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Forestry Guidelines

1. Know typical forest structure: canopy, understory, ground layers and crown classes.

2. Understand forest ecology concepts such as the relationship between soil and forest types,
tree communities, and prim@ and secondary succession.

3. Identify the abiotic and biotic factors in a forest ecosystem, and understand how these
factors affect tree growth and forest development. Consider factors such as climate, insects,
microorganisms, and wildlife.

4. Understad the term silviculture, and be able to explain the uses of the following silviculture
techniques: everaged management, uneveaged management, thinning, prescribed burning,
single tree and group tree selection, shelterwood cutting, cla#ting with ard without seed
trees, and coppice management.

5. Understand how the following issues are affected by forest health and management:
biodiversity, forest fragmentation, forest health, air quality, aesthetics, fire, global warming and
recreation.

6. Undersand how economic, social and ecological factors influence forest management
decisions.

7. Understand the importance and value of trees in urban and community settings, and know
the factors affecting their health and survival.

8. Understand the economic ke of forests and know many of the products they provide to

people and society.
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are important to human health, recreation, wildlife, and watershed quality.

10. Urderstand basic tree physiology and function including photosynthesis basics, tree growth,

fall leaf change, nutrient and water movement, mycorrhizal relationships, shade tolerance, and
nutrient needs.
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Skills to KnowForestry

1. Be able to identifyrees in the field, with preserved leaves, or
with leaf images. Trees to identify will come from the specimen
list. A list of scientific names will be available but will not be
matched with the common name, so students should be familiar
enough with sciatific names to find them on a list.

2. Be able to use a dichotomous key to identify trees not included on
the specimen list

3. Be able to use the following forestry tools properly:
Clinometer(for height), Bape, Measuring tape, 10 basal area
prism, tree volumescale increment borer

4. Be able taage a tree compare dated events to rings, and

differentiate basictissuedza Ay 3 | GNBS a 0221 ASE

. Be able to estimate timber volume for a given set of trees

. Be able to calculate basal area.

7. Be able to recommend suitableste species to fit urban forestry
situations.
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Specimen listForestry
All trees should be learned by leaves. If an asterisk(*) is present, learn
the nut/fruit/cone. If a pound sign(#) is present know the bark.

Oaks: Flowering dogwood#
White, * Eastern Redbud,
Post, Black Cherry#
Swamp Chestnut, Tulip Poplar,

Sawtooth, American Beech#
Live, White basswood,
Laurel, Red Mulberry,
Blackjack, Sassafras,
N. Red, Black Walnut;
S. Red?* Pecan}
Scarlet, Black Locust,
Shumardg Green Ash,
Water* Yellow Buckeye,
River Birch#
Pines: Red Maple,
White, * Southern Magnolia,
Shortleaf, Sweetbay Magnolia,
Virginia,* Sweetgun,
Pitch, Black Gum,
Loblolly, Bald Cypresst
Longleaf*# Eastern Hemlock,
Slash Eastern Re@edar,
Leyland Cypress,
Hickories: Bradford Peatr,
Pignut,* American Holly,
Mockernut? Rhododendron,
Water, Persimmon?
Bitternut Sourwood

AmericanSycamore



Georgia Envirothon Forestry Study Guide

Leaves

There are three main parts to a leaf:
1 The base which is the point atweh the leaf is joined to the stem.
1 The stalk or petiole is the thin section joining the base to the lamihis generally
cylindrical or semicircular in form.
1 The lamina or leaf blade is the wide part of the leaf
Leaves can be of many different gles:
Primarily, leaves are divided into simpla single leaf blade with a bud at the base of the

leafstem; or compounda leaf with more than one blade. All blades are attached to a single

leafstem. Where the leafstem attaches to the twig there mid.

4
Leal 4 Leaflet
7
P

._‘::‘ [\
\4‘;!"\,‘9 V7 4
Blade { <555 j‘g(‘/;/
~ R

4‘,*/

;zz’sm”‘ Leafstalk

A L P S\
Bud LN,
Stem Stem .

Simple Leaf Compound leaf

Leaves may be arranged on the stem either in an alternate arrangenhemies that are
staggered or not placed directly across from each other on the twig; or in an opposite
arrangement 2 or 3 leaves tat are directly across from each other on the same twig.
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Alternate Opposite

The margin (the edge of a leaf) may be entire, sigbthed, doublytoothed, or lobed.

) =

Entire Singly-toothed Doubly-toothed

Lobed Leaf Clasps Pinnate Compound Palmate Compound Doubly-Compound

Simple LeavesMargin Structure Compound leaf types

Compound leaves may be palmateaving tre leaflets arranged round a single point like

fingers on the palm of a hand; or pinnateshen the leaves are joined on the two sides of the

stalk, like the vanes of a feather.

