetition, water avail -
aoility ard a slidht nutriet increase. They then decline, perhaps as a result of
increased conpetition from plants that tolerate the increased sunlight. Sare
gpecies decline for a few years then begin to increase to their pre-bum status.
Sare gpecies that were absent or rare before the fire increase in cover; unfortu-
nately sore are non-natives.

(Don G. Degpain USGS, Northern Rocky Mountain Science Center)

Ask students what they can expect to find in a forest that has been severely bumed.

4. (lassifying Qojects with a Dichotomous Key
(2dapted from the University of North Dekota Volcano World Gurriculum)

Explain to student s that a dichotamus key is a tool used by scientists to fird the
idatity of a huterfly, a plat, a roXk, ar aything else.
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Dichotomous means divided in two pats. At each step of the process of using
the key, the user is given two dhoices; each altermative leads to another question
util the item is idatified. Tt s just like playing the gare Twenty Questions.

Classification is the process of aropnizing things into grogps The aoility to classify
can e a valuable life &kidll for studat s The aomospt of classification can be used in
everyday life. One can use a classification system to orgenize term papers, books on
a shelf, ard clothes in a drawer. Classification systems are used in meryy dif ferent
ways in the business world.

Biolagist s organize and store data about organisms in a KEY.A key is a dert thet
groups orggnisms by their daracteristics.

Shoe Classification
This activity will give shdat s an idea of how a key works.
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Imegine walking into a classroom and finding a pile of shoes ard a group of shoeless
students Yar task is to match the shoes to the correct student.

4

To use the key, yau start at munber ae ard work to the right. As you come to each
fork in the road, you meke a choice based an the feature of the shee. Eventually, by a
process of deduction, you core to the owner.

For exanple, you pick up a shoe. It has laces. That places you at 1A. The shoe is not
brown. This is 2B. The chee is white. That is 10B. The shoe has a high top. Thet is
14A and the owner is Marty. By doing this to every shee, you can retum each shoe to
tis owner.You can meke a key of shoes for your class, as well.

1 Divide the class into grogpos of 10 or 12 students
Have each student take of f ae dre ad pit it into a cater pile.

2. Divide the shoes into two piles. Every shee in ane group must have a feature that
no shoe in the other group has. Write this distinguishing feature down as 1A on a
dart similar to the handout. Tts ggoosite, then, will ke 1B.

3. Igwre ae pile of ghoes for the time being. Pick another feature that allows you to
divide the remaining pile of shoes into two sreller groups. Write this festhre ad its
agxpcsite after 1A as 2A ard 2B.

4. Repeat steps until each pile is reduced to ae ghoe, ard the omner s rare is filled-
in a the dert.

5. G back to the pile that was left behind and repeat the steps. If you are amfused,
study the key.

6. To test the acouracy ard clarity of your key, ask soreone from another group to
match ane shee to its owner. (Everyone should cover or remove and hide his/her

remaining shoe.)
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5. Identifying Common Trees with a Key
Before class, collect sanple of the conmon trees listed in the key or use the sam-
ples in the Fire Box.

Divide students into grogps of three. Give each group a aopy of the Key to Same
Common Trees and a sanple of each tree.

Explain thet all the trees in the key are amifers. These are trees that are ever-
green. Their leaves are needles, which are hard, narrow leaves.

Let the students work through the key to identify their sanples.

6. Student Generated Dichotamous Key using Plant Identification Cards
Using the knowledge gained in the last two exercises, students can meke their own
dichotomous key. Sorting can by doe by oolor, family, or other student-generated
methods.

Student s should familiarize themselves with at least 10 plants they will most likely
doserve in the field. (CQopies of these pages should be available in their science
jomrals for easy reference. Students can identify ard color each specific plant
befare the field trip.)
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EVALUATION

Students will be evaluated an their knowledge of using a dichotamwus key, and recog-
nizing comon plants

If ter the field trip, sodat s will produce a field guide to the commm plant s in the bumed
area.
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Keying Out Trees

Using a dichotomous key is similar to going down the road and coming to a fork or Y
in the road. You must decide which direction to go by observing the plant. There are
two choices. Each choice will lead to a different plant. The observations are hints to
tell you which way to go. So you must first ask some questions!

ASK THE QUESTION: What kind of leaves does the plant have?
Evergreen or Deciduous?

A. Are the trees deciduous / \ A. Are the trees evergreen
(loose their leaves in the fall)? (keep their leaves in the fall?)
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(GO TO PAGE 2 and continue)

At this fork ask the question:
What is the shape of the leaf?

—— e

b. Is the leaf small and triangular? b. Is the leaf needle-like?
You will have to \
use a magnifying glass

to see each leaf.

GO TO PAGE 3 and continue GO TO PAGE 4 and continue

*Reference: Foxx, Teralene and Dorothy Hoard “Flowering Plants of the Southwestern Woodlands.” Otowi Press,
Los Alamos, 1995; drawings by Dorothy Hoard and Teralene Foxx.
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DECIDUOUS TREES

A. Trees generally growing along streams,near springs or other water.
b. Trees with leaves that have more than one leafelet (a compound
leaf). Generally growing along streams. Bark pale gray to brown, divided intc
narrow ridges. Leaves opposite.

