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Benefits of Oaks

Biodiversity

Oak woodlands are one of the most diverse ecosystems in California. In Napa County, oak
woodlands provide habitat for a wide range of flora and fauna, some of which are threatened or
endangered.

Valley oak trees are a keystone species - a species on which many other organisms in an ecosystem
depend, such that if it were lost the ecosystem would change drastically. Valley oaks support
approximately 300 animals, 1,100 plants, 370 fungi, and 5,000 insects andinvertebrates.

Bears, black-tailed deer, scrub jays, magpies, wood ducks, wild turkeys, quail, flickers and acorn
woodpeckers all depend on oaks for food. Insects feed on the leaves, twigs, acorns, bark and wood
of oak trees (which in turn are food sources for other larger critters.) Some animals depend on oaks
to keep them safe from predators, while others use the branches, cavities, and bark itself as a home.
Oaks continue to be useful to wildlife even after they die. Salamanders, worms, snails, termites and
ants live in decomposing logs and help turn wood into humus, which enriches soil.

Climate Resiliency

Oaks, as well as other trees, sequester carbon in their mass as they grow. Large, long-lived trees
such as oaks convert large quantities of carbon dioxide to various organic compounds that make up
wood. Oak woodlands therefore provide a means for helping to offset the increase in atmospheric
carbon dioxide levels related to the use of fossil fuels. Soils can also sequester carbon, and soils with
high organic content such as those found under oak canopies can hold larger amounts of carbon,
thereby reducing the amount of greenhouse gasses that contribute to global warming. Oak
canopies also mitigate the effects of global warming by reducing ground surface temperatures. In
urban areas, oak trees provide protective shading for houses and people, lowering energy needs for
cooling homes.

Water Soil and Air

Oak trees improve air quality by storing carbon dioxide and exhaling oxygen through the process of
photosynthesis. The leaves of an oak tree absorb airborne pollutants. It has been observed that one
tree can absorb up to 10 Ibs. of air pollution in a single year* and oaks can live for up to 400 years.

Oaks reduce water pollution by absorbing fertilizer nutrients, pesticides, and other trace
contaminants in soil, allowing compounds to break down slowly and be taken up as nutrients.
During rains, oak tree canopies capture and slow rainfall. This helps slow the eroding energy of rain
drops by intercepting rainwater on leaves and stems surfaces during storms. This process eventually
increases the amount of time rain takes to reach the ground and helps reduce potential surface
erosion which can impair waterways.

1 Tree Facts - Seiler, Jeffrey E. NC Cooperative Extension. Feb. 2009
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Sudden Oak Death

What is it?

Sudden Oak Death or SOD is an invasive plant pathogen that mortally affects members of the Oak
family2. This disease affects the leaves, bark, and trunk of oak species such as Tanoak, Coast Live
Oak, Shreve’s Oak, California Black Oak, and Canyon Live Oak. The fungus-like organism infiltrates
woody tissues inside the tree, clogging and blocking water transport cells.

SOD mostly occurs in the United States, and is more prevalent in western regions such as California,
Oregon and Washington

How does it spread?

Phytophthora spores are spread in humid and moist conditions and
can be transported via soil, rain/wind, dirty toils, and plant materials
like leaves and bark3. California bay laurel is one of the most prolific
hosts of the pathogen, so always beware when working near forests
with these species. Take great care when working in forests with
California bay laurel and coast live oak trees, or in areas where the
pathogen is known to be present. Clean all tools and boots before
and after working in outdoor spaces. Removal of infected trees may
be necessary.

Identification

SOD is difficult to spot with the naked eye so leaf and twig samples
need to be sent to a lab for verification. However, California bay
laurel will exhibit browning leaf tips and twig dieback.

>Sudden Oak Death - Alexander, J.M. UC Cooperative Extension Statewide Integrated Pest
Management . Sept. 2010




Indigenous People and Oaks

Cultural Significance

Oaks are considered medicinal trees by a variety of indigenous people. Oaks are associated with
strength and protection. 4 Individual oak trees of great size and age have often been deemed sacred
and used as spiritual centers for important tribal gatherings (such as weddings, peace conferences,
and naming ceremonies.) Oak trees are also used as a clan symbol in some Native American
cultures. Tribes with Oak Clans include the Pueblo tribes of New Mexico, whose Oak Clan is named
Hapanyi. Although tribes like the Northwest Coast Indians are known to revere many species of
Oaks, The Lenape Indians, also known as the Delaware Indians, have a special connection to a type
of Oak called the Sacred Oak. Legend has it that a powerful Lenape chief ‘s wife became gravely ill.
The tribes’ wisest healers and medicine men administered herbal medicines, but to no avail. The
woman's iliness worsened and in desperation, the distressed chief traveled to the Sacred Oak.
There, he prayed to the Great Spirit that his wife be saved. Upon his return to camp, he found that,
miraculously, she was in good health. It was from this point on that the Chinkapin oak was looked
upon as the shrine tree of the Lenape Indians. Something dreadful is said to befall anyone who tries
to hurt the tree.

Source of Food

Indigenous people widely use acorns as a source of food. Three days of acorn gathering could result
in food stores that would last an entire years. Acorns can be processed into soup, mush, and flour by
pounding, grinding, and leeching the tannins from the acorn meal. Records show usage of acorns in
California for well over 9,000 years and the “plant part is found in greater quantities in archaeo
logical sites than any other edible food. Once leached and cooked, acorn has a slightly nutty flavor
and its bland taste makes it an excellent accompaniment to other native foods such as venison,
salmon, butterfly pupae, and other insects.

* Native American Oak Tree Mythology. Native American Indian Oak Tree Medicine, Meaning and Symbolism from
the Myth of Many Tribes. N.p. n.d. Web. 25 Oct. 2015

5 Indigenous Uses, Management, and Restoration of Oaks of the Far Western United States - Anderson,
M. Kat US Dept. of Agriculture. Sept. 2007




Four Common Oaks in Napa County

Valley oak (Quercus lobata)*

Leaf: Alternate, simple, and deciduous; 2 to 4 inches long; margins typically have 9 to 11 deep, rounded lobes;
dull green and often pubescent above, and pale green below.

Flower: Monoecious; male flowers in pendent yellow-green catkins ~ 1 to 2 inches long; female flowers are
small, solitary or in clusters of 2-3, and occur in the leaf axils on current year’s twigs; appearing in spring.
Fruit: Acorns; shape varies greatly but is usually conical or bullet-shaped; 1 to 2 inches long; caps may be
shallow or deep and often have warty knobs; ripen in a single year.

Twig: Slender; gray-brown to brown; pubescent when young but smooth by second year; often bear the
spherical galls of native wasps.

Bark: Younger bark is thin (up to 1 inch), gray, and checkered or shallowly fissured; older bark is darker gray,
several inches thick, and deeply fissured with flattened ridges.

Form: Large deciduous tree with massive limbs, rounded & spreading crown; branches droop to ground.

Coast live oak (Quercus agrifolia)
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Leaf: Alternate, evergreen, simple, elliptical to oblong, 1to 2 1/2 inches long, thick and leathery, convex with
edges turning down, spiny margins (holly-like), shiny green above, duller with fuzz in vein axils below.
Flower: Species is monoecious; males in long (2 to 4 inches) narrow drooping catkins, yellow- green;
females inconspicuous reddish green spike in leafaxils.

Fruit: An elongated, narrow, light brown acorn, 1 to 1 1/2 inches long, pointy ends, often distinctly cone-
shaped; scaly, gray-brown cap covers 1/4 to 1/3 of acorn, matures in one year in early fall.

Twig: Slender to moderate, initially quite fuzzy but later often completely smooth and gray- brown; end
buds clustered, reddish brown, broadest at the base with a rounded tip.

Bark: Smooth, gray-brown when young, with age becomes darker with broad, lighter gray ridges.

Form: An evergreen, large (up to 100 feet tall) tree with a short trunk and numerous large, crooked,
spreading branches. Crown spread often exceeds its height.

* Allinformation taken from Virginia Tech Department of Forest Resources and Environmental Conservation




Black oak (Quercus kelloggii)?

Leaf: Alternate, simple, deciduous; pinnately lobed (usually 7 lobes), each lobe is 3-toothed and bristle-
tipped, sinuses may be shallow or deep; oblong or obovate in shape, 3 to 6 inches long; yellow-green,
smooth and lustrous above and paler below.

Flower: Species is monoecious; inconspicuous, male and female flowers borne in separate aments
(catkins), appearing with the leaves.

Fruit: Acorn, 1to 2 1/2 inches long, reddish brown; cap is deep, covering about half the nut. Require 2
seasons to mature.

Twig: Red-brown, ridged, smooth or minutely hairy; terminal buds are large, pointed, clustered at twig ends.
Bark: Initially smooth and dark gray/black; when mature turning dark brown/black, broad, irregularly
plated ridges, about 1 inch thick.

Form: A medium sized broad-leaved deciduous tree (40 to 80 feet tall and 1 to 2 1/2 feet in diameter) with
an open, rounded top. At high elevations, it may occur as a large shrub.

Blue oak (Quercus douglasii)
By
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Leaf: Alternate, simple, and usually deciduous (although trees on moist sites may retain leaves); 1 to 3
inches long; margins are usually wavy, but sometimes shallowly and irregularly lobed; upper side of leaf is
distinctly bluish-green, especially later in the growing season, while the lower surface is pale green.
Flower: Species is monoecious; males are borne in pendent yellow-green catkins (aments); females are
small, often solitary, and occur in the axils of leaves on current year’s twigs; appearing in spring.

Fruit: Acorns; oval to gently tapering; 3/4 to 1 1/2 inches long; shallow caps with warty scales; ripen in 1 yr.
Twig: Stout, brittle, and gray to reddish brown.

Bark: Mature bark is light gray and checkered.

Form: A small to medium sized deciduous tree; seldom more than 60 feet tall and 2 feet in diameter.
Open grown canopies are typically rounded with many crooked branches.

2 All information taken from Virginia Tech Department of Forest Resources and Environmental Conservation




OAKS IN NAPA COUNTY

by Jake Ruygt and Joe Callizo

There are about 40 species (kinds) of native trees in Napa
County,. Of these the most prominent are the oaks which are
represented in nearly every plant community with the exception
of the ‘marshes. Seven tree species, two shrub species, three
shrub varieties, and occasional hybrids, or crosses, occur in
Napa County. A close relative, Tan Oak, is also found here.

Tan Oak (Lithocarpus densiflora) is an evergreen tree with
a conical crown and leaves that have prominent, parallel, lateral
veins. In addition, its flowers are borne on erect clusters, where
as those of the true oaks (of the genus Quercus) form drooping
clusters. It is usually a tree of mid-elevation forests, but in some
places, like high up on Mt. St. Helena, it is a component of
chaparral, that is: brushland.