(Leaf diagrams adapted from Fifty Trees of Indiana, Purdue University, Deparbf Forestry

and Conservation)
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Tree Growth

Trees grow in two ways. In a young shoot, bundles of cells form. These are a primary kind of
wood known as provascular tissue. As the shoot grows a layer of cambium forms across and
between the primary budles where cells divide and grow each ye#s the cambium divides,
wood and bark cells form. Cells pushed outward form the bark which eventually spllts and falls
off and is replaced. A tree's upward growth occurs at bl Tayer whiars i
the tip of each twig. growth occurs
The inwardgrowth of the cambium forms the main
part of the trunk and is called xylem. Tiny tubes which
transport water and minerals from the roots up the
trunk and branches to the leaves make up the xylem.
Leaves need this water to help them make food from
sunligh. The outward growth is protected by a layer
of phloem. The phloem is made up of tiny tubes that
transport the sugars from the leaves to the rest of the
tree. If the phloem is damaged the tree will die.
Roots may not go down deep but they can spread
outward as far as the tree is tall. Roots anchor trees togi
the soil and absorb water and soil minerals needed fog,y00d, made from living cells
growth. Some trees have deep tap roots; others have
a spreading system of roots. Root hairs absorb water

. . . and minerals
In some trees a difference in color exists between the
outer part of the wood,(sapwood)and the inner part,
the heartwood. The sapwood is the light part of the
wood as seen in cross section. It is the most recently
formed wood, the circle farthest from the central
cylinder. Sapwood is the physiologically acpeet of
the wood through which the sap rises and has a high
level of humidity. Thus, it is susceptible to rot and
vulnerable to attack by fungi and insects.
The heartwood is the part of the trunk nearest the center, the older part, which makes up the
greater part of the trunk Roots as they push through the soil are aided by a cap that forms
over the tender growing point of each root. Beyond this point, myriads of root hairs extend
into the soll, increasing the surface area of the root and increabi@gmount of water the
tree can take up.

Heartwood, made
from dead cells

How Plants Get Water and Nutrien{http://www.dummies.com/howto/content/how-plants
get-water-and-nutrients.html)

Plants absorb nutrients and water through their roots, but photosynthesthe process by
whichplants create their fuet occurs in the leaves. Therefore, plants need to get fluids and
nutrients from the ground up through their stems to their parts that are above ground level.
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Just as animals, plants also contain vascular tissues (xylem), whispdresmwater and

minerals up from the roots to the leaves, and phloem, which transports sugar molecules, amino
acids, and hormones both up and down through the plant.

The leaves of plants also contain veins, through which nutrients and hormones traeakto r

the cells throughout the leaf. Veins are easy to see some leaves (a maple tree, for instance). In
some plants the veins are hard to see, but they're in there.

Sap is the mix of water and minerals that move through the xylem. Carbohydrates move
throughthe phloem. There are several different "modes of transportation” through the xylem
and phloem; their main function is to keep all cells of the plant hydrated and nourished.

Inside the cells of the root, there is a higher concentration of minerals tharetis in the soil
surrounding the plant. This creates root pressure, which forces water up out of the root
through the xylem as more water and minerals are "pulled” into the root from the soil. This
force results in guttation, which is the formation ofiyidroplets on the ends of leaves or grass
early in the morning.

The reason the droplets are seen in the morning is because transpimtitie loss of water

from leavest doesn't occur at night, so the pressure builds until morning. Those droplets are
not just water, they're sap. And, those sap droplets are proof that water and minerals get

pulled up from the soil and transported through the entire plant.

Trees and mycorrhizal relationshig&om http://homeguides.sfgate.com/)

Mycorrhiza means "fungusot.”

The importance of fungal activity in relation to tree growth is largely overlooked. People are
sometimes disturbed when they see the fruiting bodies of such fungi, because there are often
negative implications to seeing mushrooms in the landscapeshvtioms may be a sign of

overly acid soils or rot in tree roots. However, the mycorrhiza fungus performs essential
functions in the soils, and they form symbiotic relationships with trees through the tree's root
system. Some mycorrhizae penetrate the roatel some simply surround the root tissue. It's
estimated that more than 80 percent of higher plant species develop symbiotic relationships
with mycorrhizal fungi.

Benefits to the Tree

Because the relationship between trees and mycorrhizae is symbiotic the tree and the

fungi extract some benefit. Mycorrhizae are more effective than tree roots at accumulating
water and nutrients, and can store excess nutrients, releasing them to the tree as needed. The
fungi also inhibit invasion by damaging fungi, axtend the life to root tips. Mycorrhizae

release acids that break down substances that the plant cannot use without this help, and fix
nitrogen from both the soils and atmosphere so that it is more available to the tree.
Mycorrhizal fungi produce hormosehat encourage the production of new root tips, which

aids both the tree and the fungi.

