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FOREWORD

frn the late 1405 the California Division of Forestry published two hamd.
hooks that proved to be very popular and useful. These were respectively
the Redwood Forest Handbook by Juck Reveal and Arnold Wallen and the
Californa Pine Region Forest Handbook bv George A Craig and William
P Maguire. Although these handbooks have been out of stock for a num-
ber of vears, there still has been a demand for them, despite the fact that
they contam some outdated information and lack recent knowledge of
value in forestry practices today

To Gl this need we decided to publish a new combined version of these
handbooks: this was made possible by financial assistance from the US
Forest Service. The main purpose of this book is to provide a practical
forestry guide for the management of the 3.6 million acres of commercial
torest lands held in farm and small ownerships in California. These lands
represent 47 percent of the 7.6 milijon acres of privatelv owned commer-
cial forest lind in the state This reference is therefore written for use
principaliv by such forest owners, tirmber operators, and forest techmesans.
O course, forestry students and professional foresters may fave some use
of thus text, but in no way will it supplant much more efaborate publica-
tions like the Forestry Handbook produced by the Society of American
Foresters and manyv other technical references a forester must utifize. The
California Forestry Handbook will not make a forester out of a persen, nor
precinde the need for pse of copsultine foresters in Hhe manggement of
many small ownerships. However, this handbook may muake it possible for
a tree Grmer, Hmber operator, or technician to understand and apply
practical forestry knowledge to enhance his or her situation and thereby
improve forest management practices in California,

The author of this hundbook v Tobe Arvela, a Felfowan the Society of
American Foresters, In addition to ebtainmng a forestry degree from the
University of Califorma i 1835, the author took pre-forestry courses at
Humbaldt State University and did graduate study in meteorology at
UCLA and the University of Chicago. He served as Deputy State Forester
in charge of resource management programs for the California Division
(now Department) of Foresty for 27 vears, Earlv in his career he also had
a number of vears of experience in timber management with the U8
Forest Service, the redwood industry, and as the first manager of Jackson
State Forest, Since retiring m 1975, the author produced an egrifer COF
production—~HReguiation of Logainy in Caltfornda: 19451975,

L & Moran
Direetor of Forestr
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Timnber and wood products are very much a part of
our econonme base and that base hax to be built. pro-
tected and enhanced.

Edmund G. Brown Jr.
Covernor
1978 Budget Message
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|—THE TREE i
Chapter |
THE TREE

The tree is a wonderous thing in countless ways. It provides us with food,
shelter, beauty, inspiration, and over 5,000 different wood products, The
tree forms the basic unit of the forest community, <o we need to know and
understund il in order to use our commereial forests wisely,

Definition and Composition

Atree is a woody perennial plant, tvpieally larger than other plants, and
wsually with a single, well defined stem supporting a crown of brunches.
As a conglomerate of roots, stemn or trunk. branches, leaves, and fruit, all
of which have specialized functions (see Figure [-1) %, the tree is & complex
orgamsm. Trees; even of the same species. vary widely in size and shape:
This diversaty offers us many appertunities for muking good use of the
great variety of trees that we have.

The roots hold the tree upright, absorh water and nutrients from the
soil, conduect them upwurd, and store food made by the folinge, Oxvgen
from within the soil is necessary for roots to function, The larger and older
roots, which. like branches have heartwood, sapwood, and bark, provide
the physical support for the tree. The smaller roots, which are hairlike at
the extremities, absorb water and minerals needed for growth.

The trunk also serves a number of purposes. It conducts water and
rintrients from the roots to the crown, moves food from the erown to'other
parts of the tree, and it lifts the branches and leaves to collect the sun's
energy The heartwood of the trunk is relatively lifeless compared to the
vutside layver, from which it was formed 1t is durker because its cells
contain a deposition of complex compounds, which in manv species im-
prove the durabilits of the wood. The outer sapwood is lighter in color,
and composed of living cells that move water and nutrients upward A
microscopic growth laver, called the cambium, located between the sap-
wood and the inner bark, produces new sapwood and bark cells each vear:
this causes the tree to grow in diameter.

Like the woody part of the trunk, the bark has its ive and dead parts
The spongy. wet inner bark carries food from the leaves to the adjacent
cambium layer and the growing tips of branches and roots. The outer bark
laver is drv and lifeless; it protects the tree from damagze by weather, fire,
pests, und physical contact,

The crown of the tree is composed of branches, twigs, foiliage, and
reproductive organs like flowers and fruit. Using sunlight. water and nutri-
ents frony the roots. and carbion diexide from the air, the leaves manufac-
ture (photosvnthesize) the tree’s own food In the form of various sugars.
Chovgen is a valuable by-product of photosvnthesis.

Flowers and fruits of trees vary greatly among species. Thev provide the:
maost reliable means for identifving different species of plants. Some spe-

“The first digit (romsens oF the Bgore and table humbers fepresnt the chupter, and the second digit
Laralsliet 15 the serjuential sl withmohe chaprer. Takbles sl flurei i the ppatiehly e preveded
b A foflowed by & secquential mnmter:
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Figure |+ 1
Structure and growth of the tree

eies are monaecious, meaning they contaun both male and female flowers
on the same tree, Other species are dicecious, havang male and female
flowers separately on different trees. All the California conifers, except
juniper and vew, ire monoeciouws, Similarly, most of our broadleaved trees
hiase Aowers of both sexes on the same tree, excepting only Oregon ash,
aspen, cottonwood, and the willows' The pines, Sierra redwoad, cvpress,
Port Orford cedar, juniper, and nubmeg reguire two vears Lo produce
mature [rufts und seeds; all other conifers require only one year, Mast of

our broadleaved trees groa their fruits in one. veur, excepting only some
ouks,
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How a Tree Grows

All the main parts of 4 tree cantribute to its groewth (Figure 1-1). As a
tree grows, each vear ity toots, trunk, and branches add a new layer of
wood just inade the bark, These annual ringe can be readliy siesn on tree
stumps, gross sections of limbs, and the ends of lumber, These concentric
rings stand out because each ring has a Hght-colored band of springwood
und a usually narrower and darker band of summerwood. The springwood
part is generally wider because it 15 formed i the growang season when
water and other conditions are most faverable. We shall see later that the
age and growth inforination reflected in annual nngs is very useful in the
management of forests

The bark layer is also continually growing, Each year u nurrow ring is
grown an the inside of the bark, This gradually forces the older bark out
and causes it 1o form plates, ridges, und troughs, which slowly deteriorate
and erode, especially on the lower trunk.

Elongation of tres stem and branches is a much differen) process It Is
brought ubaut by the lormation of terminal and side buds during the fall,
which burst and grow lengthwise in the spring. This growth is always an
additive process; so the middle of the branches and trunk do not elongate
at all, nor 15 the tree pushed out of the sot] like corn or bamboo.

Roots also extend themselves to seek wiater and nutrients. They elongate
in the area behaind their tips, whose caps continually produce new cells
Lateral roat hairs absorb water and nutrients.

Tree growth depends on the speciex, uge, soil, elimate, and growing
conditions. Fast-growing, thrifty trees have thick annual rings and large
crowns In conifers, usually one whorl of branches on the stem i produced
each vear, the spacing of which s a good indicator of growth. Spacing of
12 inches or more between whorld in young trees represents good growth.
Ax i bree mutoresits top begins to Mlatten and the whorl spacing diminishes
OF EVEN Cedses.

Trees reproduce from seed or by sprouts |sometmes known as suckers
or coppice growth) . All of our tree species produce seed. Many hardwoods
tl.el.-ch}; sprouts alse, particularly alter eutting, but among aur conifers
only the toast redwood s a sprouter. It also produces burls made up of
many buds that ure supable of sprouting.

Kinds of Trees

There are many kinds of trees having some value as woiod. They are
divided into two hroad classes—conifers of softwoods, and broadleaved or
hardwoods, The soltwood hurdwood terminology is somewhal confusing
heeause some softwaoods e Douglas-firare harder than some hurdwoods
like aspen

All plants have two kinds of names—common and seientific. Common
names often vary by locality, although within professional cireles only one



4 CALIFORNIA FORESTRY HANDBOOK

commion name i< usually used. For instance, panderosa pine s sometimes
termed western vellow pine, blackjack pine, or bull pine, but ponderosa
is the aceapted common name by botanists and foresters To avoid this
kind of confusion, and to classify plants, botanists developed scientific
names Thus ponderosa pine is named Pinus ponderosa, Finus bemng the
genus the tree belongs to and pondeross bemng the species name. Some-
times a third category is added, the variety; e.g.. our boxelder is called
Acer negundo exlifornieum to distinguish it from the eastern boxelder. See
Tuble [-1 for a listing of our more common native trees, and the Appendix
for a reference on tree identification,

Table I-1. The more common native trees of California.

CONIFERS
Clommig Name Seientifie Name
Bigeonesproge . Pspudobuge macrocarpa
Cypren, MucNab Cupressiis macnabidang
Cypress, Monterey . Cupréssus macrocarpd
{.:Y'PTE'h. PYEmy — MO 3 LHJIHEBFIJ! FREaen
Cypress, Sargent ... Cupresas sargentil
Douglas-fir = Pseudotsiiga menzies
Fir. Callformiased . -Abies magnifics
Fipgrand . — o Abies grandis
Fir. white e i ol
Hemiock, mountain . i THUZE MErtEnsATLA
Hemlock, westerm Tsuga heterophyila
Incense-cedar Libocedrus (X fusi decurrens
Jumper, Calforrus . Junipeus ealifornica
Jumipes, Utab e JUIpETE Wlahens
Juniper. western . Juniperus accidentahs
Sutmesz, Callfornia R Torreva, califormnica
Pine. Bistop_~_  Pinus mumicata
Pine. Coulter .. — Pirnes conlteri
Pitve, DHEERE. e = AL s biniana
Pine, Jeffrey Piri jeffrewn
Pine, knobeone . Pinus aitetiusta
Pine. limber . Pinua flexilis
Pine lodgepale . Pinnd gontoria
Pine. Montetey Pinus rodiate
Pine, poneTesa..— s Pinus pondeross
Pine, sURAr e i e Piaas lmnbertiania
Pine, western white _— Pines memticala
Pine; whitebork Pirtus ulbicuulis
Port Orford-cedar._ .. ... Chamaecypans lawsonans
Bedwood, eoast ..o Sequols sempervicens
Fedwood, Séetem .o - — Sequoia gigantea (Sequalsdendron gigantenm
Spruce, Sitka — Picea slchensis
Western red-cedar . Thujz plicata
Yew, Pacific . T rm:\dflﬂh
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HABRDWOODNS
Cormmons Narne Serentific Name -

Aders red oy Alnns rubea
Alder, white oo Alnus chcamibifolla
Ash, Chreggom (. o Fraxinus latifolia

Aspen e e mriiee. EOPEIE trethalsidey

Boxelder ... - Aeer neguanda var, californicun
Buckeye, Californin o Aesoalus ealifarmica

Clalilormia vt e ¥vTica ealiforniod

Casoary . ... Nhamnos purshians

Chitkapin, galden oo Cagtanea chrysobphy s

Cottonvwood, bBlick . =i Popuhis trichocarpa
Erogwod, Poaciiic v Lorriug suatallis

Lawirel, Caltfornla o cime o Tinbelioluia callforiics
Muddrome ittt e e, AATHUR TROTIETRE
Miaple, biglealf _ ... Aoetr marerophythim
Crak, blue - Cruercus douglisy

Dk, Californis black .o, Qercis kellogs

Ok, California live . — oo Quercus agrifolia
Chak, eanyon live e uercin chirysolepi
Oak. interlor live —. oo Ouercns witlizond
al, Creman white e s Qierous gareiuna
Ok, valley i i i e Cuereus lobats
Syeuarnare e e PLEbOE TRSETIGN
BT Lithecarpus densblor
Walnut, Califernia black .oi—oa Juglang hinds

Wikl e Sl 2

The conifers are the more important to us here in California. All of them
are evergreen, most bear cones, and have needles or scale-like leaves: The
principal ones are the pines, the true firs, and Douglas-fir. We also have
a few cedars, hemlocks, and spruces that have commercial value

The hardwoods, although very valuable m eastern United States, at
present do not have as muech commermal importance in the west as the
conifers. However, a few of gur broadleaved species have a good potentiul
for specialty lumber and veneer, und most of tham will have increasing
use as fuel They are chatacterized by flat, usually broad leaves, {rregular
branching, wide crowns, and varving kinds of fruits Most of ouy hard-
woods are deciduous, but several are evergreen, ¢ g, madrane, California
laurel, tanoak, and a few ouks,

Wood Charactenstics
Taking a elose look at wood, we find a remarkable structure (Figure
124, It is largely cormposed of millions of small. narrow, hellow cells; or
fibers which are oriented parallel to the tree’s steny, Some cells form ruys
that are perpendicular to the axis. There are a number of other cells that
have specialized functions, like resin ducts in some conifers, and vessels
or pores in broadleaved trees
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Figure 1-3
A detailed view of the structure of wead
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The composition and arrangement of these various elements, along with
the springwood, summerwood, heartwood, and spwood, determine the
characteristics and properties of wood. This can sary widely among the
different species, and also betwsen trees of the same species, or even
within the same tree. Gram, texturs, and fgure of wood are affected by
these elements and the way a log is sawn. Flat grained lumber is cut
tangerntilly with the annuael rmgs and vertical gramed or gquarter sawn
boards are cut parallel to the radius of the log (Figure 1:2). The cellular
make-up of the wood affects weight (which is also influenced greath by
the moisture content, stability ishrink and swell), strength, hardness,
workahility, and durability.
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Scientists have developed a lot of guantititive data of this kind about
woods from ull over the world, which are readily avallable for use by weonod
processors and users. Table 1-2 presents data on weight, fuel value, and
durabilty of our more common species in California.

Table 12, Some properties of selected woods

) Wagnr Fired Fadore ey
Asr Avm Thensam! Resistanen
Dy Sanem” Hree )
Brmeien Fhvi 0 FY e JAwd Fr i Fr
Alder, red . 2} a5 e Law
Ash, Oreegon.. ... H - :1.71] Ly

asl 23 - 156 Lam
(Aﬁkupm, Califor:

B i 35 i = Mediem
Cottenwobed ... 2 104 ) Law
Drrwvoad. . 43 - 307 Law
Peaglasfir . 3 &0 5 Medium
Furudvptis, blue _
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Chapter Il
THE FOREST AND ITS MANAGEMENT

An extensive grouping of lrees makes a forest. More specifically, it isa
plant eommunity composed predominantly of trees and other vegetation,
growing more or less close together A forest isa complicated and delicate
ecosystem consisting of soil, trees, and many associated flora and fauna.
Great care and skill are necessary i the use of the forest in order to
maintain this bulance of nature to a reasenible degree, to prevent irrepa-
ruble environmental damage, and to keep the forest continuully providing
its many benefits to us, 1t 152 renewable resource and a big energy pro-
tucer

This husbandry requires the application of forestry or forest manage.
mient—the science, art, and practice of managing and wsing for hitman
benelt the various natural resources that occur on and in association with
forest lands. The forest values inelude protection oF watersheds (novery
important funchon in California); habitat for wildlife, outdoor recrearion,
other enviroiunental benelits, grazing for hvestock, and a wheole host of
forest products; which is of prime interest to us in this handbook,

Silvies and Silviculture

In arder to manage our forests properly for wood erops, we should have
sone basie knewledge aliout silviculture in addition to the infermation
about the tree covered in the previobs chapter This gives ws an under-
standing of the life history and characteristies of trees and forest stands
tsilvics) and how they can be established, grown, and tended [silvicul-
ture), How well a tree grows depends on its native characteristics, jts
relationships with other trees and plants; its setting, and how we treat it
Site

The: growth rate 15 determined largely by what s called the forest or
timber site—ua measure of productivity based on how trees respond to the
soil and climate of the immediate area. Generally, deep, well-drained,
tlay-lomm soily with plenty of moisture are the best, Seils are classified by
seTies names, Some of the more common better forest soils are shown
below [ses Watershed Management seetion in Chiapter X for u listing of
erogive soils):

Redwood-Douglas-Fir Regron Fine Region
Empnre Aiken
Hely Cohasset
Hugno Haolland
Josephine Jumephines
Larabee MeCarthy
Musterson Musick
Melbourne Shaver
Mendocing Sites
Orick
Sites

(C.DIL Stone, 19781
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Many of the forest soils in California have been surveved by the State
Cooperative Soil-Vegetation Survey, and maps delineating the various
series of soils and the principal vegetation are available at low cost. These
maps und legends are of immense value to tree Farmers and forest manag-
ers. In addition to kinds of soil, they provide data on depth, slope. predomi-
nant plant specics, ercsion potential, and timber site You can obtain
literature, instructions on ordering the maps, and ssustunce in using them
fram forest advisers loecated in various offices of the California Depart-
ment of Forestry. Soils information is also available from county farm
advisers and the US, Soil Conservation Service

Climnate in California is the most diverse in the US. Uspally lorest
growth is better where annual precipitation is greater. For example, the
coast redwood type occurs where rainfall is the highest in the state, and
it ulso has the best growth. In most cases. except in areas of summer rain
showers, like the esstside of the (lascade Range and the Sierra Nevada,
about 18 inehes or more of precipitabion s reguired vearly to sustaimn
naturdl coniferous forests

The site quality naturally varies a great deal among forests and even
within a single forest. A measurement cdlled site index'i4 used by foresters
for various purposes. It represents the height of dominant and codominant
trees in a stand at a standard age, usually 1K) vears. Height in feet of such
trees 1s found by methods described in Chapter V. The age is determined
by using an increment borer (see section below on growth). This auger
15 used to extract a pencil-like core gut of o tree trunk at breast height on
which the number of annual rings to the center of the tree can be counted.
When trees are too thick to bore. the age can be found by counting rings
on stumps of felled trees nearby. Using a prepared table hke Tables 11-1,
2, 3, or site eurves in the Appendix, a person can look up the site indes.
Far instanee, using Table TE-1, & 70-veur-old, 134-feat tall domirant treein
the pine region would indicate a site index of 160—a good site. To simplify
matters site indices are isually grouped into classes The classes employved
are ghowrt n Table [1-4,

There is an easv method to roughly estimate the site quality of 4 forest,
which was briefly mentioned in Chapter 1; that is by locking at the dis-
tance between the upper branch wharls of thrifty trees Twosfoot o more
spacing indicates high site, between one-halt and two feet represents a
medinm site, and less than that o poor ate

Age and Forest Tvpes

Most natural timber stands in California are all-aged (also called unev-
en-aged); that 15, they contain a mixtore of imanature, maturs, and overp-
mature trees. Tvpical of all-aged forests is the sxtensive mixed conifer tvpe
in the pine region. Douglas-fir and redwood are also all-uged, but may alse
grow i even-aged stands; meanmg that most trees are approximately of
the same age. Red fir und lodgepole pine stands are mostly even-aged. The
structure of these two eategories is much different; all.aged stands have
trees of varying diameters and heights while sven-aged stands have trees
that are more uniform. Age class is another common term in forestry Tt
denotes the interval, woally 10 vears, into which the age range of tree
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craps 15 divided, e.g., the 10-year age class, 20-vear age class. An all-aged
forest would contuin all age classes, while an even-aged stand would be
mostly composed of trees in one cliss.

Forests are also classed by the type of species found in them. The
prineipal forest types we have are as follows,

Narne
Pine
Redwood

Douglas-fir
Fir (trus}

Pine—Douglas-fir—fir

{Mixed Conifer)

Common Species Comtained
Pure stands of various pities
Coast redwood, Douglas-fir,
grand fir, hemilock
Douglas-fir

Red and white fir
Panderosa, Jeffrev, and sugar
pine. Douglas-fir, white and
reedd fir, incense-cedur

Where these forest tvpes are found in Californiu is shown in Figure 1.1
These commereial forests make up shout 16.3 million acres.
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Figure 1|-1
Timber croplands of Califarnia.
U SIS, Pacific Southwest Forest and Range Experiment Station, 1945
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Croweh

As noted above, growth depends on site, but 1t also i< related to the ave
of the trees. the number per acre (called stocking or density). and how
well they are distributed. Trees grow well when they are young. and a=
they reach maturity the growth begins to slow down, For the most fay ora-
hle gronvth, idesl stacking and distribnibon are achieved when tree still
have room to grow bul none ta waste

Fores growth is affected by competition between trees within a stand
and othier forms of vegetation. Trees that are o0 erowded nely $tagnate,
or evern die, but still enough trees should be present to utilize the site fully
amul roy make use of available moisture and nutrients. Also, some shadmg
is necessary to cause the dying and self-pruning of lower branches. This
makes better grades of sawlogs.

Somie trees grow better then others under shade These are classed
tolerant trees, and include species like grand and white fir, the cedars, the
hemlocks, and coast redwood. Douglas-fir, Sierra redwood, and red fir are
intermediute in tolerance, Intolerant trees include the pmes, with sugar
pine being somewhat more tolerant than the other pines.

Competition, spacing, and tolerancs are all invelved in the formation of
a forest. Thrfty voung tress uré tall and have daarp-pointed érowns. Ag
thev become older, the trees grow slower in hedght and the tops become
brosder. Some trees lose oul (i the struggle. become suppressed. and
succunib. In an all-aged forest having trees of different sizes und apges the
larger and usually older trees have the dominant position. Others nearly
like them are codominant. and the laggards are intermediate or sup-
pressed, Foresters use the Dunnmng’s Tree (Clusafication System (Figure
i1-2} showing this relationship to help decide what trees should be select.
ed for harvest. Although this systern way designed primarily for pine, its
principles can be used with the application of some judgement to allage
stunde of other species

A measure called basal area 12 convenient moethod used by foresters
to keep tab on growing stock of a stane. 1b i the sum oF the crose-spetiion
area at breast height of all trees on.an acre expressed in sqquare feet. Basal
areas on uncul areas may exceed 300 sq. ft. Often basal area needs to be
reduced to place the stand in s better growing state. See Figure 113 and
Basal Area Table in the Appendix. How to measure basal area by using a
prism is explained m Chapter V.

Groiwth Prediction

The growth of & forest ls the foundation for its management and the
basis of continuoins production. A tree firmer needs vome growth informa-
ton i order to tell how well the forest is responding to its care, and more
unportuntly, to help decide what amount can be harvested safely. Unfor-
tunatelv. growth measurements are not easy to cbtain. ner are thev cass
to use in making predictions of the growth of a stand 1n the future Thers
are marny mwethods to forecast forest grewth, most of which are rather
complicated and laborious, and all of them require s lot of professional
judgement and skill to give reliable results. Therefore, onh' a general
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treatment of this subject can be included in this handbook, and & person
wanting te measure and predict growth would be well advisad to sesk
professional assistance. Also, Chapter V on forest Inventdry should be
studied if a better understanding of the mechanies is desired

A handy tool o use to obtain growth information is the inerement borer
(Fig. U3) mentioned in the previous section on Site. The growth in
diameter (twice the radial growth) in relation to a specified number of
veurs canl be meusured on the core For exampie, if the radial growth of
waod (excluding bark) in the past 10 years of a tree 201 in diameter
oulside the bark was measiured to be 23 inches; the diameter growth
winlld be 4.6, The sxpected diameter 10 vears henee would be 2001 plus
4.6 or 24.7 inches, This assumes that the bark thicknest remaing constant
and that the growth would continue at the same rate, which mav not be
necessurily truein all cases. T should be realized that measuring growth
with increment borers; unless carefully done and interpreted. can pre-
duce misleading results

—

-

LR

Figure 1113
Using on Incramant barer
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The growth during the past vear |5 termed curtenl annual growth, while
the average growth per year over u peripd is called periodic anrmul
growth. This periodic measure is the one Used the most. The vearly aver-
age growth determined by dividing the lotal volume of a {ree or a stand
by its age is named mean annual growth.

Basicallv. growth of a lorest can be estimated by three approaches: (1)
indirectly by comparison or general observation, {2) indirectly from vield
tables, and {3} by direct measurement of the stand, The last category
includes many specific methods that can be utilized to meet the wide
variety of conditions found in Amencan forestry

Creneral observations on growth are the easiest and chaapest, aned may
in some cases be all thal would be necessary, especially for smaller forests,
or those that are first coming under o management program. However,
the results certainly are not preecise ind should be cautiously used untll
better information becomes readily availuble, Under the method, the av-
eruge net growth per sere peryear, e.g., 50 b ft.oof & sirnilar stand in
terms of forest lype, age. site, and stocking is accepted and applied to the
torestin question: Such growth information may be available from nearby
national, stute, und industnal forests;

Using sield tablesunder special circumstances is also a convenient and
Inexpensive way to estimate growth, Yield tables have been prepared for
some of the more important species. Some yield tables ulong with site
cirves " are shown in the Appendix. In essence, these tables show the
vellume of timber produced by fully stocked, even-aged stands by decades
un different sites. Because most forests are not Fally stocked, these produc-
tion figures have to be proportionately reduced Thus, where a forest is
ontly 50 percent stocked the vield may be only one-halfl of that indicated
by:a normal yield table. One major disadvantage of these tablesis that they
are mostly hased on even-aged stands, so 1t is difficult to apply them
properly to all-aged stands. Also, vield tables are lacking fer some impor-
tant California species and most of our forests are composed of a number
of species. Nonetheless, professional foresters with good judgement and
experience can make use of such tables to predict growth even for some
all-aged stunds

Direct méssurement of growth of the stand being managed can be Lhe
most accurate approach to take, but all the methods that have been devel-
oped require a great deal of detailed techinical wark, both tn the field and
the office. and consequently they are guite expensive. This effort and cost
may not be justified in all instances: In addioon, thers are many chances
for errors and rmsinterpretation. However, to give the reader some gen-
eral idea of this direet approach three of the more common methods are
briefly described, A person using them should refer to pertinent refer-
erices or seek professional help.

The stand-table profection or diameter stepup method, of which there
are several variants, has been used 4 lot by foresters. From timber ¢Tuise
data, a stand table is prepared to show the number of trees by diameter
at bresst height (dbh) classes—usually twoeineh, ie, 10, 12, 14, ete, by

*The curved are needed to find wwhit the stkeandex s dor the sand forwhich vield data are wanted from
Ehe carmpanying vield pables
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species or species groups for an average acre of the stand. Thus the current
volume of the average acre can be found in an appropriate volume table
(Chapt. Vi; this will be the buse for the growth predietion. How much
these trees in each diameter class have grown on the average in diameter
for a stated period, sav 10 vears, is determined by making increment
borings of a sufficient number of trees that are representative of the forest
as a whole Using that data, the stand table for the average acre can be
revised to show what the diameters in each ¢lass would be 10 years hence
This assumes that the next decade’s growth will be the same ag in the past
10 veurs The new diameters can be rounded off by two-inch ¢lasses 40 that
forecasted volume can be read from a volume table, but this is rather
roughs By using the actual anticipated diameters to the nearest tenth-inch
and making interpolations between diameter classes in the volume table
the accuracy can be improved considerably:

The average gross annual growth of the average acre is the difference
between the present volume and the forecasted volume divided by the
number of years in the period. However, before this figure can be used
for management purposes it should be reduced somewhat to a net growth
basis to account for anticipated loss of trees by natural causes—competi-
tion, Fre, pests, weather, ete This adjustment cannot be easily made by
exact methodology, but it can be arrived at by judgement. In California
the forests as a whole lose approximately an average of 129 bd . it, per acre
vearly to mortality. but the range of valuzes is wide.

The secomd and easier direct method is by using growth percentages.
Because growth percentages vary by diameter for the same number of
annual rings per inch—low for large trees and high for small ones—it 15
hard to apply a single growth percentage to a stand of trees to forecast
growth (Table 11-5). Here again, it is necessary to take increment borings
of a representative sample of the forest to get the average growth percent

Table 1I-5.  Interest rotes being grown by trees
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for each diameter clase. The growth percent ean be caleulated by various
formulas. such as the Gevorkiantz formula

o= 4561 (NI

where p = growth percent per yvear
N = number of rings in the lastinch
3 = present dbh

A stock table s prepared from the stand table of the average acre of the
forest by multiplying the number of trees in each diameter class by the
corresponding value From the right volume table: This then gives the
volume in each diameter elass, which when tatalled is the present volume
on the average acre. The torresponding volumes for the next vear of the
diameter classes are computed by multiplying the present volume I each
class by the average growth percent of that class, These figures are added
to obtan the forscasted volume of the wverage acre. The differences
hetween that volume and the present volume is the expected grawth in
one vear Before this value can be used it has to be adjusted the same way
for anlicipated mortality as is done in the above stand table projection
methaod.

The third common method to measure the growth of a forest 15 by using
permument sample plots. This svstem, often called the continuous forest
imventory (CFD usually is the most aecurate, but it involves @ considera:
ble eomenditure of time and money It reguoires the establishment of
encugh sumple plots to produce information that is statistically sound The
number of plots, commonly one-fifth or one-fourth acre, depends on area
of the stand, the stocking, the variability of the stand, and the accuracy
desired. More plots are needed [or large traets than small poor stocking
than good, patchy stands than uniform ones, and when a high degree of
accuracy is wanted, Assuming a desired accuraev of 90 percent and aver-
age stecking and vanability, the number of one-fifth acre plots needed
would range from 67 for 40 acres to 100 for 5,000 acres and above. The plot
number can be calculated exactly by statistical procedures after some
preliminary messurermnents of the forest regarding stocking and variabill-
1y, or standard tables like V-5 could be used in most cases

Whie the CFI plats are located and permanenthy marked to determine
saw-timber growth, all trees over 100in. dbh have 1o be carefully measured
for diameter and height, Using these measuraments the present volume
af all the plots is determined from appropriate volume tables: The plots
ate remeasured at intervals of 5 to 1) vears to obtain the imber volume
on theplots at that time The difference in volume between one measure-
ment fime and the succeeding one s the growth for the area contamed
i all the plots for the stated period, This can be translated to average
annual growth peracre by dividing it frst by the acreage in the plots and
rniext By the number of vears between messurement. If some growth
information is wanted at the time when the plots are first measured,
increment borings can be made of a representative number of trees in
each diameter olass, and this can be used to make the [irst growth lorecast
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by the stand-table projection or growth percentage method. Except in this
case of the first measurement, no adjustment is necessary to obtain net
volurme, beeause loss from maortality would be reflected in the successive
measurements. However, any volume removed by harvesting any plot
areas since last measurement, should be recorded and this included m the
growth for that period

Before closing this subjeet of growth, some appropriate observations
should be made. Growth rates of forests in Califormis have a wide range—
from less than 100 bd. ft. per acre per vear to as high as 2000 bd. ft. The
net average for all California stands is about 300 bd. ft. per acre per year
In general, when the patential net annual growth is much less than 200
bd. It per ucre for a property not much intensive forestry can be justified..
This means that timber management should be ordinarily concentrated
en medium and better sites. Getting specific figures for one’s property
may be difficult and often costly and time-consuming, and the results may
nat be entirely dependable, because certain assumptions have to be made,
.2, lthe future growth will be the same as in the past. [n some cases, the
forecasted growth will be too high, and in others it may be too low. Any
figures that are developed, regardless of the method. should be tentative
and adjusted downward or upward by trial and error and practical experi-
ence.

Munagemeni Planning

Reside the care and improvement of the trees, the concept of forest
management includes the regulation of the forest so us to promoete max-
imum continuous production of crops This is called sustained yield, The
objective is to eventually achieve a balance between the growth of a forest
and the amount harvested. Maintaining u somewhat even flow of crops
over time from the forest may be another objective.