‘ Among the most stately of trees is the Valley Oak (Quercus

lobata). It is considered to be one of the largest oak species in
the world. This is 2 deciduous tree (losing all of its leaves for
the winter) of grasslands and woodlands, including streamside
borders. It is still common in the Napa Valley, but can be better
appreciated in its natural setting in less developed areas like
Pope and Capell Valleys. Its leaves are characteristically
deep-cleft, blunt-lobed, and dark green on their upper surfaces.

Slower growing and forming woodlands on grassy slopes is
the Blue Oak (Q. douglasii), another deciduous species. This
tree is most numerous on the east side of Napa Valley, for
example, along the Silverado Trail and in the eastern half of the
county particularly around Lake Berryessa. Its leaves of bluish
color, shallow clefts, and blunt lobes make it easy to identify.

The least common and least known of our deciduous oak
trees is the Oregon Oak (Q. garryana). This species resembles
Valley Oak in its leaf shape, and Blue Oak in its bark, which is
typically of finer texture and lighter color than that of the
former. It is found in woodlands mostly west of the Napa
Valley at mid to upper elevations. There it often forms groves
with crowns nearly touching or overlapping. An understory of
the grass, California Fescue (Festuca californica), is almost
always present in this plant community.

Found both in forests .and woodlands is Kellogg's or
California Black Ozk (Q. kelloggii). It has deciduous, deeply
cleft leaves with sharp pointed lobes. This tree is common at
middle to higher elevations in Napa County, for example, on
Howell Mt. and along Monticello Road above Wooden Valley.




“The most common tree in Napa County is probably Coast
Live Oak (Q. agrfolia). It is a component of forests,
woodlands, and riparian borders. It will even occur sporadically
in chaparral. This evergreen, dense, round-headed tree has
leaves that are dark green, slightly cupped downward, and have
spine-tipped margins. In addition, they tend to be round to
egg-shaped and hairy below near the veins. This species is the
most common live oak in the western half of the County.

Largely replacing Coast Live Oak as we drive east toward
© lLake Berryessa is another evergreen tree, Interior Live Oak (Q.
" wislizenii). The two species are generally similar in habit and’
form, but the latter has leaves that are nearly flat and oval
shaped instead of cupped and roundish and are shmy below.

The least common of our evergreen oaks is the Maul, or
Canyon Live, Oak. (Q. chrysolepis). This species is usually
found in steep canyons or at upper elevations, for example,
around Angwin and on Mt St. Helena. It becomes the
dominant ‘oak ‘species above 2000 feet on the slopes of the
latter. - Its leaves are uncupped and oval like those of Interior
Live Oak, but light green above and pale yellowish or grayish
beneath. Those of juvenile shoots have toothed margins, where
as those of mature trees are mostly untoothed.

Hybrids between various tree oak species are sometimes
found. Named ones include Oracle Ozk (Q. X morehus), a
cross between Interior Live Oak and California Black Oak, with
shiny, thickened (leathery) leaves which are deeply toothed and
almost completely winter deciduous; Chase Oak (Q. X chasei),
a hybrid of Coast Live Oak and California Black Oak, with
leaves that are thickened and hairy at the veins below but
deeply toothed, sharp pointed and almost completely winter
deciduous; and Epling Oak (Q. X eplingii), a cross between
Blue and Oregon Oak, with leaves quite variable. Unnamed
hybrids ‘occur between Blue and Valley Oak, with various
intermediate forms.

Oracle
0ak

In addition to the trees discussed above, there are a number
“of oaks in Napa County that are shrub-like in form. Scrub Oak
. (Q. berberidifolia) is 2 common component of chaparral except
in- areas of serpentine (a rock high in magnesium and low in
calcium). There it is replaced by Leather Oak (Q. durata). Both
are evergreen, but the latter has leaves that are cupped
 downward, densely hairy below, and has branched hairs on
their upper surfaces. On the other hand, the leaves of Scrub
Ozk tend to be flat, shiny and hairless above while paler with
some hairiness on the under side. Hybrids occur between these | %
two species (e.g. near Four Comers west of Angwin) and
between either of them and Oregon Oak. Occasionally Scrub
Ozak is found in oak woodlands where it can persist in the
understory for many decades, growing into small trees.

There are also in Napa County shrub forms of Coast (Q.
agrifolia var. frutescens), Interior (Q. wislizenii var. frutescens),
and Canyon (Q. chrysolepis var. pana) Live Oak. All are
evergreen and have leaves very much like those of the BeRY o
corresponding species. They occur typically in chaparral. - WISLIZEN

var, FRUTESCENS

\
\

QUERCUS -AGRIFOLIA - -
vaR. FRUTESCENS

For more info., call J. Callizo, 965-2225; or J. Ruygt, 253-1839.




Planting Native Oaks

Selecting a Site

Coast live oaks do well in most parts of Napa County. Valley oaks typically prefer flat areas with a
high groundwater table. Black oaks and blue oaks do well on hillsides with relatively dry soils.
There should be at least 20’ of space between your planting location and the canopies and trunks
of other trees, and plant to achieve a mature tree spacing of approximately 20-30". If livestock are
present, acorns, seedlings, and young trees will need protection from trampling and grazing.

Collecting Acorns

Viable acorns are free of insect holes and solid when squeezed. Collect brown acorns from
branches if possible; collect when they release easily from the cap. For plantings in Napa County,
use acorns collected in Napa County.

To test acorns for viability, put acorns in a bucket of water. Acorns that float are much less likely
to germinate. Acorns that sink may be dried and stored in a paper bag in a refrigerator until ready
to plant (up to three months).

Acorns ripen in Napa County from late August to late October.

Preparing Your Site & Planting

Clear a 3-5' circle of surface vegetation (unless native plants are present) until you get to mineral
soil. Dig into and loosen four inches of soil, and bury three acorns at a depth of 1/2” - 1” deep. If
acorns already have sprouted root tips, place the acorn so the root tip is pointed downwards,and
be sure not to break root tips. Acorns should be planted horizontally.

Planting acorns should occur before the end of December.

Protecting Plantings

Use a garden stake and plant shelter to protect seedlings from predators. Pound a garden stake
into the soil near the acorns deep enough that it will remain firmly in place over the winter. Place a
shelter over the acorns and affix to the stake. Shelters can be obtained from Napa County RCD or
purchased at garden stores.

Spread 3-6" thick layer of bark mulch around the planting circle to prevent weeds from
encroaching upon the seedlings.

Watering & Care
Germination and growth will be observable by end of May (often earlier). Remove weeds around
seedlings as soon as possible.

Typically, oaks will receive enough water in a normal winter to sustain themselves throughout the
summer; however, supplemental watering can help improve survival during dry months.




STATE OF CALIFORNIA—NATURAL RESOURCES AGENCY Edmund G. Brown Jr., Governor
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GUIDELINES FOR PLANTING NATIVE OAKS

Oaks dominate the natural landscape throughout much of California's Central Valley, Coast Ranges,
and the Cascade and Sierra foothills. In many stands, there appear to be few saplings or young trees.
Many observers are concerned that in certain areas valley, blue, and Engelmann oaks may not be
regenerating adequately to perpetuate these species. A number of factors have been identified that
may be contributing to poor regeneration, including changes in land use, absence of fires and floods,
predation by rodents, deer and livestock, soil compaction, and introduced annual grasses.

Natural oak regeneration may require that several environmental factors coincide, such as a summer
ground fire followed by a heavy acorn crop, a rainy winter, and a decline in the deer population.
Natural regeneration can be supplemented or enhanced by oak revegetation projects utilizing any
combination of three techniques:

> collecting and planting acorns
» transplanting oak seedlings
> protecting oak seedlings found growing on the site

The following recommendations are based primarily on studies performed by University of
California Cooperative Extension. They should maximize successful germination, growth, and
survival of oaks in most planting situations.

ACORN PLANTING: Acorn planting has the advantages of maintaining local gene pools and
costing little or nothing, and is an ideal activity for children. However, it is more labor-intensive and
less reliable than planting seedlings.

» To reflect the local range of genetic variability, collect from as many healthy oaks near the
planting site as possible (ideally from a minimum of 15 trees). Pick large, heavy acorns after
they begin to ripen in the fall. (Ripeness can be determined by golden color and an easily-
removed cap.) Acorns picked from the branch are less likely to be damaged by insects than
those picked off the ground; discard acorns with holes or cracks. Acorns can also be tested
for soundness by submersion in water; discard acorns that float.

> Black oak acorns (black, interior and coast live oaks) should be soaked in water overnight,
then surface dried and stored in a cool location such as a refrigerator for two to three months
before planting. White oak acorns (blue, valley, Oregon and Engelmann oaks) do not require
special handling; if storage is needed, they will keep best if stored in a cool location.
Ziplock-style bags, with the tops left open, are ideal for storage.

> Important note regarding Sudden Oak Death: The black oaks (especially black and coast
live oak) are susceptible to Sudden Oak Death. It is not recommended that they be planted in
or near active disease centers or in areas near bay or tanoak trees. White oaks (valley, blue,
and Oregon white oak) will have a better chance of surviving in these locations.

CONSERVATION IS WISE-KEEP CALIFORNIA GREEN AND GOLDEN
PLEASE REMEMBER TO CONSERVE ENERGY. FOR TIPS AND INFORMATION, VISIT "FLEX YOUR POWER" AT WWW.CA.GOV.




> Germination and growth are best when acorns are planted between November and
January 31. In general, plant as soon as enough rain has fallen to soak the soil.

> Plant acorns near the drip lines of any mature oaks on the site. Natural oak
seedlings appear to grow best in partial shade. Soil under mature trees also
contains mycorrhizae, soil-borne fungi that grow on the roots of trees, increasing
their ability to absorb water and nutrients. In the absence of existing oaks, plant in
the most sheltered locations, favoring sites with deep, well-drained soils, and a
north or east aspect. If possible, add soil from beneath mature oaks to the planting
holes, to introduce mycorrhizal fungi. Plant acorns in clusters of three or four,
leaving 30 - 40 feet between clusters; (aim for about 40 trees per acre at maturity).

» Prepare the planting site by clearing all vegetation from an area of one square
yard. If the soil is compacted, growth may be improved by loosening the soil
about one foot deep (a post-hole digger or auger works well for this). Fertilizer
has been demonstrated to increase growth in oak seedlings, though opinions vary
regarding long-term benefits of use. If fertilizer is tried, use a slow-release
compound placed near the bottom of the hole (to encourage seedling top growth
and root development without generating a flush of grass). Plant the acorn on its
side, no more than two inches deep. If the acorn has sprouted, direct the roots
downward. After planting, tamp the soil down firmly. Apply water, if available.
If soil in the planting hole settles, add soil as needed.