Benefits to the Mycorrhiza

The symbiotic relationship between mycorrhizae and trees benefits the fungi as well. Fungi
cannot manufacture their own food due to lackatflorophyll, a process that converts sunlight

to energy used for producing sugars. Therefore, fungi must get this food from chlorophyll
producing plants. They do so by either penetrating the plant roots or forming a sheath around
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the root tips. This energallows the fungi to reproduce and form large networks within the
soils.

Mycorrhiza and Intertree Interaction

Because the network of mycorrhizal fungi is often vast, trees may often form a network of
interlocking root/fungi pathways that connect trees ¢éach other. Professor Suzanne Simard of
the University of British Columbia identified the "mother tree" concept, which suggests that the
largest trees of the forest, or the mother trees, infect the new seedlings with mycorrhizae,
providing a highway by wth the mother tree can provide the seedling the nutrients it needs to
survive. Trees under stress may receive carbon through underground pathways from nearby
trees not experiencing stress.

Dendrochronology: Investigating the recent past

(the following ext is prepared by Ms. Chris Marion. © C. Marion 2005)

Dendron (tree) + Chronos (time) = Dendrochronology: The use of tree rings as time markers
Dendrochronology can be a very powerful tool in answering ecological questions about the
recentpast. It also ks applications in archaeology, geomorphology, forestry, climatology, and
evenlaw.

1) Introduction to wood anatomy and tree ring formation

Wood, or secondary xylem, is laid down in trees during the growing season to the inside of the
cambium layer, accauing for lateral growth of treesA tree ring is composed of two (more or
less distinct) bands of cells (figure 1). The earlywtioel Jightcoloured band, is laid down in

the spring and early summer, when water availabilitifighest. The xylem cellsq@luced by

the cambium are then rather large in diameter, and h#va walls. Latewood is produced later
on in the summer and in the early fall. Latewood cellssanmewhat smaller than the early

wood cells, and have a much thicker cell wall and muchlemamen, accounting for the

darker color of the latewood. At the end of the growing season, warediuction shuts down

until the following spring, when large, thimalled cells are agaijroduced by the cambium,
making a very sharp contrast with the prews year's dark, tighatewood (at least in conifers!)
(Figure 2).Water availability and warmth of the growing season are the two main factors
affecting tree ringvidth. A wet, warm season will lead to the formation of wide, lightored
bands in mosborealevergreen trees, with ring width generally increasing with the length of
the favorable growingeason. Dry or cold summers will result in narrower rings. Although the
trees' response tgrowing conditions is speciespecific and also depends on ettfactors such
as nutrient andight availability, the previous generalizations usually apply to most boreal
conifer species.
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Figure 1. Cross-section of a young conifer stem showing wood structure
(From Fritts, 1979.)

- ~~
’_\ s\_h. b
E
[
72
7,
'
4
——
> =
(s
P
.'A' HH'

Figure 2. Annual growth rings showing earlywood (EW), latewocod (LW)
and false rings (arrows). (From Fritts, 1979.)

Deciduous species are more difficult to work with as the latewood is not much different form
the early wood, and observation tiie cells themselves is sometimes the only way to
distinguish theannual rings.

Many events will happen in the life of a tree which may be recorded in its wood either at the
cellular level or as more obvious scars or deformations in the tree itself., fmestt epidemics,
and droughts are a few examples of events that will be recorded in the rings at the precise year
(or series of years) at which they occurred. Fire and other cambliestroying accidents will

stop the production of wood where the cambiuvas damaged, leaving a scar that might
eventually close with time; this scar can also be dated. Cutting down a tree will stop lateral
growth altogether and tell us the year the tree was felled. Tree death by flooding, burying, or
uprooting can also be dad.

2) Sampling, preparation, and dating of wood material

Sampling of the trees can be done in a few ways. It is possible to obtain cores from trees using
an increment borer; this type of sampling does not kill the tree, but can be difficult if the trees
are rotten. Careful crossdating of the samples collected this way is necessary, because very
narrow or incomplete/missing rings may be missed since the cores represent only a small
fraction of the trees' crossection. Taking a tree disk (or 'cookie’) ésttuctive but tree disks

are the best samples as incomplete rings can be detected, narrow rings can sometimes be seen
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better somewhere else around the stem, and patches of rot can be avoided when dating the
disk. Scar such as fire scars are almost imgmdego date without a disk.

Back in the lab, wood samples must be dried, and then sanded carefully to make dating more
easily. Dating live trees is very straightforward: the last year laid down is the current year's
wood production. Counting back from ¢houtside ring towards the inside of the disk will give
anapproximate age for the tree. (Trees are very rarely sampled at the root collar; therefore a
few too many rings may be missing from the beginning of a tree's life. Sampling as close to the
ground & possible helps avoid underestimating the age of a tree.) Counting from the inside out
towards a scar will then allow dating of the scar. Dead trees can be-datsd with live trees

to allow for age determination; cros$ating is discussed in sectior{gkeleton plots).