Before going into this subject there are a few more terms that should
be defined. The term rotation means the general age to which trees will
be grown before they are harvested. Different rotation ages are used,
depending an such factors as species, growth, site, forest produets to be
grown, and desires of the tree farmer. Rotations are wsually set at or below
the age where the mean annual growth of a stand begins to decline from
the peak of biological maturity. Short ratations ltke 40 vears may be appro-
priate for pulpwood, but longer ones of 30 to 100, or even more, are
necessary lor saw and veneer logs. The term cutting eyele denotes the
nunmiber of vears from one logging to another on the same area, where
repeated cuts are made, none of which remove the entire stand. The cvele
should equal the number of years it takes for a partially eut stand to
produce trees that are ready for another harvest. Many other terms used
i forestry are defined in the Appendix

Hegulation

To regulate the forest the tree farmer tries to convert the stand into a
healthy ¢ondition, where all of the area is adequately stocked in accord-
unce with the site capabilities and where there is a proper distribution of
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age classes. In an all-aged stand an pwner would want to have a misture
of all ize-classes from one vear ald to the rotation age in the right propar-
ticns, Theoratically then, the periodic harvest would be restricted to trees
of the rotation age and older classes only, unless some recently defective
vounger trées also needed removal.

The classic example of & completely regulated even-aged forest would
be one containing equal areas of each age class with the ares of trees of
the roation age class. e.g, 80 vears, being harvested over each decade.
Becauwse management of Californta’s forests is relatively recent and has
heen based largely on virgin timber, we have few examples of a complete-
Iy regulated forest, vet the prineciple is still valid for long-range planning
purposes.

Whzt can be cut from a forest is dependent upon how well the forest
is regulated. One with a great amount of large trees in relution ta other
sizes would demuand a heavier annual cut than usual over enough vears to
bring about a better distribution of age classes. [t also would be necessary
in order to-convert such slow-growine stands to young, fast-growing trees.
Conversely, o torest with little marure thmber, poorly stocked areas, or
large gaps in age classes should he harvested at a rate less than usual for
awhile in order to achieve desired age-class distribution In other wards,
the level of cutting should be adiusted so'thut the forest can be placed into
2 regulated condition as early us powible (preferably i the first rotation),
where all uge classes are proportionately represented and an eptimum
stocking of healthy trees is present,

Allowable Cur

If ome has a fullv regulated forest; it would be fairly easy to determine
the allowable annual cut. It simply would equal the net growth of the stand
as mndicated by appropriate vield tables or from growth measurements
However, very few, if any, of our forests are vel reguluted, wnd this situa-
tion causes a lot of difficulty in arriving at an allowable cut figure

There are a great many methods for determining allowable cut. They
include a few graphic presentations, a wide variety of formulas, and some
rather sophisticated computer programs, A lot of data about the forest s
reuired by some of the formulas and by all computer methads. The ease
of application depends largely on the complexity of the forest and how 1t
departs from § regulated condition. Nonetheless. a tree farmer shonld
estublish by whatever way 1s most practicable at |east a preliminary level
of annual allowable cut and be prepared to modity it to meet changing
facts and conditions.

It is bevond the scope of this handbaok to go very deeply inta this
subject. The methodology is definitely something that needs professional
treatrment. However, to illustrate some of the principles invelved, a few
of the more simple approaches will be explained,

Ome of these i the Vap Manted formula which works best with even-
aged stands, and (e more regular they are the better the results: It has
bBeen principally ased for preliminary planning purposes. The formula
reads as follews:
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AC = 2 = VIR

Where AC = annual allowable cut of the stand
V= timber volume thereon
B = rotation period In vears

Note thut no growth information is required. This formula gives much
100 low results, especially when board feet are used, because only mer-
chantable frees are included in the volume. As a result, it grossly under-
estmiates uctunl growth. When used with caution, this formula is an easily
applied and valuable cheek an what the allowable cut might be for a
natural forest, but (ts limitations must be clearly recognized

Probably with more reservations than in the case of even-aged forests,
the Van Mante! formula has been adapted 1o selection cutting of all-aged
forests. Here annual cut would be twice the timber velume times the
cutting eyvele expressed in vears, all divided by the rotation.

The current growth formula, often used by foresters, is an emperical or
informal method to calculate the allowable cut of forests being deficient
in growing stock that are to be placed under management. Its principle
is that, if the current growth is known, all that is required is to harvest less
thin the growth in arder to build up the stocking of the forest. The cut
is therefore assessed as a [racton of growth: AC = actual growth of the
total stand times a reduction factor. The value of the reduction factor is
set by judgement. depending on the shortness of the stocking of the forest
and silvieultural and economic conditions. Usually the reduction factor
runs from 06 to somethmg less than 10,

A stand growth percentage method is one that can be used to set the
allowable cut of an all-aged farest, especially ane that has satisfactory
stocking. The average unnual percentage growth rute of the stand as 2
whole needs to be estimated or known. It can be derived by finding the
total annual growth of a stand by methods discussed earlier and dividing
that by the total stand volume. The formula for the stand growth percent-
age method gives the percentage of the stand volume that may be eut and
restored by growth for various rates of stand growth and cutting cveles:

| fi % CCyl 1 + ti x €Ci)

Where | = percentage of stand 1o be cut
i = average anml grawrh percant fak the sand
CC = cutting cvele in vears

Table 116 gives for diferent rates of growth and cutting cveles what
percentage of the stand can be harvested and replaced by gmwlh during
that time period By that table i stand with an average annual growth of
3 percent being cut on a 10vear cutting cvele would have 33 percent of
its volume cut every ten vears. Of course, this harvest could be spread
evenly over each year in the cycle and be concentrated on those areas
where the cutting would be most beneficial silviculturally and economi-
cally
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Table 4. Percentage of ollowoble stand cut for vorious rates of growth and
tutting cyches.
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It should be remembered that what the forest manager does in the way
of improvement of 2 stand affects the allowable cut possibilities, [f the
owner his an active, successiul reforsstation program. uses fast-growing
trees, or takes imber stand improvement medsures, the allowable cut can
be almost immediately set higher than would otherwise be prudent The
reason for this is that in tithe these prictices will inerease the yield. Some
Andustrial tree farme also apply lertilizers to incréase growth. Hew much
higher the tut ¢un be elevated depends on the ameumt and intensity of
such efforts. and this has to be carefully assessed so that the allowable cut
is not rased too much These kinds of practices have the capacity to
increase allirwable cut of a forest as much as 3 percent or more:

Management Plans

The reader has s=en1 that the régulation and determination of the allow-
shle vt of a forest are complex, involving many factors, Without geing to
a graat deal of expense, the methodology is not necessarily exact, especial-
Iv when forests are not In & regulated condition, and much professional
Judgement based on practical experience has to be exercised. Run-down
stands first coming under management certamnly do not require precise
formulus or methods to determme cut, or sophisticated rmanagement plan-
ning. In those cases, priority has to be given to rehabilitation and forest
improvement until adequate stocking can be established. The basic aim
is 10 have an overall alan 16 be sure thut eventnul harvests are within the
productive potential of the forest and in line with a reasonable distribution
of age und size classes. Whatever is done, it must relate to the owners
ubjectives, the economic sitbation, the forest itsell, and be Hexible 1o ke
advantage of knowledge gainad abowt the lorest and to mest changing
conditions.

Forest management s a long-term continuing process and 1 has to be
hased an a good knowledge of the property. Decisions have to be made
for current operations and alsa for a long timme mte the fnture. Therefore,
it is advisable to have a management or working plan for one's forest It
is a4 written document. including mups und records, that is prepared to
muintain the owner's policies and actions by preseribing und controlling
the hasic operation of a forest over a period of years. The plan should not
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be rigid and it should be révised periodically. The contents of a forest
management plan are outlined below, '
A Introduction
Loeation and boundaries
Acguisition history
B General physiographio features
Climite
Topography
Ceology
Sail
€ Forest deseription
Forest type
Site
Previous cutting
Growth potential
Access and roads
. Economic situation
Lol markets
Transportation
Managemen! objeotives
Waood products
Range
Water
Wildlife
Hecrcation
F. Silvicultural Lreatment
Silvicultural systems
Logeme conditions
Pest protection measures
Stand improvement
Reforestation
;. Regulation
Botation and cutting cyele
Allowable cut
Cutting budget and order
H. Sales polioy
Othet management fuctors
Acqguisition plans
Other forest uses
Road development
Fire protection
Zoning and band-use regulation
Miscellaneous
1 Appendix
Stock and stand rables
Cruise reports
Growth data
Various maps
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Silvicultural Svstems

Various cutting systems are used to erow, tend, and harvest forest crops
in accordance with a planned program. Whal system is used depends
primarily on the nature of the stand, because, unless the harvested area
is to be seeded or plunted by man, the chosen method should be favorable
towards quick natural reproduction. Other Factors to consider are the
need for improvement of the stand, type of forest regulation chosen, the
economic aspects of the cutting, market conniderations, and logging condi-
tions: There are four basie systems o wse: (1] clear cutting. (2) seed-troe,
i3 selection, and 4y shelterwood, Io addition, there are combinations
and variations of these cutting systems

Clear Cuting

Clear cutting is what the name implies—removal of all or most of the
trees. The svstem is appropriate ta use on merchantable evencaged stancs,
espetially where the species being harvested needs sunlight to reproduce
and grow, or where windthrow 15 a serious threat to partially cut stands.
If natural seeding ts being depended on, mature trees should surround the
cutting, and the area should not be too large—preferably less thun 40
acres. Because natural seeding (s not too dependable, serial or hand seed-
ing and planting of seedlings ure commanly done after harvests are made.
Clear cutting is a drastic treatmient in some ways, It reduces the forest
cover 30 much that w0il damage can result, unless appropriate erosion
control procedures are underlaken. In clear cutting, cable logging iv often
employved Lo reduce damage from skidding and road construction associat-
ed with tractor logging, The appearance of clear-cuts is oftet poar; this can
be alleviated by keeping them away from roads and streams, and by using
irregular shapes. Clear cutting is used on both private and pubhe land,
particularly in old-growth redwood and Douglus-fir in northwestern Cali-
tornia and also elsewhere in pure pine and red fir stands

Seed-Tree Cutting

Seed-tree cutting i3 the removal of all merchantible treec except those
requirad to naturally seed the areq This is aceamplished by lsaving ut leust
two (preferably more) designated large trees per acre for good seed
production, or by leaving blocks of uncut trees to serve the same purpose.
This cutting imethod may be applied to both all-aged and even-aged for-
ests, although the succeeding erop 16 quite even-uged, except for the
residual trees from the original stand, This ¢ystem has been widely com-
Pined i this state with a2 minimum cutting diameter limit. Under this
version, except for desired seed trees and obviously defective trees, all
trees are felled wbove a preseribed minimum dismeter, e.g., 18" dbh
Neither seed-tree cutting nor the combination has been entirely efficient
here in tegenerating a new erop af trees Often where the residual stand
does not provide enough eover, Lthe site is captured by competing brush
which takes many years to be shuded ot by trees, Windfall of seed trees
aned smaller residual timber can also be a problem.
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Shefferwood

The shelterwood system is the gradual removal of the timber crop in
two or more steps designed for specific purposes. The object i to obtain
natural reproduction of the stand under the protection of a forest cover,
This system has been rarelv used in California. although it has been tried
on-an expenimental virgin redwood forest and an experimental voung:
growth, mixed conifer forest. both with favorable results

Selection

The selection cutting method is the most common cne in California. It
is the periodic removal of certain trees, individually (single tree selection)
or m small groups (group selection) from an all-aged forest. The trees or
groups of trees selected for harvest are the overmature, suppressed, defec-
tive, and some mature trees. The unit-arca control svstem is a form of
group selection, where an attempt 15 made to cut areas of trees of like
condition, in effect creating very small clear-cuts: The Dunming's tree
clivses are a useful guide for marking trees to be eut, especially in older
pine forests, Usual practice 1s to take the poorer risk trees, like numbers
4,3.and 7 (Figure II-2) Other trees may also be cut for ecanomic reasons,
to ellminate unwunted species, or to thin out trees to obtain better spac-
ing. Basal area can also be used as a cutting cantral. It should not ordinarily
be reduced to levels below 70 to 10 square [eet, depending on species,
forest tvpe, site. stand condition, growth. and other factors.

The cvele beween cuttings should be long enough to obtain some repro-
duction, but short enough to capture trees of poor risk before they die and
vet provide enough volume to justify the logging. Cutting oveles in Cali-
formia range from 10 to' 20 years

Where properly applied, the selection system is an excellent one. It
produces a diverse all-aged forest that protects the site, it favors continu-
ous reproduction, and rates high from the assthetic standpoint,

(ther Systems

In addition to these four basic silvicultural svstems. there are other
cuttings thut can be made These include thinnings, sanitation-salvage
harvests. and other special cuttings {see Timber Stand Improvement
luteri.

Environmental Factors

In choosing and applying silvicultural svstems, one must @ive serious
thought to not only the protection of the forest from the crop standpoint,
but also to preventing environmental damage. Non-weod values of the
forest are Important to the owner and general public alike. They are of
sufficient importance w the general welfure that these other values are
protected by the State Forest Practice Act and a number of other laws and
regulations, which are discussed in Chapter IV, Theretfore. the multiple-
use concept should be practiced, wheregy the soil, water. range, wildlife,
recreation, and assthetic benefits are retwned as much as possible More
will be said about this subject in the last two Chapters.
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Soil and Water

The =oil is the basic resource to a tree farmer. It s a main element of
the growing site and should not be wasted awav by erosion. Soil erosion
can also cause costly road damage. foul other lands, deteriorate the quality

of water in springs. lakes. and streams. and deposit sediments 1o reservorrs
and where fish live and spawn

Fish und Wildlife

In addition to fish., there are many other kinds of wildlife that are
affected by forest operations. Logging an area tempeorarily changes the
habitat, some changes may be good temporarily, such as [or deer, quail,
and song birds that feed on grasses, herbs, und shrubs that come In after
a cutting, but other changes may be detrimental to birds like eagles.
osprevs. and others. which nest in trees and snags. Woodpeckers are par-
ticularly beneficial to a forest because they help control tree-killing msects
by feeding oo the insects and larvae in defective and dead trees. How 4
forest is managed will largely determine what the overall wildlife cornpo-
sition will be. Of course, some species like gophers, mice, rabhits, poarcu-
pines, and even deer and bear may ciuse serious injury at times, so these
fuetors have to be considered also and special measures taken to control
the damage (see Chapter VIII),

Aesthetios and Recreation

The appearance and cultural resources of a forest are of special concern
to the public, who can be critical of the results of forest harvests. This can
lead to more legal restraints and can hamper or, in some cases, even
prohibit logging. Besides economic gain, a tree farmer receives personal
satisfuction and pride from how well beauty. rare and endangered species,
and archaeological and historical sites are protected In some cases com-
mereial forests can be integrated into a beneficinl and profitable recreu.
tion program, and thess attributes are important to such use.

Timber Stand Ilmprovement
Other measures are often apphed 1 the forest besides the basic svstems

explained earlier. Their purpose is to improve the composition, condition,
health, growth, and quality of the trees
Thinning

A forest manager can make careful intermediate cuttings or thinnings
te 4 good advantage in voung stands. [f there is 4 market or personal nesd
Tor small logs, posts, poles, piling, pulpwaod, firewood, Christmas trees,
and similar products; such cuttings may pay; otherwise thinning trees is
cxpensive, slow. hard work Unless it is a paving propesition in terms of
useful produets; it 1s not ordinarily done except in those cases where 1t 15
espectilly destrable for silvicultural reasons.

Trees in well-stocked or crowded stands tend to slow down in growth
and many die in time, Thinning actually saves the prowthof trees that will
die before Anal harvest. A useful tool to see what is happening s the
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inerement borer, which reveals the annual ring growth. Other indicators
of the need fur thinning are closeness of trunks, crowding or overlapping:
of tree erowns, and thin stems, A thinning ordimarily releases the trees
from excessive competition and stimulates greater growth on the remain-
ing erop trees. These should be selected early and favored in the thinning
process (Figure II-4). Ths could be done rexularly, perhaps every 5to 10
vears, for at least a few decades until the forest reaches a peak condition.
However, intermediate cuttings must be carefully done. because as trees
grow older they lose their ability to release, und some species release
better than others.

Figure 11-4

Imerease or release in diameter growth of o trés after removal by cutting of some competing
trewd in the dtand s elearly sheswn in this eross secton.

The thinnings should first remove defective, poor-growing, otherwise
undesirable trees; and also trees necessary to achieve a better spacing.
Here, rules-af-thumb ean be handy  One guide that is helpful in the pine
region to better space trees is the D + 4 rule, which means that optimum
spucing between frees would be pqual to the tree diwmeter plus 4 stated
in leet. Thus, the desired spacing for 18° dbh trees would be 22 feet. The
rule ¢can be modified to better fit locul conditions or extended to other
forest types by replacmg the figure 4 with another number that experi-
ence has shown to be appropriate.

Basal area values also can be useful in determiming how much to thin,
as they are i selection cutting. Figure 11-5 shows the relationships
between basal area, average dbh. and tree spacing.
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FPruning

Pruning the lower branches of young trees raises the future quality and
value of them for wse as saw or veneer logs. Ouly so-called erop trees that
are vigorous, sound, and well-formed should be pruned. Generally, stands
are ready for pruning when these trees ure from 4 to 12 mches dbh,
because they have the potential of putting em another 12 inches of ¢lear
wood, which would pav for the pruning, This would take 30 years or
more—a long-time investment. Real heavvlimbed trees do not justify
pruning because of cost, neither do the lower valued species. Because of
the work and eNPETSE nf [T, the ﬂellrnhﬂlp’ s dnrnr anl-. 10 the hﬂtght
that would produce one log 18 feet above ground for a sawlog and 10 feet
for o veneer log. Not more than one- i"uuﬂﬁ the live erown shown should
be removed at one time; otherwise the tree’s growth could be st back
Curved priuming saws are better to use than axes or clubs, because saws
make a neat cut ¢lose to the trunk that will heal ever sooner | Figure 1167,
Light chain saws can be used effectively on the lower and lurger limbs. but
this has to be carefully done to aveid injury to the operator

Herbicides and Fertilizers

There are additional stand improvement measures that may be apphca-
ble under certain circumstances Chermmcals called herbioides or sibvicides
are used to decrease competition from unwanted trees and growth, Indi-
vidual trees or large shrubs, especially sprouting species that grow back
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after cutting, can be ringed with an axe and the chemical pluced in the
git. Hand-spraving of smaller individual plants can be done also. Aerial
application & necesary where broadeast reatment of chemicals is re-
quired to control competition to crop trees from brush ind hardwoods of
no vadue: |1 takes specialized knowledgze 1o properly and safely (both from
the human and environmental standpomnts; to use chermicals, and most 1f
not all are strietly regulated by law. Therefore, a tree farmer contemplat
g their use would be well advised to consult experts like CDF forest
wdvizers, county agricultural commissioners, licensenl pest control bpera-
lors, manulacturer representatives, und aeridl applicator companies,
Fertilization of the forest is & growth and stand improvement measure
of same promise, Nitrogen is the mun additive although some sails may
reduire otler clements. Before forests are fertilized the soils and tree
foliage should be checked and consideration given to what fertilizers to
use, method of application, costs, and probable returns. The help of spe-
cialists should be defuntely sought before any fertilization program is
initiated to avoid wastetul expenditures and to attain sabisfactory response

Frgure: Il-&
Prumifeg the lower Hmibs of founger trees can improve the guality of the buit ke
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Reforestation
Relorestation, like many other siubiects in this handbook, is b big field,
and no atternpt is made here to cover It theroughly, but to only bring out
thie most essenlial faots Fortunately. there are readily available some good
written material (see Appendixi and advice on the topio. Several aptions
for reforestation are possible as discussed belpw,

Natural Seedinge

The reproduction of 4 farest by naturl means s obviously preferrsd
whenever posible by tres lyrmers over that domie artificially by hund. Ta
aveomplish this, the managment practices—eutting svstems, logging, site
preparation, protection—are desigtied to favor nature’s mathod and to
protect the voung unmerchantable trees that gre already established and
ready to grow 1o be crop trees. [n many cases the results are quite satistae-
tery and certainly are less costly than artificial reforestation.

To obtain natoral reproduction there must be sufficient viable seed,
favarable conditions of sail, weather, light, vegetative cover. and mini-
mum chances far depredation by insects, birds. rodents, and other ani-
mals The amount and quality of available seed depends on nearness of
seed trees, thelr species, age, health, and the seed year, which varies
greatly from poor 16 good. In most vears seed crops are not sutisfactory,
depending on spevies, medium and sbove erops only oecur on the nverage
of every 4103 vears. Because the best seed producers are voung to mature,
thrifty, dominant trees with large crowns, those are the tvpes to be select-
o for seed trees, _

In the case of conifers, one good tree can produce hundreds of cones,
each contalning scures of seed, but all may not be viable Thus, literally
mitlions of seed are cast on forest areds when conditions are right, One
pound of cleaned seed has thousands of seed, and the viability differs
consideTably [ Table 117}

Table 11-7. Number of cdean seed per pound ond averoge germination capasity
ofter strotfificotion for selecred Califormo conifers.
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When cones ripen in the full, they open and release their seed which
descend to the ground or are scattered by wind. Conifers hove winged
‘seed that enables the seed to v away from the tree for some distance
depending on species, height of the tree. topography, and wind direction
and speed. The distance can vary from the immediate ground area below
the crown to a number of times the height of the tree of origin. Of course,
most seed fall close to the tree and gradually dimuesh sutward Character-
istics and patterns of seedfall in the forest should be observed and an area
harvested accordingly, especially clear cuts, in order to obtain the besl
chances for the success from natural seeding, As noted, the guality or
germination percent of seed is guite variable wmong species and batween
seed veats, so this fact needs to be taken into account also,

A mineral seedbed devoid of most vegetation and organic material is
preferted by most conifers. This is shown dramatically v how well trees
become established on road cuts and fills and other bare arens. Lopeing
the area in mid-summer of good seed vears can be helpful in this respect
in that it searifies the soil and reduces competing ground vegetation,
thereby making the site more receptive 1o seed. And other site prepara-
tion measures, like using a tractor to rake or lightly bulldoze the area, in
good seed years to accomphish the same effect may be warranted.

A moist soil with favorable growing temperatures during the spring and
garly summer monihs is required for seed germinution and enough root
penetration to follow the moisture level as it recedes in lute summer and
fall. Consequently, drought years or an exceptionally dry expased site can
be disastrous. Depending on the tolerance of the species, there has to be
enough light to supporl photosynthesis, and seedlings of mtolerant species
like most pines will die in too much shade.

Crops of forest cones, seed, and voung seedlings, may be diminished
considerably by insects, fungi, and animals. Damaging insects include
cone beetles, cone worms, seed chaleids, magzots. grasshoppers. and many
others which are not readily controllable. Fungi-like molds and damping-
off disease brought about by warm moist weather are in the same cate-
gory. Many animals are invelved in cone, seed, or seedling depredation—
birds, squirrels, chipmunks, mice, rats, gophers, and rabbits. Some meth-
ods are available for control of such animal damage, but this is usually done
for artificial speding rather than for natural seeding. and an expert should
be consulted especially regarding use of chemicals, some of which if not
carefully used v Le duogerous o by, domiestie aninals, wildiife,
and the environment. To justify the added costs of control it should only
be done in areas and at times when good seedfall is expected.

Weather factors other than drought that can cause damage are those
brought about by extreme conditions Severe late spring or early fall
freezes can kill immature cones, and prolotged stormy weather during
the pollination period can cause abortion of cones and low seed quality,
Unseusonal low temperatures can also destroy yvoung cones. Spells of cold
temperatures during the early growing season can bring about frost-heay-
ing of tender seedlings; excessive temperatures can be lethal alsp,
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Artificial Seeding

To avaid the vagaries of nature and to spesd b g rather slow process,
a number of methoeds of artificial reforestation have been developed and
are bemgncreasingly used by tree farmers, both large and small, privite
and public. These practices 1o upgrade the stocking of a forest can be very
rewirding since this cun permit earlier increase of the allowable cut of a
torest Because of its ease and relatively low oost, artificial seeding has
been guite popular, although it s giving way more and more to planting
Providing seed ean be collected ur obtained, dne of the advantuges of
direct seading is that it can be done promptiy after catastrophies like fire
tr to substitute for natural seeding of recent cut-over areas in nesd of

CALIFORNIA TREE SEED ZONE
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restocking. The vight kind of planting stock 15 sometimes difficult to pro-
cure, and seeding costs generally average one-fourth to one-halfl planting
epsts. Bt seeding results may ot be satistactory in many cases because
of seed and seedling depredation, drought during time of germination and
early growth, disease attacks, frost dumage. and competition from other
plinis

The seed that is to be used should be preferably of species native to the
area and meet sceeptable purity and germination percent standards. The
seed should also be from the local arew or a tree seed zone that 1s compati-
ble in terms of latitude and elevation. Figure 11-7 shows the zones recog-
mzed i California A larger copy 1s available from the Department of
Farestry. Seed can be purchased from a number of private suppliers, a hst
of which can also be requested from the Department

Seeding m the fall is usually preferred over spring sowing berause of less
risks. The seed should be pre-conditioned by a moist-cold stratification
process, which will break the darmancy of the seed und stimulate gevmi-
nation. A <imple way to do thisisto (1) soak the seed in tap water for 1-2
davs. (2) drain off exeess moisture, [3) place seed in plastic bags and elose
them with a rubber band, and {4} store under temperatures of 32° to 36°
F. for about two months prior 1o ose

Three methods are used to sow the seed: (11 broadeast, (2) spot, and
131 drill The first of these has been most popular, mostly in the northwest-
e part of the state, where climatic conditions are more fuvorable, Usnally
it is done by usig aenial contractors, although for smaller areas 4 cyclone
hand seeder can be employved. Depending on species, from one-half to
over une pound af seed is used per acre.

Because seed-pating rodents have been the main cutse of failures in
direct seading, it is wise to tuke some measures to prevent this damage.
First, some Idea of the radent population in the area should be obtained;
this should be done by wildlife biologists who make sample trappings and
preseribe the necessary treatment. This can consist of treatmg the area
with certain chemical baits that temporarily lower the rodent population,
or by treating the tree seed with chemnicals that repel the rodents, or doing
a eombinmation of both trestments, The chemicals in the baits and repel.
lents, il not properly used, can cause damage to pther wildlife like birds
and fish and affect the water quality of streams and lakes. And they can
imjure mun and domestic animals, sa the use of rodenticides and repellents
is shrietly contiolled by law, and use permits must be abitained from the
county agricultural commissioner

Spol seeding has been tried to a considerable extent, particularly on
experimental plols and by tree farmers on u limited basis, but the results
have not always been too satisfactoryv. The same problems encountered
with broadeast seeding are ever present A few seed are implanted into
well-spaced (68 feet), prepared spots of bare soil by hand tools, corn
planters, or special walking-stick seeders. Here chemnieals can also be used
to control rodent danage, Another rodent control measure s to cover the
seeded spot with o small dome-shaped or evlindrical barrier |Figure 11-8)
made from hardware screen that is pressed into the soil. These devices are
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costly when many spots need to be covered and they take more work to
pack in. and the sereens have to be removed after the start of the second
growing season. Before this method is tried it should be tested in the loeal
area to see how well it does the job.

Figure |18
A metal sereen 47 < 67w sometimes used To protect 8 weed spot from rodenta

The last method of seedmg 15 by tractor-drawn drilling machines like
the rangeland drill, modified com planters, and machines especially made
for tree seeding purposes, Although the results of o few experiments in
California have been encouruging, not much drill-seeding has taken place
in this state because our forest lunds are mostly too rough and the site
needs to be well prepared

Flanting

Planting has become the more favored artificial reforestation method
Although it takes longer to accomplish and 15 costly, if the proper proce-
thures are followed, the results can be more consistently positive than by
seeding Planting his also supplemented and even replaced natural meth-
ods in more and more cases, because prompt re-establishient of trees Is
a prerequisite for early sustained vield management,

A key decision js where 1o plant. [n general, priority should be given to
the lands needing it most, g unstocked areas, und where the potential
success and returns will best pav for the investment being made. Thus,
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unstocked forest lands should come before those thut are only parth
stocked, and the high site before medium, From an economic standpoint,
Jow site lands cannot ordinarily justify the expense of planting. Here is
where site surveys, soil-vegeration maps, and other references having site
and soils information are of inestimable value

The slope aspect hasa bearing also on what trees to plant. Nartherly and
gasterly exposures which are shadier, cooler, and moister, should be plant-
ed to the more tolerant species, while the south and west facing slepes
should have the more intolerant species.

What species to plant depends on the locality and the wants of the
owner. & good rule is that the species to plant should correspond wath
those that are native to the area, although some proven species of other
countries or regions may be in order for special reasons. Most of the
planting stock sold in California for timber production consists of ponder-
osa and leffrey pine, coast redwood, Douglas-fir, and sugar pine. Also,
mainly for Christmas trees, other species like Monterey pine, red and
white fir, Sierra redwood, and Seotch plne are grown by nurseries. Sue
pine hybrids show much promise in special cases because of fast growth
and Insect resistance. The trend now is to develop and use super trees
which come from seed grown in orchards where the trees have originated
from selected wald trees and have demonstrated hugh growth, good form,
and other desrable truts.

Much of the conifer planting stock used in this state is hare-root grown
in outside nurseries, It is lifted from nursery beds without soil, packed in
amedium of wood waste in bundles of 100 to ] 000, and sold fresh or placed
incold storage until needed. The more common stock is 20, meaning it
spent 2 vears in the seadbed and none m a transplant bed, Some stoek niay
be 1-0, I-1, 2-2, ete. with the figures representing the yvears spent i each
bed. Trees in the nursery are root-pruned at least once, or sometimes
transplanted: both processes promote healtly root development: Increas-
ing amounts of seedhings are grown mn greenhouse nurseries, especially by
large industrial tree farms in the redwood region. One-vear seedlings are
grown i special containers having a prepared fertilized growing medium,
The trees are carefully Temoved from the cantainers with 4 minimum of
root disturbance before placing into the ground upon planting.

Where needs are small, some resourceful free firmers have successfully
planted wild seedlings twildlings) dug up ffom the forest or those grown
in their own small nursery beds. But thisis a panstaking business requiring
a “green thumb”, and would not ordinarily be the practical thing to do,
particularly when plantings to be made are large or sporadic.

When to plant is another important consideration. In California, the best
time has been generally in early spring, bat fate fall and wanter plantinge
works in some areas of mulder chimate. The factors involyved here are the
physiologieal condition of the planting stock. soil moisture availability, and
anticipated weather during and after planting, The tops of the planting
stock must not be growing vet at time of planting and the roots must be
ready to start a season of new growth soen after planting. The soil at the
planting location should be moist from the top down, and prospects for
soime further precipitation after planting should exist,
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Figute II-5
A westernt) planting tool =8 common hand-planting method 1o Californm
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To enhance success of expensive planting endeavors, some sites have to
be elesired to mmetal soil with tractors, removing slash and competing
yvegetation. The debris is placed in piles or windrows that can be left or
burned during safe periods Herbicides have been used smgly or in combi-
nition with mechanical clearmig. Somelimes gophers, rabbits, and poreu-
pines have 1o be controlled by baiting or trapping The use of chemicals
for plant and rodent control may require permission of the county agrical-
tiral commuassioner.

Trees are planted in a number of ways—by hand tools, powered sugers,
and tractor-drawn planting machines. The former meathod s still the most
sdaptable in this state because of our difficult groumd conditions: The
western plinting tool—a special hoe or mattock (Figure [1-9) —, a planting
bar, ar 3 dibble for tubed seedlings are the hand tools in commeon use. The
planting stock should be stared and handled carelully to prevent drving
and planted with great care Grass and herbs around the planting spot
should be scalped to reduce competition.