PILANTING SEEDLINGS: Planting seedlings is more expensive —
than acorn planting and collection, but also less time consuming
and survival rates are generally higher. Make every effort to
obtain seedlings from local seed sources. Planting in late fall or
early winter, soon after the first good rains, produces optimum
growth and survival. "Leggy" seedlings with shoots much longer '
than the length of the roots may benefit from top pruning.

Planting site selection, preparation, and fertilization
recommendations listed for acorn plantings should be followed
for planting seedlings. Dig the planting hole a few inches deeper -
than the length of the roots. Seedlings that are "root-bound"
may need the root mass loosened, straightened or trimmed to
prevent twining roots from girdling the tree. Take care to keep
all roots in a vertical position as the hole is filled. After the soil
has been tamped down, place the root crown at or just above
ground level. Apply water, if available, If soil in the planting
hole settles, add soil and adjust the location of the crown line as needed.

TREE SHELTERS: Tree shelters are tubes made of translucent plastic
that enhance tree growth and survival by acting as a miniature
greenhouse. Tree shelters reduce water demand, especially on dry
sites. Tree shelters also provide protection from herbicide drift,
mowing damage, and browsing; they are recommended if predation
by meadow mice, gophers, deer or livestock is anticipated.




Install tree shelters over acorns, planted seedlings, or naturally occurring
seedlings. Tree growth is optimal when a four-foot shelter is used. Brown-
colored shelters are recommended for areas with high summer
temperatures. Press shelters three to four inches into the soil; this provides
shelter from desiccating winds and some protection from gophers

= Stake shelters securely; re-bar is more durable than bamboo or grape
'stakes. Use metal T-posts if livestock have access to the area. Plastic mesh
‘placed over the top of the shelter will prevent birds and grasshoppers from
becoming trapped inside (Note: remove mesh when the tree reaches the top

of the tube).

Leave shelters in place two to three years after the tree grows out the top.
To reduce the risk of sunburning the bark, remove shelters in the fall. On
L« removal, the lower six inches of the shelter may be cut off and left in place
if gopher or vole predation is anticipated.

WEED CONTROL: . The acorns or oak seedlings you plant will have a much better chance of
surviving if you control the growth of weeds around them. Effective weed control reduces
competition for water, and eliminates habitat for a variety of herbivores that prey on oak
seedlings, including grasshoppers, meadow mice, and gophers. Weed control options include
mowing, mulching, grazing, and herbicide use.

>

Mow to provide a minimum clearance of three to four-foot around each seedling.
Mulching seedlings with bark chips, straw, compost, or similar materials will also
reduce weed growth. Landscape fabric, an artificial form of mulch, can be
installed around the seedlings or acorns at planting time and stapled to the ground
to provide long-term weed control with a minimal investment of time. However,
its use may stimulate tunneling by voles and gophers.

Seasonal grazing can provide effective weed control in areas where seedlings are
fenced or protected by tree shelters staked with T-posts. This is the preferred
weed control method where meadow mice populations are high. (Note: hand-
weeding the area immediately surrounding each seedling may still be required.)
Herbicides can also be used to control weeds. A single application at the time of
planting is the most cost-effective of all weed-control options. Note that oak
seedlings will also be burned or killed if contacted by herbicides. If tree shelters
are used, they will protect seedlings from herbicide spray or drift; other materials,
such as stove or plastic pipe, can also be used for this purpose.

WATER: Monthly irrigation during the first summer following planting will improve oak growth
and survival. In areas where water is not available, good survival can be obtained by utilizing
tree shelters. Again, controlling weeds to reduce competition for water is the most critical factor
in seedling survival.
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Acorns to Oaks
Biodiversity Activity

LandSmart

Productive lands. Thriving streams.

LandSmart Objectives
Students will:

1. Conduct surveys to observe
species diversity in a given area.

2. Calculate, compare, and analyze
findings across multiple sites.

3. Discuss the effectiveness and
constraints of the biodiversity
survey activity.

4, Propose methods and criteria
for developing a survey with
greater accuracy.

LandSmart Goals

Students understand:

1. Oak trees, primarily Valley Oak,
are a keystone species that
provide essential ecosystem
functions.

2. Changes in land use and
management have resulted in the
overall decline of oak woodland
habitats, species richness, and
diversity.

3. People can take actions to
voluntarily steward natural
resources in their own
communities.

Next Generation Science Standards:
MS-LS2-5 Evaluate competing design solutions for maintaining biodiversity and
ecosystem services.

DCI - LS2.C Biodiversity describes the variety opf species found in Earth’s terrestrial
and oceanic ecosystems. The completeness or integrity of an ecosystem’s
biodiversity is often used as a measure of its health.

“Oak woodlands are the most diverse terrestrial ecosystemsin California,
supporting at least 300 vertebrate species (including at least 120 mammal, 147
bird, 60 reptile and amphibian species), 1,100 plant species, 370 fungal species,
and 5,000 arthropods species (insects and mites.)” (Napa Co. VOWMP 2010)

Biodiversity is a common tool used to understand and describe
ecosystems. Valley oak trees are considered “Keystone Species” or a species that
play a unique and crucial role in the structure and function of an ecosystem,
and without which, the system would be dramatically different or cease to exist.

Warm-up Activity:

Students can survey a section of the school parking lot, counting total
cars, and recording the make of each car. Divide the the total number of an
individual make (“Toyota” for example) as the numerator, against the total
number of cars in the parking lot. The result is the biodiversity index of the
proportional presence of that particular “species” within a given “ecosystem”
(parking lot.)

If you are unable to use the parking lot activity, 1 - 2 pages of a phone
book white pages can be substituted for an in-class version. Count and compare
the occurrences of last names against the total number of names found within
1 - 2 pages of a phone book, and calculate for “biodiversity” using names as
species.

Instructions:

Form students into small groups and perform small scale survey
areas. Use a hula hoop, or a piece of string tied into a 4'diameter loop
to create the survey delineation tool. Bring teams to an open space
area with plants and trees, and have students randomly choose an
area to start their survey.
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Emphasize students count the different types of plants found,and §
not to worry about the exact species name of what they are seeing.
(next page)
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Acorns to Oaks
Biodiversity Activity

LandSmart

Productive lands. Thriving streams.

LandSmart Objectives
Students will:

1. Conduct surveys to observe
species diversity in a given area.

2. Calculate, compare, and analyze
findings across multiple sites.

3. Discuss the effectiveness and
constraints of the biodiversity
survey activity.

4, Propose methods and criteria
for developing a survey with
greater accuracy.

LandSmart Goals

Students understand:

1. Oak trees, primarily Valley Oak,
are a keystone species that
provide essential ecosystem
functions.

2. Changes in land use and
management have resulted in the
overall decline of oak woodland
habitats, species richness, and
diversity.

3. People can take actions to
voluntarily steward natural
resources in their own
communities.

Next Generation Science Standards:
MS-LS2-5 Evaluate competing design solutions for maintaining biodiversity and
ecosystem services.

DClI - LS2.C Biodiversity describes the variety opf species found in Earth’s terrestrial
and oceanic ecosystems. The completeness or integrity of an ecosystem’s
biodiversity is often used as a measure of its health.

Instructions (continued):

This can be achieved by working on observation skills, each team member can
be assigned one or two or more species to record and name - then describe
and show to their team to begin the biodiversity count.

Once teams have defined the types of species, they should try their best to
count as many individuals of each plant within their survey area. Things like
grass and ground cover can be hard, so they can always count the number of
blades in an even smaller space, and then estimate how many they think there
arein the total space, which is essentially the point of the activity to begin with.

Record number of individuals of each species, calculate the sum total of
all individuals of all species, then divide the species type count against
the total sum.

# of species A observations

= Species A

Total # of observations Biodiversity Index

Repeat procedure and calculate for all species observed, repeat in additional
spaces if time allows.

Extensions:

- Observe for insects, students can dig into the soil, or survey tree branches by
wrapping a garbage bag or bucket around a few branches and banging them
into the bag or bucket.

- Observe for birds by sitting in place and watching for passing birds, or

listening for their calls. :
RCD

- What factors may affect species diversity? Are more species found -

near oak trees vs. landscaped areas? What other values do native =

oaks contribute to the ecosystem?

- How could this method be used to survey a whole forest?

For support contact Napa County RCD at (707)252-4189




Acorns to Oaks
Germination Experiment Guide

LandSmart

Productive lands. Thriving streams.

LandSmart Objectives
Students will:

1. Design an experiment to test
variables affecting plant growth
and survival.

2. Analyze experimental data to
describe how cause and effect
relationships impact plant growth.

3. Construct an explanation based
on experimental observations

that supports the claim that plant
growth is driven by energy input
and produces plant matter (tissues,
sugar, carbon.)

LandSmart Goals

Students understand:

1. Oak trees, primarily Valley Oak,
are a keystone species that
provide essential ecosystem
functions.

2. Changes in land use and
management have resulted in the
overall decline of oak woodland
habitats, species richness, and
diversity.

3. People can take actions to
voluntarily steward natural
resources in their own
communities.

Next Generation Science Standards:
MS-LS1-5. Construct a scientific explanation based on evidence for how
environmental and genetic factors influence the growth of organisms.

MS-LS1-6. Construct a scientific explanation based on evidence for the role
of photosynthesis in the cycling of matter and flow of energy into and out of
organisms.

Warm-Up Activity:

Form pairs of students. Give each pair the exact same materials, this can be
blocks, straws, or equal lengths of rope (anything really.) Each student sits
back to back, one student will be the builder, and must build a shape such
as a house or star. Builder then describes the shape of the object they have
constructed, and the other student must recreate this by description only
without seeing the original. Afterwards, students should compare structures.
This is part of the ‘Experimental Method’ where trials are constructed, designed,
and communicated so that they can be repeated by others to establish trends
and patterns.

Instructions:

Limit the students options to four variables - sunlight, water, soil, nutrients.
Set up a control group for the class by planting three tubes with one acorn per
tube, and enough soil to fill 2/3 of the tube (soil can be potting mix or dug from
anywhere inconspicuous on campus.) These samples should be placed in a
window, or outside, and given one cup of water at the end of each week (more
may be needed when the acorns begin to form roots and leaves.) Encourage
students to make predictions (hypothesis) for each variable being tested.

Sunlight: Sunlight is essential for photosynthesis, oaks vary in their
tolerance to shade. Test the effect of sunlight by placing one acorn tube in
the shade or indirect sun (indoors is fine), one in a window sill, one under a
cardboard box, and one under a small lamp if possible.