The code illustrated in figure 3 is very useful in keeping track of the number of rings counted.
Pencil marks are recommended over pinprick as they can be erased should a dating mistake be
detected.
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‘igure 3. Keeping track of time i
SALRS Bt Sl 15968.) using pencil marks on the rings. (From

3) Marker years

While most tree ringsook more or less the same, some rings known as marker rings (or pointer
years) may be conspicuously different from their neighbors. Such rings are useful fer cross
dating;some of them even speak of localized or widespread disturbance events that are of
interest to ecologists.

a) Frost ringsFrost rings are caused by lagpring or earlyfall frost events. The cambium is
affected by thecold, and a few layers of abnormal cells are produced before the cambium
resumes its organizeckll divisions. Frostrgs appear as a band of darker, disorganized cells
within a regular ring.

b) False rings and light ringd=alse rings happen when for a short period during the growing
season, growing conditiongesemble that of the end of the season, for example wheerdxind
colder conditions prevail faseveral days. A few layers of thheklled cells are formed, and

they have the appearance t#tewood. A close inspection of the suspicious ring will reveal that,
although cell walls are thickeeell size has not reglidecreased and the return to thinner

walled cells is progressive, not shéike it would be if spring had just returned (see figure 2 for
two examples of false rings).

Light rings, on the other hand, show minimal formation of latewood. A light ring rdnald to
detect as the band of latewood can be very thin, very light, or everaxistent.

10
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c) Incomplete/locally absent ringsSome tree species, for example larch, are notorious for
having incomplete or even (locallglpsent rings, most often due to Hidevels of defoliation by
insects. In this case wood may lagd down only on whichever side of the tree has sustained
the least defoliation, aphotosynthesis might only happen there. Marker chronologies are very
important in detectingabsent rings; th@nly evidence that a ring is missing from a sample is
the desynchronization dhe following marker years with respect to the reference chronology.
d) Narrow rings Narrow rings are the most useful of all marker rings. They appear faithfully in
almost allof the trees of an area since they are usually caused by climate felt at a regional scale.
Depending orthe tree species in which they are recorded, they speak of drier/wetter or
warmer/colderconditions than those preferred by the species. A series abmarings may
indicate a few years of unfavorable growing seasons. It mayiradsmate an insect outbreak
causing intense defoliation and therefore little growth; if that is tiese, the series of narrow
rings will only be present in the species that affected by thedefoliator, and other species

will not show that insect signature.

4) Skeleton plots

All of the marker years described in the previous section are useful tools for building a
referencechronology against which dead trees can be compaoedfossdating purposes. The
mostcommon way to build such a marker year chronology is by drawing what we call a
skeleton plot.In a skeleton plot, marker years are recorded by a vertical line on a time axis
(figure 4):narrower rings are represented bglter vertical lines. Narrow rings are the most
reliable markelyears to record in a skeleton plot, although frost rings, false rings and light rings
are usuallynoted as well. In general, 15 to 20 samples will be enough to build a reliable
skeleton plot.Marker rings are recorded on a separate time axis for each sample, then a
composite skeletomlot for the site is compiled (figure 5).

Skeleton plots are very useful in identifying patterns of tree growth, and are quite often good
enough to allow crosdating of most events and even date dead trees and wood samples.
Unfortunately, a wood sample that happens to fall completely in between two reliable sets of
marker rings cannot be croskated in this manner.

11
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Figure 4. Narrow rings are recorded for each tree by a wvertical line on a

time axis; the narrower the ring, the taller the wvertical line.
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Figure 5. Compilation of the marker years from 3il the samples gives a
reliiable composite skeleton plot.

5) Master / reference chronologies

The creatio of a master chronology for a specific area usually involves the sampling of many
trees (>20). Ring widths have to be measured for every sample and every year, using a
micrometer table or one of the software that allow @ereen measurements of digitalregles.
Dead trees and fossil wood that can be crdased to the livetree chronology can contribute

to the building of very long master chronologies (figure 6). Those can be useful in
reconstructingong-term climatic trends, or to date wooden structuraad objects that were

built or made dong time ago, if they are reasonably well preserved.

12
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Some master chronologies developed in Europe and in the south western United States can
reachback as far as a few thousand years.
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Figure 6. Cross-dating of live trees with dead or fossil trees allows the
construction of long reference chronologies. (From Schweingruber 1988.)

6) Dating with wood: Some agjeations of dendrochronology
a) Wildfires (fire scars)

Surface fires in the boreal forest will quite often heat up some trees without killing them; the
cambium will be destroyed on part of the tree's circumference, leaving a scar. Pine trees are
notoriousfor surviving such fires, and may exhibit multiple fire scars. Trees on the edge of a
burn may also be heated but not killed. In both cases the lateral cambium may be destroyed on
part of the tree's circumference, leaving a wound (fire scar) that carebeddfigure 7).