The usual spacing now ror growmng thnber 15 10° x 10 . @ving o stockmse
of 436 trees per acre, but closer or wider spacing may be desired depend-
ing on survival expectations, products to be grown, and precommeroil
thinning pluns. The seedlings are ordinunily planted in parallel straight
rows. An experienced planter under favorable conditions can plant from
35() to 700 bare-root trees per day Planting with contamerized seedlings
b usually much faster. The munber of trees per acre re<ulting from differ-
ent spacings are g@ven in Table 118, it is derived from the formula:

N=43500 L = W)
Where N = number of trees per acre
43.560 = the square feel in an acre
L = distance between plants In row

W =distance betwesn rows

Table 18 Mumber of frees per. ocre for vorious square ond rectongular spoc-
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The chances for good survival of plantations can be mereased in @ num.
ber of ways Using natve mulch {leaves, humus. #1e.) from immediately
around the seedlings s one practical way to reduce mosture toss, OF
course, watering is out of the guestion except for vahuable seed orchards
and other special plantings Spraying the tops with transpiration inhibitors
and fertilization at time of plinting have not demonstrated consisternt
satisfactory benefits Herbicides may be used for control of gras and
weerds near the plantings Shading of the sesdlings with shingles or other
devlees has improved survival under some eonditions Protectlon from fre
by reducing fire hazurds and risks, maintaining firebreaks and fuelbreaks,
anet keeping aceess roads open should be planned and provided. Stimilarly,
the forest manager should penodicallvy examine the plantings to detect
darmage from insects, disease. and animals, and take uppropriate correc-
tive measures to control those pests if possible and practicable. There are
a mumber of serious pests of plantations. See Chapter VI for more expla-
nation about forest protection,

Economics

Obviously, in munnging a forest for timber productian, the owner must
be guided by the ecanamics of the effarrs put into the undertaking. In the
Jong run, benefits to be derived from sibvieultural measures, increaszing the
stocking base, careful cutting, regulution of the forest, and stand improves
ment should exeeed the Investiment costs and Interest charges, Sometimes
financiul consideration may suggest heavier hurvests, especially of slow-
growing, old-growth trees, and shorter rotations. A central olyective of
tree furming is to get the greatest possible growth from the forest and at
the same time leave the smallest amount of umber on the ground as a
captiul investrnent

From the short-term standpoint, regulsting the forest to balance cut
with growth and tmprovement of the stand may not seem Anancially
tlructive 1o a tree furmer, Of course, euch situdtion has 1o be determined
from the condition und potential of the forest and the owner's situation
While investments made in the forest mayv not pay off in the near future,
It should be remembered that they do immediately inerease the dale or
estate value of the property. This can be compared 1o putting more maorney
in the barik, although it is true that this capital is not nearly ds lhquid as
money. However, prudent forest management brings about a much nicer
looking forest wath a higher value

The econmuic potential of o forest can be increased by meuns other than
regular timber harvests, These inclyde the harvest of special [orest
products deseribied in the next chapter and taking advantage of the range.
water, wildlife, and recreation resourees (see Chupters 1N und X))

To encourage tres farmers to make long-term investments in their
forest land, the coste of some practices are shgible for cost-sharing by the
federal govermment. A major part of the eapernse of reforestation, thin-
ning, and pruning muy qualify for this financial asistance. Inaddition. the
State provides assistance for reforestation projects. Low-interest loans may
be availuble from the Federal Land Bank for forestry purpeses. For infor-
mation about these kinds of financial assistance see a CDF forest adviser.
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Chapter |1l
woOon PHUD_UCTS OF THE FOREST

There is 4 greil variety of langibls and marketable produet< thal can
be obtained from the forest. They range in size from large sawlpgs down
1o small tree sead, and the values and uses Involved are also quite differ-
ent. A tree farmer is wise to consider harvesting as many products as
possible.

WContler Sawiogs

By far, the commiodity that is generated the most from our forests is in
the form of conifer sawlogs; they constitute over 9 percent by salume of
ull sur annual wood production. And sawlogs have the h{ghast valu in
terms of the total vield of Californis forests, Good markets exist for logs
that can be sawn into lumber

The spectfications for suwlogs maunly depend on needs of the markst.
Generally, merchantable sawlogs have minimum diameters |inside the
bark) of five inches and up, and must be at least 10 feet long plus-a trim
allowance of 4 inches for every 16 feet. In the pine region the standard log
s 16 feet (plus trim) in Jength but logs may vary from lengths of 10 feet
by even feet to 32 or 40 feet. In the redwood-Douglas-fir region the
standard log is 20 feet long, but here again varinble n length

The iength to which logs are cul for logeing depends on size, weight,
logzing conditions, machinery used_and type of lumber to be cut. In case
of small dmber, it may be logged and hauled in tree lengths and not cut
or bucked into logs until arrival 4t the mill,

Logs should be réasonably sound: a quarter or more of the volume
should be defect free, depending on value and the logging costs. Low-
value logs or these that could be expensive to harvest and deliver to a mll
must be sounder than others ta pay thewr way Where logs can be used for
pulpwood or chips it is possible 1o utilize some defective or cull logs.

Logs can be graded aceording to quality There are no stutewide or even
regionul standards for logs in Cabifornia, and if used, they are the result of
requirements of the local market or timber seller-buyer conitracts. Sonie-
times a simple grading system is achieved by segregating old-growth logs
from young-growth, large from small, and sawlogs from those useable for
veneer and plywood purpeoses. Usually asmall lree Farmer would not want
to be bothered by grades unless he or she chase to personally harvest and
soll the logs and the grading was worth the expense.

The measurement of logs for volume and defect is called scaling and 15
described in Chapter V1

Conifer Veneer Logs
Conifer logs of high quality and large size can be more profitably util-
tzed by marketing them as veneer logs, or peelers as they are usually
called Douglas-Or is the leading species, although coast redwond, ponder-
osa pine, sugar pine, and same true fir gre also used for veneer, most of
which goes into phewaanid
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At one time peelers were clear lower-trunk logs of 30 inches ar more
in diameter, but now sound lags of lower quality and lesser diameter are
being increasingly used to manufacture plywood. Before peeling on the
Lathye, the logs are sawn mto lengths of 8 fee} plos some trom allowsnde.
Therelore, logs prepared for this market are bucked into multiples of that
length.

Someveneer |named shook ) s also produced at a few places in Califor-
nia for manufacture into boxes and other contamers m:unlp tor the agricul-
turnl industry. The veneer can come from large luthes sirnilur to these in
plywood plants. or be sliced or pesled from special balts or blocks smaller
thum the wnial venesr or peeler logs Shoak blocks 19 inches in length by
18 inches in diameter and larger of knol-free wood are peeled an small
luthes Sometimes these blocks can be made from quite limby tress by just
cutting them [rom between the whorls, and using the remaining knotty
and poor quality pleces as luelwood, The species employed for shook are
ponderosa; sugar. and digger pine, Douglas-fir, and Sitka éproce

Hardwoaods

Although California hardwoods don't have the size, form, quality, and
diveraty of those in eastern U 5, they still have good prospects. They are
sdowly increasing in use lor sawing into lumber and lor pulpwood and
rhipwood where the better stands occur, Species used for lumber include
dlder, black ocak, chinkapin, coltonwond, madrone, sycamore, tanoak,
white cak, and u few others.

As for pulpwood and chipwood, eucalvptis has been the prmcipal hard-
wiod species used (dee s=otion Below). Other hardwoods, like tanoak,
have beetri made inte chipwood when the market was especially good.

The stump portion, swelled trunk pieces (large burls), sections with
forks of the stem, and other pieees having special figure characteristics of
some trees are ubibized in the furmture, novelty. and special wood
products trade. Black walnut, cottonwood, Califormia larel, and madrone
are the main species in demand The logs or chunks are sold by the ten

The utilization of our hardwoods for fuel is discussed in a later section

on fuelwood.

Pulpwood and Chipwiood

With the installation of pulp mills in Califernia and the development of
u foreign expart market, pulpwood and chipwood wre mapidly expanding
forest product< This development has resulted in o muoch better utiliza-
Hon of our commereial forests and enhanced opportunities for tree farm-
ers to praclice more inlensive forest management.

Most of the raw matenal for pulp that is marketed i this state 15 in the
form of chips that are made from: sawmill and plywood plant waste, The
chips are used or sald for domestic pulp produchon or exported Chipsare
also used to make hardboards (ke masonite) and less dense, thicker
particleboards. Same chips have come fraom the chipping of woods wastes
by mobhile chippers This probably will inerease in the future and include
thplng of thinnings and hardwoods,
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Chips are measured by the “unit™ which is equal ta a gross content of
200 cubic feet in uncompacted form. Depending on species und moisture
content, a unil weighs from 15 to 2100 pounds. Loosely packed. the
average solid-wood content of a unit is only about 72 eubic feet. The
"bone-dry umit” ar "B D.U." in use by some chip purchasers is equivalent
to 2,400 pounds of oven-dry chips The B.D.U. of a load of delivered chips
i determined by drving and weighing sample lots.

As mentioned earlier, low quality and cull sawlogs may be chipped for
pulp where the logging and handling costs are favorable. Also, pulpwood
in form of logs or cordwood can be obtained from thinnings, salvage of
fire-killed timber, and special harvests as it is done so much in the east and
south, but this latter methaod is not practiced much yet in California
Waods waste like broken logs, chunks, and tops is collected to some extent
and brought te chippers at mills and at pulp plants. Pulpwood in sawlog.
form 1s measured by board feet while that in smaller sizes mav he meas-
ured by the cord—I28 gross cu. it of wood (see Chapter VI): it roughly
eguls 500 board Feet,

Poles, Piling, and Posts

Roundwood products from the forest in form of poles, piling, and posts
can be marketed i 2 number of areas of the state, These are something
that a tree farmer can farrly easily harvest personally and not require too
much equipmert ora high riegree of skill. They can be used to sonie extent
by the forest owner lor building purposes, fences, ete. Another advantage
is that these roundwood products provide an epportunity to utilize some
of the material arising from stand improvement measures, thinnings, and
salvage before or after regular logging.

Poles are made in many sizes and for a number of purposes, e.g., utility
lines, pole-constructed buildings, and other special purposes, I)ﬂug]m fir,
western hemlock, ponderosa and lodgepole pine. true firs, and 4 few ather
species are used. Poles for usual purposes are made from the smaller
diameter trees—irom 4 to 22 inches dbh—that are live, straight, sound,
tall, and free of heavy limbs. Minimum tep diameters run from 5 ta 9
inches.

Pole operators elassify poles by species, length, minimom top diameter,
circumference 6 feet from the butt, and into six bending-strength catego-
ries established by the industry. Poles are usually sold by the picee. Most
poles in the trade are peeled and treated at eonmercial plants using
preservatives like creosate or other special chemicals to improve their
resistance to ol and insects

Pilings are similur to poles; most here are cut from Douglas-fir and coast
redwood. They are made from good quality trees7 to 20 inches dbh—witl
minimum top diameters of 5 to 12 inches. Standard specificationy are
somewhat more complex than for poles and are different for friction piles
and end-bearing piles In addition to certamn quality factors, piles in the
markel are specified by length, rmmunum circumference at the top and
3 feet from the butt, and must meet certain design stundurds. They are
soldd by the Hneal foot

Pilings for wharves in salt water have to be peeled and treated to
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prevent damage from <ea creatures like the teredo worm and same erus-
taceans, Piles for driving deep Into the subscil where insects and rot do
not {lourish usually are not treated, nor necessarily peeled of bark

Because of the complexities of the specifications of poles and piling, a
Iree farmer considenng the harvesting of them should consult buvers or
plants to determine exactly what they require. Also, care should be taken
o not hi-grade the forest by cutting future erop trees that would be more
valuable for lumber or veneer, or to interupt the overall silvicultural
objectives.

When required, the bark from poles and piles can be more easily
removed soon after harvesting to reduce damage from insects and rof and
to increase penetration of preservatives. Most peeling is done by machines
af the processing plants, which sametimes also shaves or shapes the pieces,
rather than by hand peeling with an axe, drawknife, or spud bar.

Round posts ave cut from small trees of many species. Those that are
naturally durable [see Table 1-2) like redwood, cedar, and juniper are
preferred, because if sound, close-grained wood is used. no preservative
treatment 15 necessary, However, less durable species and coarse-gratned
trees can be utilized also, provided the posts are treated Some forest
owners do this themseles by soaking the butts of dried posts in a solution
of pentachlorophenol and diesel oil, or other preservatives. Instruetions
are available froma CDF forest adviser or county farm adviser Like nany
chemicals, preservatives have to be handled carefully. The posts should be
peeled in any case by hand or rotating drum debarkers. Posts are usually
f to B feet long and 3 to 6 Inches in top dlameter.

Split Products

Different kinds of split products are marketable from California trees.
The species used depends on the product. Posts 6 to 8 feet in length and
4 to 5 inches tiuck are sphit from the heartwood of old-growth redwood and
cedars, Sphitting tools include wedges, sledge, splitting maul, and the
broadaxe.

Stakes for supporting young landscape trees, grape vines, and fencaing
make up a large portion of the split products business. Grapestakes are
split mostly from old-growth ccast redwood, although Sierra redwood and
western red cedar make good stakes also, The most common length s 6
feet and the thickness is 2 x 2 inches. When stakes are to be used for
fencing thev are usually resplit or sawn to a | x 2 inch size. Special split
products like paling and rails are occasionally marketed for construction
of rustic lences.

At one time California operators produced a large quantity of sphit and
sawn shakes from select, virgin coast redwood trees, but most of these
products consumed here now are made from western red cedar iy the
Pacific Northwest, The ald-fime shake is uniform in size—% by S by 15 ar
24 inches, and split acrots the annual rings to get vertical grain Besides
straight-grained, ¢lear redwood, it can be split from bolts of heartwond of
the cedars, sugar pine, and even white fr. A tool with a handle at right
angles to the cutting blade, called a froe, is pounded by a wooden mallet
tor split thin slices
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More popular than the uniform shake is the one that is partly sawa;
sometimnes it s called the Hollywood shake. Again, it is mainly made from
western red cedar and soast redwood. The shakes ure firet aphit with & froe
from bolts into thick pieces of varving width and then these are each wwn
edgewise at an angle to produce lapered shakes Thev dre either 1R or 24
anches long, and the thickiess ar the big end is % to % inches: for medium
shakes and %, to 1%, inches for heavy shakes. The operators pack the shakes
anto bundles where five of them will cover shout a “square™ or 100 sguare
{eet of surface,
~ There is a limited market for shake and shingle balts in the northern
redwood region. They are sold by the cord. However, bolts for shingle
manufacture have virtually disappeared from the California scene What
few shingles that are manufactured here at present mostly come from
thoice blocks of redwood which are a by-product of sawmill operations,

Fuelwood

Wood is coming into Its own again ds fuel because of the energy érunch.
Until the early 1930s fuelwood was tzad 4 ot for botll domestic and idus-
trial purposes, but 1t was gradually replaced by oil and gas: Wood still has
4 good potential as a source of energy and |ts use for fuel will increase.
Wiod ie a versatile fusl that can be used insolid form, gusified, or convert-
ed into a liquid state. Depending on the heat value of the species (see
Table -2, 4 cord of same of our denser hardwoods when air dry has about
the heat equivalent of a ton of coal Fuslwood muy be in the form of
cordwood, hogged and chipped wood, woods and mill wastes, briquets, o
charcoal,

Most California hardwoods make excellent fuel, These trees dre cul on
the lower elevation woodland grazing areas and to some extent from
comrmmerciil forests having a maxture of hardwoods and cordfers: Large
limbs. tops. and cull matenial resulting from harvesting of conifers. can also
be made mto fuelwood: so can thinnings and salvage from trees kalled by
fire or pests.

The wood is ordinarily cut and split in 12 to 24 inch lengths mainly for
heating purposes—fireplaces, wood -borming hesters, and s little for cook-
stoves, It should be air dried before murketing. The cord is the standurd
measurcs At s o closely sticked pile 4 x4« 5 feet, or 128 o L gros
However, the net wlicd wouod content of & cord only avernges 80 cu fest,
The tier ar rick Is also used to sell firewood but It s a confusing unlt
because it depends on the lenglh of the wood pieces For 12-inch wood 4
ters make 4 cord, and a tier then is a pile of such wood 4 feet hugh and
§ feet long In case of 16-inch wood. three tiers equals a cord, and for
24:mch wood, 2 hers make a cord. Thus, a tier of one length wood 1w not
equivalent to a tier of another length

Where not utilizable for pulp and other by-products. mill wastes in the
form of b:.u'k, adgings, Immmings, sswdus, and shavings are used for Tuel
in some plants to generate power to drive mill machinery A few large
mills praduce electricity 1n excess of their needs and thi< s <old for domes.
tie conswrnplion. Some mill trimmmings and lurger pieces of wiste wiod
ay be sold for frewdad,



44 CavLlFopnla Foprestay HavNnBpoOK

Some spectal wastes are manufactured into broiguets and charcoal by
processng familities at the mull. Making charcoal in kalns near the woods
has niot proved to be very sncccssfil becanse of the great amount of labor
required and air pollution problems

Christmas Trees

The growing and harvesting of Christmas trees has deyeloped inte a big
business in Culifornia, although we still depend on tmports from other
states [principally Douglas-fir from the Pacific Northwest) [or much of
our neads. It is a venture that is readilv adaptable to many tree armers,
either as a sideline to regular tmber operations. or exclusively as a Christ-
mas tree farm: The principal species grown here for this are Douglas-fir,
Monterey pine, white and red fir (silver-tip) . Sierra redwood, and Seotch
pine

The trees are produced in three wayvs, Natural commercial bmber
stanids pocusionully offer chunces for thinmings, especially too densslv re-
forested areas. The second source can be some natural forests, especially
high elevation fir areas, where stands which are thick, slow-growing, and

Frgure 111+]
“ow Chnstrmes tress cun be produced om the item of g cat tree by the brmeup - prodess
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Ceven-aged are set aside for Christmas tree management, The trees are
Hiismed to get Lelter spacing and side growth of the crowns, Others are
Jtst topped during harvest to leave at least one whorl of healthy branches,
e or a few of which will turn upwards to form a new stem (Figure 11111
These are called “tlurn-up” trees. The last production method is the planta-
tion where trees are grown. cultured; and harvestad solely for Christmas
frees. Many are located on open or agrnicultural land near urban areas and
e opersted on g choose-and-cut basis, so thar families can have an outing
tocut their own trees There 18 3 lot of literature, advice, and assistance
‘thut ean be hud on the subject of Christimus tree management fram CDF
Morest advisers, county farm advisers, and 1the California Christmas Tree
CEpowwers (CCTE
Christmas trees are sold by the lineal foot or at 3 fixed price per tree
They are segregated by species and often graded. Standards for grades
‘have been established by the U, $. Department of Agneulture, copies of
which can be obtumed from CDF forest advisers pnd county farm advisers
The CCTG above has also adopted some grading rules.

Miscellaneous Forest Produets

There are other products that can be profitably utihzed from the forest,
most of which depend on speeial or loeal marksts. The producer needs to
search them out and learn whut the requirements are. A good first source
of information would be the CIDF lorest adviser or county Farm adviser

Greenery

Christmas greenery, tovon bernies, mstletoe. and cones for wreaths and
other decorations are in demand dunng the hohday season: Flonsts also
use considerable amounts of foliage of ferns, huckleberry, salal, and conif-
ers in making floral pieces and displayvs, The cones preferred are those
from sugar, lefrey, and ather pines. Specifications for these decorative
products are se1 by dealers who buy them by the bunch, bundles, bag. or
pound

Cones for Seed
With the increased mterest in reforestatien, there has heen a corre-
sponding merease 1o the demund for cones for sead purposes. The buyers
include public forestmy agencies, somie industrial tree farms. private nurs-
eries. anid seed compantes, The more common species collected are Dou-
fir, ponderssa pme, Manterey pine, red and white fir, and redwood,
it other species may be wanted also. The sasiest way to collect cones is
after tree felling on logzing operationg that cdincide with the matarity of
the gones Sometimes, cones severed by wind or squirrels are hindy also.
Using long pruning hooks or climbing equipment iz another method, but
saflety precaubions should be taken to avaid injury. The cones should be
tested for tipeness and soundness before harvesting. This is done by care.
fully shicmng the cone tengthwise with asharp knife and the gnod seeds
countec on the cut surface. For cones to be acceptable, at least 75 percent
of the exposed pimne seeds and 30 percent of the other species should be
full and sound. Cones are sold by the burlap sack (about twe bushels), each
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tagmed with species and date, elevation, and location of collection. Betore
one collects eones, advice should be sought from CDF forest advisers,
forest-tree nursery operators, or others having experietice in the subject

Hurls and Rowunds

Burls and rounds of a few species are salable. In case of coast redwood,
live burls that will sprout are sald by cunio shops. and large picces of
redwood burls are cut for rostic furniture or manufactured inte novelties
and highly prized items. Burls of California laurel are also turned and
made into beautiful novelties. Rounds or cross sections of small, close-
grained cedar and redwood logs that are durable ure made (nto patio or
garden stepping blocks Treating with wood preservatives weuld be
necessary in case of non-durable species,

Other Possibulitios

A resourceful and enterprising tree farmer could develop markets for
other miscellaneous products: Duff from the forest floor is a good sail
conditioner for some gardens. Manzanita branches or tops have decora-
tive value. There is limited murket for peeled cascara bark in the north-
west part of the state Tanoak bark onee was peeled a great ceul for
tanning of leather, but it has largely been displaced by chemicals
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Chapter IV

HARVESTING TREE CROPS

Harvesting the crop is a critically important function in the manage-
ment of the forest. If done right, logging can be used to silviculturally
dmprove a forest, but on the other hand it also can be a destructive force
{0 the forest and the enviromment if it is not done properly. Harvesting
Jdethe operation thit enables the owier to effect the nmnugrmenk plan for
the forest—to bring dbout better distribution of age classes, improve the
stand. and promote growth. And more importantly, periodic harvests are
the pay-offs for the planning, investments, and work put into the forest.

Like any other major activity, harvesting must be planned. Considera-
M1om needs to be given to the care and betterment of the forest, protection
-of its associated values, and to many other factors about the crop, cutting
nethods, selling, and legal requirements,

Timing and Loeation of Harvests
First of all, the iming and location of the harvests should correspond to
the needs of the forest as set forth in the management plan. A good
practice is to huve a cutting budget prepared for at least five years ahead
48 Indicate what amourits can be harvested, how often, and Fom what
parts of the stand Generally, annual or periodic harvests at longer inter-
witls of about the same volume in accordance with allowable cut estimates
ure tentatively prescribed in the cutting budget and revised periodically.
The cutting 1s located where the forest needs it most: High prioritvis given
o trees or ureas that are defective, of poor vigor, overmature, and to
merchantable trees of any particular age class that are overabundant. Of
course, quick salvage of trees damaged or killed by fire and pests 1s impot-
lant
Market conditions need to be taken into accotint also. Obviously, there
g 016 point making a harvest when the market = poor or non-existant: that
would be a waste of material and money, Like other eommaodities, wood
products vary in price aceording to supply and demand and other aco-
nomic factors, and these cannot be accurately predicted. Whether to har-
vest or not should depend on whether there is a fair chance to realize a
reasonable profit from the crop. Fortunately, stancing timber can be held
over from one year to the next without too much spoiluge; so harvesting
qean be deferred when marker conditions are not right.
Logging should be timed by season also. In California, it is usually done
in the spring, summer. and fall months when elimatic conditions are more
Javorable. In wet weather harvesting is more costly, causes more damage
Ao the forest und roads, and has a more deteriorating impact on the soil,
streams, and watershed, The markets for wood erops are ordinarily better
In the dry months

Marking the Harvest

As indicated above, what trees to speeifically harvest depends on the
obiectives of the management plan. the condition of the Torest, and the
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market Legal requirements also come into play here, because they con-
trol such things ny stocking to be left und other aspects of logging. These
legal factors are discussed In 4 later section in this chapter.

Depending on the silvicultural method to be emploved, the trees or
ureus to be cut should be marked somehow. In any case, the exterior
boundaries of the harvest area should be designated by signs, fagging, or
marking on trees so that timber crusers, potential buyers, and logging
persormel can clearly see the layout. It may be advantageous sometimes
to set out interior subdivisions also, especially when the logeing should be
dome in a certain order. This type of exterior marking usually would be ull
that is necessary where clear cutting is going to be done

Under the seed-tree cutting system, the seed treesare marked individu-
ally where they are scattered. When seed-tree blocks are emploved just
the boundaries are marked. If trees below a certain diameter are also to
be left they need not be marked, because those trees can be readily
determined by the timber fallers by estimation or measurement. Howev-
er. trees below the minimum diameter in need of cutting for silvicultural
reasons should be appropratelv marked.

Under both the shelterwood and selection systems, the individual trees
ready for harvest are carefully chosen. As discussed in Chapter 11, this
marking is primarily based on miﬁcultnrui and mansgement needs.
Howevyer, what species, sizes, and quality are acceptable on the current
market should be considered too. Mareover, the tree farmer has to keep
economics in mind in order to have & harvest that shows some profit.
Within that restraint, for the purpese of forest improvement a person mav
elect to cut some poor trees that are not salable In 4ddition to profit
opportunity for the forest owner, the proposed harvest should be made
attractive to prospective buvers and operators:

Dispasable pressurized cans of bright paint are convenient to use for
mwrking purposes. Trigger-tvpe spray guns are also handy in that a tree
can be spraved fram a distance of a few feet (Figure IV-1} It s a good idea
to tark trees 1o be cut both at breast height and at stump Jevel: this gives
a better record of what trees have been removed and helps prevent the
taking of extra frees:

Advance Information Needed
Defore a harvest can be planned and scheduled certain basic informa-
tion is collected by the forest manager. Without it a Hmber cutting opera-
tion would not achieve the desired results in terms of the forest itself,
efficiency, and economic gain. Interested buyers want knowledge about
the forest in order to make offers:

Thnber Cruise

Onee the frees have been designated for harvest the ared should be
cruised by i competent person to find out what volume of timber by
species is available for cutting Cruising procedures are explained in the
next chapter. Thig inventory cun be made at Ame of marking to avoid
going over the area another time. A general idea of the size range-and
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Figure V-1

Marking trees with a paint gun.

quahity of the timber 15 valuable to have, What exasting roads can be used
and what additional ones have to be constructed should be sized up and
placed on a timber sale map, How the area should be logged. i.e., method
and order, and the different logging conditions and problems should be
noted during the cruise.

Timher Harvesting Plan

The State Forest Practice Act requires that a timber harvesting plan
must be prepared, filed, and cleared for every commercial operation
except for emergencics, conversion of timberland into enother use, and
certain minor harvests. This plan has to be prepared by a registered
professional forester, usually ab the expense of the operator, who also is
primarily responsible for proper filing of it with the Department of Far-
estry Since a forest owner has some responsibilities regarding implemen-
tiation of the plan and conformanee to state forest practice regulations, the
owner or representative should al least monitor the preparation of the
timber harvesting plan. Better vet, the owner should have a forester
participate in developing the plan to protect the owner's interests in
future forest productivity and management objectives. A lot of data is
requiired, much of which ean only be collected in the field. Therefore, as
much of this information as possible should be gathered during the cruise,
What exactly is required in the plan by the State is spelled out in a printed
form and regulations, copies of which can be obtained from CDF offices
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Stumpage Appraisa!

After the field work has been completed an appraisal of the value of the
tirnber comes next, 11 is necessary to have an appraisal in order to estublish
the minimum sale price of the timber, or stumpage as it is called, which
weould be offersd to prospective h-u:.m A maodified sverturn, or profit-
rutic, method can be used to appraise stumpage: Simply stated, stumpage
value s the difference between the market price less operating costs
tincluding stumpage) with a certain allowance for profit. Expressed as a
formulic ¢ is:

X =[S 4+ %) -C
Where X = stumpage value m dollars per thousand bel ft. measure
{IMBM)
5 = selling price per MBM
C = operating casts per MBM
% = expected porcentage of profit

Separate appraissly are mude for euch species or groups of species hav-
ing the same value The appraisal can start with the average mill-run
selling price of lumber, However, il there is a0 local market for logs for
which the general price is known, it is easier Lo start the appraisal there,
Information Is then needed on expected logging and hauling costs. This
miay be abtained Trom local operations or consuitants. If not, one would
get cost data developed bv the U % Forest Service and other public
forestry agencies from them or a CDF forest adviser and adjust those
figures to fit the situation, The profit margin runs frem 10 to 20 percent,
depending on the risk invaly,

To chemonstrate this uppraisal method, sssume that price per MBM paid
locally for average Douglas-fir logs delivered at the mill was $230, logging
and hauling costs were 3100 per MBM, and a 15 percent profit was expeet-
ed. Then, stumpage valus X-= [230/11 4+ 15)] = 100 = 100

Before anv values arrived by this method gre accepted thev should be
compared with known prices for simllar timber in the local area. This will
serve as a check, and alse mi some instanees comparisons misy justify
adjusting the values somewhat.

Logging Operations
The tree farmer should decide what logging methods should be used in
any harvest. Logging has a big impact on the land and the trees; so meth-
s that cause the least damage should be elected, providing they can do
thie job within the range of reasonable costs. To choose something that 15
especially expensive lowers stumpage returns to the forest owner and also
affects the aperator’s potential profit

Felling and Buoking

The felling and bucking (sawing) of trees into logs in California is still
done by wang power saws and himd tools like axes, wedges, and sledges.
In other parts of the country, where the termuin is flat or nearly so, this
operation is being increasingly done by mobile machines that sever the
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tree at its base with a scissor-like knife and then lay the tree on the ground,
Somne machines even delimb the tree. buck and bunch the logs, and haul
them to 4 landing where the logs are loaded onto trucks for delivery to
a mill California’s topography being as rough as it is; these kinds of all-
purpose machines have limited use here, 5o felling and bucking will con-
tinue ta be lurgely accomplished with chain saws

Yarding, Louading, and Hauling

Cetting logs to the loading area1s called skidding or yarding. Thas is
done in a number of wayvs. Most common is the use of track-laying (Figure
INV-2) or rubber-tired tractors to drag the logs to the landing, A varety of
special muchines have been developed for this purpese: wheeled arches
towed behind tractors that elevate the towing cable and chokers connect-
ed to the logs, machines that in effect have the arch as an integral part of
the tractor, and tractors thut have powered arms at the rear that bunch,
lifr, and hold one end of a few logs as they are skidded to the landing.
Bulldozers are needed to build the skid tralls as well as for road and
landing constructon and maintenince,

In general, to mimmize damage and for sake of efficiency, the smallest
varding egquipment that will do the job should be selected. Tractor logging
requires alot of roads and skid trails, which of not carefully constructed and
tentded can be harmbul. However, generally this kind of logeing is the
cheapest method where the terramn and weuther conditions are right.