7 BOXELDER MAPLE
\US Acer negundo

b. Trees with leaves with a singleleaf blade.
c. Leaves roughly triangular, wider than long. Leaves yellow green. Bark gray.
A dominant tree is a forest along a river called a bosque.

RIO GRANDE COTTONWOOD
Populus fremontii

c. Leaves narrow, four times longer than wide. Upper leaf surfaces light-green
lower leaf surfacelighter and hairy. Bark gray with narrow fissures. Most often
found near streams such as Frijoles.

l" \:\\ NARROWLEAF COTTONWOOL
NR Populus angustifolia

A. Trees generally not growing near water. Trees found in dense groves at higl
elevations. Bark whitish. Leaves oval with flattend leaf stem. Often found where
there has been a fire and is sometimes called a “fire species.”

ASPEN

Populus tremuloides

flattened leaf stem
(petiole)
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PLANTS WITH SMALL TRIANGULAR LEAVES

Trees are often without one main trunk but multiple branches.
Bark is shreddy.

A. Color of the leaves and branches olive green. Male and female trees. Only the fe-
male trees have berries. Bark shreddy, gray, fibrous.

ONE-SEED JUNIPER
Juniperus monosperma

This tree is a common at
elevations of 5000-6500 ft. It is
one of the main trees in the pinon-
juniper woodland and the main
tree in a juniper savannah. This
is a very hardy tree.

A. Color of the leaves silver green, drooping, flattened. Male and female flow-
ers on one tree. Bark reddish brown to gray. Shreddy.

ROCKY MOUNTAIN JUNIPER

Juniperus scropulorum

This tree is found primarily in canyons
where there is water or more moisture. There are
generally one or two trees in an
area, not large groves.

Rocky Mountain juniper
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PLANTS WITH NEEDLE-LIKE LEAVES

Needles attached to the twig in bundles of 2 to 5.

b. Needles in bundles of 5. LIMBER PINE
Pinus flexilis

These trees are found scattered
throughout the forest at 7500-
8000 feet. They often grow in

rocky places.
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b. Needles in bundles of 2-3.

c. Needles in bundles of 3. PONDEROSA PINE
Pinus ponderosa

These trees are found in
large expanses of forest
from 7000-7500 feet and ¥ N
scattered at higher elevations.jf/// |
Bark black to yellow broken
into puzzle-like pieces.
Smells like vanilla.

c. Needles in bundles of 2. PINON PINE
Pinus edulis

These trees are found in large expanses of
forest from 6500-7000 ft.

See “A” on page 5: Needles attached to twig singly.
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A. Needles attached to the twig singly.

b. Needles flat (HINT: Leaves will not twirl between your fingers. Needles
are soft, not sharp.)

c. Branches drooping. Leaves blue-green. Cones with three-pointed bracts.
Bark reddish to gray brown. DOUGLAS FIR
Pseudotsuga menziesii

These trees are found
most often in canyons
or at elevations above
8000 ft. They are

in mixed-conifer forests.
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c. Branches with needles pointing upward. Leaves pale blue. Cones disintegrate
on tree so none will be found under the tree. Bark gray and deeply furrowed.

WHITE FIR
Abies concolor

These trees are found
most often in canyons
or at elevations above
8000 ft. They are

in mixed-conifer forest

b. Needles four-angled, sharp pointed. (HINT: The needles will twirl in
your fingers and when you grasp the tree the needles are sharp). Bark cin-
namon-red.

SPRUCE
Picea engelmannii

Spruce are generally found at elevations
from 8000-10,000 ft.

JEMEZ MOUNTAINS EXPLORER G UIDES



ABOUT LEAVES

—
4|
1 PARTS OF A LEAF PARTS OF A TREE
M
0 A
2 A\
=
g ~ Leafblade’ NG, crown
= % A
B \ig
0 b
j Leaf stem (petiole) trunk (bole)
TYPES OF LEAVES
Simple leaves Compound leaves

e . leaflet

Vi

/
One single blade and leaf stem. Sometimes the The leaf is made up of many
small leaflets leaf is deeply incised. arranged on the leaf stalk.

HOW LEAVES ARE ON THE STEM

Opposite

Alternate
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Name

W ildfire and Native Plants
Assessment Questions

Comprehensive Paragraph: How do some trees, shrubs and plants protect them- 03
selves fram the heat and flames of wildlard fire ard meke it possible to grow again an ]
their own? C:
O
=
Vocabulary: H
Forest succession a. recessary irgrediat for fire to stat. N
Adaptatim b function of plant or aninel that helps it change over T
successive generations. 23|
Serotinous ¢ the gradual replacement of a plant or animal com- E
munity by another.
Phyrophytes d a pine cone or seed case that requires heat fram a
fire to goen ard release the se=d.
Endangered Species e. means fire-treated plarnt.
Heat f plats or animels that nesd protection in arder to
sSurvive.