Soil: Soils are an important part of any ecosystem and
provide a substrate for plants to grow. There are over 64 different
types of soils found in Napa County. Examples of ways to test soils
are using sand, gravel, clay, mulch, and suspension of an acorn in
water. The team should try to vary the types of soils - not necessarily
the amounts.
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Water: Over 50% of the mass of a tree is composed of water,

test how water impacts plant growth.
(next page)




mé | andSmart

Productive lands. Thriving streams.

Acorns to Oaks
Germination Experiment Guide

Next Generation Science Standards:
MS-LS1-5. Construct a scientific explanation based on evidence for how
environmental and genetic factors influence the growth of organisms.

MS-LS1-6. Construct a scientific explanation based on evidence for the role
of photosynthesis in the cycling of matter and flow of energy into and out of
organisms.

Instructions (Continued)

Water: Have students manipulate the water variable and observe the
effects. Some suggestions are to not water an acorn tube at all, water one
tube with half the weekly amount (1/2 cup), place one tube in a cup filled with
standing water, and/or mix a tablespoon of salt into the water.

Nutrients: Trees and plants intake small amounts of mineral
nutrients from the soil to boost growth. Test this variable by adding fertilizers
to the acorn tubes. Liquid fertilizer can be added to the regular watering
schedule in differing amounts (over, under, and no fertilization.)

Student groups should test at least two modifications and a control set.

It is recommended that you inspect acorns for insect damage (pin holes), and
drop them in a cup of water before planting, any acorns with holes, or that
float,will not germinate.

Acorns should be placed horizontally in tubes, and covered by 2" of soil, control
plants should receive one cup of water per week, or more if they are drying
quickly.

Record results weekly using the attached sheets, student groups should draw
or photograph their samples once or twice a month.

At the end of the 12 week period, each group should summarize their results,
and present their hypothesis, variables, and conclusion to the class.

RCD

For assistance with your classroom experiments, contact
the Napa County Resource Conservation District at
(707)252'41 88 Comnse !'...|:=|”:




Acorns to Oaks Data Sheet

Briefly describe the numbers of acorns tested and your method here:

Group Names:

Variable Being Tested Acorn Group 1 Group 2 Group 3
(circle one): (Control)
Sun, Water, Soil, Nutrient
Week 1

(write in observations,
measure any growth)

Week 2

Week 3

Week 4

Week 5

Week 6

Week 7

Week 8

Week 9

Week 10

Week 11

Week 12
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INTRODUCTION

This document presents a method for calculating
the amount of carbon sequestered by trees
planted individually in urban and suburban
settings. It is intended for use by participants in
the Voluntary Reporting of Greenhouse Gases
Program, who intend to submit either Form EIA-
1605 or EIA-1605EZ to the U.S. Department of
Energy’s Energy Information Administration.

This simplified method can be used by those who
have no formal background in forestry.

This method is appropriate only for calculating
carbon sequestration by individual (*open

grown”) trees, such as trees typically planted
along streets, in yards, and in parks. Do not use
it for calculating carbon sequestration by densely
planted trees, as in typical afforestation or
reforestation projects where large numbers of
trees are planted closely together on one or more
acres of land. A separate set of tables designed
to assist in calculating per-acre carbon
sequestration are available upon request from the
Voluntary Reporting of Greenhouse Gases
Program by calling B00-803-5182.

A further limitation of this method is that it only
estimates the greenhouse gas emission benefit
associated with the carbon sequestered directly
by trees planted. Trees planted adjacent to
buildings can significantly reduce cooling and
heating needs by providing shade during summer
and acting as windbreaks during winter. These
reductions in energy consumption result in
reduced carbon dioxide emissions, a greenhouse
gas. These emission reductions must be
calculated separately.

To produce a simplified, easy-to use method,
broad assumptions have been made regarding
sequestration and mortality rates and site
characteristics for a few groupings of tree
species. As a result, this method may yield less

precise results than a more tailored approach,
which takes into account a larger number of the
unique characteristics of the planting sites and
trees involved in a project. Thus, you should use
this method only if it is infeasible to generate
estimates based on surveys and direct
measurements of the specific trees and planting
sites involved in the project.

To use this method, you need to know the
species, year planted, and age of the trees when
planted. The age of the tree is the most
problematic of these items. The tables included
for estimating sequestration were designed for
reporters who have planted ordinary, nursery-
raised trees, typically sold in 15-gallon containers
or balled and burlapped. Such “standard” trees
are usually approximately one inch in diameter at
4.5 feet above the ground when planted. For the
purposes of this method, age is measured from
the time the tree is planted. Therefore, standard-
sized trees are designated as age 0 when plante
Although this method is easiest to use if your
trees were planted at this age, it can be used for
trees planted at any age.

The remainder of this document includes the
following:

» a worksheet for summarizing calculations of
carbon sequestration;

* instructions for performing these calculations,
including survival factors (to account for
mortality) and sequestration rates;

» worksheet entries for a sample project; and
* instructions for calculating sequestration for

non-standard trees (i.e., trees that are younger
or older than age 0 when planted).

Method for Calculating Carbon Sequestration by Trees in Urban and Suburban Settings 1



INSTRUCTIONS

The following worksheet (page 5) is provided for
summarizing your calculations of annual carbon
sequestration for tree planting projects in urban

or suburban areas. Use a separate worksheet for
each year you are reporting carbon sequestration.
(The Voluntary Reporting of Greenhouse Gases
Program is accepting information for 1991
through 1997 for the reporting period ending on
July 1, 1998.) Complete the worksheet columns
as follows:

Column A — Species CharacteristicsList

each distinct species of tree included in the
project by year. List trees of a different age
separately even if they are of the same species
(e.g., list one-year-old red cedars on a separate
row from two-year-old red cedars). If you are
unsure of the name of a species, list it as
“Unknown.” If the exact age of a tree(s) is
unknown, an approximation is acceptable. A list

of common tree species is provided in Table 1.
Note that each species listed is characterized by
type (hardwood or conifer) and growth speed
(slow, moderate, or fast). These characteristics
will be used subsequently in selecting appropriate
survival and sequestration rates. For each species
and age category, enter letter codes in the
respective columns for tree type (H = hardwood,
C = conifer) and growth rate (S = Slow, M =
Moderate, F = Fast). If you know whether the
trees are hardwoods or conifers, but do not know
the exact species (or the species is not included in
Table 1), assume the trees have a moderate
growth rate. If you do not know whether the
species is a hardwood or conifer, assume that it is
a hardwood of moderate growth rate.

Column B — Tree Age:Enter the age of the
trees in the year for which you are calculating
sequestration (the reporting year). Tree age is
measured from the time of planting and assumes
that trees are planted at a standard size, defined

as a tree in a 15-gallon container or a balled and
burlapped tree. Nursery-raised trees are typically
planted at this size, which is designated as age 0
for the purposes of this method. For example, if
you planted a standard-sized tree in 1994, its age
in the 1995 reporting year would be 1. If the
exact age of a tree(s) is unknown, an
approximation is acceptable. If you planted trees
that were smaller or larger than this standard size,
refer to p. 12 for instructions on determining age.

Column C — Number of Age 0 Trees Planted:
Enter the total number of trees of this species and
age category originally planted as part of the
project. If the trees were ndhe standard size

(age 0) when planted, you will need to adjust the
number of trees planted to reflect a difference in
mortality. For example, if you planted 100 trees
smaller than the standard size, a fraction—say
15 percent—of the trees might be expected to die
before reaching the standard size or age 0. This
method requires you to estimate the number of
trees surviving to the standard size—in this case
85—and estimate sequestration for these trees.
This number is referred to as the effective
number of trees planted. See the instructions on
p. 13 to make the necessary adjustment.

Column D — Survival Factor: Enter the
survival factor from Table 2 for the tree species.
Leave this column blank if you know (or can
otherwise estimate) the number of trees surviving
at the end of the reporting year. It is necessary t
account for mortality, since a fraction of the trees
planted inevitably die in each succeeding year.
The ideal method for determining the number of
trees surviving is to conduct a census of the trees
planted. Alternatively, you can estimate survival
based on the specifics of your project. If either of
these approaches are infeasible, you may use the
standard survival factors for urban trees provided
in Table 2. However, participant-estimated

Method for Calculating Carbon Sequestration by Trees in Urban and Suburban Settings 3



survival factors are preferable (if accurate)
because the survival factors in Table 2 were
developed from a survey of a limited number of
scientific studies of urban tree mortality in a small
number of U.S. cities, the results of which may or
may not approximate the specifics of your
project.

Column E — Number of Surviving Trees:

Enter the number of trees surviviagthe endf

the reporting year in question. If you do not
know or cannot otherwise estimate this number,
multiply the original number of trees planted
(Column C) by the survival factor (Column D).
For example, for fast-growing conifers in the year
in which they were planted (age 0), the survival
factor would be 0.873, that is 87.3 percent of the
trees originally planted are expected to survive to
the end of the first year. For the same trees that
are age 1 (i.e., trees that were planted in the year
prior to that for which sequestration is being
calculated), the survival factor would be 0.798.
Retain fractions of trees.

Note If the number of trees in a subset falls
below 0.5, assume all of the trees originally
planted have died and no carbon has been
sequestered in the reporting year. (Provided the
estimated number of trees surviving is greater
than 0.5, then the probability that oinee

survived and sequestered carbon is greater than
50 percent.)

Column F — Annual Sequestration Rate:
Enter the annual sequestration rate from Table 2
for the species and age category of the trees
during the reporting year in question.

Column G — Carbon SequesteredMultiply

the number of trees surviving (Column E) by the
annual sequestration rate (Column F) and enter
the resulting number in Column G. Repeat the
above process for each species and age category.
Sum all of the annual carbon sequestration totals
for each species and age category and enter the
total in the lower right-hand corner of the table.
This is the total amount of carbon sequestered by
the project in the reporting year in question.

Note 1 These steps must be repeated using a
separate worksheet for each year for which you
are reporting.

Note 2 To report in units of carbon dioxide
instead of, or in addition to, carbon, multiply the
total in Column G by 3.67. To report in short
tons instead of pounds, divide by 2000.

Note 3 The amount sequestered is entered under
the Emission Reduction or Sequestration column
on the EZ form, or as Annual Increase in
Schedule 1l, Section 8, Part Il of the Long

Form.