Figure V-2
Spectally adapted track-Livitne skiddet
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(Cable varding systerns powered by stationary machuies (donkevs) were

once popular In Callfornia until they were lirgely replaced by tractors in
the mud-1930s. These were big, complicated. heavy svstems that were
expensive 1o buy, install, and operate. These cable svstems are finding
tavor again, but in the form of hehter and more mobile machines. This has
heen brought about because rougher and less accesaible timber areas and
smaller rees are being logged. Also, of properly used, cable logging causes
less soll disturbance, so it @ justified where soil and watershed values are
of criticul importanee Cable systens ean be farly complicated and re-
guire o great deal of know-how and skill, and theyv are not feasible for small
volumes, scattersd, or low-svulue tmber

Logging with billoons ind helicopter is alsd possible in some cases.
[hese methods are very expensive: So far they are mainly used to o limited
degree on lands with difficult access, or where extra precautions have to
be taken to avoid environmental damage. These areas include very rough
topographyv, highly erodible sotls; or those having exceptional watershed
values: Bemg expensive to install and operate, the stumpage value of
timber logged in this manner comes out quiite low

Contrary 1o these technologival developments, using animal power for
varding should not be dismissed. Occasionally, horses and mules are still
utilized in California forests. and becanse of increasing energy costs, drafl
animuls may return more and more to the logging scene, They work well
in smaller, younz-growth timber, and cause the least disturbance

Various kinds of moblle machines are emploved to load logs onto trucks
(Figure TV-31. They include front-end loaders. booms. eranes, and power-
shovel types:

Figure IV.3
Fronlend log laades
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Pructically all the hauling of logs from the woods to the mill is done by
large trucks. Logging sperators often employ contract haulers for thus
rather than own and run the trucks themselves, In fact, some timber
uperators have sub-contractors or “gyvpos™ to conduet all or part of the
logging.

How to Sell

When one offers to sell some timber a list of potential buvers should be
prepared, [t may be advantageous to even cansult some buyers to get an
idea of what kind of timber they want, prices, and spe-clﬁc;ttmns The mare
competition there is for a timber sale the better the prices for it will be
The publie forestry agencies (e.g., USFS, CDF, Bureau of Land Manage-
ment, Bureau of Indlan Afairs) whosell timber are a good source of going
price information for stumpage.

Side Offors

Offers to sell timber must contain ecertuin basic informanon The loca-
tion of the sale ares is legally described with estimated acreage and shown
on 4 Hmber sale map. A listing s made of the amount of timber by species
that is being offered, along with the minimum asking price for each. The
volumes should be developed from the cruise made during or after the
marking of the trees ta be cut.

Veasurement

The timber owner should be the one to decide by what measurement
method the timber will be sold, the log rule to use, whether to sell by
cridse of lree measurement, and whether logs are to be scaled at the
logging site or away from the wooeds, e.g., af the receiving mill. Scaling is
the procedure for estimating the board feet content of logs by use of
special tables called log rules (see Chapter ¥1)

The mest poptlar log rule in California is the Seribner and its variant
the Seribner Decimal C. A few other rules have also been employed such
as the Spaulding rable.

Selling timber on the basis of tree measurement is convenent. The sale
is made for an agreed prnice payable usually in a lump sum. This method
avoids the bother and expense of scaling and is especially adaptable to
small, short-term sales of fairly sound timber, However, prospective buy.
ers st have confidence in the cruise arranged by the seller, and should
eheck it on the ground. Timber pwners should never sell timber on the
basis of a buyer’s tree measurement cruise without having it checked by
a competent person.

When sales call for scaling of tha logs, the logs are measured in the
woods after felling and bucking, as they dre delivered to the landing, on
trucks at a central point, or at the mill site. The timber buver makes
penodic pavments to the seller based on the scale figures. Specially
trained people called scalers are emploved. because the procedures are
exacting and estimates have to be made for defect ip the logs to arrive at
the net board-font content. Therefore, the sale should be large enough to
justify the extra costs of emploving scalers, unless the job can be handled
by the owner or forest manager. Care should be taken about accepting the
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seale of the timber buyer, operator, or mill as a basis for payment. In a few
places in Califormia the services of & nar-bissed private sealing bureau sre
available 1o both sellers and buvers

Sale Contract

Regardless of the measurement methods above. it is very important thar
the timber is sold under a written contract rather than by an orgl agree-
ment. This protects both seller and buyer and minimizes disagreements
about provisions of the sale. This document sete forth as clearly as posible
the area (including map!, time period of the sale, the amount of timber
1o be eut, rate and way of pavment, measurement method, compliance
with State laws und forest regulations, logging practices, utilization stand-
ards lstimpy height, arceptable defect, lop lengths; trim allowanee, and
diameters), reguirements for road construction and maintenance, treat-
ment of snags and logging slash, and provisions for prevention of damage
to Lhe property, improvements, and the emvironment from the operations
and wildtire Other legal clauses like those on performance bonds and
Hubility must be included slso, so the advice of an attorney with experi-
ence in timber sale matters should be sought. A sample or a check list for
a timber sale agreement that can be adapted to spevific Stuatidns is avail-
able from CDF forest advisers: The agreement should be drafted ahead
of time and used in making offers to sell and pepotiating sales.

Bidding and Nezotiation _

Sales can be settled in two principal ways. One is by calling for compets-
tive written bids, This requires the preparation-and advertising or circula:
bon of 2 sle sannouncerment. Those osed by the U5 Forest Service,
Bureau of Limd Management, and the CDF can serve as samples, It should
contain at least the fallowing information:

Location and size of area

Volume and kind of timber by species

Miniimum bid prices and deposit

Method of measurement (tree measurement, scale, ete.)
Instruetions regarding examination of timber and proposed contract
Final date and place of filing of bids

Reservation of right to reject bids

Lsing the same information as above, a less formal way 1o make a sule
offer would be for the saller or his agent to visit or call imber buyvers and
mills to find out their interest and the prices they would be willing to pay.
The sale could then be decided by negotiations with the most likelv buyer
and the contract agreed to and executed

Supervision

A timber sale pgreement is only as good as the supervision und fullow-
through that the tree farmer provides during and after the harvest opera-
tion, This insures that the owner is getting full value for his timber and that
the job is being doné according to contract and withoul unnecessary
damage. Periodic inspections therefore are advisable. It may be advanta-
geous that this be done by a registered professional forester in case prob-
jems result in disagreement or litgation. Also, having a qualified person
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present accasionally on the s¢ene prevents problems from ansing or grow-
ing into bigger ones. The forest owner should also request copies of reports
of inspection from the CDF for compliance with state forest practice
regulations (see below)

Legal Requirements
Many Laws and regulations beur on the harvesting of timber. To protect
anesell the tree farmer should have good knowledge about the legal re-
guirements.

Forest Pructive Act

Foramost of the legal requrements are the State Forest Practice Act
and the forest practice rules and other regulations that have been adopted
under the law by the Board of Forestry. The law and regulations pree
administered and enfarced by the Department of Forestty which can-
duets periodic inspections. These legal standards are intendad to not only
protect forest valies but also those relating to stal, water, fish and wildhfe,
recrention und aesthetics, The requirements are many and ln considerable
detail First to keep in mind is that advanee notices of unv proposed imber
operations imust be filed by both the bmber owner and aperator with the
CDF Then, as mentioned earlier. before logeing can commence the oper-
ator must file with the Department a timber harvesting plan and have it
in approved forme In addition, the person conducting the harvest must
have a timber operator’s license, _ _

The forest practice rules pertain to the timber operations ancd cover
such subjects as silvicultural methods, stocking to be left after logzing,
timber felling, yarding, ernsion contral, logging roads, straam and lake
protection, reduction of snag and slash hazards, fire prevention, and insec)
und disease protection. Where timberland is to be converted to another
use the owner must first le for and receive an approved timberland
conversion perntl. Copies of the Forest Practice Act and the rules and
regulations are available from CDF offices, and lorest practice imspectors
of the Department can comprehensively explain the requirements.

The penalties for violation of the law and regulations can be quite
severe—a misdemeanor action in the local court. revecation of the timber
operator’s license, or injunction to stop operations, The Stats may require
corrective action for some viclations with charges levied against the per
son responsible, which charges also are placed as a lien against the prop-
erty, While the respansibility for complianes is primarily directed at the
operator, others like the timberlind owner may dalso be sharged, so it
behooves the proprietor to do all that is possible by contract and superii.
sion to see that the operator faithiully abides by the law and regulations
Of special note:is that various reports on stocking may he required to be
inude to (UDF for ax long as five veurs after the hurvesting, and this respon-
sibility could ultimately fall on the owner

Environmental Prorection

Besides the protection of the environment provideéd under the Forest
Practice Act program, there are a number of other laws und regulations
TR
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that apply. The Fish and Came Code and related regulations prohibit
nbtructions in streams or deposits of matenals that are deleterious to fish
and their habitat Where timber operations alter or disturb a stream a
notice has to filed with the Department of Fish and Came.

Fish and Gume also has laws 1o proteet various species of wildlile. In
addition, the Regional Water Quality Control Boards have adopted reguls-
tions to prevent and control detenoration of the streams, lukes, and other
bodies of water. They have 2 keen interest in the erosion and transport of
<ails and debris iito these waters,

Protection of other values like rare and endangered species and cul-
tural-historical sites mnay be oecasionally required as & resalt of the Hmber
harvesting plan process. Concerned agencies like those above und others
are nolified of these plans and can participate in the review of the plans.
Citizens organizations and individuals can also become mvolved

Livensing of Foresters

As the reader has observed, the professional forester has a hig role in
forestry and Hrober harvesting in California, Tn order to practice foresiry,
Ly law one must be registerad ae a professional farester with the State
Board of Forestrv, This license requires seven vears of professional for-
estry experience of which four vears may count if the applicant has a
college degree in lorestry, and suceessful completion of an examination as
preseribed by the Board Begstered foresters have to live up to certain
standards and can lose their license if they fail to do so. Landowners are
exempted rom the leensing requirement if they personally practice for-
estry an their ewn lands, escept that timber harvesting plans must always
be prepared by registered professional foresters.

While registered foresters may run survey lines of various kinds for
forestry purposes, they cannmot practice surveving or civil engineering
tmless licensed in these fields. To avoid trespass upon a neighbar’s land,
In cemducting a harvest, & tree farmer should have a dulv recognized
property line to go by, or engage a licensed survevor or registered civil
engineer to estabhish the boundary.

Taxation
Like any other person in business or tanning, a torest owner is subject
to various forms of taxation, It pays te have an understanding of what is
invalved in order to stay out of trouble and because these costs can be
considerable. A timber property or business is subject to property and
vield taxes, income taxes, social security tax, and sales tax. It is not the
purpiose of this handbook to go into detail on thess matters because they
ate comples. However, enough explanation is given to alert the timber-
latid owner on generallv whatl one faces
To operate a tree furm and to pay taxes one needs to keep many records.
A timber grower may not wish to take the time and effort to develop and
mamtain a swtable accounting svstem. Because of its intncaces; thissa
job that in many cases probably should be turned over to & specialist,
preferably one who knows the timber business and who also handles
income tax work along with accounting records.
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FProperty and Yeld Taxes

The taxation of forest products @ covered by the Forest Taxation Re-
forin Act of 1976 (popularly termed the Timber Yield Tax Law), which is
jointly administered by the State Bourd of Equalization und the County
Assessors. Under this law, non-federal imber.producing lands are clasa.
fied by county zoning ordinances into Timberland Preserve Zanes (TPZ)
through a process involving the County Assessor, County Plunning Com-
mission, and timber owners. Such lands may be used for growing of forest
products and compatible uses only, and the usual property or ad valorem
taxes on TPZ lands sre then based on those limited uses. Only the land s
subjeet to the usual county property tax. Trees both within and outade of
# TPZ are no longer subject to separate ad valorem assessment based on
timber value, but trees outside a TPZ may be assessed on an ad valorem
basis tor their aesthetic or amemty value

Instead of an annual ad valorem tax on timber, 4 special vield tax has
to be paid to the State Board of Equalization for all forest products regard-
less of zone, This is pavable at time of harvest at a rate of 6% percent of
the market value of the products, as determined by the taxpaver from
schedules developed by the Board of Equalization The salé price can’t be
userl, The tax revenue, less some reserve lunds, is allceated 1o the counbes
fromi which the products are harvested. The vield tax percent 15 subject
to adiostment by the Board in accordance with cnteria in the luw and
changing conditions.

The amount of products to compute the vield tax is the net meusured
amonnt when it is first definitely determined, The Scribner Decimal C
rule is used for measurement of logs (see Chaprer ¥1). The tax must be
pand om o quarterly basis by the person responsible, whe is defined as the
owner of the trees immediately prior to felling. Usuully, this would be the
Aimber sale purchaser, but the forest ewner can be held responsible for
timely pavnient of the tax. The taxpaver s required to keep adequate
records to support harvest reports and vield tax returns. Operators on
public timber ure also required to pay the vield tax The law requires vield
tax payers to register with the State Board of Equalization. More intorpa-
tion about the taxation of forest products cun be obtained from the asses-
sors within timbered counties and the Timber Tax Divisian offices of the
State Board of Equalization,

fneome Taxes

Because of madequate knowladge on the subject; many forest owners
pay more income tax than the law requires—both federal and state. (The
California meomne tax regarding timber is similar to the tederal svstem.)
A clearer understanding of the procedures would benefit the taxpayer
tinancially and should at the same time encourage better farest manage-
ment, The income tax laws contain a few features of advantage to the
growing and selling tor forest products

With regard te expenditures, same are capital in nature and can be
charged off (capitalized) so that the investment can be recovered propor-
tionately as the timber is harvested. Capital expenditures consist of acqui-
sition cost of the timber (ool the land) and expenses for reforestation.
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stand improvement, and road construction, and may also inelude under
certain conditions jtems like taxes and fire protection costs. These capital
costs can be written off similarly to depreciation of equipment, except that
in the case of timber the charge is called depletion,

Another lrportant advantage [n the Income tax laws to the tree larmer
is that concerning sale of timber. Income from wages, salaries, fees, invest-
metts, ete, is classified as ordinary income, and 19 taved at graduated rates.
atcording to the income bracket of the taxpaver. However, like the sale
ot property, income from any umber held over one vear that is sold s
recopmzed as capital gans: Such long-term capital gains are taxed under
special provisions that usually are more favorable, _

Special literature on the upplication of the income tax to timber can be
abstained from the U 5 Forest Service and CDF forest advisers, Help is
also available [rom the Internal Revenie Service, the California Franchise
Tax Board, and tux cansultunts,

Oither Taxves

OF course. there are other taxes that atfeet tree farmers. One is the
federal social secunity or self-emplovment tax 1t 15 pavable when the
meome 15 above s certam level, and when | the tmber was grown on a
property that is agricultural as well as a tree farm, 2} the incame from
forest products is nol considered capital gaing, and 2) the timber operation
is 4 parl of and nol separate from the farm business. Regardless of this,
where a person has employees to conduct a timber operation, social secu-
rity taxes must be collected and paid. Infermation and assistance on these
matters are avallable from local Seeial Security Administeation offices.

The state sales tax mav apply to sellers of forest products if such sales
are retail. Local offices of the State Board of Equalization can provide
more information and issue the necessary seller’s permit.

Faorestry Organizations
In addition to public agencies, there are a number of private forestry

organizations active tn California that provide services of one kind or
another pertaining to forest harvesting of interest to the tree farmers,
fprest munagers, and timber operators. Depending on the organizution,
these private organizations are involved in representing their interests
hefore |egislative and regulatory bodies, providing professional and tech-
mical mformation throwgh publications and other ways, developing and
maintiining forest products standards, insurance programs, colleeting and
publishing forestry statisties, education of the public about forestry and
the forest products industries, and in public relations. Qualifications For
membership vary, but regardless of that. all of thern can be helpful in seme
manner even to nom-mermbers, ecg; providing informution and literature
to mterested parties The organizations include the following:

American Forestry Association

Associated Califorma Logzers

Associgtion of Consulting Foresters

Califormia Christrnas Tree Growers
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California Forest Protective Association

California Bedwaoond Association

Furgst Landowners of Callfornia

Scelety of American Foresters

Western Timber Association

Western Wood Products Association
More miormation about these organizations and their current addresses
can be obtained from CDF forest adwvisers:

Besides the above. there are two others which deserve mentionn, These
are the Redwood Region Logging Conference and the Sierra Cuscade
Logging Conference. They annually hold separste regionul meetings early
iri the year at which pmcticdl topics on farest harvesting are discussed and
where the latest machinery is displayed. Membership is open to anvone
by paving a nominal registration fee. A lot can be learned at these confer-
areas,
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Chapter V
FOREST INVENTORY

To operate & forest business. the owner and manager should have a
sound understanding of how lund and timber are mewamead. The subject
il forest s sl is kinow s ds eosuration. A workliv kiowledge of
Lath Jand surveyving and mensuriation is needed for land custody purposes,
acguisition and sale of timberland, appraisal of the values, managing and
reguluting the forest. making timber harvests. and for achninistrabive pur.
poses like paying taxes of various kinds. While the subject may be rather
techmeal, there’s no reason why a tree farmer cannot get a good grasp of
it; even to the point of personally being able to do some of the necessary
tasks with the common tools nsed.

Land Subdivision
Except for same lands covered by grants made during the early Spanish
accupation, all binds in California were once subdivided by the federal
governmedt according to a systemn of rectangular surveys This svstem is
used to legally describe lind parcels ind to settle questions of property
boundaries. Figares V-1 and V-2 can be used to llustrate and explain the
syt
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Going to the first figure, three initial points were established in the state
as bases for the network: Humboldt Base and Mendian cactually Mt
Pierce in Humboldt County), Mt. Dublo Base and Mendiun m Contra
Costa County. and San Bernardino Base and Mendian in southern Califor-
ni Most of our timberland is tied to the Mt Diablo Base and Meridian,
wsually written MDBM. In addition to the east-west base line, 4 principul
meridian runs in a narth-south direction through the fnitial point. There
dre guide meridinng 24 miles wpurt that parallel the prmeipul meridian,
Similarly, there are lines called standard parallels every 24 miles north and
south of the base hne.

Within these guide meridians and parallels are additional lines spaced
6 miles apart to form townships The north-south lines are called range
hnes and the east-west ones township limes. That means that a township
is six miles square,

N1z

5’514"2

i T

Figure V-2
Mool subdivision of & Wwrmship and seotions

Now using Fig. V-2, each township was subdivided further into onée-mile
squares—368 in all, unless, due o eriginal surveying errors, some sections
werg larger or smaller, or even missing Seetion corner markers were
originally established at the four comers, and sdditional markers were
placed half-way between them to designate the guartersection corners.
Bearmg trees were blazed or seribed nearby to reference the corners:
Many of the onginal corner markings (stukes or cock mounds) and bearing
trees have disappeared sinee the original surveys: most of which were
made well before the turn of the esntury,
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14 4s Weegal to destray, change, or deface a survey corner or Bearing Lree,
and anly u licensed surveyvor or eivil engineer cin re-estublich o cornér or
feeal survey lne. Copies of the griginal feld notes on (e with the Bureau
of Land Management need to be used somelimes to find lost corners and
to relocate lines. The local County Survevor mmaimlaing records of resur-
vevs and related data

‘Within the township, each section is numbered i accordance with the
scheme shown in the figure. The drawing also shows how each section ean
ke further subdivided and descnbed Thus. the lone 4b-acre parcel in
Section 26 of the figure is deseribed as the Northeast Y, Northeast %,
Section 26 INEY,NEY%Sec.26), and the 80-acre parcel in Section 35 bs the
NYENEYSer 35, Identification of the township and the base and meridlan
i needed to complete the deseription. For example, NENEY, Section 55
T45 R3W HBM would mean that the parcel Is located in the fourth hori.
zosntal row south af the Humbaoldt Base and Meridian and the third verti-
cil row west of that initial poiist.

Draring these onginal surveys, distances were measured by a unit called
# chan, which 15 equal to 66 feat This umt is still in commen use among
forexters because it 15 o handy way to compute acreage. Here are some
comivenient finmbers amd conversions to remember;

1 chain = 66 feet

I mile = 52580 leet = 80 chains
| acre = 43360 sq, ft. = W0 sq. chans
Y sectiomn = B4 acres

Thus, 3 section 15 M) chams by 8 chains, containing 64K sq. chains, or
B acres And, a square 4bacre parcel (called a “forty™) would e 20
chains on the side, ar 400 sq chains

Table ¥:1  Map scole equivalents.®
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Muaps and Aerial Phofographs

Maps showing legal subdivision can be obtained from a number of
sources, The U 5. Geological Survey (USCS) produces quadrangle maps
for all of Californuy the maps also show topography by contours (lines of
equal elevation). The interval between the contours, representing the
height between them, varies amomg maps Contour maps used in forestry
usually have intervals from 40 to 100 feet. The maps can be ordered by
mail from the ageney or purchased in larger stationery, sporting goods,
and engineering supply stores. Some plain mapy (without contours) can
be obtained or purchased from the CDF, U, S Forest Service, and the
Bureau of Land Management

Maps have different scales. This Is expressed as a fraction, eg., 1:63,360,
or in inches per mile, which for this fractional scale is 1 Inch per mile The
seales of the public agency maps referred to above range from 1:23,000 to
1:126.720. Table V-1 shows map seales and their equivalents, The text to

Figure V.3
Vertoabview aeral photegraph
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last coluinn can be used 1o make a Firly good éstonate of irregular areas
by the procedure explained in the footnote. Instruments called planime-
ters are also used to determine areas by a tracing process.

In addition to maps. vertical-view aerial photographs are almost indis-
pensablein forestry Although they do not show some things like subdivi-
sion lines, name places, landmark identification, and features ludden by
forest cover, photographs contain a wealth of detailed information not
found on maps that is very useful to the forest manager. Withowt any
instruments, these photographs quickly give the viewer a general picture
of the land—topagraphy, lurger streams and water bodies, broad vegeta-
tion tivpe, logeed ares, and other features discernible to the naked eve
{Fig, V-3). They are a big help in preparing maps of the tree rm and for
timber sales Color aerial photography has advantages in some situations
but the cost is higher than black and white,

By using a sterecscope to view paired photegraphs (Fig. V-4), the pic-
ture can be seen in three dimensions; this reveals much more to a trained

rson, Field foresters prefer pocket lens sterecscopes because they can
gg taken into the forest along with the photos of the area. Data on forest
and vegetation type, stand density, age c¢lass, species compesition, tree
sizes, and logging condilions can be ohtained by close slereoscopic exami-
nation. When properly used to minimize effects of distortion found in
aertal photographs, etpecially near the edge, they can supply acreages of
areas of interest, A general idea of where to locate roads to avoid rock
outerops and other difficult terrain can be had from the pictures

Figure V.4
Ulsiing 4 steremnonps

Foresters can get fair estimates of timber volume by photo interpreta-
tHon and field sampling. First, areas of similar timber ure delineated on the
photograph. Then measurements of trees on sample plots within these
Farest tvpes are made to obtain the average tlimber volume per acre by
forest tvpe From this average volume figure and the area within the
forest types, the forester computes the total stand volume
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Photography scales in forestry range from 1 inch = 500 feet to | inch
= 5280 feal (onemile). Those of about Tineh = 1000 feet are o pood seale
to use. However, most ready-made aerial photography that can be pur-
chased is 1220000 (1 inch = 1,667 feet), Table V2 gives vertical aerial
photagraphy scale relationships.

Toble v-2.  Vertical aerial phetograph scale equivalents:
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Measuring and Ronning Lines

Land is measured by horizontal distance; not along the slope or ground.
The latter distance 15 greater unless the terrain is flat. Two people are
needed to accurately measure distance (called chaming) , one forward and
one to the rear, In forestry work, the lead PEFSOIN LSS o COMrass | See later
section) 1o keep the line going straight in the right direction (bearing)
The one in the rear acts as the party chief, who also records the survey
data, and makes carrections from slope 1o horizontal distance when that

15 NECEssATY,

Horizantal Chatning

Engineers, survevors, and occasionally foresters measure distances In
using engineering tapes that are 1K) to 3K teet long. They are graduated
in whole feet, with the first and; or last foot graduated in tenths or hun-
dredths of a foot The tape has to be kept horizontal, so on slopes it 15
necessary to break chaim, as it 19 termed. This meatie to horizontally megs-
ure with anly part of the tape length each time, whatever the slope will
allow In effect, this process is like a staircase. A plumb bob or “eyehalling”
is used tio be sure 1o keep the points of meastirement on the tape vertically
over those on the ground.

Slope Chaining

Instead of dircet hartzontal chaiming and brewlangz cham, distances can
be measured along the slope, and this converted to horizontal values, Tt
physically possible, the entire length of the chain is advanced and held
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parullel to the slope. An Abney level is used ta determine the degree of

the slope The following formula can be used to caleulate the horizontal
distance.

D = 5 % gtwine A
where D = horizontal distance

5 = slope distance

A = degree of slope

Changes in elevation (V) hetween two points can also be computed by
the formula: V = D« tangent A, The tangent values sre the sume us the
percent scale found on most Abpey levels.

Table V-3 below gives horizontal conversion values for g 100-ft, tape up
to 45 degress of slope One column gives the corrected horizontal dis-
tance. Where it is desired to sef points at a given horizontal distance (e,
IO 0.} apart, the corresponding slope distanee iz approxdmately given by
adding the correction shown in the next column Values for the horizontal
distunces and corresponding corrections for degrees of slope not shown in
the Table V-3 can be readily obtained from a table of natural cosines or
some hand computers.

When running land lines, especially in rough country, foresters prefer
special sope or topographic tapes that pre about 2% chains long, These
Lapes permit the correction of slope distance to horzontal distance with-
out any computations ot tables. This {s dene with the aid of correction

Toble ¥.3. Conversion of slope distance fo horizontal distance tor o T00-ft,
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graduations located on the underside of the tape bevond the one-chain
mark and on the trailer part of the tupe past the two-chain peint An
Abney reading is taken of the slope in topographic units related to the
tape (Abney levels are available that have gradusdtions in degrees, per-
cent, and for use with topographic chains all of which are ugeful in for-
estry,} The tape ls moved ahead by the indicated amount, using the
correction units on the tape. This then represents the true honzontal
distance. If wanted. elevation can also be ept track of by the use of this
kind of tape. because horizontal distance in chains times the Abney read-
ing gives the difference m elevation in feet. A small metal mirror i handy
i brush and timber to flash light towards the person reading the Abnes

FPacing

Many times in runming land lines and especially in timber cruising, the
accuracy of chaining may not be necessarv, and the distances can be
measured by pacing. Tt is faster and a person can do the job alone along
with running & compass, conducting a cruise, and making a map

On level terrain, an average-sized person while hiking takes two natural
steps for every five to six feet, or about 12 double steps (called paces) per
chain, To pace effectively one needs to determine what the natural pace
is and practice pacing a measured course: Hand instruments called tally
registers or whackers can be used to count paces or multiples of puces.
Digital pedometers, which are attached to the waist belt, automatically
give distance (slope) as you walk, but should anly be used on easy ground,
because the instrument moves every time a fool hits the ground. and
adjustments to the given slope distances cannot be readily made by the
User.

Some foresters and cruisers take 25 steps to & chain on the flat und
mentally count 125 steps for five-chain units called tallies, which are re-
eorded by notes on a tally register. Four of these tallies equal one-guarter
mile, or the distance across a forty-acre parcel, The figures used depend
on a person’s natural pace On slopes no attempt should be made o
maintain a stundard pace. Instead, experienced pacers allow for its shori-
ening by only counting when judgment indicates that o truly horizontal
pace has been cavered. Also, in impenetrable brush or dangerous ground,
they estimate by eve the distance aliead to some recopnizabie point, such
as a tree or a rock, and offset armumd the bad area

Vieasurement of Direction

Directions are measured by bearings, like North 43 degrees East
INGFE} Azimuth is more convement to use; it s the clockwise angle
mensured from the north, O to 3600, Fizure V-3 illustrates both of these
methods, [n forestry work, most lines are ran in cardinal directions, thal
is north-south, east-west,

Foresters use either a hand compass ¢r a staff compass graduated in
degrees to maintain direction. To lessen the number of compass readings,
sighty as long as possible are made ahead on a tree. snag, or other land-
mark. Because magnehe forces do not correspond to a true north-south
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Selective bearing and correiponding aximuths shown on the felt and sighl respectively

direéction, a campass needle in California points about 15 1o 20 degrees east
of the north pole: The diiference in degrees botween true and magnetic
north is known as magnetic declimation or variation. This value for vour
area can be obtained from local foresters: engmeers. or survevors. It can
be-also found on maps that show magnebc variation Dsogomic) lines, like
aenal navigation charts, Before using a compass, it should be adjusted to
correct for magnetic declination

On rire cocasions compasses are affected by forees, called local attrac-
tion, caused by some iron ore deposits, abjects of iron or steel, pipelines,
electrie lines, and wire fences. Iron or steel tools on 4 person may also
cause the tompas to deviate

Measurement of Trees
In managing a forest, a tree farmer nesds Lo measure standing trees'n
various wavs—for site, growth, and timber volume. This requires getting
data mauily on diameter and height to a certain top dismeter. A number
of different mstruments are used te make these meassurements

Dameter Measurement

Tree diameters are measured at 41 feet ubove the average ground
level, extept on steep slopes the diameter is taken on the uphill side of the
tree, Thiv is called diameier at breast height (dbh). The most reliable
method to abtaiy dbhis with & diameter tape, Although it is placed around
the trunk, the tape is graduated in units that represent the dameter in
inches. This s denved from the formula where diametér equalscircumfer-
ence divided by pi (3:1416) Most tapes of this kind are 20 feet long and
will measure diameters up to 76 inches. Some of these show feer divided
into tenths or inches on the reverse side so the tape cun be used for uther
purposes, like reasuring plots or log lengths. Special tree calipers are also
used 1o measurs tree and log dlameters in seme sittiations

The cruiser stick is quicker than a tape 1o measure diameter, although
it s less aecurate 1t is an inexpensive, ruseed role about 39 inches long,
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whose four sides have graduations for inches, board feet of 1641 logs, log
haight of trees, and diameter. The diameter side is called the Biltmore
scale. To measure diameter, the stick is held againsgt the tree at breast
height in a horizontal pesitinn 25 inches from the eve (Figure V-6) . After
the zero end of the Biltmore seale is lmed up with the left edge of the tree,
without moving the head, the viewer sights over the scale to the right side
of the tree to gbtain the diameter, usually to the nearest even inch. Most
trees are not tound. so more than one sigshting on such should be made
tii get the average diameter

FEAD MEIGHT IN
HUMBER OF 14
FOOT LOES

P Sl
LS
o Jfa
~F e

F_
o i

bt

4k
il

5

l DIAMETER I8 READ
FROM STICK

ZERD END
BF gTICx

ETUMP HEIGHT

Figure V-4
Measurmg diameter snd beight wath & cnuser stick,

In timber cruising, diameters are obtamed to the nearest inch or even.
numbered inch; depending on the volume table to be used. After a lot of
careful practice and with frequent checking with a cruiser stick or tape,
4 person can learn to estimate diameters by eve. However, since the
aceuracy dimunishes with larger treed they should be measured, prefera-
bly with a4 tape.

Tree Heiglhits

As explained in Chapter 11, the total height of trees m feet has to be
measured to determine the forest site. Because a reasonable degree ol
accuracy iz required, Abneyv levels are often used for this purpose (Figure
V-71. Either the percent (tangent) scale or the topographic scale cun be
employed. With the former. the height of the tree equals the percent
reading times the horizontal distance betweesn the tree and the ohserver
When using the topographic scale, the harizantal distunce should be one
chain, so the Abnev reading then is equivalent to the tree height in fest
The Abney lavel is sometimes used in fimber crninsing to obhtain the height
af very tall trees,
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The number of logs is more conveniently measured by a cruiser stick.
One edge of the stick has what is called the Merritt hypsometer scale,
which gives number of logs for horizontal distance of one and 1% chans,
The estimater is stationed at either of those distances away from the tree.
The stick is held vertical 25 inches from the ave, with the zero end lined
up with the stump height of the tree. Simultaneously, 4 sighting is made
tira point up the trunk where the diameter is that specified for the tables
to be used for computing volume. This gives the number of logsin the
tree. Other hand-held instruments ealled eliriometers are available, but a
cruiser stick and an Abney level are ordmarily adedquate for general pur-
poses.