True or False:
1 Poderosa pine ard lagleaf pine have thick bark to insulate them fram fire, there-
fore, they are the anly trees cgpable of survivirg a wildlard fire.
a. True b. False
2. When plant collecting, it doesn t matter how much of the plant is collected,
because, as layg as it is cut properly with sharp shears the plant will always grow
back.
a. True b. False

Multiple Choice:
3. Which of the following have the slowest reproductive rate and grow more slowly
than other types of plants ard therefore should anly be collected gparingly?
a. grasses b. wildflowers c. vecetables d. mushrooms

4. Which type of pine coe is actually geened by the heat of a wildfire allowing the axe
to drp it s seed for new growth?
a. phyrophyte cones b. serctinous cones
c. endangered cones d. adaptive cones
5. Forest ecosystems are always changing. Which of the following has direct interaction
within the menagement of a forest ecosystem?
a. kacteria, fugi, aninel weste b.insect s, dying plarts, animals
C. Insacts, animels, plats d. all of the above
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W ILDFIRE AND NATIVE PLANTS
ASSESSMENT TEACHER MASTER SHEET

Comprehensive Paragraph: How do some trees, shrubs and plants protect them-
selves fram the heat and flames of wildlard fire and meke it possible to grow again an
their own?

Insulation, adgptive traits, reproduction, regeneration, lbark thickness, heat cpening
pine axes, self-protecting

Matching:
Forest succession ¢

Adaptatim b
Serotinous  d
Phyrophytes e
Endangered Species £
Heat a

True or False:
3. Panderosa pine ard lagleaf pine have thick bark to insulate them fram fire, there-
fore, they are the anly trees cgpable of swvivirg a wildlad fire. False

4. When plant collecting, it doesn t matter how much of the plant is ocollected, lecause,
as lag as it is cut properly with sharp shears the plant will always grow badk. False

Multiple Choice:

5. Which of the following have the slowest reproductive rate and grow more slowly than
other types of plant s and therefore should anly ke collected spardingly?

h wildflowers

6. Which type of pine e is actually opened by the heat of a wildfire allowing the aoxe
to drp it s seed for new growth? h serotinous cones

7. Forest ecosystems are always changing. Which of the following has direct interaction
within the menagement of an forest ecosystem? d all of the aoowe
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MEASURING THE EARTH FROM THE GROUND UP

FOCUS QUESTIONS
When doing a science study, how can we meke estimates of distance & how can we
make precise measurements of distance?

OVERVIEW OF LESSON PLAN

Student s will practice measuring tedmiques from estimating distance with the length
of their pace to using the Gldmal Positioning System and its satellites to precisely mep
locatians arourd their scdhool. They can determine the length of their pace, use meas-
udrg tapes and sinple trigonometry to lay cut a rectangle on the ground, and use a
GPS to aollect data about their school. Each of the activities will prepare students fr
tasks to which they will ke assigned during the field study.

SUGGESTED TIME ALLOWANCE:2 hours

LOCATION: Classroom, school, school yard
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SUBJECT AREAS:Social Studies, Science, Math, Technology

STUDENT OBJECTIVES
Student swill:
Determine their pace and apply the knowledge to measuring a part of teir
school
Use simple methematics to lay out a rectangle on the ground
Know how to turn a GPS receiver on and of f, ad to page between the screens
Know how to find their position with a GPS receiver

VOCABULARY
latitde
Logitude
Coordinate
Saellite
Gldoal Positioning System (GPS)
GPS Receiver o~

M ATERIALS
Field jomels
Bacils

Estimating distance and area by pacing A
Measuring tapes 1
Strirg .

Pin flags B, o B

GPS receivers

e
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Using Measuring Tapes To Lay Out A Rectangle
Measuring tapes, either 10, 30, or 50 meters
Strirg
St s of four pin flags marked A through D
Marking pens

THREE SCHOOLYARD ACTIVITIES FOR GPS RECEIVERS
Flag Firder

Pin flags marked A through M

GPS receivers

Datasheets

Testing GPS Accuracy
30-meter measuring tapes
GPS receivers
Datasheets
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Where in the World is My School? Using Mapping Sof tware
GPS receivers
Det asheet s
Mepping sof tware, such as Terrain Navigator
1LCD projector

Pre-
V&t

PROCEDURES
The exercises below can be nn ane at a time or as stations in a Measuring Marathon

Estimating distance and area by pacing

1 In the school yard or in a hallway, use a measuring tape to lay aut ae or several
lires ar strings that are 10 meters lag.

2. Practice walking in a normmal mamer, using a canfortable length of step.

Start at the begiming of the line. Walk alayg the string, comnt the runber of stepsic
tBkes to reach the erd.

. Divide the muer of steps by 10 to fird the legth of your pace in meters.

. Repeat three times and estimate your average pace fram the three trials.

. But aut a 25 meter string. Have students estimete the legth of the strirg.

In a wide-cpen part of the sdvol yard, merk of f an area of ae acre with pin flags.

In acre is a square with 640-foot sides.

W

g o Ul

Using Measuring Tapes To Lay Out A Rectangle

L Locate a place in the school yard where groups of students can lay out 8 by 10
meter rectangles. Make up student kits that include a measuring tape, strirg, forr
coded pin flags, and a marking pen. Divide students into grogps of 3 ar 4. Push the
A pin flag into the groud as a comer of your rectangle.