The section following Table 2 presents an
example worksheet for an urban tree planting
project (see p. 11).
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URBAN FORESTRY CARBON SEQUESTRATION WORKSHEET
(Calculate each reporting year on a separate worksheet; photocopy if more than one sheet is required)

Reporting year: 19

A. B. C. D. E. F. G.
Species Characteristics Tree | Number | Survival | Number Annual Carbon
(Refer to Table 1) Age | of Age 0 Factor of Sequestration | Sequestered
Trees (Referto Surviving Rate (Ibs)
Name Tree | Growth Planted Table 2) Trees (Ibs./tree) (ExF)
Type Rate (C X D) (Refer to
(Hor C) (S, M, orF) Table 2)

Total Pounds of Carbon Sequestered

Total Pounds of Equivalent CO2 Sequestered X 3.67

Equivalent CO2 Sequestered in Short Tons /2000

Method for Calculating Carbon Sequestration by Trees in Urban and Suburban Settings






Table 1. Common Urban Tree Species

Species

Type

Growth
Rate

Species

Type

Growth
Rate

Ailanthus,Ailanthus altissima

Alder, European, Alnus glutinosa

Ash, green, Fraxinus pennsylvanica

Ash, mountain, AmericaBorbus americana
Ash, white,Fraxinus americana

Aspen, bigtoothPopulus grandidentata
Aspen, quakingPopulus tremuloides
BaldcypressTaxodium distichum
Basswood, Americar,ilia americana
Beech, Americarf-agus grandifolia
Birch, paper (white)Betula papyrifera
Birch, river,Betula nigra

Birch, yellow,Betula alleghaniensis
Boxelder,Acer negundo

Buckeye, OhioAesculus glabra
Catalpa, northerrCatalpa speciosa
Cedar-red, easterdyniperus virginiana
Cedar-white, norther;huja occidentalis
Cherry, blackPrunus serotina

Cherry, pin,Prunus pennsylvanica
Cottonwood, easterfopulus deltoides
CrabappleMalusspp.
Cucumbertregylagnolia acuminata
Dogwood, floweringCornus florida
Elm, AmericanUlmus americana

Elm, ChineseUlmus parvifolia

Elm, rock,UImus thomasii

Elm, Septembet/JImus serotina

Elm, SiberianJlmus pumila

Elm, slippery,Ulmus rubra

Fir, balsamAbies balsamea

Fir, Douglas, Pseudotsuga menziesii
Ginkgo, Ginkgo biloba
HackberryCeltis occidentalis
Hawthorne Crataegusspp.

Hemlock, easternfsuga canadensis
Hickory, bitternut,Carya cordiformis
Hickory, mockernutCarya tomentosa
Hickory, shagbarkCarya ovata

Hickory, shellbark, Carya laciniosa
Hickory, pignut,Carya glabra

Holly, American llex opaca
HoneylocustGleditsia triacanthos
Hophornbeam, easter@strya virginiana
Horsechestnut, commoAgsculus
hippocastanum

Kentucky coffeetreeiymnocladus dioicus
Linden, little-leaf Tilia cordata

Locust, blackRobinia pseudoacacia
London plane trePlatanus_X_acerifolia
Magnolia, southerriylagnolia grandifolia
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Maple, bigleaf Acer macrophyllum
Maple, NorwayAcer platanoides
Maple, red Acer rubrum

Maple, silver Acer saccharinum
Maple, sugarAcer saccharum
Mulberry, redMorus rubra

Oak, blackQuercus velutina

Oak, blueQuercus douglasii

Oak, burQuercus macrocarpa

Oak, California blackQuercus kelloggii
Oak, California WhiteQuercus lobata
Oak, canyon liveQuercus chrysolepsis
Oak, chestnuQuercus prinus

Oak, ChinkapinQuercus muehlenbergii
Oak, LaurelQuercus laurifolia

Oak, live,Quercus virginiana

0Oak, northern redQuercus rubra
Oak, overcup Quercus lyrata

Oak, pin,Quercus palustris

QOak, scarletQuercus coccinea

Oak, swamp whiteQuercus bicolor
Oak, wateQuercus nigra

Oak, white Quercus alba

Oak, willow, Quercus phellos
PecanCarya illinoensis

Pine, European blacRjnus nigra
Pine, jackPinus banksiana

Pine, loblolly,Pinus taeda

Pine, longleafPinus palustris

Pine, ponderos&inus ponderosa
Pine, redPinus resinosa

Pine, ScotchRinus sylvestris

Pine, shortleafRinus echinata

Pine, slashRinus elliottii

Pine, Virginia,Pinus virginiana

Pine, white easterfinus strobus
Poplar, yellowLiriodendron tulipifera
Redbud, easterigercis canadensis
SassafrasSassafras albidum
Spruce, blackRicea mariana
Spruce, blueRicea pungens

Spruce, NorwayRicea abies

Spruce, redRicea rubens

Spruce, whitePicea glauca
SugarberryCeltis laevigata

Sweetguml-iquidambar styraciflua
SycamorePlatanus occidentalis
Tamaracklarix laricina

Walnut, blackJuglans nigra
Willow, black, Salix nigra
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Type: H = Hardwood, C = Conifer

Growth Rate: S = Slow, M = Moderate, F = Fast
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Table 2: Survival Factors and Annual Carbon Sequestration Rates for
Common Urban Trees

survival Factors by Annual Sequestration Rates by Tree Type and Growth Rate
Tree Age Growth Rate (Ibs. carbon/tree/year)
(yrs) Hardwood Conifer
Slow Moderate Fast Slow Moderate | Fast Slow | Moderate Fast
0 0.873 0.873 0.873 1.3 1.9 2.7 0.7 1.0 1.4
1 0.798 0.798 0.798 1.6 2.7 4.0 0.9 1.5 2.2
2 0.736 0.736 0.736 2.0 3.5 5.4 1.1 2.0 3.1
3 0.706 0.706 0.706 2.4 4.3 6.9 1.4 2.5 4.1
4 0.678 0.678 0.678 2.8 5.2 8.5 1.6 3.1 5.2
5 0.658 0.658 0.658 3.2 6.1 10.1 1.9 3.7 6.4
6 0.639 0.639 0.644 3.7 7.1 11.8 2.2 4.4 7.6
7 0.621 0.621 0.630 4.1 8.1 13.6 2.5 5.1 8.9
8 0.603 0.603 0.616 4.6 9.1 155 2.8 5.8 10.2
9 0.585 0.589 0.602 5.0 10.2 17.4 3.1 6.6 11.7
10 0.568 0.576 0.589 55 11.2 19.3 35 7.4 13.2
11 0.552 0.564 0.576 6.0 12.3 21.3 3.8 8.2 14.7
12 0.536 0.551 0.563 6.5 135 23.3 4.2 9.1 16.3
13 0.524 0.539 0.551 7.0 14.6 25.4 4.6 9.9 17.9
14 0.512 0.527 0.539 7.5 15.8 27.5 4.9 10.8 19.6
15 0.501 0.516 0.527 8.1 16.9 29.7 5.3 11.8 21.4
16 0.490 0.504 0.516 8.6 18.1 31.9 5.7 12.7 23.2
17 0.479 0.493 0.505 9.1 19.4 34.1 6.1 13.7 25.0
18 0.469 0.483 0.495 9.7 20.6 36.3 6.6 14.7 26.9
19 0.459 0.472 0.484 10.2 21.9 38.6 7.0 15.7 28.8
20 0.448 0.462 0.474 10.8 23.2 41.0 7.4 16.7 30.8
21 0.439 0.452 0.464 11.4 24.4 43.3 7.9 17.8 32.8
22 0.429 0.442 0.454 12.0 25.8 45.7 8.3 18.9 349
23 0.419 0.433 0.445 125 27.1 48.1 8.8 20.0 37.0
24 0.410 0.424 0.435 13.1 28.4 50.6 9.2 21.1 39.1
25 0.401 0.415 0.426 13.7 29.8 53.1 9.7 22.2 41.3
26 0.392 0.406 0.417 14.3 31.2 55.6 10.2 23.4 43.5
27 0.384 0.398 0.409 15.0 325 58.1 10.7 24.6 457
28 0.375 0.389 0.400 15.6 33.9 60.7 11.2 25.8 48.0
29 0.367 0.381 0.392 16.2 35.3 63.3 11.7 27.0 50.3
30 0.359 0.373 0.383 16.8 36.8 65.9 12.2 28.2 52.7
31 0.352 0.365 0.375 17.5 38.2 68.5 12.7 29.5 55.1
32 0.344 0.358 0.367 18.1 39.7 71.2 13.3 30.7 57.5
33 0.337 0.350 0.360 18.7 41.1 73.8 13.8 32.0 59.9
34 0.330 0.343 0.349 194 42.6 76.5 14.3 33.3 62.4
35 0.323 0.336 0.339 20.0 441 79.3 14.9 34.7 64.9
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Table 2: Survival Factors and Annual Carbon Sequestration Rates for
Common Urban Trees (Cont’d)

survival Factors by Annual Sequestration Rates by Tree Type and Growth Rate
Tree Age Growth Rate (Ibs. carbon/tree/year)
(yrs) Hardwood Conifer
Slow Moderate Fast Slow Moderate | Fast Slow | Moderate Fast
36 0.316 0.329 0.329 20.7 45.6 82.0 15.5 36.0 67.5
37 0.310 0.322 0.320 21.4 47.1 84.8 16.0 37.3 70.1
38 0.303 0.315 0.310 22.0 48.6 87.6 16.6 38.7 72.7
39 0.297 0.308 0.301 22.7 50.2 90.4 17.2 40.1 75.3
40 0.291 0.302 0.293 23.4 51.7 93.2 17.7 41.5 78.0
41 0.285 0.296 0.284 241 53.3 96.1 18.3 42.9 80.7
42 0.279 0.289 0.276 24.8 54.8 99.0 18.9 44.3 834
43 0.273 0.283 0.268 254 56.4 101.9 195 45.8 86.2
44 0.267 0.277 0.260 26.1 58.0 104.8 20.1 47.2 89.0
45 0.261 0.269 0.253 26.8 59.6 107.7 20.7 48.7 91.8
46 0.256 0.261 0.245 27.6 61.2 110.7 21.3 50.2 94.7
47 0.251 0.254 0.238 28.3 62.8 113.6 22.0 51.7 97.5
48 0.245 0.247 0.231 29.0 64.5 116.6 22.6 53.2 100.4
49 0.240 0.239 0.225 29.7 66.1 119.6 23.2 54.8 103.4
50 0.235 0.232 0.218 304 67.8 122.7 23.9 56.3 106.3
51 0.230 0.226 0.212 31.1 69.4 125.7 24.5 57.9 109.3
52 0.225 0.219 0.206 31.9 71.1 128.8 25.2 59.4 112.3
53 0.221 0.213 0.199 32.6 72.8 131.8 25.8 61.0 1154
54 0.216 0.207 0.193 33.4 74.5 134.9 26.5 62.6 118.4
55 0.211 0.201 0.188 34.1 76.2 138.0 27.2 64.2 1215
56 0.207 0.195 0.182 34.8 77.9 141.2 27.8 65.9 124.6
57 0.203 0.189 0.177 35.6 79.6 144.3 28.5 67.5 127.8
58 0.198 0.184 0.171 36.3 81.3 147.5 29.2 69.2 130.9
59 0.194 0.178 0.166 371 83.0 150.6 29.9 70.8 134.1
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WORKSHEET ENTRIES FOR A SAMPLE PROJECT

This example illustrates how the worksheet should
be used in calculating the carbon sequestered by a
hypothetical tree planting project in 1995. The
project involves 100 Norway maples planted in
1993, 75 Norway maples planted in 1992, 35 rock
elms planted in 1989, and 437 white spruces
planted in 1994. All the trees were standard,
nursery-raised specimens (i.e., trees in 15-gallon
containers or balled and burlapped) at the time of
planting.