Cruiser and foresters often make eve estimates of tree heights 1n logs.
However, as in estimating diameters, practice and checking are in order.

Foresters have other instruinents to messure trees than those deseribed,
some of which are gquite sophisticated and costhy. One such Is the relaskop,
whiiell is an optical devies thit messoures diameters of trees anvwhere from
stump to top and tree heights without 4 known horizontal distance, An-
other instrument is the dendrometer, a modified military range finder.
These special tools are usually used only when exacting work s required,
cspecially in large timber

Viodurme Meadsurement

To eonvert tree diameter and height measurements into volunie (usu-
ally In board feet). eruisers and foresters have a great variety of tables at
their disposal. The more common ones are based on such fdctors as species;
age-class (old- or voung-growth), site, log rule, and mintmum tap diame-
ter. Some of the more usefol volume tables are reproduced in the Appen-
dix. For an explanation of the board-foot measurement unit and log
{volurne} rules see Chapter V1.

These tables give the bourd-foot volume for trees usually by two-inch
dinmeter classes and by number of logs ar heights in feet, both to a spea-
fied minimum top diameter Most tables are based on height in 16-1t. logs,
but some for old-growth redwood und Deuglas-fir tnay be for 20 or 32-ft,
loge Because large old-growth redwood trees frequently have a pro-
nounced butt swell, some volume tables for this species are based on
dinmeters 20 feel above the stump, instead of breast height. These diame-
ters rim from 6 to 20 inches less than dbhk for trees From 24 to 92 inches
dbh and have to be measured by a relaskop or estimated by a technique
using a plumb bob and a long graduated stick held against and perpen-
dicular to the trunk of the tree.

There are also other volume tables that have increasing use among
professional foresters and more universal application, say between species
and regions. These include form-factar, taper, and tarif volume tables.
Also, local volume tables can be derived from various tubles. where anly
the dbh needs to be measured, and heights ignored. Because of the variety
and complexity of volume tables, a tree farmer should consult a local
public or private forester to ascertain which is the best to use. The tuble
must be selected before making a ¢ruise, and the measurements and
recording conform to that table's specific requirements
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Tree volumes of course can be obtained from formulas and even com-
puter programs Where volime tahles are nol handy, the following for-
mula will give appreximate values:

V= [I13H +2)/10] D* — (H = 1iD
whereV = volume in boatrd feet

H = rnerchantable height m 16-ft. logs

[ = dbh 1 inches

There are vield and volume tables chowing volume in cubic feet of wood
that are used in scientific worl and to some extent where the trees are
used for fiber rather than boards. They prabably will have mereasing use
in the future. Also, tables m metric* units (cubic meters) | now standard
tor most of the world, will begin to come into use as this country converts
to the metric svstem.

Timber Cruising

Using these land and tree measurements described above, the volume
of standing timber on an area can be developed by a samplng procedure
called timber eruising. The resulting inventory gives reasoniably good data
on the species present, size classes. location, and amount of timber. Infor-
muaton alsomay be collected on grade of timber, defect, site. forest health,
logging ¢onditions, and topography. Cruise reparts are valuable in buying
and selling timberland, uppraising the values, making forest management
decisions, timber sales, and for financial and tax purposes. Tree farmers
often emplov registered professional foresters to conduet timber cruises
in order to have reports acceptable to others

Crutse Accuracy

Because erutsing only samples a part of the tract and much judgment
has to be exercised, the accuracy is variable, It depends on the size of the
timber tract and the sample made, the uniformity of the timber, amount
of defect, and certainly the skill and eare of the ermser.

The area sampled in eruising can consist of regularly spaced strips or
special plots, whose acreage represents a certuin percent of the total area.
This percent ordinarily ranges from 5 to 20 percent. For a 10 percent
cruise; the ares of the strips or plots would be 4 acres for a “forty” On
small tracts, or timber that is quite valuable or variable, o higher percent
is necessary. The percent of area sampled should alwayvs be identified on
4 cruise reporl.

A cruise may be also selected by degree of accuraey desired. This isa
statistical measure indicating the valume fgures are wizhin plus and
minus a certain percent of being aceurate, e.g., plus or minus 10 percent.
This. along with the tract size and variability of the stand. dz=termine how
much area the sample plots should contain. This percent of accuracy
measure is used mostly in plot sampling, as diseussed m Chapter 11 and
later in this Chapter under Plot Cruising,

Recording Data

Obvigusly, the measurements of trees during a eruise must be systemati-
cally recorded in a field book or on a form (Figure V-8) The data are

* See Tables A1 theough A8 in the Appendic for various metrio converdon factomn
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customarily kept by forty-acre parcels. The sheet for each “forty™ (or
fractional “forties”) should show:

Nanies of cruiser and compass operator (il anv)

Number. size, area and location of strip or plot

Legal description of “lorty”™

Timber type (and site if necessary)

Date of erudse

Tally of trees by species, dbh. and height
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Ciruise tally sheets. One on left w5 for g strp crwse, sheet on the righy sude 12 lora plot
erniise

Trees are ardinurily tallied by twaosineh ciasses and heights in logs (16
or 20 ft. as specified in the volume table to be used) To save time and
space, the number of trees of the same height can be recorded by dets aned
lines s follows:

Tt Y S T 02 B e
1 ]

i B 1 i 5 i T T

As will be seen later, using this method will also save time in ealenbisting
villumes, Reproduction, pole-sized trees under 127 dbh, and other special
data may alse be recorded, nat for volume purposes, but to get information
for marnagemeant needs.

When cull or defect shown by a fire scar. fungus conk, or damage s
observed, that 15 noted so that deductions from the gross volume of a tree
can be made to get pet volume. Ths takes a great deal of experience and
jndgement. Regardless of defect, s tree has to be alwavs measured to
uniform top diameter and the defect deducted accordingly. because meas-
uring a tree by log height to the pont of defect or broken top will give
inaccurate volumes,
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To tally defeet. the cruiser indicates the log(s) i which it accurs and
the amount of cull fiext to the tree’s number on the eruise sheet. A butt
log of a 6-log tree that 1s one-half defective would be recorded as 6857 I
this amount of defect were 1n the third log of the same tree, the symbol
would be 8% A 6log tree with two top logs totally defective or missing
would be tallied 4/6. A 7-log tree with a top log missing and completely
defective third and fourth logs would be shown as 6759,

There are svstems that are occasionully used to tally the logs by grade.
However, this complicates the procedures, When a 100-percent eruise is
being made slong with rimber marking in preparation for a timber sale.
the Hgures have to be made In separate columns far the trees to be cut
and left. Important inforrmation on the "forty" regarding forest health,
logging conditions. road construction, presence of water and rock can be
noted on the reverse side of the sheet.

Preparations for Cruise

The 2xterior boundaries and leral and intermediate comers of the tract
are lorated and flugged before cruising commences The acreage should
ke also determined ahead of time, if possible; otherwise it will have to be
developed from 3 map drawn to scale while cruising Remember that
many “forties” do not contain exactly 40 acres, The accuracy of 4 criise
is dependent upon having sood acreage figures for both the tract and the
sample areas.

The next stepis for the cruiser to select the proper direction und generil
spacing of the strips and plot lines so that the sampling is fairly representa-
tive Usually, these ines mm in cardinal directions that are most perpen-
dieulsr te the contours on the tract, but access iz also taken into
consideration. After sizing up the area and tmber. a cruiser decides the
percent of the tract to be cruised and the width of the truise strip or size
and number of sample plots. For instance, a 10-percent &rip cruise of a
“forty” usually & made by two one-chain wide strips 10 chains apart and
each located 5 chains from and paralle] to the <de of the parcel (Figure
Vg,
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Lecatinn of samples in urip 4and plot crmsing

In addition to oruising by the "forty™ or some other sized parcel, cruises
can he made by forest type for management reasons. That being the case,
the area of those tvpes must be carefully determined by field mapping:
Aerial photos are helpful in delineating these types.
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Strip Cruising

Cruising by strips can be done either by one or two persons, usually the
latter, hecause more information can be collected during the work period
and having two people in the woods ts safer In that case, one operates the
compass, pulls the chain or does the pacing, and maps the area to show
legul subdivision ]mes and corners, road amd stream crossings, other
prominent land features. noa-timber dreas, and semetinies even contours,
The person in the rear actsus the chief of H-u: party, handles the back end
of the thain und makes the correction of dope distance to horizontal (If
chaining is done |, measuries or estimates diameters and heights of trees on
the cruise strip, records that data plus other pertinent information. Where
only one person cruises by stmp, that individual runs the compass, paces,
estimates or measures the trees, and records the informuation:

The cruise may traverse a “forty" one or more times depending on
width of strip and percent af eruise wanted. A 10-percent eruise eould be
obtained by rumning just one strip two chains wide through the middle,
ot twa evenly-spaced strips one chain i width. Where the “forty™ i3 truly
regular, the ﬂmple areas in each case would be 4 acres. A Eﬂrpe-rce-ut
cruise could require two evenlvspaced strips twao chains wide, or four
evenly-spaced strips one chamn wide. each case containing 5 seres. Qrcdi-
narily. one chainwide strips are the better, espectally in dense tmber or
rough country, because its easier o crutse narrow strips. and also having
more strips improves the sampling snd amds the mapping process. Ten and
SMpereent strip eriises are cornmenly made, and they give fair results in
mitst cases, but bear in mind that smaller tracts, especially of irregular
timber, require & higher cruise percent.

The cruiser mmwi strip width by pacing and oecasional checking with
the cham or pocket tape. The compass line runs in the middle so the
horizottal distinee (o each side woulld be ane-hall the strlp widih, Trees
are cansidered in the strip if thev are more than hall mside, and those
falling exactly on the line are alternately included or excluded.

The exact total length of the smpis) is very important, because the
sumple area 1s.computed by multiplying that figure by the width of the
strip Also, when the purcel being cruised contans badies of water, mead
ows, of picces naturally without timber, as shown by the cruise map or
notes, necessary deductons have to be made to obtuin the net timbered
Ureil.

Elot Cridsing

Some foresters i conductine cruses favor plots over strips  Because
plats are uniformly and widely scattered. less sample acreage 1s required,
bt more lines must be run for 3 given accursey. Exact lengths of lines are
no langer important since sample area is controlled by the plots This
system 18 much easier to empley when the cruiser has to work alone

Ay in strip eruising, liney are run through the “forty”, but instead of
measuring the tress enroute, the measurements are mads within evenly-
spaced plots (usually civcular) as shown in Figure V-9 Cruisers generally
use plots of one-fifth to onedourth acre, although other size< will do. Tubls
V4 following shows the dimensions of both circular and wquare plots of
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different sizes, and Table V-5 gives the number of one-fifth acre plots
needed for certain conditions when one wants to adhere to statistical
standurds,

The number of plots can be also determined for 4 stated percent of
cruise, like i the case of strip eruising. For example, whe-n usirlg one- fifth
acre plols in a 10-percent cruise, four acres within 4 “forty” has to be
sampled, or 20 plots that should be uniformly located as illustrated in
Figure V-8

While the lines are run, the cruiser locates the plot centers and marks
them with a compass staff or in some other temporary manner, Measure-
ments are then confined to the trees that are within the radial distance
of the marked mid-point of the plots.

Table V-4. Size of selected circulor and square plots,
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(ther Mathods

A few other eruising methods are emploved by foresters und forest
scientists. Common is the variable plot svstem (see section below on Use
of Prisms). A more recent svstem is called ThreeP (Probability Propor-
tional to Prediction Sampling); it makes it possible to combine conven-
tional eruising techniques, a random selection of fewer than usual sumple
trees, and extra-careful tree volume determinations into a system that
lends itself readily to electronic data processing, This very brief descrip-
tion must suffice because of space limitations of this book.

Caleulating Volumes

[ mnost cases of strip and plot eruising, the results of the eruise are
tubulated after the field work has been finished. The entire timber volume
of a tract, or a subdivision of it, like a “forty”, 15 denved from:

I. Total board-foat volume by species on the sampled area

2. Total acreage of the sample

3. Average volume by species per acre

4. Total acreage of the tract, or subdivision

Using appropriate lables, the net volume for each tree recorded on the
eritise sheets is first listed in columns by species, Then the total of each
species is found and also noted at the bottom of the cruise sheets. Some
tree farmers may wish to caleulate defeet volume as well to see how much
it runs, or to get volumes by diameter classes for management purposes.

In the case of trees showing defect, this Tequires special treatment,
because the volume of the log concerned must be known. This is obtained
by using Table V-6, which shows the average volume (in percent) for each
log in trees of various heights, For instance, the butt log of a six-log tree
contains 20 percent of the tree’s volume: So, if the tree was tallied as
6% ane-half of that, or 14% percent of the tree's volume would have to
be deducted. A six-log tree recorded as 4/6 would have to have its two top
logs, which represent 14 percent (9 plus 51 of its volume, subtracted.

Table V& Tree volume distribution by log pesition.
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The total acreage within the strips or plots is determined next from the
cruise sheets and map. For strips, the sampled acresige is the actual length
af the strips in chains, as measured by chaining or pacing. times their
width divided by 10. The total acreage of sample plots is their iotal number
times the acreage 1n each, You see here that distances are not needed.

Theaverage volume by spacies per acre {or the sampled areq s caleulat-
ed by dividing the total valume of each species by the ucreage within the
sample, This also represents the average velume by species for the tract
or lund uhit being considered.

The total acreage of the tract or subdivision for which the cruise is being
tabulated has to be carefully determined from notes onthe oruise sheets
ar mayp. Gross areas have to be reduced by the acreage within bodies of
water, meadows, and non-timber portions to arrive at the net area. This
total net figure times the average volumes above gives the total volume
for the tract or parcel. Usually, all the final eruse results are placed on g
surnmary sheet showing at least imber volumes by “forty™ or ather parcel,
species; and for the whole tract,

Use of Prisms

Foresters make good use of simple optical prisms in variable plot sam-
pling for various purposes. The prisn i an ml_xp-emwe wedge-shaped
piecs of glass that bends light r{:ils to a certain degres ar eritical angle,
depending on what is called the diopter rating of the prism. One diopter
represents an angle of 34.36 minutes. Prsms of different ratings are used
according to Gmber types and sizes.

Instead of dealing with diopter values, the most convenient practice 1s
to have prisms ground to a diopter rating that 1s exactly equal to a whole
basal area factor (BAF|. sach as 10, 20, 25. 30, 40, etc. As explained later,
the BAF 15 used n computing basal area of stands Prisms with prescribed
BAF s cun be purchased from forestry and optical suppliers for & modest
cast. Table V-7 below shows the relationships between diopters and BAFs.

Table V-7 Prism diopters and bosol oreo foctor squivalents,

Dhippter BAF Lhvpeer BAF

1o I W02 B 000
e K1) Bt 17415 137 TR, . S S— 1)
3 e 20,000 T 53513
4.8 = 25.000 T i D000
o . N - 2 | . A _ 845853

In using the prism, the observer holds it horizontally at eve level over
the plot center and sights towards the dbh of a tree. E'Ep&ndmg on the
distance to the tree, the 1mage through the glass of the tree trunk s
displaced somewhat toward the thin edege of the prism (Figure V-10)
Where the image through the glass superimposes the trunk to any extent,
that tree is considered to be within the plot If the image through the
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prismm is displaced away from and separate from the trunk, the tree viewed
is not in. The resulting sample plot is cirenlar but not having a fixed radius,
For small trees within the plot the radius of the plot is small and for large
irees the radins is greater. This technique produces what s termed a
variable plot, consisting of concentric circles, that js wsedul In forest sam-
pling.

Cut Borderline

Figure V-10

Displacement of wmage copsed by prioms

The right prism should be used for the timber to be sampled. A BAF
should be chosen that will provide a tree countt of between four and eight
treed per samiple point. The prism ratings that foresters generally employ
are s fullows:

Torniber Sure Dfiprter BAF
Very large (487 dbh 53 8 BT
Large 1327447 f 540
Medium (16" =327 & LD
small (167 = 1420

The prisrn makes it possible to easily determine the basal area per ucre
of a standd, The basal urea (i squuare feet] per acie at any sampling point
equals the number of trees within the plot times the BAF. For example,
in using a prism with a BAF of 10, vou counted 12 trees within the plot.
then the hasal area per acre from that sample would be 10 » 12 = 120
squuare feet. In most cases, to have 3 representative sarnple, & number of
scattered observations would be taken and the average number of trees
i those plots computed, which then would be sultiplied by the BAF to
ohtuin the average husul arés per aere.

As mentioned in Chapter 1, basal area is a useful measure in forest
management, [t serves as an indicator of the degree of stocking or density
af a stand—whether it is undérstocked, normal, or overstocked. The thin-
ning of stands and even the harvests can be based on basal urea standards
If & certmin mimmum basal area were prescribed, the forest manager can
use a prism to quickly find out what areas should be cut.

Prisms work real well on flat ground. but where the slope 1s more than
L percent, a correction s necessary, because the distances must be hon-
zontal as they are in other lorest measurement procedures. This correc-
hon can be made by rotating the prism in its plane by the slope angle This
rotation in effect reduces the eritical angle of the prism gradually until it
hecomes zero gt 9 degress of motation What happens is that the prism



S0 CALIFORNIA FORESTRY HANDBOOK

reaches further away to pick up trees of a given diameter proportionately
to the slope to horizontal distance relationships. An Abney level can be
used to measure the slope and to also set the rotation angle of the prism.
With the slope angle fixed on the Abney, the prism is placed on the Abney
barrel and tﬁg bulb held level before the viewer sights through the prop-
erly rotated prism. Special clinometers are also available 1o make correc-
tions for slope in prism sampling,

Sometimes a value called the plot radivs Bactor (PRF) of prisms is landy
to decide whether a tree, especidlly one that is not visible or borderline.
is in or out of the plot In those ¢ases, the distance to the tree has to be
paced or chained. The plot radius factor varies by the BAF. Every tree has
its own plot radius, depending on its diameter and the prism, and a tree
of that same size beyond that distance 15 not within the plot. Thus plot
radius in feet equals PRF times the dbh m inches. The PRF for prisms of
different BAFs are given in the tuble below:

Table ¥-B. Plot radius tactar for selected Basol Area Factors,

BaF FRE BAF FRE
-~ WOPES i B e La3a

In addition to basal area measurements, foresters are increasingly using
prisms and similar devices to determine the volume of timber stands, The
method 1s called variable plat cruising. [t is not the intent of thiz publica-
tion tocover this subject, because it is somewhut more technical than the
traditional cruising methods, In essence, the volume per acre is deter-
muned by the use of volume tables converted to show volume per square
foot of stem area. Thew are called V-BAR (volume-basal area ratio) tables.
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Chapter VI
LOG SCALING

Another field of mensuration is the measurement of logs, or scaling as
it i= called in forestry circles. Sculing is the process of determining as
aceyrately as possible the net volume of logs by the use of a log rule table,
usually in board feet, This information is normally the basis of pavment to
timber fallers, contruet loggers, log haulers, and timber sellers. The results
of scaling are more accurate than timber eruising. because the tree m
effect is more accessible and measurable:

Required Knowledge
To be a competent scaler, one must have a good basie knowledge about
the units of measure used, required sealing equipment, the different log
rules, und the procedures: And certainly, skills acquired by study, practice,
and experience are a prereguisite, because much good judgement is need-
ed to do u creditable sculing job.

Bourd-Foot Measure

In the UZ 5, the board food 15 the traditional and still most commeon umt
of measure for the volume in trees and logs. This is becanse lumber is by
far the leading forest product. Consequently, even though this unit was
not designed to be & measure of non-lumber products, it is the predomi-
nant measure in the forest end of the wood industry. Timber, logs, and
lumber are commonly sold and bought by the thousand board feet. To
avoid wsing the zeros, a thousand board fesl is stated as MBF, or MBM
{thousand board measure).

Nominally, a board foot, lumber tally, is one inch thick and one foot
sgquare. A piece of lumber of the same volume, eg., 27 x 6" x 1 ft., s also
one board foot. Whole inches are used as the standard to state thickness
andd width, regardless of the sctual dimensions of the lumber, This came
about when sizes in the rough stage were used to deseribe the same
lumber after surfacing. The board footage of lumber can be caleulated by
thas formula

Board feet = |thockness (in.) x width 1in.] x length (ft.)]/12

Because of losses in the sawing process, a cubic foot of wood m log form
contains less than 12 board feet. Actually, the lumber vield per cubic foat
depends on the diameter of the logs. ranging from 4 bd. ft. for logs of 5"
diameter to over 9 bd ft. for 40-mch diameter logs. An average log of 10
inches in diameter has about 7 bd, ft. per cubic foot. The recovery is also
dependent on the sizes lumber is cut; the smaller the dimensions are the
lizss board feet there are in a cubic foot.

[n addition to this factor, net board-feet scale rarely is the same as the
board-feet tally of lumber produced, What the ratio is between the two
depends on the taper of the logs, log rule uwsed, mill efficiency, ind sizes
of logs and lumber that are sawn. In most cases of woods-run logs there
is an overrun in mill tally over log scale, ranging from 3 percent to as high
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as 6 percent: the average 1 on the order of 10 to 20 percent. Sometimes,
there may bean undercun if the milling process is Inefficient.

Log Rules

There are many different log rules in this country, but only a few are
used in Californiz. The more cormmon ooein California 1s the Seribner log
rule Like most other rules; it gives the board feet In logs of various
diameters (oneanch classes) and lengths by feet. An one-guarter inch
wite saw-cut (saw-kerf) s assumed, The Scribner Decimal © rule 15 the
same except that the board feet are rounded to the nearest 10 bd, 1. A
more refined Seribner rule was developed cooperatively in 1972 by sarme
West Coast users, and it is receiving wide acceptance because it is mare
adaptable 1o computer caleulation | see Appendix)

The Spaulding rule, which is close to the Soribner for ligs above 12
inches in diameter. has been uwsed in the redwosd-Douzlis-fir region.
Before the law was repealed in 1967, it was the legal rule for the state,
meaning that when a log rule was not specified the Spaulding prevailed.
The rule s based on an ?4ginch saw-kerf. The Humboldt rule has been
employed same for eld-growth redwood; it is derived from the Spaulding
rule, with those values being reduced by 30 percent to automatically allow
for defect.

The International‘is the most accurate log rule, but (ts use has been
restricted largely to seientific work. It makes allowance for taper of logs.
which none of the above rules de, and has been prepared for both %-inch
and ¥-inch saw-kerf

The vield tax law (see Chapter [V requires reporting by the Seribner
Drecimal © rule. This may gradually cause the other rules to fade out in
Cabforma. Howewver, as stated earlier. there (s a slow trend in favar of
cubic-toot rules, because so many more products are bemng utihzed from
logs besides lumber. And, someday we probably will have a cubic metnc
it

Like board-foot measura, there are 4 iumber of cubicfoot rules, all of
which are based on formula, but of different accuracies. The Smalian's rule
is fairly accurate and is used to some extent in the Pacific Northwest by
the LI 8. Forest Service and private companies. The diameters (inside
bark) at both ends of the log Eave to be measured by this rule, Another
cubic-foot rule is called the Huber [see Appendix): it is based on average
middle diameter and it is considered 1o be the most accurate. Where
cubie-foot medsurement 1s practiced, a unit called the cumt, which equals
LK) cu ft.. is used for ease of operations

Hoth the Soribner and Spaulding beard-foot rules were prepared by
diagramming the lumber that could be cut from various size logs. The
International rule is based on a mathematical formula. While log rule
tables are more vonvenient, one could figure board-feet content of logs by
formula, such as the one below:

Vo= | 79D — 2D — 4} x 06251

where V' = wvolume m bd. ft, approximately Scribner scale
D = diameter mude bark in mches of log at small end
L = length of log in feai
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Sealing Fpuipment

In arder to scale one need 1o measure bath the diameter and the length
of the log. A special tool called a scale stick with 4 hook or spud on the zero
end is used maost often by sculers. Up to 6 feet long, the stick is graduated
into inches. Sume sticks can directly provide the gross volumes for certain
lag lengths from spectal graduations on the stick in addition to the marks
for inches

Short log lenigths can sometimes be estimated or marked off with the
scale stick. A retractable tape of 20 to 50 it in length 15 commonly used,
especially to measure longer logs.

Scale sticks are not absolutely necessary to measure diameter. One can
use astiff straight stick graduated in inches or even an 8-foot pocket tape.
The erniser stick will serve the purpose too; It has both an inch scale und
graduations for board feet for 16t logs by the Seribner Decimal C rule.

The scaler records the measurements and other data in a special scale
book or on multiple-copy teile slips (see Figure VI-1). The latter have the
advantage that copies of the zeale can be provided to those having an
interest, such as faller. contract logger, trucker. seller, and purchaser. The
following information may be included on the scaling form:

Log seller Species

Log buver Log number

Timber sale area Diameter

Scaling location Length

Load or truck wdentification Cross volume
Sealer's name Deduction for defect
Date Met valume

Lumber crayon or canned sprav-paint is used to mark the sale, log
number, or any identification on the log ends, if that information is ve-
quired Branding axes are sometimes emploved to designate ownership of
ligs,

Measurement Procedures

Scaling standards and procedures developed by the U S. Farest Service
are widely accepted in Cabfornin, In general, the explanition of scaling
herein follows that svstem

Using the above equipment, to arrive at the gross board-feet volume of
i log the sealer essentially has to take two measurements—diameter and
length, The [ormer §s done by placing a seale stick across the small end of
the log and reading the diameter inside the bark (Figure VI-2), The
diarneter iz read to the clpsest whole inch and recorded on the seale form.
In case of logs that are not round. more than one measurement is taken
to obtain an average diameter (to the next mch



CAtiFoRNIA FORESTRY HANDBOOK
STATE OF CALIFORMIA P e e
The Resources Agency QRIGINAL
DEPARTMENT OF FORESTRY
Ny, 80198

‘ETATE FDRESY

SLTE TR RISAS0N

anEa DiERC AP T

EaLiE e i -
B || A ST DL B LS 28 (8 SR TT LADUTE Brr ey
we | * : UL T Cg
| =T - —
=
z
. ‘ = =
Y
A
‘ — —
=
&
| I L
b
5
— | |
g
= |
=0 i
z
3
-
= — g — =% ==
B
= — —
b B ‘
=
.
e
i
z
[
- — —_ - ¥ —
i
s |
&
— —
B
®
.
a
TATAL SCALE
HUMSIE OF LOGE
Figure V-1

Sample (f @ |og seale Wi,



VIi—Lo¢ ScavLiNg 53

z‘\-r in &7
o 1 ,.}, TR WYY

gl o Y Ay A
4 s -
f \ ’

J \ oy &
~r.| A .

.} 5,
__-_,..-/"’.:_-.
N

Figurp V|2
[Hameter is mesared (nude the bark ab the enall end of the log.

Toble VI:1. ‘Standard division of long logs for scaling with 20-fost maximum
sealing length.

Divalon o m;—wmwhn

................................. 11 b i pLI]

il o e i ik b 4 1

e Ml ] t]
.................. L e i M
------------------------- bk bk 4] e i Ly
U o v o o o e e e 1, | IS S— 1
“ | ]
2 ’ - "
7 el o X S T L W n
BB e ———— (5] I 17

H 18
L] H
]
1 ]
| 1]
L] "

L 1B

L
1
FOEREEIEEETHEESRE

! Scald trvertrim Wefock log 33 & 21-foof, |-egmant bog.
* Seade overtrim e0-fool log as & d)-fool, Seegment log,
T this table wyy log bngth and segment divideon will be aeed sa $he overtim
scaling length for the precsfing length. )
L5FS | Navional Forest Scaling Handbool, 1974



S6 CALIFORNTA FORESTRY HANDBOOK

The scaler then obtains the log length. Depending on the sale contract,
the length i mensured o the nearest foot or oven two feet, with the
specified allowance for sawmill trimming of 4 inches or more, depending
on log length In case the logger frequently exceeds this allowance. the
sealer may apply i pena}t} scale by increasing the log length to the next
foot. Where logs are pnmarily for lumber manufacture, the log lengths are
usually in even-numbered feet. The scaler cecords the entire length of the
log,

Logs longer than 20 feet should be scaled as two or more logs, with the
longer one being the butt segment. For example, a 30-foot log would be
scaled as 2 16-0t. log (large end) and a 14-ft. log {small end) as shown in
Tuble VI-1. This so-called shortlog scule gives a higher volume than Jong-
log scale by the commaon log rules, because they make no allowanee for
taper, In effect, the board foot-velume is that contained in a cylinder with
g diameter at the small end of the log. Where long logs are converted to
short segments for scaling purposes, the scaler can obtain the additional
diameters) by estimation or by measoring both the large and small ends
of the long log und pro rating the taper pecyrdingly, Thos, where o long
log 1 converted into two segmemts of neurly equal Iength, the diumeter
of the larger one in most cases would be the averageof the top and bottom
diameters (Figure VI-3), Swelled butt logs may require assignied rates of
taper because the taper is not uniform. The assumed additional diameters
of the logs divided for scaling are not ordinarily récorded, because they
are only needed to determine the gross volume of the log,

With these measurements, the scaler enters the gross volume of the log
in the scale record. This is done by looking up the values tl}eapprupna!e
log rule table. Some scalers obtain the volume directly from the scale stick
if it 15 s0 graduated,

Figure YI-3.
Long logs are scaled us two ar mare logs

Defect Deductions

After the gross volume of a log has been figured, the scaler must arrive
at the net scale by making deductions for any defect that may be present.
The procedure for this is not so precise as for gross velhume and more
judgement based on experience is necessary. The delfeets that are recog-
ruzed in sealing include rot; mnsect damage, H;:&m: shake (separation
between annual rings), pitch ring or seam, sﬁﬂ'h.u'g. checking, break,
crock or sweep, croteh, and sometimes. mwmnﬁqrtf large knots.
If the logs are not far lumber or veneer purposes, only the first three kinds
of defect may need to be considered.
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As explained earlier, log nules of common usage, ez, Senbner
Spaulding, do nol nuike allowance for taper, This means that the gross
volume of a log is that represented in a straight or right cvlinder with a
dismeter the same as the small end of the log. Therefore. only defect
within the confines of that evlinder should be deducted.

The standard method for reduction of scale for interior defects s accom-
plished by 1) boxing and measuring the defective ures at the ond of the
log where it 15 the largest, (2] estimating the length of the defect, and (3}
computing the deduction by the formule

D =MWxTu=xDWLils
where D = Deduction in bd it

W = Width of defect plus 1 inch In inches
T = Thickness of defect plus Linch in inches
L = Length of defect in feet

If the interior defect is not visible it both ends of the log, the scaler his
to Judge whiit lergth it might ke, Sometimes, exterior signs like conks,
rotten knots, insect activity, andd pitch Indicate how far the defect extends
lengthwise into the log

Somenternor defect such us shake and piteh ning may need special
treatment. Logs with these defects often have good wood at the center
which should not be deducted. Such a log of 16 feet in length is shown in
Figure Vi<, where the cutside himit of the shake or bad ring 15 16 inches
in diameter and the sound interior hus o dismeter of 12 inches, First the
grods deduction would be 17 = 17 =« 16 divided by 15, or 38 bd ft The
sound mterior would be the scule of & 1641 log of 12 Inches diumster or
S0 bd ft Therefore. the net deduction would Le 308 mimus 80 or 228 b,
ft. {rounded to 23 in case of Scribner Deeimul 1

Figura Wi-4
13ofect caused by shake or pitch ring.