2. Using the measuring tape, start at the A comer ard measure a line that is 10
meters lang. Push in the B pin flag to mark a secod comer. Rn a string between
the two comers. Use the measuring tape to mark a oot an the string that is 3
meters from the B comer.
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3. Starting at the B comer, use the measuring tape to measure a second side of your
rexargle that is 8 meters lag. Estimate the right angle for now. Bt the C pin flag
in the groud to merk the third comer.

4. Put ancther string between comers B and C. Make a mark an the new string that is
4 meters from cormer B.

5 Have cne group member take cne end of the measuring tape ard hold it an the
merk an the string that is 3 meters from comer B. Another group member should
walk to the other string ard the mark that is 4 meters away from
comer B.

6. Measure the distance between the two marks an the strings. If it is ot 5 meters, have

ae group marber oo to flag C. Kesping the string tight, move the C flag fram side to
side util the distance between the two merks an the strings is 5 meters.

7. Use the sare tedmique to lay aut the two remaining sides of the rectargle.
THREE SCHOOLYARD ACTIVITIES FOR GPS RECEIVERS

Flag Finder

1. Before class, scatter between 6 and 12 ooded pin flags aroud the school yard. 2.

W rite down the coordinates and letter code for each flag.

3. Students should have a data sheet and GPS. Have the students walk aroumd the
school yard and record the locatians of as many pin flags as they can. Post the
correct coordinates in the classroom and have students check their accuracy.
Remember that tenths of seconds are importat!

Testing GPS Accuracy

1L In the school yard, lay out several 30 meter measuring tapes ruming north-south,
east-west, or lboth.

. Stand at ane erd of a measuring tape and record your location with the GPS.

. Walk to the 10-meter mark an the tape arnd record your location again.

. Walk to the 30-meter mark ard record your location aggin.

. Use the data sheet to figure cut how far the GPS said you were fram the startirg
point at each location. Remenber that each ane-tenth of a degree is about 9 feet.

W N

[l

Where in the World is My School? Using Mapping Software

Assign groups of studants a location in the school or an the school groards. Have
each group record the coordinates for places like the front door, a comer of the build-
ing, te liary, the comer of the playogrord, or the principd s desk.

When students returm, either download the data from the GPS receivers into the com-
puter using a cable camection, or enter the coordinates of each location by hard.

Project the results on a screen. How accurate is the GPS?
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EVALUATION:

= Evaluate each student as they go through the activities. Students should be able to

set up a density plot an the field trip ard to locate ae of the comers with a GBS
receiver .

Student s shauld ke able to use their pace to fird a distance with no more than 20 per-
gt error.

Student s will ke able to lay ait a rectangle with square comers.

Student s shauld ke able to accurately locate points with a GPS receiver and record
the coordinates.

POTENTIAL RESOURCES:

http://www £ ate.de.us/plamning/coord/dgde/lessonplanl .htm

http://www .mercat . com/QUEST/Intro.htm

http://www .volunteert askforce .org/lessanplans (PowerPoint presentation on GPS)
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Name

Measuring the Earth from the Ground Up
Assessment Questions

Comprehensive Paragraph: Explain how latitude and langitude were calculated by
16t Century explorers and how they are determined in today s warld.

Matching:

Latitude a a set of rumbers that describes your location an or above the
earth

Longitude b a gldeel navigation system based an 24 or more satellites orbit -
ing the earth at an altitude of 12,000 statue miles and providing
very precise, worldwide positioning and navigation information
24 hours a day.

Coordinate c the degrees measure of how far east or west of the prime
meridian a location is an Earth.

GPS Receiver d aoxsists of the cirauitry necessary to receive the sigwl fram a
single GBS satellite.

GPS e. the degree measure of an argle whose vertex is the center of

the Earth and ae side is a radius to the equator. UTed to irdi
cate the locatia of a place with reference (north or south) to the

equator .

True or False:
1 GPS can only be used on land and ot an water (like an ocezn) since water
cammot be magnetized.
a. True b. False

2. Since Gldmal Positioning Systems (GPS) are a relatively new invention they are
ally acaurate to within 100-500 feet.
a. True b. False

1 GPS receivers are used in conjunction with to determine
latitude ard lagituce.

2. latitdke refers to distances north and south of the

3. Grearwich Meridian refers to the 0-degree of lagitude. In which contry is merid-
ian located?
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M EASURING THE EARTH FROM THE GROUND UpP
ASSESSMENT TEACHER MASTER SHEET

Comprehensive Paragraph: Explain how latitude and longitude were calculated by

GPS Receiver d

GPS Db

2% 16th Century explorers and how they are determined in today s warld.
F

~ Early explorers charted the gkies: moon, stars, planets, in caorjunction with horizon
) and season. Today location is measured with computer technology.
Kﬂ Matching:

=, Latitde e

a2

[r] Laogitude c¢

s Coordinate  a

@)

=]

H

True or False:
L GPS can only be used on land and ot on water (like an ocean) since water carmot
e magnetized. False

2. Since Gldmal Positioning Systems (GPS) are a relatively new invention they are
ally acaurate to within 100-500 feet. False

GPS receivers are used in conjunction with satellites to determine latitude and langi -
tude.