Figure 7. Fire-scarred trees can give us an accurate date of past fire
events. (From Schweingruber 1988.)

b) Flood (ice scars) and avalanches (rock scars)
Ice floes carried by highg¢han-usual rivers will sometimes damage the trees growing on the

water's edge. Damage to the cambium will leave a datable abrasion scar. Similarly, avalanches
and rock slides may leave trees scarred by rock scraping by; rocks may even become embedded

13
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in trees as the trees keep growing around them. Rock scars, like ice scars, can be rather ragged
edgedand difficult to date, but they may provide a good estimatéhaf year of the avalanche

or rock slide that caused them.

¢) Sand dune migration, floods (narrow/missing rings, dead trees)

As sand dunes migrate with time, they sometimes bury or partially bury the trees that happen
to be in their way. If the trees di¢heir death can be dated. If they survive the migration of the
dune, they will show mucheduced to no growth during the period of time when they were
partially buried, then better growth as they get exposed later on, and the migration rate of the
sand carbe calculated. Thick sediment loads deposited around trees following a flood will also
reduce tree growth or cause death. Adventitious roots growing out of the trunk following
partial burial can also be dated.

d) Permafrost melting, slope erosion, avalames (reaction wood)

Reaction wood is formed when a tree is tilted at an angle from the vertical. Trees on the edge
of a patch of degrading permafrost, on the edge of an eroding slope, or trees tilted by the push
of snow during an avalanche, will all exhit@action wood starting as soon as the event

happens oiin the following spring, if the tilting happened in the winter. Reaction wood is
usually darker thamormal wood, and appears only on one side of the tree for each tilt event.
Gymnosperms produce c@gression wood: the reaction wood is on the tilt side of the tree
whichtries to 'push itself back up (figure 8). Angiosperms form tension wood on the side
opposite thetilt by trying to 'pull’ themselves back up.

i
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Figure 8. Tilted trees produce reaction wood in an effort to straighten up;
gymnosperms produce compression wood on the tilt side of the tree,
whereas angiosperms produce tension wood on the side opposite the tilt.
(From Fritts 1979.)

e) Glacier advance, major ash fall, danmmiof lakes (dead trees, sometimes-gitu)

Dead trees that are found 4situ are most useful for dating such events, although boles that are
found in moraines or at lake thrash lines can also be useful, with the caveat that they represent
the latest dateat which the event may have occurred (the trees may have been redeposited
years after their death).

f) Opening in forest canopy, improvement in microsite conditions or climate (release rings)
Release rings may happen following a sudden improvement inteliordocal growing

conditions. They may also be formed following the crashing of an insect population which had
been slowing down the growth of the affected trees. Any improvement in microsite conditions,
such as opening of the forest canopy or major inpunutrients released by a fire, can also be
reflected in the trees by the sudden production of wider rings

14
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g) Climate reconstruction

Climate reconstruction is better done using actual measurements of tree rings, as the use of
computer software for nalyses requires precisely quantified variations in ring widths. Major
climatic events such as the Little Ice Age (~15380) usually show up in long reference
chronologies. Ash and gas clouds from volcanic eruptions may also affect climate for one to
mary years, as will droughts. Recorded (recent) climate data are matched to theitge
chronology,and temperature and precipitations can be extrapolated to-goeumented years
from therelationship observed between tree growth and climate during the tdata are
available.

h) Archaeological use for dating of wooden objects and structures

Dendrochronology has been used extensively in Europe and the south western United States,
andis being used more and more to date the many woodbjects and structurekeft behind

by earlier inhabitants. Structures and objects need to bego@d enough state of

preservation, and their ring patterns need to be matched with a referaincenology from the
area where the trees were harvested. Careful interpretation ofrénsults isnecessary to avoid
assigning misleadingly old dates to younger buildings, particularly whearftger may have
been recycled from previously built structures as is the case in the Am&mathwest.

i) Salmon streams, radioactive clouds, othelements (molecular analysis)

Since trees incorporate molecules from their surroundings (both ground and air) into their
annualrings, it is possible to date the apparition of new molecules in the system (e.g.
radioactiveelements after a nuclear accideror pollutants of the industrial era) or track levels
of nutrientsin the soils (e.g. the nutrients contributed by dead salmon after spawning). Such
studies involvehe molecular analysis of annual growth layers (rings), and are just beginning to
be expbred, although it's already been a few years since tree rings were used to calibrate the
radiocarbonscale and assign calendar years1® dates.

Wood Products

Boltsare logs less than 8' long, cut from tree trunks and are smaller than saw logs. Manefacut

and shape bolts to produce handles, pallets, shingles, shoe lasts, or wood squares. (Ground up bolts
produce excelsior and particle board.)

Cooperage, or barrel makingndustries use bolts cut into staves to manufacture barrels, buckets,

cooling towers, kegs, pipes, silos, tanks, and tubs.