The following steps should be taken to complete
the worksheet (see Table 3):

1. In Column A, enter each species-age category
on a separate line. Note that the species
Norway maple occupies two lines, since
plantings of that species were made in two
distinct years. Enter the appropriate letter code
for tree type and growth rate.

2. In Column B, enter the age of each group of
trees. The age indicated should be the number
of years since planting. For example, the 35
rock elms planted in 1989 would be 6 years old
in 1995 (1995 - 1989 = 6).

3. In Column C, enter the original number of trees
planted for each species-age category.

4. In Column D, enter the survival factors for each
species and age category as listed in Table 2. In
the case of the 100 Norway maples planted in
1993, the survival factor for 2-year-old,
moderate growth hardwoods is 0.736.

5. Calculate the number of trees sureigtiy in
species-age category at the end of the reporti
year by multiplying the original number of trees
(Column C) by the survival factor. Enter the
resulting number in Column E. For example,
the surviving number of Norway maples planted
in 1993 is determined by multiplying the 75
trees planted by a survival factor of 0.736, to
give 73.6 trees left at the end of 1995. (Retain
fractions of trees).

6. In Table 2, find the annual sequestration rate
corresponding to each species-age category and
enter this rate in Column F. For example, the 2
year-old Norway maples (moderate growth
hardwoods) sequester carbon at a rate of 3.5
pounds per tree per year, while the 7-year-old
rock elms (slow growth hardwoods) would
have sequestered 3.7 pounds of carbon each.

For each species-age category, multiply the

number of surviving trees (Column E) by the
annual sequestration rate in (Column F) to
obtain the amount (in pounds) of carbon
sequestered in 1995. Enter the resulting
number in Column G. For example, the 2-year-

old Norway maples sequestered 257.6 pounds

of carbon in 1995.

In Column G, sum all entries and enter the
result on the last row of Column G. This is the
total amount of carbon sequestered by this
project in the 1995 reporting year (257.6 +
227.9 + 82.9 + 523.1 = 1091.5 pounds in this
example). Record this number as the Annual
Increase in Section 8, Part Ill on Form EIA-
1605 or Sequestration on Form EIA-1605EZ.
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Table 3: Sample Urban Forestry Carbon Sequestration Worksheet

Reporting year: 19 95

A. B. C. D. E. F. G.
Species Characteristics Tree [ Number | Survival | Number Annual Carbon
(Refer to Table 1) Age | of Age 0 Factor of Sequestration | Sequestered
Trees (Referto Surviving Rate (Ibs)
Name Tree | Growth Planted Table 2) Trees (Ibs./tree) (refer (ExF)
Type Rate (C x D) o
(Hor C) (S, M, orF) Table 2)
Maple, Norway H M 2 100 0.736 73.6 3.5 257.6
Maple, Norway H M 3 75 0.706 53.0 4.3 227.9
Elm, rock H S 6 35 0.639 22.4 3.7 82.9
Spruce, white C M 1 437 0.873 381.5 15 572.3
Total Pounds of Carbon Sequestered 1130.7
Total Pounds of Equivalent CO2 Sequestered X 3.67 4149.67
Equivalent CO2 Sequestered in Short Tons 2000 2.07
Method for Calculating Carbon Sequestration by Trees in Urban and Suburban Settings 11




CALCULATING SEQUESTRATION FOR NON-STANDARD TREES

The preceding method for estimating carbon
sequestration was designed for trees planted at a
“standard” size, defined as a tree in 15-gallon
container or balled and burlapped conifer. At this
size, a tree is usually approximately one inch in
diameter at 4.5 feet above the ground. For the
purposes of this method, age is measured from the
time the tree is planted at the standard size.
Therefore, standard-sized trees are designated as
age 0, even though it will generally take seedlings
several years to reach this size.

Trees can also be planted when they are either
smaller or larger than this standard size. This
section provides instructions on how to adapt the
preceding method to estimate sequestration for
trees that were a non-standard size when planted.
The following adjustments are necessary:

1. The age of the trees planted must be normalized
to that of a standard tree. This means
determining the number of years that have
elapsed since the trees reached (tirelapse

before the trees reach) the standard size (age 0).

2. The number of trees planted must be adjusted to
reflect differences in mortality. This means
estimating the number of trees expected to have
survived to age 0 and using this number, the
effectivenumber of trees planted, in subsequent
calculations. (This adjustment will not be
necessary if you determine the number of trees
surviving by conducting a survey of the trees
planted or by a method does not rely on the
survival factors presented in Table 2).

The remainder of this section provides instructions
for determining the year the trees reach standard
size and estimating the effective number of trees
planted. In addition, several examples and a
sample worksheet are provided to illustrate how
these adjustments are made in calculating carbon
sequestration.

Normalizing Tree Age

Tables 4 and 5 estimate the ages of hardwoods and
conifers, respectively, planted at different sizes.
Tree age is the number of years since the tree
reached standard size (or age 0). Negative relative
ages indicate the number of yebesorethe tree

will reach age 0. For example, if you planted 100
Norway maples (hardwoods) in 10-gallon
containers in 1992, the age of these trees when
planted would be -2, which means they would
reach age O two years later in 1994. The age of
the trees in the 1995 reporting year would be 1.

Table 4: Relative Ages and
Survival Adjustment Factors for
Hardwoods

Size of Tree Survival Factor

When Planted

Tree Age

Bare Root -6 443
Seedling

10 Gallon -2 .762
Container

15 Gallon 0 1.000
Container

Balled and 0 1.000
Burlapped

Estimating the Effective Number of Trees
Planted

Tables 4 and 5 also provide survival factors for
hardwoods and conifers, respectively. These
factors are applied to tteetual number of trees
planted to determine theffectivenumber of trees
planted at age 0. If trees smaller than the standard
size are planted, a fraction of the original trees
planted would reach the standard size (i.e., survive
to age 0). Hence the survival factor is less than 1
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when smaller trees are planted. The opposite is
true if trees larger than the standard size are
planted: the effective number of standard-sized
trees one would have to plant would be greater
than the number of older trees actually planted in a
later year. Hence the survival factors for larger
trees are greater than 1. In the Norway maple
example above, the effective number of trees
planted is determined by multiplying the actual
number of trees originally planted (100) by the
survival adjustment factor for trees of age -2
(0.762) to give 76.2 trees. This information —
76.2 trees effectively planted in 1994 at age 0 —
can now be used to calculate annual carbon
sequestration using the worksheet in the normal
manner.

Example Calculations

This example project involves calculating carbon
sequestration in 1995 for the following non-
standard-sized trees (in addition to the 100
Norway maples planted in 1992 from the above
example):

* 50 bare root black locust seedlings planted in
1989;

¢ 120 5-foot blue spruce trees in 1992; and

+ 25 15-foot Douglas fir trees in 1991.

The effective number of trees planted at age 0
would be calculated as follows for each species-
age category:

Black Locust: Table 4 indicates that the relative
age of bare root (hardwood) black locust is -6,
which means they would take 6 years to reach age
0. Since they were planted in 1989, they would
reach age 0 in 1995. The survival adjustment
factor for this tree is 0.443. Therefore, of the 50
planted in 1989, 22.2 could be expected to survive
until 1995, which would be the effective number of
trees planted.

Blue Spruce:Blue spruce is a moderate-growth
rate conifer. According to Table 6, the age of 5-
foot trees at planting would have been -1. Since
they were planted in 1992, they would have
reached age 0 in 1993. As the survival factor is
0.873, the effective number of trees planted at age
0in 1993 would be 0.873 x 150 or 131.1. The
trees would be age 2 in 1995.

Douglas Fir: Douglas fir is a fast-growing conifer.
At 15 feet high, its age is +3. Therefore, if planted
in 1991, it would have reached age O three years
earlier in 1988. Given a survival adjustment factor
of 1.416, the effective number of trees planted at
age 0in 1991 would be 25 x 1.416, or 35.4. The
trees would be age 7 in 1995.

Given values for the effective number of trees
planted and tree age, sequestration for 1995 can be
calculated using the normal method (see Table 6).
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Table 5: Relative Ages and Survival Adjustment Factors for Conifers

Growth Rate Tree Height in Feet Tree Age Survival Factor

Less than 1 -6 443

1-2 -5 507

2-3 -4 .581

3-4 -3 .665

4-5 -2 762

Slow 5-6 -1 .873
6-7 0 1.000

7-8 1 1.145

8-9 2 1.253

9-10 3 1.416

10-11 4 1.475

1.6 or less -4 .581

16-3.2 -3 .665

3.2-48 -2 762

48-6.4 -1 .873

Moderate 6.4-8.2 0 1.000
8.2-9.8 1 1.145
98-114 2 1.253
11.4-13.0 3 1.416
13.0-14.6 4 1.475

Less than 2.3 -3 .665

23-4.6 -2 762

46-6.9 -1 .873

6.9-9.2 0 1.000

Fast 9.2-115 1 1.145
115-138 2 1.253

13.8-16.1 3 1.416

16.1-184 4 1.475

14
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Table 6: Sample Urban Forestry Carbon Sequestration Worksheet

Reporting year: 19.95

Equivalent CO2 Sequestered in Short Tons

A. B. C. D. E. F. G.
Species Characteristics Tree | Number | Survival | Number Annual Carbon
(Refer to Table 1) Age of Factor of Sequestration | Sequestered
h Age 0 (Regff ;0 Surviving Rate (Ibs)
Name TT;Z(Z G};‘;\tﬂg Trees rable2) Trees (Ibs./tree) (ExF)
(Refer
(HorC) (S, M, orF) Planted (C X D) sable tzl;
Norway maples H M 1 76.2 0.798 60.8 2.7 164.2
Black locust H F 0 221 0.873 19.3 2.7 521
Blue spruce C M 2 1311 0.736 96.5 2.0 193.0
Douglas fir C F 7 354 0.630 22.3 8.9 198.5
Total Pounds of Carbon Sequestered 607.8
Total Pounds of Equivalent CO2 Sequestered X 3.67 2230.6
/2000 1.12

Method for Calculating Carbon Sequestration by Trees in Urban and Suburban Settings
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400-Acre Wood

In this activity, students will play the role of managers of a 400-acre (162 hectare)

piece of public forest. Through this role, students will begin to understand the complex

considerations that influence management decisions about forest lands.