Latitude refers to distances north and sauth of the equator.

Greerwich Meridian refers to the O-degree of lagitude. In which country is the
meridian located? England
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M EASURING THE EARTH FROM THE GROUND Up DATASHEET

Flag Finder
Recod the lagitude and latitude of the pin flags:

B N W E) N W
B N W F) N W
o] N W G) N W
D) N W H) N W

Testing GPS Accuracy
Coordinates of N

Coordinates at 10 meters: N
the starting poirt: W
W

Each 1/10 degree equals 9 feet:

Distance you traveled north from stat

Distance you traveled west fram stat

Coordinates at 30 meters: N

Distance you traveled north fram stat

Distance you traveled west from stat

Where in the World is My School?

Where I took coordinates:

Coordinates: N
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PREPARING FOR THE FIELD TRIP: FIELD JOURNALS
AND PHOTO COLLAGES

FOCUS QUESTIONS
How can we best organize the data aollected an a field trip? Wt are the basics of

taking a photograph that we can use to meke a photo collage?

OVERVIEW OF LESSON PLAN

This lessan will prepare students for orcpnizing their doservations ard data collected
a1 the field trip. Student s will prepare ard arganize a field jomal the will include data
sheet s needed an the field trip. Students will leam how to orgenize doservations

made in burned and unburmed forests by using a Vern diagram. Using basic photog-
rady <dlls, they will prepare fir taking a serdes of potos in the field to use in crest -
ing a photo aollace.

SUGGESTED TIME ALLOWANCE:2 hours
LOCATION:Classroom
SUBJECT AREAS:Social Studies, Science, Language Ats Technology

STUDENT OBJECTIVES
Student swill:

Create a field joumal ard understand the importance of keesping a
well-organized record
Understand how a Venn diagram can organize thoughts, doservations, and feel -
irgs
ILeam basic photography tecdmiques to use in a series of photographs for a
photo collage

VOCABULARY
Ooservations
Venn diagram
Joirers

M ATERIALS
Bacils
Protoaopied field jourmal sheets (provided at the erd of this less) for each
student, teacher, and chaperone
One package blank paper and cne package lined paper
(olored paper, card stock or cardoocard for joumal covers
Magic markers or colored pencils for decorating covers
3-hole punch
Strirg, binding tape, or twigs and rukdoer bands for binding
Pencil an a string for each student
Two plastic pencils sharpeners and extra pancils for field trip
e bax of large ziplodk begs to rainproof jommals
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PROCEDURES

" Creating Field Jourmals

1 Explain to student s thet field joamels are an ef fective way to record and orgenize
the many aspects of the infomation presented in this wnit. Student jourmals can
inchude writing, art wark, data sheets, and general doservations about their experi -
ences in the field. Jourmals also provide a valuable assessment of student progress
for teachers.

. Distribute photoogpies of all of the wnit handout s and provide each student with
double-sided copies. Use recycled paper if it is availdble. Provice five additiaal
blank sheets of paper and five lined sheet s of paper to each student.

3. Have students create frant ard back covers for their jomrals using blarnk sheets o
paper .

LESSON PLAN

Have students bird their jomals using binding tape, hole punches and string,
cardocard, or twigs boud by rudcer bands threaded through holes. If they do not
bird their jomals, it is essatial thet stdats use a cligocard an the field trdp.

Pre-
V&t
r[;

5. Once journals are bound, have them decorate the covers. Have each student
dtach a gharpened pencil an a layg string throch a hole in the jommal binding.

6. Have students use megic merkers to write their names an the front covers of their
Jjomals.

7. Student s will need a sturdy writing surface behind their field jomals. Incorporate
cardocard as the last page or have clipboards available for each student.

EXTENSION DEAS

Create a jourmal that is used throughout the year.

Share student jourmals with parents at open houses and/or to educate others.
Student s may choose to use their jourmals to create a class newsletter, resource
newspaper, or a class website

Using a Verm Diagram to Organize Observations

1 Introduce students to the Vam diagram as a way to graphically organize their
thought s. Explain that the diagram is used to comwpare two dojects, oocepts, o
even pecple.

2. After drawing a sanple an the board, ask the students to draw two overlapping cir-
cles a a blark pae in their field jomsals.

3. Ask students to identify the three areas defined in the drawing (two areas do not
overlap ard ane area is the overlap between the two circles) .
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4. Explain that when comparing two things, sore properties of each will e unique to
that doject, ad that the two doject s will share sove dharacteristics. Relate this to
the areas on the diagram.

5. Practice comparing two dojects: friaxk, fruits, teachers, daracters in a bodk,
plats and aninels, historic and modem forests, or surface and cromn fires.

Rasic Photography for a Photo Collage:

1L W rite the following quote an the board: Tt takes time to see these pictures you
can lock at them for a lag time, they invite that sort of locking. But more inpor -
tatly, I realize that this sort of pictre care closer to how we actually see, vwhich is
to say, mot all-at-axe bt rather in discrete, separated glinpses which we then
build up into ocur contirucus experience of the word. David Hockney .