Saw logsare logs 8' or longer, cut from tree trunks that are big enough to make lumber. These saw logs
are processed at sawmills, which may be large industrial complexes, or small one person operations set
up in the forest. Processed saw logs make, but are not limited to, the following items.

Timbersare used for things like barges, bridges, building foundations, churches, columns, dams,
derricks, docks and factory and warehouse buildings. Timbers areiimire y p ¢ & lj dzr NB @

Yard or construction lumbers used for beams, boards, boat hulls and parts, dimension lumber
of all kinds, factory flooring, planks, posts and rafters.

Remanufactured lumbestarts as timber, yard, or finished lumber. Additional procegsnakes
specialty items, i.e., airplane parts, agricultural tools, athletic and sporting equipment (baseball bats,
skis, tennis racquets, etc, caskets, clothespins, crates, furniture, door jambs and frames, doors,
gunstocks, handlegtc.

Veneer and plywood logs and boltsare chosen from the straightest and most knot

15
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free. These special saw logs and bolts are sent to plywood mills and veneer mills
GKSNBE (GKSe& |INB Odzi 2NJ alLISStSRé Ayu2 GKAY &aKSS
and usually glued togethdo form plywood and veneer.

Chips, flakes, limbs, andoundwood - These four raw products are produced as primary
manufacturing byproduct when other products are created or from selected trees not
designated for other uses. These products may end yaiidboard and particle board plants
or in pulpwood plants.

Sawdust, slabs, edges, & trimmingBhese items are primary manufacturing byproducts
produced when a log is cut into different solid wood products. Originally this material was
either burned or dscarded Wood Hydrolysisin which a wood byproduct is heated in the
presence of water and catalysts, transforms this solid wood into other useful products such as:

Acetic acid Ethyl alcohol
Baking yeast Animal food supplements
Carbonic acid Glycerin

More products

Poles Posts Fuel wood Bark Sawdust Christmas treesCellulose AcetateAdhesivesRosin
Vanillin Paper productsFruits Nutss Gum Cocoa Coffee Cork

Managing Forests for Fish and Wildlitecember002 Fish and Wildlife Hahtt
Management Leaflet Number 18 U.S. Forest Service, Southern Research Station

Forests in North America provide a wide variety of important natural resource functions.
Although commercial forests may be best known for production of pulp, lumber, and othe
wood products, they also supply valuable fish and wildlife habitat, recreational opportunities,
water quality protection, and other natural resource benefits. In approximatelyttvirals of

the forest land (land that is at least 10% tremvered) in théJnited States, harvest of wood
products plays an integral role in how these lands are managed. Sustainable forest
management applies biological, economic, and social principles to forest regeneration,
management, and conservation to meet the specific goalandowners or managers. Much of
the forest land in the western U.S. is managed by public agencies, whereas most eastern forests
are privately owned or under a combination of private/ public ownership. National forests
cover only 19% of forested landtime United States. Neindustrial private landowners own

59% of the forested land in the U.S., making private lands management critically important to
the welfare of the fish and wildlife communities associated with forested landscapes.

Forest Successio
Forest vegetation typically progresses from one plant community to another over time. This
forest succession can be described in four stages:
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MO {GFYR AYAGAFIGAZ2Y @ .83AyE 6KSy 3INI&a8asx

in an open spee created by natural (flood,
tornado, fire, etc.) or artificial (timber
harvest, land clearing) disturbances.

HO {GSY SEOft dza A -Bize
trees compete for light, growing space,
and nutrients. 3) Understory reinitiation
w alyeée dud Svercrenvilitg,
disease, insect blights, or other causes. .
w bSé O OFryOASa | s
grow in understory gaps. i
w {-timper and mature forest structure
are characteristic of this stage.

4) Olda N2 ¢ (i Kgrowth foresks
generally catain large and overmature

trees, snags and downed logs, and a ' } g e l.u..:s..‘.
developed but patchy understory. Only five weeks after the Fish Day Fire in Croatan Na-

. . tional Forest, stand initiation began with ferns and other
Regeneration occurs when disturbance

herbaceous vegetation.
creates new space, and forest succession
begins again. Wildlife habitat conditions shift in response to changes in standtagcture,
size, and species composition. As a result, the assemblage of wildlife species inhabiting the
forest typically shifts as the stand movisough each successional stage. Forested wetlands
provide food and cover for many species of wildlifed8and other wildlife frequently play an
important role in the dispersal of heassgeded and fleshfruited tree species, contributing to
the re-establishment of trees in disturbed areas.

Primary and Secondary Successi@tm studyblue.com)

[Secondary succession occurs afterJ

a disturbance alters a community
greatly but does not destroy all life.