Side defects have to be approached differently. Deductions for them are
made only when the defect comes within the right cvhnder of the log, and
any defect outside of thut s ignored. To determine deductions for side

LRI
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defects, scalers have to apply logical reasoning and good judgment, For
instance, In the case of o fire soar in a butt log showh in Figure VIS5, it is
first estimated that about one-third of half the log is affected. Since the
whaole log contains 1200 bd. ft., the deduction would be ene-third of 60k
or 200 bd t. The same method can be applied to crook or sweep
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Fire scur defect

There are 3 number of rules of thumb and special technigques used by
scalers to make allowances for defect. Figure V16 fllustrates some of the
more common wavs to handle deductions. The two excellent references
that are listed in the Appendix contain much more specific instructions
than those that can be included here.

Coee the sealer decides on the deduction it Is entered on the scate form
aleng with the net volume of the log: Those logs that have sxcessive defect
are labelled cull To be merchantable, logs of high value (eg., pines,
Douglas-fir, redwood) should be one-gquarter or more sound, and those of
less valuable species like the true firs should be at least one-third good. In
some cases cull logs that contain some chippable sound woud ure sold for
pulp purposes but for a lower price

Weight Scaling
Instead of scaling individual logs, a system has been developed to ubtain
the volume by a weighing and sampling process. It is Espe-:uallv applicable
to large operations in voung or sinall timber, where [t is inconvenient and
costlv to scule many low-volime logs. While this weighing method car be
Fairly cheap and aceurate, it hassuch problems as the availability of precise
truck scales, the great variation in log weights, the difficulty of under-
standing and accepting the svstem, and the statistical knowledge required

to implement and control it _
The biggest difficulty 15 the great variability in weight of logs. Basically,
this 18 governed by the specific gravity of the woed, its moisture ¢antent,
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ard amount of bark and defect Thus, the weight of logs is affected by such
factors as:

Species

Locality, climate, and slape aspect

Season of vear

Position of log in tree

Amount of defeet and sapwood

Time sinee felling

Ltilization of snags and windfalls

Because of these variables, before a weight scaling program is put into
effect. it is necessary to develop data on what the relationship is between
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the weight of the timber in the particular operation and the net log seale.
This 4 culled the weight-volume ratio, expressed as follows
WiV = gross log weight per load/net log scale per load
= pounds per board foot (net)

[First, enough logs have to be scaled and weighed to get a reasonably
good rabie to start with, This may mean scaling and weighing all loady at
the beginning of the operation. Then, this figare of pounds per net board
{oot can be used for a while to convert weight of subsequent loads to board
feet withaut having to do any stick sculing. This ratio runs from 6 to 121bs
per b

The ratinoriginally established should not be continued indefinitaly, To
maintain a high degree of uecuraey. the ratio is adjusted periodically by
seallng of sample Joads. The number of loads to sample is computed by
slatistical methods, and what loads to seals are randomly selected. Ten
percent or more of all the loads are sample-sealed. depending on size and
variabilitv of the timber sale. The munimum sample size to compute or
adjust the ratio should be about 20 loads. When the WV ratio s tughly
varuble or the sale volume s less than two million bd. [t.. the required
sample percent becomes so large that the advantages of weight scaling are
leist.

The result of this svstem is thay all the loads from a logging operation
are weighed at 2 convenient place and only part of the loads are sealed.
The latter is usually done after the trueks gre loaded ind weighed, such
as at the scales or a mill, To remove possibilities of bias in loading, what
truel is to be spaled is kept confidential untll arrvival at the place of scaling.
When sufficient number of loads have been sealed, the weight-volume
ratio s re-computed by using a combination of the new and old data

Other Forms of Scaling

Consulting foresters can provide or wrrange for scaling on wood opera-
tionsand at mills. The services of a private scaling bureau are also wvailable
o acantract basts Ifa hmber or Ing buyer is nat willing toactept the scale
of the seller, it is better to kave 4 third party scaler rather than to agree
to the swale of the buver, because scalers and sealing practices are noi
regulated to any great extenb

The work of scalers should be checked occasionally. This eheck-scaling
is necessary ta be sure that the sealer is complying with the terms of the
sales contract and standards of the trade. The values mvolved certainly are
considerable and worth the expense of such checks. It s accomphshed by
the scaler and checker both scaling the same hundred or more logs and
companng the results. Volumes between scaler and checker should be
within one percent of each other for sound logs and five percent for logs
aver A percent defective.

Where disputes arise over log scale, they can be settled by each party
agreeing to arbitration by a competent third person, such as 4 forest
consultant The Division of Measurement Standurds of the California De-
partment of Food and Agriculture has been called upon occasionally to
settle such differences, particularly between contract workers and em-
plovers. That agency also inspedts and certifles weight scales.
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Chapter V|
FOREST ROADS

The suecessful operition of i forest is dependent upon having a service-
able road svatem. It provides aecess to the property for slvicultural and
management purposes. serves ds aovital Lk betwean the harvesting ol
crops and the market, and it enables the tree fanmer Lo better protect the
forest from trespass, pests, and fire The right kind and number of roads
not only make these jobs easier but inereases the finanoal return from the
forest us well

A system that s wisely plunned, well constructed, and properly main-
tained saves money in more ways than one Logging costs are largely
affected by the location and quality of the roads and o are stumpage
values, Good roads sre cheaper to maintain and can be more easily kept
tn useable condition permanently. That means thal once roads are in place
they can serve future harvests besides providing ready aecess to the forest.
Another saving o costs of roads that are latd out, buill, and kept up
properly 1s that thev do less damage to the soil resource, water quality, and
the lundscupe. No nnge part of a forest operation can cause as much soil
disturbance and erosion s rowds, so they need special attention in order
to prevent such damage.

Road Planning

Before roads are actually located on the ground, some thoought should
be given to developing & general plun for the transportation needs of the
forest. This might be in the form of a map to be incorporated {n the overall
munagement plan that was described ) Chapter 11 This planning should
take into consideration locatlon of markets, useable existing rouds on aned
off the property, topography, management and protecton nieeds, tvpe
and order of timber harvest, and other forest uses.

Righis-of- Wi

Not ull roads adjacent to the property, both public and private, may be
available or suitable for use of the tree rurmt'r This should be determined
ahead of time and the road plan developed aceordingly. Fneroachment
onto publie roads for access purposes may be regulated, and in fact, log-
hauling on them muay be even prohibited, Using private roads on adjacent
properties may be advantageous to the tree lirmer and this should be
explored and assured by obtaining necessary right-of-way agreemente
Reciprocal easements may be in order where adjacent owners ean advan-
tageously move timber or need access over each other's property.

For protection of both the gruntor and the grantee, rights-of-way should
be in writing and prepared with professional help A nen-specific or float-
ing sasement over a parcel without some deseription may lead to future
trouble. The route should be at least deseribed by lund Fentires, e, along
a certain stream or ridge, existing road, or by general direction going
through identifiable pomts. Some casss may justify a deseription based on
a survey. The document should cover other pamts like compensation,
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purpose of right-of-way, width, rights wnd conditions of use by either purty
or others, responsbility Tor constructizn and maintenance, assignability,
liability, time period, and amendment rizhts and procedures

foding

The usual patternan tractor logging is to have the roads below most of
the timber that 15 to be harvested. Typically. the mumn routes 2o up the
prineipal drainages with laterals along side drainages, side ridges, and side
slopes. The central fdes |s to avoid too much hauling vphill or adverse
grade as it |¢ called. Skidding distunces are generally held to distances of
|, OO0 to 2,000 feet. Long ridges also ire nsed for main roads where appro-
priate heciise of ease of construction and maintenance. Having roads an
south exposure hastens spring snow melt and dryving out of molsture from
precipitation.

Cable logging is commonly done uphill. In such cases, the road svstem
is designed to be the oppaesite of the above. Most roads are therefore above
the timber to be logged, Generally, cable svstems require less roads and
varding distances may be longer.

Large-scule contour maps, like the USGS guudranzle maps, are neces-
sary in planning & road systent. Aerial photographs, sspecially when
viewed sterenscopically, and maps and notes made during a cruise are also
useful,

A road svatent is not installed all at one Hme. Instedd, it i construeted
piece by pieee to serve the planned harvests of the lorest: Ordinarily, the
roads necessary [or harvest are constructed by the timber purchaser in
accordance to the sale contract. It may take the entire cutting period for
the forest to complete the network: Thos, road planning must conuader
contemplated location and timing of harvests, so that as each road seg-
ment is established, it becomes an mtegral part of the system One exam-
ple of this where a road will go through a timbered ures that will not be
logged until later. In that case, the road should be designed to serve that
area later as well ds the immediate ares to be harvested bevend that point

In some situations, where gccess to and within the property is inade-
quate. it may be necessary to develop encugh roads ahead of harvests for
purposes of silviculture, management plannime. and protection. These can
be lower standard roads Preferably, therr location should coinerde with
the planmed loggmg roads and bronght up to standard when the latter are
established. However, some of these ads may be necessary just for ad-
ministration and proteetion: they can be low-standard, 4-wheel drive
raaels, vet carefully built to prevent damage to the forest and the environ-
metit

Road Location
Whaen it comes time 1o build a road, the exact location has to be made
by on-the-ground reconnaissance or surveying, This iz needed Lo have the
proper alinement and grade and to avaid costly construetion and mainte-
nance, hard rock outerops, geologically unstable areas. highly erosive soils,
too steep slopes, large cuts and fills, anc potential streamside problems and
damage The mam idea is to have the least eostly road that serves the
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intended purpose and fits the terrain,

While engmeers do a considerable amount of detailed engineering 1o
locate and design roads, most loresters use less refined methods. In many
cases this protduces satisfactors results for forestry roads Using o contour
map, aerial photograph, or aneroid barometer (te get elevation readings;,
the locator first hikes the planned route to size up the situation and to fix
control points; such as passes, saddles, favorable stream crossings sites, and
places that should be avoided: ez, rough or unstable areas.

The differonce in elevation, or rise as it 15 termed, and the approximate
horizental distance (from map, photograph, or pacing) between adjacent
control points is noted. Dividing the rise by the distance gives the approxi-
mate grade of the roud segment in percent or the nise in feet for each 100
feet of horizontal distance. The grade In percent is also equal to the
tangent of the slope angle expressed in degrees, Tables A-% and A-9in the
Appendix show the relationship between degree of slope and grade per-
cent. Depending on Lhe ¢lass of road wanted, the maximum grade usually
varies from 6 to 15 percent. Il the computed grade percent is too high,
then the length of the road segment niust be inereased in some manner,
e.g., by carefully putting in one or more gentle switchbacks. Table VII-1
suggests grade and other standards for different classes of roads.

Table Vil-1. FRoad standards by clasz of read.

Coduss i o *
Frony i 7 £
Average Spee B Sb rmph 24 tnph 10 mph
Makimum Sustaitied Grade L e L 7 % 0 % 15 %
Mazimun Piteh Grade.. . i - 1w 12 % a0 %
Minbmum Radlos of Corvabre o0 10y fr Rt 400 ft
Mimmaum: Sight Distance iy o WHY ft 20 . Lk fi:
Mibmum Width, truveled wae == [T 12 fr (LN 4

* L—muaitr raacds, H—latesals, Hl—spuers
= U lane roads with intervisibie furpoars

Onee an acceptable approxunate grade has been found, the road locator
re-rums the line between the control points with an Abney level or similar
instrument set on the right percent orats degree equivadent. The location
ts marked with colored flagging (not blazes) or stakes so that changes can
be mude as needed. One should be prepared to make many adjustments
to the road location for good purposes, e, to:

I, Avoid sharp curves (see subsegquent sectiom)

2. Miss rock outerops imless they are soft enough to cut or use as road

bise muaterial.

3. Keep away fram places having evidenee of ground creep or slides. 1f
they have Lo be crossed do so at or near the top so that they are the
least disturbed.

4. Detour around erosive and expandable soils, e.g., those of the blue
clay tvpe. Use sollsvegetation maps and legends or ather soil maps Lo
the best advantage.

3. Stay clear of springs. meadows, and wet places
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Mmimize the number of large cuts and fills on steep side-hills,

Have rouds u safe distance From streams (100 feet or more. except at
crossings) to prevent damage (rom high water and the movement of
earth or debris from construetion and maintenanes into the streams
8. Keep road oway from residences and reeredtion sites to reduce sufety

hazards and nuisance caused by dust and noise:

4. Mimmize areas that wonld have overly expensive clearing, construe-
tion, and mantenance costs—too heavy timber and wrong exposure

=4 N

Grade Considerations

Whenever practicable, forest roads should be built to a grade that s
tavoruble (mostly downhilll to the log haul. Adverse (uphill) grudes slow
down the travel Hme, consume more luel, and cause extra wear and tear
on the egnipment. Level roads don’l have these disadvantages, however,
they are more difficult te drain properly,

The grade percent of a road depends on such lactors a3 ¢lass of road
wanted. topography, soil tvpe, and preciptabion. Where possible, logging
roads have a grade of two te eight percent Favorable to the haul. Adverse
grades should not exceed six percent except short pieces on spur roads
may goas high as 10 pereent: Qeeasionully these limits must be exceeded
because of ground conditions. Keeping within these grade standards may
increase road construction costs, but thisis rnore than offset by lower road
maintenance and haul costs. Erosion on unpaved rosds exceeding six per-
cent grade is likely to be significant and special prevention measures may
he necessary.

Long sustatned griudes of the sume percent are not the ideal as one
would suppose. Thev too sometimes present drainage problems in that
they offer no logical places to divert water from the bank side to the
outside of the road. This can cause ercsion and gradual deepening of the
inside diteh

Forest managers prefer a shghtly broken or rolling grade, but one that
is zenerally faverable to the haul. This will often permit better alinement
without # corresponding increase in construction costs. Moreover, un-
dulating grades provide more frequent places for diversion of water, Bister
water removal, and require less culverts Changes in grade should be
gentle and any adverse sections short and easy so that loaded trucks can
maintain a reasonable speed without frequent shifting of gears.

Sometirnes, short sections of steep or pitched grade mav be justified
because of terrain or economics. They can be compensited for by being
straight and are preceded by a level stretch or shight downgrade. I used.
pitched grades should be designed to control erosion and provide ade-
quate traction

Alinement and Curvature
The road locatar must also consider alinement and curvature because
they have an importunt bearing on efficiency and safety Curves are circu-
lar, that is, arcs of circles connected by straight lines tangent to them, the
comnnecting straight stretches are therefore called tangents; The sharpness
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of the eurvatire may be expréssed in sither af bwo ways: (1) by the length
of the radiug of the circle of which the arc is composed, or (2) by the
central angle between two points on the curve 100 feel apart in a straight
line In the latter. the 100-f1. sepmment is called o thord and the angle
subtending it at the center of the virele is termed the degree of curve. The
relationship between these two s shown o the following formula

D = S730/R
whers 1) = Degree of curve (for a 100-ft chord)
R = Radius of errvatire

In forestry work curves are expressed by radius of eurvature. Using the
above formula, a curve having a radius of 100 feet would have a degree
of curve of 373 degrees or 57 degrees and 18 minutes. Note that the
relationship 18 inverse, that s, a gentle curve has a long radius and.a small
degres of curye,

Engineers employ u variety of mathematical methods and speeial tables
tovlay aut curves, One is by measuring the deflection angle at the transit
station between the tangent and points along the curve, Others include
what sre called the external distance, taneent oflset, and middle ordinate
methods.

Foresters oceasionally use these same methods; however, ordinarily
they employ a less time-consurming and simpler approach. With experi-
ence a person can learn to locate curves satistactorily by eye with some
checking and measuring with s stutf compass and tape. The radius of
curvature of roads is largely dictated by topography, but accommedations
to fit the chosen standirds cun be made by the right positioning of a road
at the middle of the enrye, changing direction of the tangents somewhat,
orf planning mare cut or fill. For example, in crossing a draw, if two
tangents intersect 4t 4 sharp angle. the roud could not be located close 1o
the point of the intersecton because the radius of curviture would be too
short. Instead, to obtain 4 longer rading of curvature, the road would have
to be placed further away from the point of the intersectivn. Providing
these conditions are poted and planned for durning the route location,
mast, if not all, of these kinds of adjustments can be-made during the
construction phase when it is more convenient to take necessary meusure-
meTts

Naturally, where curves wre shart aned gentle they can be located by eve
However, long and complex curves require at least sorne simple survey-
ing. One cun use the following geometric relationship (Figure V1) fo
locate a turm of o road with a wanted radioy of curvature

T = B tungent 14 CA

where T = distance between mtersection of tangents (Pl and
where they touch the curve
R = radius of curvature
CA Central angleaof curve (also equil to the externil angle
hetween the twe langeits Al point of intersection)
Toillustrate, assume that a 100-f1, radius of eurvature is desired at a place
where the central angle iz 30 degrees. Then, T—the tangent distance—

I
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would be 100 times the natural tangent of 15 degrees (.2679) or 2674 feet
This distance can readily taped from the point of interseetion of tangent
along =ach lo where the curve begins and ends. Table VII-2 shows these
tangents distances for a radius of gurvature of 10 feet and selected rentral
angles i

i

lel
PI A/= ZCA
/1N

Figure VII-1
Road sorve diagram.

Also; the table includes the external distance E lrom the mtersection of
the tangents and the mid-pomt of the curve; this is helpiul to locate the
middle of the curve on the ground. For the above example, the 1able
wanld give an external distance of 3.3 teet

The rudius of curvature of logging roads varies by the class of road OF
course, curves should be as few as practicable, because they increase travel
time and costs and reduce visibility and salety. Except for special situ-
tians the radius ol eurvature should not be less than 40 feet Table VII-1
gives minimum curvature stanidards for different classes of roads.

Another critical factor i alinement of roads is sight distanee (Table
VILY) . This is the continoous length of road alead visible to the driver.
It 1s.1mportant to be able to salely stop a vehicle or to pass another In
addition te proper desigming of curves, sight distances can be improved
by adequate clearing of roadside obstructions and vegetation, and by a
grudual change of upgrade to downgrade on hills: On g single lane roads
intervisibility determines frequency of turnouts.
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Toble ¥|I-2, Tangent distances T and external distances E for curves of
radius 10 feer*
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Angle E E ‘l..ugla_- T E Anple T k.
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13 132 s 6l A0 161 106 1327 fi.h2
L 141 (10 f2 ikl &7 107 13.51 HEL
17 l49 LIAES 63 615 173 s 1376 70l
I8 1 55 iz 64 625 174 L1t 14.02 T2
9 L&T N4 63 .37 1.56 1in [a2s T.43
0 | 76 LR 5 .40 Lag 11} 14.55 7 RS
21 B3 A7 67 f.A2 1:9% 112 14.83 T
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34 213 22 70 T 221 (8 5] 1567 11|
25 47 24 7l 113 288 [16 1600 BET
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a5 R8s 51 R 325 LET 2.0 1241
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Width, Cuts, and Tills

Thie width of 4 Toud amd how gouch earth is moved alfset costs of
construction, maintenanee, and use And they hive a signiflcant impact an
the forest and its associdted values

Exeept for large mdistrial tree Turms whers there i heavy traffic: roads
of one lane should be preferred to these that allow passing anvwhere, The
vehucles have to move slower and cautiously on a one-land road. and this
increases operating costs to some degree. However, a narrow road {s much
cheaper to build and maintan, and causes much less soil disturbunce. The
traveled width of & road depends on the number of lanes and class of road
1 Table VII-1)

To compensate for the narrowness of one-line roads, either the traffic
has be controlled or pravision should be made to allow safe passing. The
latter is the more common practice This is accomplished by having speeial
short sectiony of fwo-lune roads These rmnouts should be intervisible 5o
that a driver can always see where the nest turnoud is. Where topegraphy
is light and grading is not heavy Lhere may be some advantage to carrving
the turnout width around the entre length of 4 blind curve.

Table ¥1-3: Volume of cuts and fills per 100 teet of road length and side slopes

ot 14 ta 1
Average FHlenght
it Wikl of Base of Cur pr Crown of 7l 16
ol Clod ol 1l {ii 20 ]

i Foad Centor

etbnie vars

| 45 i P17
2 4y i) 234
k] 14 e 3%
+ 23R 18h 334
b 23 B T
# iz 5] Bty
7 i 791 E5
5 3] Hebf 1244
U TR s | 45
1t Ll [ IE6T
1l el 14341 | B2
1% jis 113 1585
13 1420 T4 = L
M LET L1474 oy
13 150 2174 2548
1 Ml T3 >R
17 2235 B 76
18 2467 AT UGy
18 T s 3450
il L 3333 ﬁ‘_l'l'lv-i

Losging roads usually require 4 considerable sumber of cuts and fills
To avaid wasting soil und to reduce costs the amount cut should equal the
required fill volume, plug 10 to 20 pereent to allow for shrinkage and
settlement, except in the case of rock Table VIE-3 can be used as w guide
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to caloulate volumes of cuts and fills, The cuts should be made so that the
slopes are stable and have no overhanging banks or tree roots. Also, side-
custing of the cul materiul over the road edge should be curefully dnne,
especially on steep slopes above streams, so that it does not cause any
harm Table V114 shows cut slope ratios for various soil conditions, Where
cuts dre less than Four feet or so, flutter slopes up o 3 1o | are not ton opstly
and will revegetate easier than stecper ones, To facllitite malntenance by
& grader machine, and to have a safe road_ the sdope from (he road to the
bottom of the'inside diteh should be fAatter thun the sidehill cut:

Table ¥il-4. Cut slope rotios’ |horizontal distonce 1o vertical distance|
tor warious conditions,

Sl £ et Nitvre! Growmd Sope Mo Radss
Norprl sl (L3 percent el
Sormal seil M55 percent Tl
Marrml sel B percestl |_'r]|u LT |
Hard pun Al slupes Yatol
Salid 1ok Al ey Yyotel

The stability of fills is especially eritical since disturbed loose muterials
are used to form them, Care should be taken to not include sturmps, slash,
and nther arganic material, End hauling of fill material should be downhill
and short as possible, Where pructicable, earth fill should be placed in
lavers from 610 8 inches thick with euch laver compaeted by the stagrered
passage of construetion equipment or by use of rubiher-hired or shespsfoot
rollers.

In normal practice, the slape tatio of the fills is 1% Lo 1. For most soils;
this slope 18 considered the steepest that can be effectively protected from
erosion, even when revegetated. In some clay and silty soils. slopes rang-
ing between 2 to | and 4 to | may be available, especially on mare shallow
fills. Fills of clean angular rock neav be on the order of 14 o L

Subgrade and Surface

Grading and preparation of the roadbed are impertant opetations in
poatd eunstraetion: The tomd [s oty as good as e sulageaeles ooow el i s
located. The base hus to be firm and stable, especially on fills or stretehes
of waft ground, Where suitable_only native material in or ear the right-of-
way is utilized. Sometimes |1 is pecessary to haul in loose or erushed rock,
decompeosed sranite, cinders, 5r gravel From neachy borrow pits or sources
to strengthen weak subgraded All-wepther roads reguire such tredbment
foor - most 1f met all their entive length.

Plastic nonswoven fabrics can also be used advantageously 1o stalalize
roads; particularly over wet, unstable soils. A laver of the fabrie s unrolled
along the subgrade and covered by a course of rock or other base materal.
This techmique reduces the amount of road base necded The support
membrane, which allows water to pass through it, keeps the aggregate ancd
the subsoil from mixing, diffises wheel loading forees, facilivates druinage
and drving of the read, and keeps the bottom from dropping out of the
roacl.
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The wearing surface of i road does not have much capacity to carry
loads but is of great value in protecting the road base from the traffic. A
loose surface does not serve the purpose, nor does one where the surface
material has been worn through or displaced. The serviceability of the
road surtace depends on its constrocnon, the condition of the subgrarle,
drainage. and maintenance. A properly stabilized road has a smoaoth hard-
wearing surface that will not wash or blow gway, The surface needs to
have enough abrasive resistunce and shear strength to carry the expected
traffic without breaking up under the weather conditions of use. Seme
riads or stretches of toad require stabilization treatment. This is accom-
plished by inereasing the compaciness and densits of the native soil
through the addition of other materials. A stabilized surface is composed
of a mixture of 1) well-graded, erushed rock or gravel of ane inch or less
instze, 2) five uggregate of sand to Gil the veids, and 3) an 8 to 10 percent
clay binder: which contains and holds some maotsture. When mechanically
tuged the thickness s fram 6 to 10 Inches: this eventually compacts to s
depth of 4 to G inches.

In addition to having a proper surface mixture, some heavilv used and
long-season rouds are treated or paved with special materials to bind the
surface, 1o reduce dust, and to contro] erosion. These include varinus forms
of bitumen or asphalt, oils. and even chemicals like calcium chloride The
latter has to be carefully used because it iz somewhat carrosive to equip-
ment and leaching may sterilize adjacent soils or affect water quality

Drainage and Erosion Control
Roads have to be drained well in order to keep them usable, to ease
maintenance, and to prevent erosiom of the adjacent land and lfouling of
nearby waters. Erosion caused by not liaving proper drainage can cause
a lot of costly damage. While provision for the right facilities may raise
construction costs considerably, in the long run it pays off for roads that
will serve the forest in the future as well as the immediate present

Surface Dramige
Ta provide for rapid surface drainage roads are cross-sloped. They may
be sutsloped, crowned. or insloped, 'Langent sections ol betier class roads
are commotly erowned in the center and sloped to both sides; i the
eurves are sloped in or out. Roads of light use and those with small euts
anvdd fills may ge-outslope«ﬁ most of their length
The selection of the cross pitch is influenced by the local ranfall pattern,
erndibility of the soil. tvpe of road surface. and the gradient. For roads of
4 percent or less in grade. the following cross-slope pitches are used
Natural soil or loose gravel—4," ta %" per foot
Compacted mux —4ia" to W per fool
For gradients in excess of 4 percept the above values should be in
creased by 20 percent for each one percent increase in road grade. This
will shed water to the side rather than have it run down the road. When
the grade is more than 8§ percent, cross sloping alone dees not sutfice and
intercepting dips or drains should be used to prevent runoff along the
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roadway. Untreated shoulders of the road should be pitched 30 percent
stecper than the traveled way

For out-sloped roads exceeding 8 percent in grude or other situations,
one ean choose among three common methods to safely dispose of water
From the road. For low standard roads so-called “thank-vou ma'ams’™ may
be constrocted. These are shallow rounded ditches running across and at
right angles to the road. This kind of dip is usually unsatisfactory because
it impedes traffic, doesn’t drain well. anid wenrs ool easily

An improved dip falso called water break or water bar) 1s a simooth
shallow diteh or depression of at least six inehes in-depthan the roadway
that is at an angle of 45 to 60 degrees from the centerline of the road These
dips are installed on tangents, below outeurves, above meurves, seldom
through fills, and elsewhere as needed on both out-sloped and in-sloped
rodad sections. The spacing is governed by the road grade (see next para-
gragh|. Fignre VII-2 depicts a typical drainage dip installation.

e
> Y ¥
- A -’2_“1 OR LoDE

Eigure VI|-2

Tepical dratvage i installiatian

A yel better method is to use an open-top bax culvert made on the site
from durable or treated lumber or poles, or pre-fabricated from corrtgat-
ed, galvanized steel (Figure VI3 The trough opening should be 3 to 4
inches wide and 4 to B inches deep. To clean oul properly a flow-line
arachent of 4% inch or more per foot of length is reguired. The usual
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distance between intercepting dips or openstop culverts are shown below.
The spacing should be closer where ramfall (s hizgh and the roadbed s very
erOsive

2~ 5 percent Toad grade: 300-300 feet

=10 percent road grade: 200300 feet

11-15 pereent road grade 100=200 feet

15=20 percent road grude; 30=-100 feet

Gut bank

Ll L
oty AR
= ™ » \& \;\W b

- Cown grade
= _ Py
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Frgure VII-3
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Side Diredies

Excepl in vase of put-doped roads, water from the sidehd]] and {rom the
surface must be transpurted by side ditehes to a water course or a epecial
elrainiuge facility that allows the water to pass under the road. I addition,
these channels provide subdrainage of the read and intercept undesirable
mtrusion of ground water from the sidehill .

The size of the ditch should be sufficient to carry any anticipated vol-
umie of storm water and prevent the heaviest flow from reaching the road
surface. Ditches should have a grade of at least two percent. One that does
not drain well may sverflow ar become acateh basin that can saturate the
road subgrade. The side ditches should be relieved by oecasional steeper
pitches and frequent outlel ditches and culverts,

Coross-Hoad Drunage

Closed culverts are needed to move water (tom - inside and under the
road to the autside, These can be closed box culverts made from durabile
or treated wood, but metal cormugated pipe is preferable. While it may
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cost more, metal culvert is casier to place; does 4 better job, and lasts much
longer. Metal pipe up to 6 feet in diameter is factory-built in various
lengths, Larger diameter pipe is assembled on the job from prefabneated
plutes,

The length of the culvert is related to width of the roadway, its slope,
and angle of the culvert to the centerline of the road. It should be straight
except some nstallafions may require a gentle or broken angied aline-
ment horizontally or even verticilly The pipe should extend at least 1%
feet bevond the edge of the road al each end to prevent erosion, and the
spill side should be pritected with rocks, sther non-erodible material, or
special discharge aprons. Headwalls of concrete and wood or steel debris
barriers may be necessary at the entry of the culverts to preverit washing
and clogging

Culverts should be large enough to carny the maximum flow expected.
Where culverts are used Lo just trunsport water from the inside ditches to
the outside of the rod. they need not be large Generally, the culvert
grade should be at least one or twe percent more than the entering
waterway, but it least 6 Inches dropin 100 feet of length, A 10-percent
grade will ardinarily prevent sedimentation within the culvert, but grades
over that may cause damage by scouring, and some inside paving may be
required,

Large culverts—18 mehes or more i diameter—are used where natural
drainages and streams cross the roadway, These culverts should have the
sime alinement as that of the stream and they should be placed high
enough to allow for some sedimentation at the entrance. They must also
be cleared with the Department of Fish and Game:

Where the waterway is used by fish, the culvert should be installed so
that their movement is not restricted Things to watch are (o0 steep.a
piteh, thin Hows caused by oval pipe, precipitous drops, and no resting
pocl it the low end

Sizes of these culverts must be designed to meet {lood-stage require-
ments; rather than nonmal conditions, The factors involved include inten-
sity, duration, and frequency of maxmum rmnfall. area and shape of the
witershed drained by the water course, soil, and vegetative cover Engi-
neers have formulas, special tables, and other devices to compute the
needed sizes. Table VII-3, which was derived from an empirical formula,
gives culvert openings for various drainuge ureas. In addition to reviewing
local rainfall records. clues as to the size of culvert needed ¢an be obtained
by looking ut existing erossings of the same water course, other similur
drainages with culverts, ind evidence of Anod runoff, e.g., water-depos-
ited debris, bank euttng, Dusically, the culvert epening should equal or
exceed the cross-sectional area of the entering water course at high stage
In some cases. like shallow fills, it may be better to install two smaller pipes
in parallel with well compacted earth separating them.

Extreme care must be taken in placing culverts in order to have them
function properly. Als, poarly installed pipe can become severely dam-
aged or possibly wash out. A comrmen mistake is to place culverts toa low,
with no allowanee for sedimentation and settling, Culverts shonld be gt
on a firm foundation of earth to prevent transverse bending or breaking
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due to uneven setilement caused by weight of the fill or elogging. The fill
around and top of the pipe should be firmly tamped The height of the fill
above the culvert should be one-half the pipe dizmeter; und at the least
12 inches.

Fords can also be utilized to cross drainages, particularly where there
may be Mash floeds, high seasanal runoff peaks, or frequent passage of
debris. This tvpe of crossing can be less expensive than i large culvert or
a bridge. To protect water quality and to prevent stream damage a ford
carrving a large amount of traffic should be paved. It consists of a rein-
forced conerete stab across the water course und a connecting discharge
apron or energy dissipator o the down-stream side

Taple ¥II-5 Culvert openings reguired for various drainoge areas.