2. Share several of Hockneys photo collages (from intermet resources or library
bocks) with the class. Display a pre-mede collage, not just prints ard intemet pic-
tires. The ideas of a collage are more clearly seen when students can actually
see ard touch a collage.
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3. Discuss with students why they think Hockney combined hundreds of photos
for his corpositians instead of just taking a single snapshot. What is unique about
these compositions? What techniques of his can you use to develop your own col -
lages?

4. Discuss what makes a good photograph. Some helpfll tips are:
Shoot tight (close to your suoject) .
Be aware of what is in your background.
Watch that your fingers dm t block the lens.
Hold the camera steady: squeeze the shutter button gently.
Surprise is an important ingredient in a good photograph. Photograph your sub-
ject from unexpected argles. Low angles can exaggerate the height of tall sibo-
jets or reveal unseen aspects A gift in lateral position or any extrare viewpoint
can also produce argles.

POTENTIAL RESOURCES :

http://www .ibiblio.org/wm/paint/auth/hockney

http://www .getty .edu/art sednet /resources/Look/Landscape/hockney .html .
http://www.mcs . csuhayward.edu/~malek/Hockney .html

http://www at andcul ture .. com/cgi-bin/WebObject s/ACLive . woa/wa/artist ?1d=262
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Name

Preparing for the Field Trip: Photo Collages
Assessment Questions

Comprehensive Paragraph: It has lbeen written that photography is a means of visu- 3

al comumnication, just like a word processor, telephone, or pen ard paper can be ]

used for correspondence. What is meant by visual commication? C:

O

Matching: [

Joiners a. The area seen by a lens or viewfinder; or the positianing 2

of the subject in relatio to the camera dot. H

Background h All dojet s that come from behind the subject toward the N

camera. HH

Camera Angles c Mn artistic corposition mede of varicus materials t

(such as, paper, cloth or wood) glued an a surface. o

Photo Collage d Arrarging sorething into proper proportions, especially 1
Composition e Totake many photographs, and piece the prints together

to recreate the scene or persm.
True or False:
Surprising the suoject of a photo is never a good idea. The photographer should
always allow the subject to get ready for the photo to eliminate blurriness and nove -
ment.
a Trne b. False

Never stand close to your subject. You always want to make sure you stard far
encugh away so you get the entire subject in the exact center of the frame.
a Tre b. False

Multiple Choice:
1 Photographing your subject from a low angle will meke your subject seem
a. taller then normal b.shorter than normal
c. closer to the botton of the frame d. further away then they apoear

2. When taking a photo of an cutdoor scene, ane needs to design a plan before they
acnelly stattaking pictures; which of the following is the most important?
a. uwsual shape of the dojects: (ie: tress) b. wlar aatrast
c. shadow pattems/ landscape details d. all of the above

3. When taking a photo cutdoors during the daytime, where should the sun e posi -
tioned so your subject does mot becore silhouetted (darkened so badly you only
see the autlire of the subject)?

a. behind the subject b. to the lef t of the sugject
c. tothe left of the photographer d. behind the photgrapher
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PREPARING FOR THE FIEILD TRIP: PHOTO COLLAGES
ASSESSMENT TEACHER MASTER SHEET

Comprehensive Paragraph: It has lbeen written that photography is a means of visu-

Background b
Camera Argles a
Photo Collage e

Composition d

2% al commnication, just like a word processor, telephone, or pen and paper can be

[] used for correspondence. What is meant by visual comunication?

a Ay answer that the student develops some comection with visual responses, and how
K[: to aply these regpanses in a real-life situation. Students should realize that photogra -
s Py can e a teaching and learning tool.

Y, Matching:

] Joirers ¢

.

@)

=]

H

True or False:

Surprising the suoject of a photo is never a good idea. The photographer should
always allow the subject to get ready for the photo to eliminate blurriness and move -
ment. False

Never stand close to your subject. You always want to make sure you stard far
enocugh away so you get the entire subject in the exact center of the frame. False

Multiple Choice:
1. Photographing your subject from a low angle will meke your subject seem?
a. taller then normal

2. When taking a photo of an cutdoor scene, you need to design a plan before you
acoelly stat taking pictures; which of the following is the most important? d. all £
the above

3. When taking a photo autdoors during the daytime, where should the sun be posi -
tioned so your subject does it becore silhouetted (darkened so badly you only
see the autlire of the sdoject)? a. behind the photographer
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KEEPING A RECORDOF YOUR W ORK
EXPECTATIONS FOR FIELD JOURNALS

Reasons for keeping a journal:
To teach you about documentatim
To help you be orgenized
To have a place for your comments, doservations, thoughts, questians, ard reflec-
tias

Tteams that will be recorded in your journal:
Data oollection sheets
Brief notes am activities dae in class
Qoservations ard reflections
Notes on class discussions and reading done an your own
Assignments you are asked to do
Anything else you dhoose to write that is relevant to the topic being studied

o
@)
G
J
2
>
=
n
W0
|
e
H

Requirements and Expectations:
All jamrel pages should be mumbered and both sides of the page
should be used.
All joumal entries should ke dated (day, maith, year).
All entries shauld ke in pencil wnless instructed otherwise.
Pages should never e tom out.
Joumal entries should amtain an interesting variety of writing styles, methods, and
product s including illustratians, pictures, ad graghs.
Main ideas should ke clearly presented.
Consistent use of appropriate science language and terminology should
be present.
Ef fective use of models, diagrams, charts, and graphs should e utilized.
Jourmals should ootain information on experiments (procedures used, actual datg
aralysis of data, and aonclusians) .
Entries should ke well-organized, legible, and neat.
All notes and assigments should be completed on time.
Orcanization is important a reader should be able to follow what you
have written.
All entries should be accompanied with a heading to indicate to the reader what the
entry is aoaut.