When the effect of a

disturbance is catastrophic,
destroying all life, a pioneer
stage is formed through the Some

2

process of primary succession. » life <

\ Secondary
Primary succession
succession
-:> Pioneer ﬂ
stage B

I# Succession [ Intense disturbance at any stage can ]

—— Agents of change reset the community to a previous stage.

Forest Widlife Habitat Requirements
Forest structureaffects habitat quality for many wildlife species. Tree density, canopy height,
percent canopy closure, and the number of standing and fallen dead trees are some key
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structural features that affect habitat qual. Each wildlife species responds differently to

changes in forest structure. Some wildlife species are dependent on a particular forest type or
4dz0O0SaaAazylt aidl3Sd® YANIEFIYRQa 41 NbfSNI A& |y
only extensre stands of jack pine (a fidependent species) six to 20 feet tall with low ground

cover. These habitat conditions occur where frequent fire keeps the forest in early successional
stages. The fire also releases jack pine seeds from mature cones, ek r@generation of

new trees. The warblers nest only in young trees and abandon stands that exceed a certain

height.

Food-Wildlife food availability depends on the forest successional stage, season, local climate,

and other factors. The stand initiati stage produces seeds and soft mast (berries and fleshy

fruits) that are important wildlife foods. Tree seedlings and shrubs such as sumac, juniper,

blueberry, hazelnut, elderberry and blackberry, and herbaceous forbs, legumes, and grasses

provide food br songbirds and small mammals. The buds, twigs, and leaves of woody plants are
browsed by deer, elk, moose, rabbits, hares and grouse, and also provide food for the insect

prey of birds, bats and other wildlife. As the forest progresses through succabkstages,

wildlife responds to the variety of food types available. Birds and mammals associated with

stem exclusion, understory reinitiation, and ajdowth stages use both hard mast (nuts and

seeds) and soft mast of aspen, cedar, birch, cherry, oakotyicmaple, pine, and beech trees.

Food quantity often varies seasonally, and careful forest management can help ensure its

availability yearround. For example, thinning that preserves mpsbducing trees and shrubs

can help sustain songbirds, deeratik bear, wild turkey, and small mammals through the

winter months. Landowners and managers should understand the seasonal changes in food
availability for the wildlife species of concern.

Coverrefers to physical features that provide animals with skeftom weather, resting places,

or concealment from predators. Wildlife uses a variety of cover types depending on season and

local climate. Grasforb vegetation in the stand initiation stage provides ground cover for game

birds such as ruffed grouse amiodcock, and for small mammals like voles, mice, and shrews.

Many wildlife species benefit from canopy cover. In northern regions, closed, dense canopies of
O2YyAFSNEB AY (KS dzy RSNE(G2NE LINRPODARS OGKSNXIf O2
duringwinter months. Snags (standing dead trees) supply S
foraging sites for woodpeckers and cavities for nesting and
resting birds and denning mammals. Fifitye species of
cavity nesting birds in North America use snags, as do neal
KFf T 27F b2 NbaKspeciasSiNdrt€oraesin dead
wood are a rich food source. Bats roost in cavities and undét
the sloughing bark. Bald eagles, goshawks, spotted owls,
pine martens, flying squirrels, tree voles, #edcked voles,
and some bat species prefer cover praddoy oldgrowth
woodlands. Dead trees, limbs, and litter on the forest floor
provide cover and invertebrate foods for woodpeckers and
other wildlife.

Water- water requirements vary by species. Water is
obtained from plant and animal foods consumed, adlae
from free water in ponds, lakes, streams, and wetlands.

LA Forest Senviee

=
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Timber Harvest Management

Evenaged and uneveaged forest management are two common silvicultural systems used to
produce timber. Harvest and regeneration methods define each approacheiraged stands,
most trees belong to one age class. Uneaged stands have trees of three or more age classes
that are mixed, or in small groups. Combinations of e uneveraged systems can be
used in an area to enhance wildlife habitat and timgaality, impacting aquatic life.

Table 1. Characteristics of even-ased and uneven-aged harvest methods.

Even-aged Uneven-aged
Harvest method Clearcut, shelterwood,and seed-tree. Smngle-tree and group selection.
Tree type Shade-mtolerant. Shade-tolerant.
Stand appearance [Uniform tree height within stands. WVariation in tree height. [f group selection|

used on groups larger than 0.4 hectares,
appears similar to even-aged stands.

Forest appearance |Patchwork of stands at various ages. Uniformly mixed tree sizes.

Wildlife use Species adapted to early and mid- Species adapted to mature forests
successional stages and mature forest as well as early and mid-successional
conditions, depending on stand age. conditions.