Copyright 2017, Project Learning Tree. Permission to reprint and distribute this activity has been granted to the Napa County Resource
Conservation District for a one-time use in an Acorns to Oaks teacher workshop. Educators in California can receive the complete guide by
attending a PLT workshop. Contact Sandy Derby at 530-394-7003 or stderby@ucanr.edu, or visit www.plt.org for more information.

Levels
Grades 7-8

Subjects
Science, Math, Social Studies

Concepts

m Resource management and
technological systems help
societies to meet, within lim-
its, the needs of a growing
human population. (3.6)

m Conservation technology
enables humans to maintain
and extend the productivity
of vital resources. (3.7)

= Natural beauty, as experi-
enced in forests and other
habitats, enhances the qual-

ity of human life by provid-

ing artistic and spiritual
inspiration, as well as recre-
ational and intellectual

opportunities. (1.10)

Skills

Identifying Main Ideas,
Analyzing, Solving Problems

S\

l Technology Connections
Spreadsheet/Database Software

Materials

Copies of student pages; a
yellow marker; chart paper;
colored markers; calculators
(optional); masking tape;
transparencies and overhead
projector (optional)

Time Considerations
Preparation: 60 minutes
Activity: Two to three 50-
minute periods

Related Activities

Water Wonders, A Forest of

Many Uses, Loving It Too Much,
Forest Consequences, Forest for
the Trees

OBJECTIVES

m Students will experience the analysis and deci-
sion-making involved in managing forest land.

m Students will understand that any land-use
decision has a number of consequences for
people, wildlife, and plants.

BACKGROUND

Public and private forests cover nearly one-
third of our nation’s land. More than just
trees, forests are made up of a wide variety of
species that interact to create a thriving
ecosystem. They provide habitats for many
species of plants and animals as well as vital
resources for people. People use forests in
many ways such as harvesting timber,
camping, hiking, hunting, and fishing.
Forests also provide clean water by anchor-
ing the soil and preventing soil erosion.

The Multiple Use and Sustained Yield Act
of 1960 requires that national forests be
managed “in a manner to provide the
maximum benefit for the general pub-
lic.” Multiple use management of public
lands means forest managers must con-
sider values for fish and wildlife, soil,
water, timber, and recreation. Private
forests are often managed for

those same values. (For more

about multiple use man-

agement, see the background

for Activity 32, “A Forest of

Many Uses.”

In our society, many
public policy
and leg-

ASSESSMENT OPPORTUNITY

= Have student teams present their plan for 400-
Acre Woods to a Community Council (made up
of students). Give each team five minutes to
explain why their plan should be accepted by
the council. After all teams have presented their
plans, give the council members time to choose
the plan they believe is best. Use team presen-
tations to assess how well students understand
the pros and cons of their proposals.

islative decisions are made in terms of
costs, benefits, and environmental
impacts. Forest managers must consider
the economic effects of their decisions
about forest lands. But they must also
consider the forest’s intangible elements
such as recreation, water, soil, and
wildlife values, even though those items
are harder to evaluate. One way to con-
sider the value of a forest for recreational
use would be to compare costs and bene-
fits, for example, the cost of developing a
campground versus the income from
fees charged. Another way is to calculate
the number and type of visitors a specific
attraction or activity will bring to the for-
est in a year.

One way to determine the value of
wildlife is to measure its contribution to
the forest’s economic value. Calculate this
value by finding out the species of
wildlife that live in the forest
and if those animals
consist of game
(hunted) species like
deer, turkey, or
quail. Then deter-
mine the income
generated from
hunters through licenses,
guns, equipment,
lodging, and travel.

400-Acre Wood
© Project Learning Tree
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Wildlife’s economic value might
include other uses that generate
income such as wildlife photography
and bird watching.

Another way to determine the impor-
tance of wildlife is to realize that it has
intrinsic value, regardless of its eco-
nomic value. With this approach, man-
agers view the forest as a complex
ecosystem in which every part of the
system is important to every other
part. If managers maintain each com-
ponent of the ecosystem, the result will
be healthy and assorted wildlife and
plant communities, or biodiversity. To
figure out how a specific action or non-
action might impact biodiversity, forest
managers look at the impact of an
action on several wildlife species with
different habitat needs.

One impact of human development
can be fragmentation. Fragmentation
is the process of dividing large, contin-
uous ecosystems and habitats into
smaller, isolated parcels. When
humans develop a piece of land for
homes, roads, businesses, agriculture,
parking lots, and other developments,
they change the biological community.
As the size of a habitat becomes small-
er and smaller, more and more animal
and plant species are affected.
Sometimes, the decline of a certain
species can serve as an early indicator
that a whole community or ecosystem
is changing.

GETTING READY

Make copies of the student pages.
Using a light-colored marker, draw a
20" x 20" (50.8 cm x 50.8 cm) grid map
of 400-Acre Wood on a piece of chart
paper for each team of four or five stu-
dents. (Teams can also make their
own.) The grid should have 400 1" x 1"
(2.5 cm x 2.5 cm) squares, each repre-
senting 1 acre (0.4047 hectare). On
another piece of chart paper, make an
identical, but larger, grid to use in
group discussion. If you have an over-
head projector, you may want to pre-
pare a transparency of the grid.
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DOING THE ACTIVITY

1. Introduce the activity by explaining
that students will look at several com-
plex issues that face forest managers.
Help students brainstorm a list of activ-
ities that take place on forest land. List
their ideas on the board. Include uses
like hiking, fishing, hunting, reading,
taking pictures, camping, rock climbing,
skiing, snowmobiling, logging, grazing,
or mining. Ask the class to look at the
list and decide if any activities would
conflict with each other if done on the
same piece of land.

2. Discuss these questions:

= Which activities would cost the most
to provide on forest land?

= Which would bring the most visitors?

= Which would have the greatest
impact on the forest ecosystem? On
the wildlife there? Would this effect
be permanent or temporary?

= Which would cause fragmentation?

= Which would provide for society’s
most critical needs?

3. Have students read the “If You Were
the Boss” student pages. Divide the
group into teams of four or five, and
explain that each team will decide the

Project Learning Tree ¢ PreK-8 Activity Guide

best use (or uses) of 400-Acre Wood,
which has been donated to the com-
munity. Each team will develop a land
management plan that will serve the
best interests of the entire ecosystem.
Make sure students understand that
their team can use the entire 400
acres (162 ha) for one use, or can divide
it up for multiple uses. For example,
they may devote 200 acres (81 ha) to
wilderness and hiking, 8o acres (32 ha)
to a campground, and 120 acres (49
ha) for harvesting timber or hunting.

4. Before students begin, ask these

questions:

= Which forest uses in “If You Were the
Boss” are compatible with other
uses? (for example, building a camp-
ground and hiking trail next to each
other)

= Which might be incompatible with
each other? (hunting near a camp-
ground)

= What could you learn by figuring
out the costs, revenues, trees,
wildlife populations, and number of
visitors for each management plan?
(how the plan affects different forest
values)

= Are owls, wood rats, and salaman-
ders the only wildlife in the forest?
(no) What could you learn about the
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forest ecosystem by analyzing the
populations of these three species?
(By looking at three animals with
different habitat requirements, you
get an idea of the general health of
the forest ecosystem.)

5. Give each team a map (grid) of the
400-Acre Wood. Also give each team a
copy of the “What’s the Score?” student
pages. Each team should discuss various
strategies for managing the forest. When
the team arrives at a consensus on how
the land should be managed, direct
members to use “What'’s the Score?” for a
cost and benefit analysis of their plan.
They should discuss what impact their
plan would have in terms of visitors,
wildlife, trees, and cost and revenue.

/‘k See the PLT website, www.plt.org,

for information about obtaining a
spreadsheet or database to use in con-
junction with the “What’s the Score?”
student pages.

6. When the teams have completed
their management plans, they should
use crayons or colored markers to illus-
trate their plans on the grids. Remind
them to include a key showing what
different colors and symbols mean.

7. Ask teams to present their plans to
the entire group, making clear how
they decided on their plans. Have
them also report the findings of their
“What’s the Score?” student pages.
Post the maps around the room.

READING CONNECTIONS

Bryan, Nichol. Los Alamos Wildfires. Gareth
Stevens. 2003. Describes the events
surrounding the wildfire that raged in New
Mexico in 2000, and the resulting debate
over the policy of prescribed burning, or
purposely setting fires as a means of forest
management. Grades 4+. ISBN: 0836855078.

Camp, William G. and Thomas B. Daugherty.
Managing Our Natural Resources. Delmar
Learning. 1995. Examines the nature, history,
and management of natural resources

8. Use the large grid map to lead a

group discussion of different plans.

Ask these questions:

= Which plan enables the most people
to enjoy the forest? What is the
monetary cost in attracting the most
visitors? Are there any other costs
besides money?

= Which plan does the most to pre-
serve the forest in its original state?
What are the costs of this plan?

= Which plan has the most impact on
wildlife and fragmentation? Why
should we care if one animal species
leaves the forest?

= Which plan seems to provide the
best balance of money,
trees, wildlife, and visitors?

= How do you think your
plan should be paid for? If
your plan made a profit,
what should happen
with the money?

= Which do you think is
most important: hav-
ing the most trees,
the most wildlife, or
the most visitors?
What makes you
think so?

= Which do you think \
is most important
—an activity’s cost or revenue,
or the activity’s effects on trees,
wildlife, and visitors? Give an
example.

= Which items are on-going costs or
revenues? Which are one-time costs
or revenues?

ranging from soil and water to forests,
wildlife, and marine resources. Includes
suggested activities and discussion of
occupations in the field. Grades 6+.
ISBN: 0827367163.

Foster, David R. and John F. O’Keefe. New
England Forests Through Time: Insights from
the Harvard Forest Dioramas. Harvard
University Press. 2000. The historical and
environmental lessons of New England’s
landscape are told through the world-
renowned dioramas in Harvard's Fisher
Museum. This first book based on the
dioramas conveys the phenomenal history

= What will be the long-term effects
of each plan? How will costs or rev-
enue change in the next year? Will
the numbers of trees, wildlife, or vis-
itors change?

Enrichment

= Repeat the activity and have each
team extend its management plan
into the next year, and calculate the
effect on money, trees, wildlife, and
visitors for the second year.

m Contact the local Forest Service
office or forestry agency, and invite a
forest manager to talk to your class
about how his or her organiza-
tion makes land-use decisions.
Encourage students to ask questions
based on what they learned in the
activity. For example, how do
forest managers weigh the

effects of an action on trees,
people, and animals in a
forested area?

of the land, the beauty of the models, and
new insights into nature. Grades 6+. ISBN:

0674003446.