Dirsinage ared Wierway openings reguirsd (s, 2,
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Bridges are reqinred cn occagon 1o cross larger streams. Some lmber
operators construct bridees from large logs laid side by side and held
together by cable straps or cross timbers However, for safety purposes
and to prevent rot, the end bearnings should not be just the stream bank,
nor should the deck be made of earth. Instead, substantial abutments
should be constructed and the deck planked, Dther types of bndges are
also utilized but they should be of proven engineering design
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Revegetation of Slopes

Where soil and climate are favarable, erosion of disturbed roadside
slopes can be controlled by seeding or planting of vegetation. Annual
grasses like rvegrass are commaonly emploved in areas of mild climate
CDF forest advisers, Sail Conservation Service technicians, and county
farm advisers pan provide information on species to use, sowing rates, and
application methods. Fertilization of non-fertile soils dhould be consid-
ered. Generally, what is wanted is a quick, temporary cover that eventual-
Iy 15 replaced by the natural vegstation.

Some preparation may be necessary on steep or cut slopes. Furrowing
helps hold the seed and plants Mulching with hav, straw, duff, chips.
special cellulose sprays, tap sml. or brush improves revegetation results.
Some mulches on steeper slopes have to be held in place by staking and
jute or wire netting. Vines and cuttings (wattles; of sprouting species like
willow are sametimes planted, but because it has ta be done by hand labor
the cost is high.

Roadside Treatment

In addition fo revegetation control of erosion, there are other measures
that could be taken o improve the appearance and prolection of the
lorest (Figure VIL41, Most of this is done during the clearing of the
right-of-way. Stumps that remain in position should be cut as low as practi-
cable. Skidding awav of uprooted stumps that cannot be burred will im-
prove the looks of the roadside, as well us making the road more effective
tor fire control purposes: Non-utilized wood material. brush. and debris
near the road should be elimmated or reduced  Debris left near the road
Inereases chances for fouling of ditches; culverts, and drmnuge installa-
tions. Snags within 200 feet that are not nesting sites for important and rare
birds should be felled and utilized ar disposed of by some means

Spoil or excess cul material can be an evesore unless it 1< used sormehow,
spread, or placed properly. Excess rock can be used {6 good advantage to
protect fill slopes and stream banks.

The appearance ¢f the roadside should be considered during adjacent
timber operations. A lighter ¢ut, careful logging, more complete slash
disposal, and cleaning 1 landinesare wome ways toodo this The acenmulas
tien of the litter should be prevented and controlled

Road Maintenance

Regular maintenance of roatls safeguards the investment in the road.
protects the adjacent forest, and lowers opetating costs. s mportance
cannot be stressed too much, bhecause many rmads are lost or beconie
Inoperable for lack of maintenance, and the damuage dome o the surTound-
ing luind can he considerable

Roads that are expected to be used intermittently, sueh a3 for custody
and fire purposes, can be put to bed. First, they are graded, ditched wall,
and cross drainages eleaned out, The traffic on them s controlled by
locked gates. especilly during the wet season when thev can become
rutted. Ananspection after heavy stormis mav revenl snme necéssary pre-
venhon measures.
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Figure Vil-4
Hoad neanng completion Latour State Forest

When roads are being actively used thev should receive constant main-
tenance: At the beginming of the easdn they should be graded and the
ditches cleared. Some additional grading of dirt and gravel roads may be
necessary during the logging season. Roads that are not oiled or paved
which are undergoing heavy maffic should be sprinkled with water
enough times per week to keep the surface bound and to reduce dust. It
1 a1 good wdes to have the water truck equipped with s pump to draft from
ponds or streams and a hose to bransfer water to fire trucks and o operate
a fire hose. At the close of the logging period, the rouds should receive 4
final blading and the ditches and drainage facilities cleaned out in prepa-
ration for the winter storms, Traffic on them should be restricted unless
they ave designed as all-weather roads
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Chapter VIII

FOREST PROTECTION

A forest can be destroved or severely harmed by fire, pests, and the
weather. The first two lorees are especially serions in most of California;
but with good planning, the application of protection measures. and the
use of special management practices. the losses can be kept to a minimum.
[nsprance coverage is not cheap, if available at all, so 3 tree farmer should
take necessary precautions to prevent or lessen fire and pest damage.
Assistunce und services from the CDF and USFS are available to help with
this important job.

Forest Fires

Fireis the most spectaculur enemy of the forest Besides killing timber,
wildfire ¢an burn people, destrov property, and deplete soil and water-
shed values, Over 90 percent of the firex are man-caused, mostly through
carelessness of the general public in smoking and using lire  Although
forest fires resulting from hmber operations account for less than fve
percent of the total, thev too on oceasion have taken their toll

FPreversition

Sinee people exuse the bulk of the fires, much effort has to be put into
trying to prevent fires from starting. A number of different approaches are
taken., but prevention largely means education,

Since 20 many fives ure caused by the general public, children included,
the forestry agenelies, the timber industries, and others individually and
collectiviely publicize the need to prevent forest fires. Examples are the
Smokey Bear and Keep California Green and Golden programs. The fire
prevention message 1s freely communicated by the press. radio, television,
posters, sy andd other means;

There are a number of laws and regulations regarding fires The fire
luws applicable to imber operations are mostly contained in the Public
Resources Code; a violation of them is 4 misdemesnor with penalties in
form of a fine or imprisonment. Persons causing o wildfire may also be
held liable for the costs of suppression and durnages to the forest and
improvements. Department of Forestry offices can proyide copies of fire
lawws upon reguest,

One of these liws Tequires permits for tsmeg Are between Apnl 1st and
December 1st inand north of the cowities of San Franciseo. Alameda,
Stanislaus. Marniposa and Mono, Permits are required year around n the
rest of the state. The Forest Prachice Rules also have certain protetion
recuirements. The enforcement of these laws and regulations is a form of
prevention, The investigation of the cause of fires {s 0 necssary part of law
enforcement and fire prevention.

Vehicles, industriil and logging equipment, and chimneys also can start
forest fires. Therefore, they must have effective devices for arresting
spiurks that meer legal standards and specificationg, and ate periodically.
inspected.
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Tree farmers and timber operators have a lot at stake so it is to their
advantage to become personally involved in fire prevention. They can
participate at least at the local level in fire prevention education and
publicity, It is te their benefit to also be an the alert to report fires to the
protection ageney and to help in the investigation of fires. Some owners
and operators cooperate in gerial patrols that supplement the detection of
fires from forestry agency lookouts und after-work watch services on tim-
ber operations.

Attention should be paid to see that imber operations and workers on
the property are conformmmg to laws, regulations, and contract provisions
pertaining to smoking, fire tool requurements, and fire m general. The
more important items include posting fire rules, regulation of smoking and
lunch and warming fires, care in blasting and welding, watching cable
lines and blocks (pulleys) for friction fires, caution |n using chain saws and
cther spark emitting equipment. prohibiting uncovered glass containers,
and inspectian For fire for at least one hour after close of daily operations
During eritical periods, thought should be given to ¢losing the forest to
public entry, conducting special patrols, restricting operations to the safe
part of the day, or even shutting down completely.

Using existing and forecasted weather and other fire conditions data,
protection agencies each afterncon dunng the fire season caleulate a pre-
diction of the fire danger rating for the next day for local ranger districts
or other geographical umits. The burning index s released daily by radio,
telephone, or news media to all forest fire stations, timber operators, other
farest users, and the general public in adjective form—low, normal. high,
and extreme. It is postad also along roads by ranger or fire stations and on
ar near timber operations. I addition to alerting forest users aboul fire
conditions, the index can be used to prohibit campfires and controlled
burring, restrict forest use, and stop logging or other hazardous operations
during bad periods.

Hazard Reduction

The elimination or reduction of fuels is really another means of Gre
prevention. Hazard reduction also has other benefits: it lessens the chance
for a fire to start and it retards the spread and reduces the intensity onece
a fre Is immited.

Critical fire hazgrds within at least LK) feet of roads on logging areas
require special attention, Fuels in the form of branches, tops. chunks, and
similar materials should be treated by removal safe plling and burning,
chipping. or burving. Snags not being used for nesting by rare and impor-
tumt birds withun the same road zone should be felled. They are dangerous
because lightning strikes can start fires n them. and when aflame for
whatever reason, snags can throw sparks out over a wide area. They ran
be bad from the standpoint of safety ta workers and road travelers.

This roadside treatment is very important becsuse that is where most
Bres tart, Furthermore, roads are often used as firebireaks from which to
fight fires and start controllable backfires. In some instances the roadside
should be eonverted to what is called a fuelbreak, which is still better as
a place to stop or fight a Are. In addition to the usual treatment of dead
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and down fuels and snags, an effective fuellireak requires the elimination
of shrubs, small unnecessary trees, and the pruning of all branches up to
8 feet high on trees, so thal anv Are within the luslbresk zone travels
slowly and burns less intenselv

Some abatement of slash resulting from logging operations away from
the roadside may be also necessary. How much should be done depends
on the forest type. topography. cutting svstem emploved, the require-
menty of the Forest Practice Rules, and the fire and insect tisks present
(see following section an inseet protection), Where the forest is anly
partially cut, the branches of unutilized portions of felled or knocked
down trees can be severed so that they are in greater contact with the
ground (Figure VIL-1), This lopping process, along with winter rains and
snow, hastens the rotting of the Embs, eventually reducing this dangerous
forest fuel. Nutsients from the decomposed slash are returned to the soil
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Figore YIH-1
Logging ared whent slash s lopped
Latour State Forest.

Careful burning of slash during safe weather conditions is substituted for
lopping in some cases An example 15 a cleareut where the heavy slash is
nat only i fire hazard bt also impedes regeneration of the aren. Either
hand or bulldozer piling or windrowing s employed. Piles are sometimes
coverad with huilding paper so that they remain dry after the fall raing
caommetice, dlter which they ean be more sufely bumed. Lope windrows
of dash should be segmernted to keep the fire imder cantrol and 1o allow
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reddy passage of fire equipment. A few operators use broadeast burning
to dispose of slush after clear-cuts, buf the risk should be lessened by
surrounding the area with effective firebreaks and restricting the burning
to sufe periods during the nog-fire seasoy. Depending on time and place,
any kind of burming may require permits from both fire protection and air
pollution contral agencies

Like slazh; snags within lopging areas should be disposed of where
aecessarv for fire protection. Exceptions are snags that house eagles,
hawks, nwls, waterfowl or rare and endangered species. Snags should not
be felled mto streams or water bodhes. In addition to roadsides, the felling
of snags along strategic ndges is very important to control of wildfire

Hazard reduction at landings and the surrounding ares justify special
consideration beeause of the concentration of workers, equipment, log-
ging debris, and other fuels. The slash and snag hazards around landings
should be abated before opérations commence and not put off until later.
As debris aceumulates from operations it should be placed in a sale loca-
tion surrounded by 4 firebreak, This should be then burned after the fall
rains start and before the nest fire season.

Dangerous materials like engine fuels und explosives should be safely
stored and marked. Oily rags, used oil and engmne filters, litter and other
sumlar items should be carefully discarded.

Maost of the hazard reduction and slash treatment is achievable through
provisions of a timber sale contract, where the purchaser or timber opera-
tor does the work with the logging erews und equipment already on the
joh. The imber owner can obtain additional clean-up by personally mak-
ing fuelwood from remaining dead and down material, or opening up the
ared L0 the public for the same purposs on a fee o1 free basis Confrols
would be necessary for the latter operations to prevent fires and damage
tor the residual trees.

Fire Readiness

Both owners and operators should be prepared to suppress fires on or
near the forest. A number of steps can be taken in advance thut will make
it easier and faster to control a fire. Ready access to a fire meuans faster
control and Jess damape, Therefore, all reads in addition to those used for
current operationg should be opened for fire season. Besides providing
aecess, roads generally can stop the spread of fire I they are cleared of
Nammable debris. Firebreaks and fuelbreaks should be also checked and
maintiined.

State law requires fire-fighting tools at certain places on logeing opera:
tions. One kev place 15 at active landings where a sealed cache of tools
must be kept, plainly marked, and inspected periodically. In addition to
the tool box at landings, thers are other tools required for operating areas,
vehicles und fractors used thereon, and logging camps or headquarters.
Local rangers can advise you about specific requirements. Besides ade-
quate spark arrestors, fallers with gasoline-powered chain saws must have
an extinguisher or shovel handy to immediately put out a fire caused by
the sawing operations,

It is good business to make dozers and water trucks available for fire



VIIl— Forest PROTECTION 111

duty when called bpon, Some owners and operators have one or more
pickup trucks like patrel and supervisory vehicles equipped with a small
pump, water tank, hose, and fire tools. Water tanks or ponds should be
developed and marked so those sources can be effectivelv used In fire-
fichting
All supervisors and employees of the forest owner and logger should be
mstructed to immedutely report fires to the authorities and to promptly
take control action. In addition, some training would be advisable: help in
this cun be vbtatned from the local protection agency
4 written fire plan is another requirement of the Forest Practice Rules.
Every timber operator must file a plan by not later than April 15t of each
vesir, or il the operation commences later, the filing has to be at the least
10 days prior to that time. Having a fire plan at hand when a fire is
reported saves a lot of ime
Although only operators are expected to have them, non-operating
owners will find such plans valuable: forms and assistance are available
from the CDF Fire plans should contamn the following informanon:
Name. address, telephone numbers and fire duties of kev person-
nel

Freguency and call letters of the firm's radin network
Location und number of ayvailable firefighters on aperation

Kind, type, and location of fire-fighting tools [Figur:—.- VII1-2) and
equipment, including bulldozers and water trucks

Ceneral procedure for detecting, reporting. and controlling fires
Map and location deseription of eurrent logging and hazardous
areas

Name, address, and telephaone of nearest fire lookout and protec
tion a@ency ranger

Fire Control

The California Department of Forestry has the responsibility for control
of forest fires on private and state lands: The UL S, Forest Service and &
few counties do this jab under contract with the CDF in conjunction with
their own protection responsibilities Regardless of this governmentul
service, according to law every owner also has 4 basie responsibility to
control wildfires. This must be done within the ability and means of the
owner, especially by fast initial attack on a fire prior to arrival of the fire
control agency, Remember that, in addition, where fires are caused or
spread because of the violation of fire laws and regulutions or negligence
on part of an owner or operator, that person can be held responsible for
both suppression costs and damages to others,

Forest fires mostlv travel on the surface and these are called growmd
fires. Occasionally, with right conditions of weather, fuel, and slope, they
flare up into the branches and tops of brush and trees to create a mote
dungerous crown fire. This kind s the more difficult to suppress.

The local climate and immediate weather conditions are important
factors in the starting, spread, and erowning of fires, The wind speed and
air humidity are pritica] elements—the stronger the wind dnd the lower
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Figur= VIII-2
Hand pools 1o keep handy o s cuvhe for fre Rghtiog

the humidity the faster a fire will ignite and travel. Winds of over 20 miles
per hour combined with relative humidities of less than 30 percent can
cause fires to burn briskly when forest fuels are dry enough to burn,

Fuel moisturs iz nsed 4 another indicator of burning. It i measured by
weighing a wood stick of standard size and compasition that is kept on a
wire rack clase to duff-covered ground at lorestry weather stations. The
weight of the stick varies with the moisture it econtaime and represents
torest fuel conditions. A fuel moisture of less than 5 percent and low air
humidity indicate that care about fire 1310 order. As mentioned previous-
ly, the fire protection agencies have a fire danger ruting or burning index
that combines all the factors invalved that is used to advise the public and
forest users what cun be expected about fire. It ts a good tool in planning
daily timber operations, burning slash, and in Gghting fires.

In the main, controlling a forest fire consists of two phases 1) stapping
the spreacl, and 2} putting it cul, in that order and priorty. The principle
of fire control Is fllustrated by what is called the fire triangle in Figure
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VI3 The sides represent hest, alr, and fuel, Break anyone of them and
the fire dies, This is done by coaling, smothering, or removing the fuel
Thus, Aames can be extinguished by dirt, water, chemical retardants,
beating. or cutting the fire off from the fuel supply. The traditional contra|
method conkists of lirefighters or bulldorers constructing fire ines around
and as elose to the fire as posiible. These lines ure seraped down to mineral
soll and made from a Few to many fest wide, depending on the situstion
Clean dirt may be thrown or placed to knock down the fire adjacent to
the line. Water from backpack pumps or fire hoses connected to pumpers
can be similarly employed Thess control limes serve as places from which
backfires are sometimes ignited to combat the main blaze, Where hazards
and wvalues are high, the protection agencies dispateh alreraft to drop
witer or retardants to directly attack « fire before protection forces arrive
aniel to help them constroct und hold fire lines. Firefighters are parachuted
or delivered by helicopter into inaccessible areas,

FUEL

Figure VI3
The fine rranghe

Effective fire control demunds expert knowlege, skill, and specialized
tools and equipment. Wildfires are often difficult 1o suppress and they can
threaten the lives of firefighters and people m the vicimity. The protection
ageneics have the truined personnel, technology, radio communications,
special equipment, and other resources to combat anything from spot fires
to major conflagrations. The latter may mean 4 eampaign of many days,
employmng hundreds of people, scares of pieces of big equipment, like
bulldozers, a communications network, and setting up one or mare fire
camps to serve as g headquarters and a place to feed and keep Rrefighters,
Therefore, the leadership and main job of anacking fres should be ordi-
narily lefl 1o the protection ageney However, the law expects that the
persorinel and equupment of the timber owner and operator of the land
involved should be made available to combat the fire

Onee a fire 15 promptly reported to the authorities, tree farmers und
timher operators should not hesitate to take immediate steps to.control it
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This is where the fire play described earlier goes into effect. Listed below
are some guidelines lor controllng a fire:

I Size up the fire quickly and decide on the point (s of attuck, taking
into consideration the wind, slope, fuels (slush, snags, brush, ete.),
intensity of the fire, values at stake, =ase of line constructon, and
natural or ather breaks like dreams, rock outerops, and roads:

2 I possible, stop the matn spread of the fire at its heud by building «
fire line or other means, and then work on the flanks and the rear to
completely encirele the fre.

3, If the fire head is too hat to handle directly, attack the Aanks from
the bottom ar rear and swork mapidly toward the head.

4. Extingush spot fires away from the maimn fre:

5. When the fre 5 surreumded by lnes or otherwise contained, widen
and improve the lines at the critical points, taking necessary steps to
prevent burnming matenal from rolling across the line by ditehing or
other methods, and extinguish or full bommng soes.

6. Take mop-up acHon by extinguishing burming stumps. roots, chunks,
logs, and heavy Tuels near the lines.

7. Patrol the fre to keep it under contral unti] it is absalutely safe,

Fresertbed Burning

Fire 15 not always an enemy; it can be s useful tool n certain situations.
At one time in this state, broadeast burning (also known as light burning]
wis done periodically in open stands on easy terrain to reduce accumulat-
ed forest fuels. This i stll done to same extent in the southern states 1o
primarily assist in regeneration of stands, Boadeast buming of logging
slush was alse a common practice until the 19305 in Californii. This kind
of burning was discontinued because of increasing value of the timber
damaged or logt and the risk and liability involved,

HRunning i fire through an area still has a place in land management. It
can be used 1o reduce forest fuels, prepare seedbeds and planting areas,
and to remove brush from potential forest and range lands (see next
chapter). However, beeause fires are dangerous, the procedures have to
be carefully prescribed This means consulting a fire control specialist,
obtaining necessary permily, preparing good fire lines, selecting sufe
weather conditions, firing in the right manner, and having sufficient per-
sonnel and equipment to handle the burn

Forest Insects
While forest insect epidemics are not as spectacular, they damage and
killinore trees in California than fire, Besides the forest resource loss, dead
trees in large num bers mavincrease the fire hazard and thereby threaten
scenic and watershed values. Although some insect-killed trees are salva-
ble so that the timber loss 15 ameliorated. prevention and suppression
measures are:a pnecessary part of forest monagement
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Tnsect Identification

Practically all of our bothersame insects are native 1o California forests,
Ju in some E.wdem and .agrirulture. sime insects in :.he fares: are heneﬁ-

hrﬂ 'l:ut T inﬂFS._ And wWin 7 bulk of Ihe- damage is
m the bark and stems of trees,
but other species on oecasion can ijure or kill trees or parts of them.

The bark beetles are of most concern to tree farmers and forest manag-
ers. During the mating season in the spring and summer, thess bestles
bere into the bark of the tree trunks and mine many tummels along the
inner bark and cambium laver in which they lay eggs. The resulting hatch
of larvae or grubs burrow new tunnels and grow in size. After a few weeks
the larvae go into a pupal stage wherein they ure gradually transformed
into adult beetles. These adults bore out through the bark, /Iy away, and
start a new |ife cvele. One or more haiches occur each vear The various
bark beetles are selective as to the tree species they attack and their
bermas and tunnels have characteristic patterns enabling the beetles to
be readily identified. The tunneling in effect usually mrdies the tree; this:
leads to fading of follage and death of at least part of the tree. Sometimes
health;. trees resist the msects by exuding piteh that smothers the insect:
this ig culled pitching-ont.

The western pine beetle (Dendroctonous brevicomis) is probably the
warst of these pests (Figure VI1I-4), It prtmarﬂ}r attacks the larger, mature
or ulder, pondeross pine, aggressively moving from tree to iree once an
infestation has been established. The western pine bestle particularly hits
trees which have had their tops killed by the [pyengraver beetle or trees
damaged by lightning or wind. and those weakened by drought and for
other reasons A shghtly different bark beetle known as the Jeffrey pme
beetle (1. Jeffreyr) works on Jeffrey pine in a similar way. Both beetles
may also attack overstocked areas of voung growth

The mountain pine beetle | Dendroctonous monticolae) Is the mun
insecl enemy of sugar pine (Figure VI, but it also attacks western
white, lu-dgepuh.-. and ponderasa pine, and a few other less common trees,
Thix species attacks both voung and old stunds, especially the fonmer
where excessive competition between lrees may create stress

The Douglas-fir beetle ( Dendroctanous pseudotsugae) is a serious pest
that prefers windthrown, felled, injured, or weakened Douglasfir. Tt i a
big problem in decadewnt, evermature stands ol Douglasfir.

The engraver beeties (Figure VIII-3| conssting of two different genera
(fpsand Scofvtus), work somewhat differently than the bark beetles: The
cengravers prefer thin-barked voung trees, tops of older trees, and fresh
slash from logeing, wind. and snow breakage. Thetr attacks are similar to
the bark bestles, tonsisting of borings and tunneling in the cambium layer
and inner bark. They usually generate more hdtches per season than the
bark beetles The pine engravers, consisting of a number of species within
the genus fps infest ull spavies of pinss. Their attacks often lead the way
to more lethal damage by the bark beetles The fir engravers af the
Scolvius genus attack true firs and Douglas-fir
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WESTERN FINE BEETLE MOUNTAIM 2t BEETLE
[Rwadrasiondier boawisamis) (Dendrartoncus manticoloe)
Arngcky mgore panderoio pne Artgce) yiger, sestern =hite,

ledg=pale. and pandereta pine

LAR?AEm LARVAL
(¢ ¢ BYT] Y u

CFURAE apnt PUPAE ADULT

Borings inder bark of Egg-gollerig jin bestie
penderata pine billed pine

Figure Viii-4
Twar prmcipal forest nsects of Caltfornia pines
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FIME EMGRAWER BEETLES HR EMGRAVER
{1pe seafugur ond fpi sregonl {Sealytup ventenliy)
Angchs poaderoig, wgar, Jefirey copites Arracks rrus firs and
and ledgepole pine Douglos fir
% ADLULT [(Twice nofyral vire) :Ai?l.ﬂ.'l' | Twrice
' (e confuser B patural tize)

Ips confusus mines in Ips oregonclorves oad  Typicol toe of re-
innee bark of ponder-  borfags (n Jefirey pine  peatedly otocked
210 pine bark fir

Figire VilI-3
Pine and efigraver beeties.
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Sometimes, the fir flathead borer [Figure VIII-6) of the genus Welino-
phili can be troublesome in attacking pmes; Douglasfir, true fire, and
hemlock Unlike the bark and engraver beetles, the adults do not bore into
the bark: instead they deposit their eges on the surface or in crevices. The
grubs damage the tree by boring into the inner burk and destroy the
camhial region. The borer attacks overmature trees, those on poor sites.

ar fre-damaged treey

FIR FLATHEAD BORER
IMeloncphile drommendil

-

Mttocks Dougles Ar tha vee Bep, aad kemloch

ADULTY Lile e

Horhead bares mines in sopwood |obove) and inner bark (below),
The latwae """"Fl:h he=e done the lrering t&m be seen in the hark

Figure V&
The fir flathesd barer | MeLemopdils drimmenc

There are additional forest insects of economie impartunee (Table VITI-
1}, however, they do not cause near the damage that the above de.

Defoliation like that caused by the Douglas-fir tussock moth and white fir
sawflv can raise havoo on an extensive scals in trie fir stands. As noted in
‘Chapter IT, other inseets interfere with cone and seed production and
consume seed. And there can be damage also from needle and twig insects

of vanious kinds. especially in plantations.
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Dretection, Reporting and Tnvestigation

To preciude the possbility of an mfestarion gethng o toehold. forest
owners and managers should constuntly watch for signs of insect activity
An attack an a single tree may not be significant, but when a greup of trees
show damage this i o danger signul. Early detection of mmsecl activity
meurs better chanees for control and smaller losses.

Symptoms of insect attack vary eonsiderably, dependitg on the insect
and trse species invalved and the time of the vear. In case of the more
commn beetles described above, the first sign i< the appearance of faded
vr red-topped trees. The foliage changes from green to straw color, then
to redidish brown as the girdled tree dries out. Other clues are found on
the trrunk Bark beetles' in pines cause piteh tubes; these are whitish or
Brownish musses of boring dust and pitch on the outside of the biark at
poimts where the beetles have entered the tree. Bark beetles in Douglas-
fr,and the engravers, do not make pitch tubes assuch so the only outward
ecyvidence consists pf sume streamimg pitch on the bark, entrance holes, and
boring dust. Positive prool of attack for mest beetles can be obtained by
chopping aut a section of the bark to see if there are any tunnels or
galleries cn the inside

The Forest Practice Rules require titnber owners, operators, and regis-
tered professional foresters to assist the State in locating and reporting
prest cutbreaks The report can b mide to CDF forest practice inspectors
or fores) advisers, who will investiczate the sitwition Lo detérmine the
cause, They bave access to stite and federal entormnologists when needed
o check the infestation and decide what control measures. il any, should
bres taken.

The public forestry agenecies usually conduct an aerial survey each fall
to detect and locate pest attacks. This information, including data received
from gromnd chservations of owners, nperators, and foresters, Tevieals ex-
isting or potential epidemics. The compilation is reviewed by the Califor-
nin Forest Pest Contrel Action Couneil, an organization of interested
private and public ageneies and organizations, Lo decide what action
should be undertaken, A report of the pest conditions and recommenda:
Hons is then published by the CDF and widelv distributed

Some situations may need more nvestigation. The forestry agencies
with the help of the owners conduct a biological evaluation to obtain the
necessiry uiformation: These findings are particularly helpful to make
pest control decisions.

FPrevention

Mueh [nseol damage cun be prevented or lessened by good forest man-
agement practices Trees becoms weiker as they grow alder of when
their vigor ix affected. eg, by ate. weather, competition, mechanical
h‘:__}ur:-'. and disease. The risk of insecl attack varies according to conditions
of free age, vigor, heal i i

One measﬁl:%-rhf risk of bark beetle sttuck 15 Keen's classification systern
for penderasa pine shown in Figure VIILT, The high-nisk trees should be
hiarvested us eurly as possible, The principles of this system can be applied
to some extent to ather trees; that is, the degree of insect risk is shown by




VIII— Forest PROTECTION 121

the health of foliage, twigs, and erown Higherisk trees rarely recover their
ubility to resist insects.

SUSCERTIELITY T BARS BEETLE ATTACK
BosSD v AGL AMD wWGoE

RESISTANT To  BEETLE ATTAGK 'SUSCEATELE

A
TG .
TREES
T
1WA TURE =
TREES
——= |
I
| -
-
WATURE | ¥-
TREES 1
|
-
A
OVER-MATUNE
TREES
'I
WIGEOR GODD TO FAR  FAIR TO POOR  VERY POOR

Figura ¥III-7
Keen's pemiddeross pine tree elassification

T adilition to early harvest ol high-risk trees, the following practices will

reduce and avoid damage from insects:

1. Make perindic light sunitation cuts of trees of poor thrift and dechin-
ing vigar to prevent the development of high.risk trees, thus keeping
the forest in a healthy, sigerous, growing condition.

2. Eliminate breeding places by prompt salvage of recent fire-weak:
ened or killed trees; those struck by lightning, mlfested trees, and
fresh windfalls. Insect damage cannot be reduced by disposing of old
windfalls, chimks, or forest debris, because tres-killing msects do not
live in dead wood.
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3. Do not leave cut green trees in the woods during spring and summer;
prevent damage to residual trees during logging.

4. Treat slash by immediate lopping or other sufe methods, espeeially
during the spring and summer. so that it will not become a breeding
ground for some 1nsects.

5. Through other silvieultural and management practices promote vig-
orous, thrifty growth of the forest.

{Control

Onee it has been determined by forest entomologists that an insect
epidemic exists, consideration hus to be given by the owner und the ay-
thorities s to whether direct contral action ls possible and necessary in
order to reduce damage While o few insects may not be controllable,
there are means to suppress the more common and serious insects like the
bark beetles. This requires the joint efforts of the forest owner and the
slate and federal forestry agendies

[Tnder <rate law and policy. svery mwner hag a respansihility te initate
control measures, but the state and federal governments are also myvolved.
When an epidemic ocours and control is justified and possible, the Direc-
tor of Forestry declares a zone of infestation, Upon appraval of the Board
of Forestry, this declaration authorizes control of the insects whe:e the
costs are shared between the land owners and the CDF, and sometimes
local government and the USFS. The stute agency operates the project
where mostly private and state lands are imeluded; however, the project
may be 8 cooperative one where federal lands are alsa being treated, or
the entire job done by the USFS under a contract with CDF.

Depending on what insects are causing the epdemic, the control meth.
ods vary. The usual procedure in the case of bark beetles requires the
felling and bucking of infested trees and the burning of the bark, or
ground-spraying it with a safe insecticide. To be effective, the treatment
rust be done as soon us the needles fade while the insects are still in the
tree Normally, beetles spend the winter under the bark so this |s the best
time fo act

Logging of infested trees at the right time i another way to control
insect damage Salvage logeing vields utilizable wood and reduces the
control costs considerablv. There should be no delays m removing the
telled trees from the woods. because the beetles ean emerge and re-infest
new trees. For the same reason. the logs should be utilized quickly if the
mill i 1 or near g forested area.