Evaluation of your journal:

Joarmals will ke aollected arnd graded in two week intervals.

You will ke evaluated an:

1 Whether you have completed all of the assigned jourmaling pronpts and if you have
followed the above guidelines.

2. If yar jomel reflect s a variety of thought ful regponses to the subject
matter.
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FrerD JOURNAL RATING SCALE

" Rate as follows: 4 = Extends/Exceeds 3 = Practitioner 2 = Apprentice
1 = Novice NA = Not Applicable

E|
E 1. Jomal pages are numbered. 4 3 2 1 NA
0 2. Both sides of the page are used. 4 3 2 1 NA
c|i-|) 3. Jourmal entries are dated (day, mmth, year). 4 3 2 1 NA
K[: 4. A11 entries are in pencil unless instructed otherwise. 4 3 2 1 NA
EE 5. Pages are not tom aut. 4 3 2 1 NA
8 6. Jommel entries aotain an interesting variety
o) of writing styles, methods, and product s inchuding illustrations, pichures
and graphs. 4 3 2 1 NA
7. Main ideas are clearly presented. 4 3 2 1 NA

8. Consistent use of appropriate science language

and terminology is present. 4 3 2 1 NA
9. Ef fective use of models, diagrams, charts, ad

terminolagy is present. 4 3 2 1 NA

10. Jourmal contains information on experiments (procedures used, actual data, amly-

sis of dta, and coclusians) . 4 3 2 1 NA
11. Entries are well-organized, legible, and reasonably neat. 4 3 2 1 NA
12. All notes and assigments are campleted on time. 4 3 2 1 NA
13. Jourmal is orgenized. 4 3 2 1 NA
14. All entries are accorpanied with a heading. 4 3 2 1 NA
Comments
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Frerp JOURNAL KEY

4 = Extends/Exceeds

The student consistently meets and at times exceeds ( more depth/extension with
grade level work ard/or performing at a higher grade level) the standard as it is
descrilbed the grade level key indicators. The student, with relative ease, grasps
applies and extends the key concepts, processes, ard skills or the grade level.The
work is the student s best ef fot.

3 = Practiticner

Studat s work demonstrates solid academic performance. The student regularly
meets the standard as it is described in the grade level key indicatars. The student,
with limited errors, gragps and applies the key concepts, processes, ad skills for the
grace level.

2 = Mpprentice

Studat s work demonstrates partial mestery of prerequisite knowledge ard skills that
are fundamental for proficient wark at the grade level. The student is begimming to,
and occasianally does, meet the standard as it is described by the grade level key
indicatars. The student is begimming to grasp and apply the key concepts, processes
ard kills at the grade level but produces work that contains merny ervors.
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1 = Novice

Studat s work is yet to damnstrate partial mestery of the knowledoe and skills that
are fundamental for proficient wark at the grace level. The student is not meeting the
fandard as it is described by the key indicators for this grade level. The student is
working on key indicators that are ane or more years below grade level.

N A = Not Applicable
This partiailar conospt has not yet been tadhtt ar is not yet ready far evaluatiom.
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SAFETY

\' Safety is first and foremost. Safety concems change as forest succession proceeds.
In the early stages of succession, root bum-cut and falling rocks are issues to be
Geglt with., As the trees begin to fall, hazard trees and ground litter becore inportat.
Other hazards are present regardless of the stage of succession: lack of water, pol -
sanous plants and animals, rolling rocks, and tripeing hazards. Below are autlined
sare hazards that should be discussed with the students kefare going into the field.

Safety Issues:

1) Sufficient Water: In this dry climete suf ficiat water is
essential. Each student should bring approximately
ae quart of water, or water should ke sugplied by the

JOURNAL SHEET

2 Sunburn:2At high elevatians the sun is intense.
Sunscreen on exposed skin surfaces should be encouraged.

3) Poisonous Plants: Poison ivy causes rashes and
sprout s ef ter a fire. Ieaves of thres, let it e isa

good motto.
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4 Poisonous Snakes: Most snakes are not poi -
sonous; however, the Prairie Rattlesnake can
e present in forests The best defense is mov-
ing the group away from any snake that is
foud. Do not kill any snakes.

5 Hazard Trees:Trees that are leaning or have
snapped of £ are considered hazard trees.
Activities should not be done in a bumed
area when there are winds.

LHHHS TVYNJNOL

6 Rolling Rocks: Immediately af ter a fire there is ot
much vegetation to hold rocks an slopes. When a rock
is loosened the student should yell Rock, warming
aryane below them of the rock hazard.