Heinrich, Bernd. The Trees in My Forest.
HarperCollins Publishers. 1997. The author
takes the readers on an eye-opening journey
through the hidden life of a three hundred
acre forest. Each of the 24 essays explores a
different aspect of the relationships among
plants, animals, and people of the forest.
Grades 7+. ISBN: 0060174463.
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If You Were the Boss

A magnificent forest, 400-Acre Wood, has just been
donated to your community. You and your team have
the job of deciding what to do with this forest.

As you might have guessed, 400-Acre Wood is 400
acres (162 hectares) in size. An acre is an area of land
equal to a square that is 208.7 feet on each side, and
400 acres is a little less than 1 square mile. (A hectare
[ha] is 10,000 square meters and is equal to about 2.47
acres. To convert acres to hectares, multiply by 0.4047).

400-Acre Wood is made up of pine forest, with about 150
mature pine trees per acre. In addition, it contains lots of
wildlife such as owls, deer, bear, woodpeckers, turkey,
quails, wood rats, fish, and woodland salamanders.

Wildlife biologists use something called management
indicator species (MIS) to evaluate the impact of peo-
ple’s actions on the environment. For 400-Acre Wood,
the indicator species are barred owls, wood rats, and
woodland salamanders. Wildlife biologists estimate
that 400-Acre Wood currently has two barred owls per
100 acres (40 ha) of forest, and one wood rat and 25
woodland salamanders per acre (0.40 ha). That means
a total of 8 barred owls, 400 wood rats, and 10,000
salamanders currently live in 400-Acre Wood.

Project Learning Tree ¢ PreK-8 Activity Guide
© Project Learning Tree

Because the forest currently has no roads or trails, few
people use or visit it.

You and your team will make a map of 400-Acre Wood
and develop a management plan for it. You may
decide to do one thing with the entire forest. Or you
may want to divide the forest and do different things
in different areas. You goal is to find what you think is
the best balance between visitor enjoyment, trees,
wildlife, and money.

Below are the different forest uses you can include in
your plan. The “What’s the Score?” student page will
help you evaluate your plan’s total effect on visitors,
trees, wildlife, and money.

Wilderness Preserve

The purpose of a wilderness preserve is to allow
wildlife and plants to exist without humans interfer-
ing. Typically a wilderness preserve has no roads, grad-
ed trails, or campsites. Wilderness preserve areas will
have the following effects.

Visitors: About 5 people per acre per year will visit the
preserve.

Trees: The number of trees per acre will remain the
same.

Wildlife: The numbers of owls, wood rats, and salaman-
ders per acre will remain the same.

Money: It will cost money to manage the preserve, and
each visitor will pay an entrance fee.

Trails

Graded trails allow different types of visitors to enjoy a
forest area, including walkers, cyclists, families with
strollers, and wheelchair users. Trails areas will have
the following effects.

Visitors: About 25 visitors per acre per year will

use the trails.

Trees: Some trees must be cut to

build a trail.

Wildlife: The increase in visitors will disturb the
wildlife. Owls will leave areas with trails (they sleep
during the day when people are about), and trails are
dangerous for woodland salamanders as they migrate
to pools of water during breeding season. There will be
no affect on the wood rat population.

Money: It costs money to build and maintain trails.
Trees removed to make the trail can be sold. Each visi-
tor will pay an entrance fee.

(continued on next page)
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Campground

A campground allows visitors to
enjoy a forest area overnight or
over the weekend. It typically
has a number of campsites, plus
picnic tables, fire pits, parking
spaces, and bathrooms. A camp-
ground also needs to have a
road winding through it. A
campground has about 4 sites
per acre. Campground areas will
have the following effects.
Visitors: About 12.5 campers per
site per year will come to the
campground, or 50 campers per
acre per year.

Trees: Trees need to be removed
to build the road and the camp-
sites.

Wildlife: A campground and
campers will cause all three
indicator species—owls, wood
rats, and salamanders—to disappear from the area.
Money: It costs money to build and maintain the road,
to clear and level the campsites, and to build and
maintain the restroomes. It also costs money to manage
the campground. Trees removed for the road and
campsites can be sold. Campers pay a camping fee.

Hunting

Some forest areas are managed to encourage game
animals (deer, turkey, and quail) for hunters. These
areas require a road for visitors. Hunting areas will
have the following effects.

Visitors: About 1 hunter per acre per year will visit.
Trees: Trees will need to be removed to build the road.
Wildlife: With regulations to keep game populations
constant, there should be no effect on the three indica-
tor species—owls, wood rats, and salamanders.
Money: It will cost money to build and maintain the
road. It will also cost money for management. Trees
removed for the road can be sold. Hunters will pay a
hunting fee.

Fishing

To encourage fish for anglers, a 1ake can be created by

following effects.
Visitors: About 2 anglers per acre per year will visit.

Activity 50 ¢ 400-Acre Wood

If You Were the Boss (continved)

damming the forest stream. Fishing areas will have the

Trees: Trees will need to be removed to create the lake.
Wildlife: Creating the lake will cause all three indicator
species—owls, wood rats, and salamanders—to disap-
pear from the fishing area.

Money: It will cost money to build the dam to create
the lake. It will also cost money for management. Trees
removed for the lake can be sold. Anglers will pay a
fishing fee.

Timber Harvest

Some forest areas are set aside for timber harvesting,
which means cutting trees to sell the logs. Using a sus-
tainable yield approach, only a portion of the trees are
removed at any given time. This minimizes the effect
on wildlife, while producing as many logs as possible
over the long-term. For pine trees, which take 35 years
to reach maturity, one-fifth of the trees are cut every 7
years. Timber harvest areas will have the following
effects.

Visitors: About 5 people per acre per year will visit.
Trees: Trees will be removed to build the road, plus
one-fifth of remaining mature trees will be removed.
Wildlife: The timber harvest will have a minimal
impact on the three indicator species.

Money: It will cost money to build and maintain the
road and for management. The harvested trees can be
sold. Visitors will pay a fee.
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What' s the Score?

Step 1.

Determine how many acres you plan for each land use. The total should be 400 acres.

( acres Wilderness) + ( acres Trails) + ( acres Campground) + ( acres Hunting) + ( acres
Fishing) + ( acres Timber Harvest) = Total Acres

Step 2.

Calculate how many visitors per year this plan will attract to your community.

( acres Wilderness x 5 visitors/acre) + ( acres Trails x 25 visitors/acre) + ( acres Campground x 50
campers/acre) + ( acres Hunting x 1 hunters/acre) + ( acres Fishing x 2 anglers/acre) + ( acres
Timber Harvest x 5 visitors/acre) = Total Visitors per Year

Step 3.
Calculate how this plan will affect the wildlife management indicator species. Compare the totals you get to the
original population of 8 owls, 400 wood rats, and 10,000 salamanders.

Oowls: ( acres Wilderness) + ( acres Hunting) + ( acres Timber Harvest) = acres that will
support owls x 0.02 owls/acre = Total Owls (Note: Round down to the nearest whole owl.)

Wood Rats: ( acres Wilderness) + ( acres Trails) + ( acres Hunting) + acres Timber Harvest) =
acres that will support wood rats x 1 wood rat/acre = Total Wood Rats

Salamanders: ( acres Wilderness) + ( acres Hunting) + ( acres Timber Harvest) = acres that
will support salamanders x 25 salamanders/acre = Total Salamanders

Step 4.

Calculate how many miles of trail or road are needed for your plan.

( acres Trails) + 6 acres/mile = Total Miles of Trail

( acres Campground x 250 ft/acre) + 5,280 ft/mile = miles of road for Campground

( acres Hunting x 100 ft/acre) + 5280 ft/mile = miles of road for Hunting

( acres Timber Harvest x 100ft/acre) + 5280 ft/mile = miles of road for Timber Harvest
Step 5.

Calculate how many mature trees remain based on your plan.

miles of Trail x 0.36 acres/mile) x 150 trees/acre =

miles Campground road x 1.45 acres/mile) x 150 trees/acre =
miles Hunting road x 1.45 acres/mile) x 150 trees/acre =

acres of Fishing) x 150 trees/acre =

miles Timber Harvest road x 1.45 acres/mile) x 150 trees/acre =
acres Timber Harvest x 1/35 harvested) x 150 trees/acre =

Total trees removed

(
(
(
(
(
(

60,000 mature trees in 400-Acre Wood - trees removed = trees remaining

(continued on next page)
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What' s the Score? (continved)

Step 6.

Calculate the revenue and costs associated with your plan, and determine the net profit or loss.

Revenue

Fees (per year)
_____Wilderness visitors x $2 fee per visitor = $
_____ Trails visitors x $2 fee per visitor = $
_____Campground campers x $20 fee per site + 2 campers per site =$
_____hunters x $5 fee per hunter = $
______anglers x $2.50 fee per angler = $
______Timber Harvest visitors x $2 fee per visitor = $

Sale of Trees
___ treesremoved for Trails x $50 per tree = $
___ trees removed for Campground road x $50 per tree = $
__ trees removed for Hunting road x $50 per tree = $
_____trees removed for Fishing x $50 per tree = $
trees removed for Timber Harvest x $50 per tree = $

Total Revenue $

Management Costs (per year)
__acres Wilderness x $2.50 per acre = $
____acres Trails x $50 per acre = $
___acres Campground x $200 per acre = $
__acres Hunting x $5 peracre =$
_____acres Fishing x $2.50 per acre = $
____acres Timber Harvest x $5 peracre=$

Construction Costs
__ miles of Trail x $100 per mile =$
____miles Campground road x $600 per mile = $
_____acres Campground x 4 sites per acre x $1000 per site = $
____miles Hunting road x $600 per mile = $
______acres Fishing x $3000 per acre = $

____miles Timber Harvest road x $600 per mile = $

Total Costs $

Profit or Loss

(Total Revue $ ) — (Total Costs $ )=5$ Net

If the Net amount is positive, it is a profit; if is it negative, it is a loss.
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Introduction

The Walk in the Forest
program is a wonderful
opportunity for the public
to experience forests and

forestry hands-on.

D APRIL
EARTH

D LAST FRIDAY IN APRIL
ARBOR DAY

D 3RD SATURDAY IN MAY
NATIONAL WALK IN
THE WOODS DAY

D 3RD FRIDAY IN OCTOBER
NATIONAL WALK IN
THE FOREST DAY

This guide will help you plan an event—
for adults, families, students or teachers.
A Walk in the Forest helps audiences of
all ages unplug from their busy lives and
witness the wonder of nature. It provides
a great opportunity for people to appreci-
ate forests, and to teach others about the
benefits forests provide and how forest
management can enhance those benefits.

This guide was 