One potential result of timber harvest and
regenerationis a high level of human activity,
including sedimentation and pollution of waterways
caused by construction and frequent use of logging
roads and timber harvest armther land use
activities.
In 1981, the Forestridonpoint Source Pollution
Technical Task Force developed Best Management
Practices, or BMPs, to minimize nonpoint source
pollution Comprehensive timberland management
includes measures to limit disturbancil erosion,

nonpoint source pollution abatement in wetlands
reeere e osice o prodes seet et maineain <o and discharge of sediments and pollutants into
1= waterways.Forest management BMPs include:
w t SNXYFYySyid FYyR GSYLER2NINER | 00Saa NRIFRA& &aKz2dzZ R
w 2 I S NIruotargsisHedd be iastalled on roads with highly erosive soils.
w [YR26YSNBR aK2dzZ R fAYAOG GKS ydzYroSNE 6AR
ONRPA&AYTEdD w w2l R 02yaidNHzOGA2Y &aKz2dzZ R G ]
w 5ALJAZI ¢ |watSrNirnouts NEbuid be iyfsRilled on roads to provide proper surface
drainage on roadways.
w e o0FlftSax NrpOlaz 2NJ aAatid FSyOSa akKz2dzZz R 0685
w 2 A friendiy vEdetation should be planted to stabilize espd soil and supply wildlife
food and cover.

KX
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Everaged management

Under everaged management systems, most of the trees within the stand are approximately
the same age. Small stands of different age classes can form a diverse assemblage of wildlife
habitats. Everaged timber stand management eft begins with the complete, orearly

complete, removal of existing timber. Clearcutting removes all marketable trees, dramatically
changing the composition of wildlife in the area. Usually, mature forest thoid fauna are
replaced by early successional species. Small clearcuts (1 to 15 acres) are generally more
beneficial to wildlife than larger clearcuts. The flush of herbaceous growth in clearcut areas
lasts for several years and provides big game aniswadh as whitdailed deer, elk, and moose
with nutritious browse, and early successional birds and small mammals with food and cover.
¢KS AKNHz fF &SN adzOOSSRa GKS 3aAINraasSa IyR F2Nb
breasted chat, willow flycaher, mourning warbler, and many small mammals. The size, shape,
and location of clearcuts affetiie wildlife habitat quality and thepecies associated with
clearcutsand surrounding areas. Clearcuts with irregularly shaped boundaries have more edge
than clearcuts with linear boundaries. Snags, den trees, and-prasiucing trees left standing

can add wildlife habitat value to clearcut areas. Both shelterwood and-Beectuts leave

some mature trees osite as seed sources to help establish new staitigese treatments help
conserve some mature forest structure required by forest birds like nuthatches and
woodpeckers. Nuts and seeds produced by the mature trees also provide a source of wildlife
food during the fall and winter months. Forests that contaeveral successional stages of
evenaged stands can provide quality wildlife habitat.

Plantations are stands of trees that are established by planting or artificial seeding. Although
single species plantations seem dependable timber producers, theseqalire intensive
management at considerable expense. Insect blights, disease, high winds, and other natural
disturbances can destroy susceptible trees. Conifers such as ponderosa pine, red pine, loblolly
pine, slash pine, and longleaf pine often useglantations because they are firesistant and
produce marketable timber in short rotation&ven-aged pine monocultures typically provide
limited wildlife habitat quality due to the lack of plant diversity. Tree species with serotinous
cones (specieske lodgepole, jack, and sand pine) usually regenerate successfully following
burning of clearcut areas. Serotinous cones remain tightly closed until extremely high
temperatures, or fire, causes the resin to melt and the cones to open, releasing the $beds.
open ground created in burned areas provides suitable sites for seeds to germinate.
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Unevenaged management

Under uneveraged systems the age of the trees within the stand varies greatly. Uragyesh
forests can produce quality timber while providifargely continuous canopy cover. SiAgée

and group selection cuts maintain mixed age classes within one stand. The high percentage of
canopy closure (often 70% or greater) can limit herbaceous ground cover, and wildlife species
associated with thoseegetation types. Although mistory levels may develop, brushy ground
cover required by some wildlife species can be limited or altogether missing. Some wildlife
species benefit from the continuous forest cover associated with unege systems (e.g.,

some forest interior birds), but others do not. The harvest of individual trees at periodic
intervals creates space for adjacent tree crowns to expand. Sireggeand group selection
methods create small canopy gaps, which are similar to gaps formed bsahfdrest

disturbances. Group selection treatments remove groups of trees from one or more age
classes. Moderately shadetolerant species can benefit from this harvesting method because
larger openings are created.

Improving Fish and Wildlife Habitawith Forest Management

Practices
Successful forest management for wildlife requires an understanding of how specific timber
management treatments affect the targeted fish and wildlife species. Characteristics of
effective management strategies include:
x A thorough inventory and description of forest management areas, including vegetation
species composition and age structure.
x An understanding of how the managed area fits into the surrounding landscape.
x Clearly defined timber management objectives foe thanagement area.
x Clearly defined fish and wildlife management objectives for the management area, such
as managing target species or increasing biodiversity.
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