7 Lightning: It is not safe to be an mesa tops ar uder trees
during lightning stomms. Lightming can strike you directly or
indirectly through nearby dojects Take ghelter in a building
if a lightming stam arrives drirg yorr field trip.
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PrnanNnT ScavENGER HUuNT CHECK LiIsT

Shrubs
Gambel Oak Quercus gambelii
Mountain Mahagony Cercocarpus montanus
Gooseberry Ribes cereum
W ild Rose Rosa woodsii
Raspberry Rubus strigosus
New Mexico Locust Robinia neomexicana

poooogg

Chokecherry Pruwus virginiana

Subshrubs

U Kinnikinnik Arctostaphylos uva-ursi

U Mountain Lover Pachystima myrsinites
0 Poison Ivy Rhus radicans

JOURNAL SHEET

Invasive Plants
U Cheatgrass Bromus tectorum

Non-native Plants

U Califomia Pogoy
U Blue Flax Ierum levesii

Native Plants

RED FLOWERS:

U Indian Paintbrush Gastilleja integra

U Scarlet Bugler Penstemon barbatus
O Scarlet Trumpet Ipomopsis aggregata

PURPLE FLOWERS:

Gayfeather Liatris pactaa

W ild Onion Allium cernuum

Townsend sAster Townsendia incana
Aster Aster app

Daisy Erigeron app

James geranium Geranium Caespitosum

poooogg

Beardtongue Penstemon Geranium Caespitosum
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YELLOW FLOWERS:

Goldenrod Solidago app

W ild Chrysanthemum Bahia dissecta
Snakeweed Gutierrezia sarothrae

Pinque Hymenoxys riderdsanii

Mullein Verbascum thapsus

Mustard Sisymbrium altissimm

Rocky Mountain Bee-Plant Cleore serrulata

ooouoogg

W EEDY OR GREEN TO BLUEGREEN:
U False tarragon Dracunculus
U Chenopods Cheapodiaim app
U Sage Artemisia ludoriiciama

W HITE FLOWERS :_
U Pussytoes Antemmaria pawvifalia
U Fleabane Daisy Erigeron divergens
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Grasses

U Mountain Muhly Muhlenbergia montana
U Little Bluestem Andropogon scoparius
O Slender Wheatgrass Trachycaulum

U Bromus

Trees

U Limber Pine Pink fledlis

U Ponderosa Pine Pinus ponderosa
U Aspen Populus Tremuloides
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PrLaNT SCcavENGER HUNT O BSERVATIONS

" Use this sheet to draw ard label two mative plants of yourr doice.
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PraNnT DATA NFORMATION

" Common name refers to the name people in a regian call the plant. Often these

names express characteristics of the plant. Common names present
a prablem because the same name is often applied to more than one

dlat.

Scientific name refers to the name the scientific coommity has given

to the plat.
Location refers to the specifics of where the plant wes fourd.

Habiteat refers to gpecific details of micro-hebitat. Inpartant point s are type of soil ar
other substrate (sard, clay, granite, dead wood, other vegetatio), associated
Species, moisture, and aspect (fully exposed an a south facing berk; in a
damp hollow under dense scrub, etc.).

Description of plant includes everything about the plant that is not dovicus an the
identification shest. Essential itars are the height, type of lkark,
whether the stem is upright, sprawling or drooping, dovicus
arells, whether the plant is clunped, single or growing in patch-
es, and the presence of creeping or underground stems. Flower
ard fruit color should also be noted as these of ten fade an dried

Specimens.

Surrounding vegetation also helps describe the site. For exanple Surrounded by
scrub cak with an abundance of asters nearby.

Date refers to the day the plant is doserved ar collected.
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PraNnT DATA SHEET

Name of student: Date:

Common name of plant:

Scientific nare of plant:

Location:

Habit et
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Surrounding veget atim:

Description of plant:

PraNT DaATA SHEET

Name of student: Date:

Common name of plant:

Scientific nare of plant:

Location collected:

Habit et

Surrounding veget ation:

Description of plant:
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Forest Plot Data Sheet Thinned plot

Subplot number Date I

Understory Sampling

Species
(ponderosa
pine unless

noted Tree size Sample

Tree Number otherwise) DBH number Percent Cover Number of Species

1 1

(=08 Rt I Reul N6, 0 R NV § 6]

Wl |Njo U s [w]n

10 Average percent cover I
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12 Average species diversity I

19 Total number of
20 of trees in subplot

23 Number of trees in plot
24 (subplot multiplied by 4)

26 Number of tree per acre

27 (number in plot

28 multiplied by 4)
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Forest Plot Data Sheet

Subplot number

Tree Number

Species
(ponderosa
pine unless

noted

otherwise)

Unthinned plot

Date I

Understory Sampling

Tree size

DBH

Sample

number Percent Cover

Number of Species

1

1

@I~ |3 W]

Ol |~Njo |U | |w |

Average percent cover

Average species diversity

Total number of
of trees in subplet

Number of trees in plot
(subplot multiplied by 4)

Number of tree per acre
(number in plot
multiplied by 4)
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OBSERVATIONS IN BURNED AREA

Name: Date:

BURNED AREA UNBURNED AREA

JOURNAL SHEET
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