Acrial spravs have had to be used a few times in California to suppress
outhreaks like the Modoe budworm and Douglas-Ar tussock moth, Mare
selective spraving by hand and from the ground is done in the case of
plantations, seed orchards, and Christmas tree farms,

Like other chemicals in forestry operations, insecticides have to be nsed
with great care, Experts must seleet the correct spray, determine the
formulntion, and prescribe application rates and I[ll:ﬁlﬂds in order to pre-
vent injury or damage to workers, other people. domestic animials, lish and
wildlife, and the environment The use of certain chemicals has to be
under the supervision of a state-licensed pest control applicator and under
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permit issued by the county agricultural commissioner. Neighboring gwa-
ers, forest users, and agenaies concerned with fish and game and water
quality must be notified

In addition te the indirect approaches covered under Prevention (con-
sisting of silvicultural and surptution messures), other possibilities appear
to-have some promise, These consist of various biolsgical approaches, e.g:,
using scents to attract and concentrate insects where they can be treated
In some manuer, infesting msects with bacteria and viruses, encouraging
predator insects and birds, and reducing reproduction of insects through
mtroduction of individuals that have been sterilized by radiation. As thess
new methods develop they will be preferable to Insecticides that may be
harmful

Forest Diseases

Diseases constitute anether major destructive agent in California for-
ests. They kill trees outnight, predispose them to attack by insects; and
decay wood. Most of these pests are various fungi or plant parasites.
Kinds of Diseases

Heart rots are the leading cavse of wood decay, The vausal fungi enter
the tree through the roots, fire and lightning sears, trunk and other
wounds, and open knots, They spread by spores shed by fruiting bodies or
conks growing on the trees. Under moist conditions. these tiny spores
germinate and send filaments into the wood. exuding substances as they
travel thiat cause the wood to decay, Ordinarily, the amount of decay
increnses with the age of the tree

A few root diseases are also troublesome. Mortality from the root fungus
Fomitopsrs annonsus especially is more common than is realized, particu-
Larly tn some pinestands. Spread oceurs from one tree to another through
overlapping roots. Killing of voung growth around old, infected stumps is
not unecomrnon, 45 the fungus will live i the roots of harvested trees for
vears. Besides death of surrounding trees, pines may be weakened to the
extent that they are ready preyv for bark beetles. Table VIII-2 lists the
principal imber deeavs of Califormia conifers.

There are 20 or more tree rusts (genus Cromarfrn) in this state's
commercial forests The most serious one is the white pine blister rost
(" ribieoda) that infects sugar pine and other 5-needled pines. It is an
invader that originated in Europe The rust enters through the needles,
grows into the twig, and gradually forms a spindle-shaped swelling there.
[t late spring the bark on the canker cracks and liberates orangs spores.
These air-borne spores cannot infect other pines directly, hit cause an-
other form of the ruist on currant and gooseberry bushes, Then new calor-
less spores from the underside of rusted leaves are relessed andinfect pine
needles during the damper fall months, Pine branches are killed after two
vedars or more and the rust-can grow into the main trunk; eventually killing
the tree. The rust 15 most damaging on smaller trees in the northern and
maister part of the state.

Sometinnes, gall rusts dumage California hard pines. They form round,
persistent cankers or galls on twigs, branches, and oceasionally on trunks
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of both mountain and coeastal species. Orange spores are produced in
crevices of the burk of the swelling in spring or early summer and can
spread directh toother pines, without going through an intermediate host
as blister rust does Infection takes place on tree growth of the current
vear, and the galls appear from 6 months to 2 vears later. The twig or
branch carryving the infection is dead within a few vears. These rusts are
serious 1 pine pluntations, incloding those for Chrstimas trees,

Dwarf mistletoes (genus Arcenthobinm) alfect pines. firs, and Douglas-
fir. Infection starts in twigs and the resulting parasite lives indefinitely,
causing swellings or irregular growth called witches brootns on branches
and trunks, Sweilings on tree trunks develop into eankers, through which
decay may enter The female plunts produce sticky seeds that are foreeful
Iy shot out when ripe in early [all to adhere to new infection sites, It takes
from 3 to 3 vears alter germination for new plints to be readily visible.
Heavy infection oan ruin voung trees, and the growth of older trees is
frequently impaired, sometimes followed by rot. Bark beetles as part of
the pest complex will attack and kil trees infected with mistletoe.

There are other trouble-causing diseases that tree tarmers must face
occasnionally, An example of this is the Ebvtroderma needle disease; it
infects ponderosa and Jeftrey pine o cold locations: killing needles and
dwarfing twigs Diseased needles turm red in spring before the new tree
growth commences. Repeated infections will kill trees and cavse them te
be susceptible to insect attack. Same other needle diseases damuage voung
Douglas-fir and red and white [ir, thereby reducing their value as Christs
mas trees. Tuble VI3 lists a few additional diseases affecting California
furests,

Toble WII-3. Additiongl diseases affecﬁng Californio forests,

Copmisn
A Srentie o Fart
arf iy e bk | ki Horrrmeds
Blach staining rool] Vesgai All pines und | Roots abd | Drownish-black  stain in
dimeass wachietita Tl frr bl uuber mpwoidl. Flingue
T s ] acfy like Dutch elm. dis-
gape, Wil| move threugh
will v Tt
Mt {taspora fload fir Pranehes [hidese e ters dwarl mis
dhritia [ Uetoe fertons, Dol
| branches turn dark red
Fhilomm aecrais Dermneid [hnglas- i Taps and Attacks  plantations wnd
JEeiidet et hranches poumg  pitorsl  etands
Sunken  clakers  gpirdle
_ ops andl branthe
Red  band  peedle) Searrfng Manterey and | Follage Pine -plantations  withm
Eligh i Beehop prines iB ey of rhe omt
Hurmbolitt, Diel Yarte aed
Mendatmn gounbes ane
mabeet foogttack: Entige
plantations  have  Leen
killed

Ly b Hung, I6TS



126 CatiFarxia ForesTay HaNDBooK

Forest nurseries. plantanons, and seed orchards have unigque problems
with plant diseases They justify specul attention and treatment because
losses can be sudden and severe

Detection, Reporting, amd Investigation

The sarne general procedures as for msects should be followed to deteer,
anvestigate, and report damage resulting from forest diseases. At the first
signs of any abnormal disease attacks. the forest owner or munager shoald
notify the CDF and wsk o1 hedp: These incidents and investigations are
compiled vearly snilar to those about other pest losses to keep track of
disease conditions in the stite, and this is combined in the same wnnual
Tepomt.

Prevention amd Control

Very few direct control techniques for forest diseases have been devel-
oped. Instead. control hasto be achieved muinly by instituting prevention
and indirect practices. Basically, this means making a forest healthy and
vigorous by silvicultursl, management, and sanitation measures such as
the following:

1 Harvest ofd. diseased, weakened, or damaged trees that are declining

In VIgor,
2 Prevent lire and logzing damage to trees

3 Where rits have formed on trees in plantatons und Christrmas tree
farms, prune out the gills belore they become too numerons, and
remove old gall-bearing trees nearhy

4 In case of dwarf mistletoe. harvest all infected trees of merchantable

size and remmove smuller trees that are heavily infected. Prune oul

branches bearing the parasite onlv when practicable

Reduce competition by control of unwanted brush or hardweoods

6 Through other silvicultural and managment practices promaote vigor-
ous, thrifty growth of the forest
At one time Cahforma had an extensive program of blister rust control.

Forestry crews would locate and destroy by grubbing ar herbicides all

purrant and gooseberry plants within and near stands of sugar pine. This

attempt to suppress the alternute host wis diseontinued because costs.of
eradication and muintenunee rose 100 high, and the disease continued to
spreadd despite the containment efforts, especially in the wetter nurthern
part: of the state. Some sugar pine trees have demonstrated o natural
resistunce to blister rust, und euttings and seeds of these select trees are
being used to grow seed orchards. Eventually, the disease mav be checked
by planting resistant trees is the original ones are harvested or destroyed.

Prevention measures may be approprizte where formtopsis annosa toot
tlisease 15 a thresat to valuable pine and fir forests. Intection starts by spores
landing and germinating.on freshly cut stumps. followed by the disease
moving down into the roots. Then, the infection is largaly spread under-
ground from the roots of infected stumps and trees 1o those of adjacent
trees. Centers of infection in high-risk areas may be prevented by quick
killing of the roots of harvested trees by treatmg the surface of fresh

L1
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stunips with o dry moxtgre of commercinl borax. However, treatmen) of
this kind will not suppress an existing heavy Infection center. The only
altermative 15 to clear-cut the area and reforest it with the more resistant
SRECIEL.

Animal Damape

There are sevme anlivdds that can dumpge voung trees by feoding on
them, trampling, and in other wavs, These mammals range i size from
smiall rodents to elk, and include both domestie and wild amimals, Mest of
them ure valuable to ux or the ecosvstem [ram the overall standpaint so
any damage caused Lo forssts has to be prevented or controlled on a rather
selective basis

Anisrial Pests

In addition to the depredation on seed and seedlings mentioned m
Chuapter I1, rodents injure small trees of all species. Losses can be serious
when they occur in plantations, seed orchards, and Christoms tree farms,
The damage is caused by chewing, burk-stripping. or cutting by gophers,
beaver, chipmunks, squirrels mice, woodrats, and rabbits A large rodent,
the boomer or mountain beaver, 15 a serious pest in young redwood and
Dovglasdir stands in Del Norte County

The porcupine feed on the inner bark of ponderosa pine, vsually in the
lute summer, fall, and winter. In doing so, they may cause extensive dam-
age in voung stands by mirdling the topsof the tress. They Hve in dens and
test trees; the rest trees wsually range from 4 to 20 inches dbh

In same cuses, deer can be a hlg problem m young forests When more
preferred brfmse beecames short, deer will feed on the foliage of Douglas--
fir and occadmmally other species, This browsing does not ordinarily kill
the tree, but it retards the gravwth until the tree outgraows the reach of the
animals, Elk do similar damage in northern partz of the redwood region
an Deuglas-fir and redwootd. Some tramplng by deer and slk deeurs in
recently seeded or planted areas

Another animal pest in the northern redwoods s the bear It ¢limbs
young trees to strip the bark and feed on the inner parts: Becuuse of its
size, the bear also breaks hranches and tops of the trees during the feeding
process.

Diomestic animals like Shtf:p and cattle can be destructive at bimes,
Trampling and breaking of trees cause the most damage, but feeding on
the folinge also happens, especially by sheep

Checking Damage

Some animal damage is easy to identify, especially that froni the large
hooved spectes becanse of distinctive tracks, Tdentifvmg damage by smalls
er marnmals, such as rodents: 1 more difficult. Thev are elusive. often
nocturnal, and do not leave much sign, except for the burrawing kind hke
gophers Teeth marks and other peculiarities af the ammal are used s
clues.

Tt isimportant t know what animal species isinvolved, because preven-
tien and eontrol medsures vary. Local CDF and other foresters cun be
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helpful In diagnosing animal damuge. Sometimes. it may be necessary to
obtain the expertise of aninial biologists from the Department of Fish and
Came ar the U, S Fish and Wildlile Service, The lutter ageney hus specials
Ists that can ldentifv damage from non-game a5 well as game species

The annual forest pest conditions report mentioned earlier in this chap-
ter also comtains data on animal damage throughout the stite. This is based
on reports submitted by biologists, foresters, and tree farmers. Keeping
tab on the situation is necessary to locate trouble areas, to plan prevention
and control measures. and to ldentify research neads

Frevennon and Controf

Where animals are injuring forests (o an intolerable degree considera-
tion should be given to taking steps to prevent or reduce the damage The
nature of the problem vartes greatly because of the many kinds of amamals,
lree species, and habituts. Therefore. each situation reguires seleelive
analysis and trearment.

The damage caused by wildlife should be inveshgated by @ competent
biolomist before any prevention or control is preseribed. The control of
rodents may be possible by various means: chemical returdants, lethal
baits, or trupping. Rodenticides of any kind have to be very curefully
handled; their use is strictly regulated and hus 1o be tléared by the county
agricultural commisstoner Moreover, the application of most of them has
to e under the supervision of a licensed ped control applicator.

The harvesting of a forest greatly changes the hubitat, often resulting
i an early invasion of plants that are quite attractive to deer and elk This
may lead to an overpopulation of animals and serious depredation on
voung trees. There are a few compounds available that are spraved on the
foliage to-deter feeding. bt the method 1 costly and considered tempo-
rary. Plastic netting has heen effective but ulso costly Anaother solution is
an indireet one—to bring sbout a better balance between the aninal
population and the habitat by applving wildlife management principles
and through game regubitions (see Chapter X). The animal numbers may
be reduced by adjusting seasons, special hunts, and the 1aking of either sex.
Bear daminge can be reduced by similar progrums of hunting and trapping,
Tree farmers can relieve a problem by allowing these activities by the
public on their properties.

The prevention and control of damage by livestock is basically a range
management matter (see Chapter 1X1. The browsing and tramphng may
be due to trespass: it should be controllable by complants to the offending
parties or legal action, if necessary, Stocking the forest with too many
-ammals 15 another saurce of trouble Permanent or drift fenecing may be
helpful in both preventng trespuss and keeping livestock owt of sensitive
reproduction areds.

(ther Tree Losses
Natural events, like the weather, sometimes caise tree losses of viorious
londy, Oecasiomally, windstormes eause severe Dlowdown. Some windfil]
may be prevented or lessened by cutting practices that do nat expose the



VIN— Fonrest PROTECTION 124

residual stands too much to strong prevailing winds, The borders of elear-
cuts and ridges are critical places. Not much can be done in instunces of
imore. devastatmg storms. Wind-downed tnber should be quickly sal-
vaged 1o utilize the material and to reduce mnsect and fire hazards.

Besides wind, lightning is a tree destrover It breaks and splits trees and
ignites fires in dead tops and snags Strikes on live trees may kall them or
make them more susceptible to insect and disease attack, Where practica-
ble, damaged ar dead trees should be cut or harvestad 2« soon as possible

Extremes b soil moisture lower tree health and sometimes kill trees,
Too much watér by flooding will do this; so will drought. Logging and road
construction may alter natural surfuce drainaize which mav lead to flood-
g, Excessive soil disturbance and root eutting may bring about drought
conditions to & tree or a group of trees

Extremes in temperature likewsse affect tree health Sudden drops i
temperature to well below freezing following a mild period can kill tops
of fast.growing conifers This quick freszing injures the inner bark of the
tres, However, only vigorous tops that are exposed to the sun are affected
If the tree s not an insect hazard it may recover or grow & new top. Hot
temperatures during the growing period before new folinge and twigs
harden mayv cause some dessicalion and burning, especially when sccom-
panied by strong, dry winds, but usually the consequences are pot serions.
Adr pollution alse atfects tree health in some areas,

In addition to protection from fire, pests, and weather: foresty and resid-
ual stands need to be guarded from damage that may be caused by human
activity. Public access should be contrelled to prevent mdiscniminate
travel by vehicles. cutting of ttees, and vandulism. The productisaty of the
site is-al stake ay well as the future vilue of crops to the landowner,
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Chapter X

FOREST-RANCE MANACEMENT

As phinted out in Chapter [ and elsewhere m this handbock, o forest
lias other important resources besides wood that deserve attention of
owners and minagers, Same of these non-woad values have tangible uses
that are tarketable. A good example of this is forage that grows within
and adjacent to forests: It's fairly common to find forested properties that
produce both mber and grazing income

Multiple Use

Before discussing range management and other forest uses (Chapter
X1, the concept of multiple use needs to be explained. Multiple use s &
populir term in conservation and forestry, [t is defined us w practice that
fullills two or more objects of management, particularly in utilization of
4 forest. This is 4 dearable obiective bhecause there is an opportunity to
inelude il in most munagement programs, at least 1o some extent, Smgle-
purpose forestry his Httle place in modern land management. Multiple
use does nnl mean that each acre 1s managed intensavely for more than
one purpose. Instead, it embaodies the principle that a forest is composed
of @ number of values that sceuran varving nmuxes. In parts of the torest,
woud or any other resource may be the dominant value and is treated
accordingly. An example is a meadow within a forest that logically would
be utilized for grazing but a meadow also stores an immense quantity of
water, provides feed for certum wildlife, and is an excellent visual usset 1o
& property. This, the concept of multiple use i to manage a forest as a
whale for all its potential uses and Lo stress certain ones in those parts
where biological and otler natural factors so dletate, Compatibilite iz the
key to multi-purpose mutagement.

In addition to timber growing, other mam uses of 8 forest inclode graz-
mg, water vield, fish und wildlife production, and recreation. Associated
with these are the aesthetics or beauty and the environmental attributes
of n forest. Although these values are immessurably poportant, this book
cannot cover these subjects in as much detail as for timber production,
because euch of them is.a hig tapic in itself T do justice to them would
really require separate handbooks, Nonetheless, our purpese is to empha-
size that a forest has a number of resources and all of them should be
wisely managed. '

Forest-Hange Use

A significant amount of the land being grazed by domestic livestock in
Califorma is forested range: On many forests the earnings from grazing
are substantial and second only to limber growing. While some damage
may be done to trees and the site by domestic animals, if properly done.
forests can provide both wood and forage without imparrment of either
or any other resource In fact. the right kind and amount of grazing can
benefil tree growing.

Proper utilization of these two resources requires the prastice of for-
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estry and range management together. The latter 15 an art and seience
separate from forestry that t¢ invelved i the procurement of maximum
sustained use of the forage erop without jeopardy to other values or uses
of the land. Range includes many kinds of grarzing linds—uncultivated
pastires, prairies, natural grasslands, some brushlunds and deserts, and
areas having a mixture of forage plants and trees. We are primarily con-
verned here with the last of these broad tvpes of range.

Because it is an integration of plant ecology, soil teehnology, and animil
husbandry, range management is a profession i itsell. Manyv foresters
have a working knowledge of this S'LlEjECl; haowever. much of the range
lands are managed directly by, i with the advice of, ruoge speclalists.
Tree farmers wanting assistance in this field can obtain it from county
farm adwvisers, the Soil Censervation Service, the U, 5 Forest Service,
private consultants, and brush-range improvement specialists of the Culi-
fornia Departmment of Forestry,

Hange Plants and Types
Grazing ammals consume many kinds of plants, from small forbs to
woodv vegetation. Most range areas comlain 4 mix of grass, lorbs, and
shrubs. What livestock feed upon and how a desirable forage cover can be
maintained need to be understood in order to manage s range resourcs

Ky of Plante

Overall, grasses constitute the most unportant foruge for hivestock and
lor many wild animals. There are o great number of grass species, The
miore desirable ones are the perennials. sspecially some fescues, because
they ure excellent teed. provide a more dependable forage supply, and
add more stability to the ecosvsten. However, annuals have a place alse,
especially to provide winter or early spring forage in milder, lower-eleva-
tion areas Table IX-1 lists the more common grasses. palatable forbs. and
hrowse species found on forest-runges

The forbs are next in impeortance. They are low growing, non-grusshike
annual or perennial broudlenved plants, the top growth of which dies each
fall. The many species of forbs exceed those of grasses: they range from
highly valuable clovers to weeds and poisenous plants,

Many shrubs and 4 few broadleaved trees are another source of feed to
livestock and big gume animals, Browse., as if is called, includes deciduous
ar evergreen shrubs or Irées, the sprouts, twigs, stems, vines, and leaves
of which are cropped. These plunts are valuable, because the seasonal
nutribve gontent tends 1o vary less than in grasses and forbs. und thev add
variety to the diet and enhance the nutritional intake. Sheep. goats, and
deer umnlly prefer browse and torbs over grass,
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Table 1%-1. Common farage plants of Caliternio forest-ranges with comparative
grazing volues.”

rrassns Forly Frowse (vhribad
€+ Perenninl hromegrasses o Buracloves G Deet brush
G Persmrial fesues G Filares & Bittar hrush
G Newdlegrazses | Stipa spil G Clovers [ G Wintetlal
LG Datgeas 5 Uow parsnip { G Serviee berry
0 Bluegrasses | Pogsp FiG  Mulesoars G Mountain mahogany
b Bt ches F Yarrow G Aspen
L Wil sats F-P Lupinecf F-C  uks
G Wildne F-I Vetches -G Willon
F  Ripaut brome F Turvesd F (Chamise
F  Red hrome P Tuckevmuiliein ¥ Fireweed
B Foxtail feseue F P Sagehrush
FP Taowny chess F Mansanity
F-P 'Wild barley P Hahbithrush
P Niteriass P Chermes | Prunus ap

= G=Limul, E—Fmr. P—Poor
+ Many specios poisonoia
COF. Dedge, 180%

fange Tvpes

Ranges can be broadly clussified by their vegetutive composition and
potential grazing value or carrying capacity The main broad groupings
found in or adjacent to forested lunds in this state are described below:

Meadow types have the bedt cartving capaeity, but they are limited In
area and have to be handled carefully to maintain their produetivity,
Overgrazing can not only deerease the vuluable forage plants, but it can
cause erosion, gullving, and resulting draining of the huge amounts of
water stored underground. Some meadows are wet and others are dry on
the surfuce.

Wet meadows are found in valleyvs and even on slopes where water is
abundant, such as af high elevations, Usually, the forage. consisting ot
sod-lornng Lerbs, sedges, and rushes, and some grasses, stays green
throughout much of the summer Bluegrasses, bent grasses, and clover
prow oh the drier sites of the meadow

East of the Cascade and the Sjerra Nevada, thers are dry meadows on
tats and small vallevs, where spring snow-mell provides water, The plants
m these meadows, which dry owt by midsummer, include bunch grasses,
like the Nevada bluegrass. Another drv farm is the sedge meadow found
on. flats and benches on the eastside and high in the mountains. There,
sod-forming sedges grow protusely, independently or along with bunch
grasses and other plants

Frairies or natural grassv gludes, which are interspersed within torested
areas of the north coast region, are another good foruge producer. The
dominant plants dre such perennials as oat grass, tufted hairgrass, feseues,
reed grass and some annuals and a4 variety of forbs. These prairies ire
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located on mibural grassland sails

Foothill ranges and woodland-grass aress within and adjscent to the
lowez-elevation conifer forests, especiully bardering the Central Valley,
arer extensive ond provude a large dmonnit of graring, mostly doring the
raunv season. [n the early days these ranges included highly prnized peren-
1al bunch grasses accompanied by vanous forbs. The dominant plants no
longer are these valuuble species; they have been replaced m large part
by annuals, many of them invaders from abroad. Afew of these, like wild
witl, soft chess, filaree, and bur-clover, have good value as forage, but some
of the species present toduy are poor te worthless or EVET :1inn'.tgiug e
livestock,

Brishfieldcor ¢haparral also contain feed for ivestook as well aswildlife,
but # takes many acres 1o support an aimal. In addition Lo the brovse,
grass and forbs grow in openings and along margins These brush stands
are characteristic of dry dtes on slopes und ridges in the loothills and
moantuins. The composition af the brushfields varies considerably accord.
ing to sois and climate. They are mostly evergreen and many will sprour
when cut or burned. The common domunants include various forms of
chamise, manzanity, ceanathns, sagebrush, and serub oak, accompaned
by other shriubs. Some chaparral areas are the result of old wildfires m
timber, and others are caused by brush invading overgrazed areas of
farmer grassland and woodlind-pras types,

Intra-forest ranges are composed of conifers and a wide selection of
intermingled grasses, farbs, and browse plants, including some hardwood
trees, While they have low carrying vapacities, somes eomrmeereial lpreqy
supply forage during (he critical dey season. The pine and the mixed
conifer tvpes ure used quite a bt for grazing Douglas-fir stands have Jess
farage potential. while redwood and red fir produce little range feed.
However, all timberlands after harvest form a better range tvpe temporar-
ily, because of the modificution of the forest canopy and lpgmng disturb-
ance Grasses, forls, and shrubs usually multiply for a few vears, providing
win inereased amount of foruge until new trees became established and
shade owt the understory plants.

Subalpine weed-grass fvpe oceurs above the commereial timber zone
generally on steap slopes. Where located on liva soils, it is an important
forage tvpe. Plant eamposition ke guite variable, but pnsnally inelisdes <same
bunch grasses, sage brush and other browse, forbs like wooly mules-gars
and lupines, and seattered trees.

Burned rypes are transient variations of brosh and forest-ranges, They
ure the result of wildfires, slash burming. ar fires set to try to improve the
range where little or nothing was done to get a complete burn or to
contral subsequent woody plants Burning can adversely affect timber and
watershed values and cun alter the site miurkedly. Imtense fre can reduoce
the protective lumus, change the chemicul and physical properites of the
sonl, and will expose the surface directly to the suncand eain The value of
the resulting forage ixhighly yvartible—some b, some goad

In the case of brushfields, for a lew vears afler 4 burn there is a lempo-
rary Mlush of grasses, forbs, and sprouts that offer fuir grazing Mueh of this
is caused by the ash nutments. The orgmal shribs become recestublished
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by seed or gprouting, and these plants while veung have some browse
vilue However depending on the site, forage capacities Tor livestock are
generally low, aned the wildlife that are attracted to the dares reduce the
avatlable feed. Fire as a range improvement tool 15 explained m a later
section,

Burned tunber areas are wmvaded maostlv by fireweed and other forbs
and shrubs, Some grasses may appear also. These plants; especially some
if the maore desitable shrubs like deer brush and other ceancthus species.
provide considerable forage for 4 few veurs. Careful grazing of these areas
during this period can be helpful in checking competition from these
plants to conifer reproducnon

Range Evaluation
In order to properly manage anv lorage the manager must know its
biological potentiul. condibion and trend, and carrving cupacitv. Nange
scientists and practitioners have developed various procedures for makmg
this evaliation.

Hasio Site

The basic guality of the site should be determined first. Soil, climate,
slope, density of existing forest cover, and other factors affecting the qual-
ity of forage growth nead investization to deternune the potential of the
site. Sorme gpen forests and assoriated lands presemt an imomediate oppor-
timity for range management while others, like whollv dense forests, mav
ol

Using data on the basic fualities of the site and the condition of the
range. a manager can decide whether a grazing program would be feasi-
ble for a forest property. Economuc factors such as.costs of fencing, water
development, herding, and necessary runge improvements along with
prospective income must be considered too. Grazing fees on nearby pub-
lic lands can be used to judge market value of grazing leases; this informa.
tion is obtained from the U. S Forest Service and Bureau of Land
Management. When the returns will be of little consequence it may be
hetter to keep the ferage for wald ganie. In some stuation, where forage
s in short supply, reducing grazing competition from domestic animals
miy lessen the posibilitiex of wildlife damage to troes

Hange Condition
Next to be examined is the current condition of the range resource
Composition, vigor, snd density of the forage plants are key mdicators of
range conditian. This is important becanse management will be governed
bw it The trend in the candition, whether it is improving or worsening,
indicates what present gragmg practices are deing to the mnge resburee,
What is happening to the soll as to packing and erosion, the tree crop, and
other values should be checked also.
The pvaluation 18 made by one or more of the following:
I. Notmg the condition of big game amimals jnd Hvestoek, both during
und at the close of the season, but keeping in mind that thev mav be
getting enough food by depleting the range
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2 Observing the general appearance of the range—forage cover, soily,

and assoclated tree and other values

3 Looking for certhin indieator plants.

4 Studving in detail key plants or areas.

With adequate forage. both domestic and wild anmils will look healthy.
However, this criterion should not be used alone, because animals can be
i good shape, especially from early to midseason, when overall the range
may be deteriorating.

Westurn balisbellebore Akunk-tobbogs| increoses ropidly on
mduwt where the woter toble b lowered by gullying theis
meodows conbe reitered by sretion eontrel end conserrailve me

On binchgrom ronges o marked intreosse in woaily mulesears indicaves
penduns of the groseer. (Phoros by L. T Burchom |

Figure 1X:1

Tt commton Indicators of rang condiriona.
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Table [X-2.

136

Some indicator plants of range conditione.
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especially in connection with the

general abservation of the range, This includes looking

at soll compaction and erosion, quantity and vigor of farage plants, availa-

A better measure of range conditions
bility of wate

above, 1s through

t for livestock, rident activity, and damage to trees and the

witershed.

The presence of certain plants are good indicators of environmental
range conditions (Figure IX-1), These ndicator plants invade areas that
are overused or abused in tome manner. Table IX-2 lists some of these

Indicator plants and their characteristics.
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The replacement of une kind of plants by athers under chunging env-
ronmental conditions is called plint supeession, It is & natural phenomena
in the development of permuanent or elimax plant 1y pes thut cun be affect-
el by man and animals Successional trends up and down this scale of
development are schematically shown below for Callfornia annual range
(lefti. and for perennial range (right).

Perennial Range

Anmual Range lof montane zone)
:iifid ?au r%vena sp.) i Siem:itir wiﬁatgruss {Agrapyron
soft chess (Bromus mallis trachyvesulom)
Ripgit brome ( Bramus rigidus) ] | Blue grasses (Poasp,)
Bur-clover (Medicago hispida) & g Needlegrasses (Stipa sp.|
Foxtail fescue (Festuca megalura) £ 3 Perennial fescues (Festuea sp.
Filaree (Erodium sp:} = E‘ Junegrass { Koeleria cristata)
Red brome (Bromus rubens) %JJ E Spuke trisetum [ Trisetum
Tarweed (Hemizania sp. = spicatum)
Silver hairgrass (Aira caryophyl- E_g’ California brome {Bromus
lea) =@ carinatus)
Turkey mullein = % Aster (Aster sp.)
(Eremuocarpus setigetus) ‘ 1 Pentstemons (Pentstemon sp |
Sagebrush [Arteniisia sp |

U.C.. Sampson, Chase, Hedrick, 1951

another sign of range condition is the extent to which key species are
grazed, especially the more palatable and abundant plants. For examptle,
# dry meadow is properly used when about a quarter of the bunchgrasses
iz ungrazed, the soil betwesen plants is only shightly trumpled, and the
grazed plants have at least 17-1'4" stubble [naddition, some eritical range
locallbes may provide worthwhile information for managament purposes
These kev areas represent the various types that rangs techmeians study
in a more formal. detailed way to evaluate the effects of grazing.
Carrving Capiorty

After un area has been determined suitable for grazing land and its
condition evaluated, the manager needs to knosw what numbers of animals
on the average it can support without detericration of the range and other
resources. Setting the correct carrying capacity maiitains 4 goed balunce
of desirable species and sustains forage production. The capacity of a range
is related to elimatic conditions and management practices

Cirazing capacity cun be expressed In number of animal unit months
(AUM) a range can sustain in the course of an pverage voar, An AUM is
the amount of forage needed to feed a mature cow. or its equivalent (five
sheep for one month. It equals 300 pounds of total digesnble nutrients or
3710 tons of hay. The AUM is 4 measure of how many stock to pat in an
areq; it is used alsor by public land agencies as a unit for grazing tees The
acreage required per AUM varies widely by kind and condition of the
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range—from less than one acre for productive meadows, one to three
acres for annual and grasdand types, 30 or more acres for chaparral and
coniferous forest types As an example. a 900-acre property exclusively of

the latter tvpe would support perhaps 30 cows during the month(s) that
the range plants are flourishing.

Management Practices

The production of ranges can be increased by a number of practices
They seek to obtain better distribution of the livestock, equalize utilization
of the forage, Increase the forage plants, control poisonous plants, other
unwanted species, and rodent damage, and safeguard the soil and water
shed resource Where the forest owner does not personally use the range,
the costs of sume practices can be borne by or shared with the range lessee,

Watering Factlities

Of high prionty is the need to provide adeguate water supplies for the
livestock. This allows more stocking of animals. and if spaced properly.
they are distributed better and uvtilize the forage more evenly. i possible,
water should be gvailable so that-cattle do not have to travel more than
one-half mile for it in rough country, one mile in rolling terrain, or two
miles on gentle ground. For sheep, the water should be within 1'% miles
in rough topography to thres miles in easy country Table [X-3 gives the
daily water and salt requirements for llvestock,

Tokle IX-3.  Water ond salt requirements for range livestock.

Sl regoure:
Wiater reguire- ment per feadd
ment per Seed fperencs prer
{-lass o sroch fudilars per b e
Cuttle e T T s 12 LD ke 23
Hotset., s 12 325 to 373
1 e Lt L A S _i 25 L5 250 10

* Inctudes an allowance for weathenng losses

Salt Needs

Salting is another efective practics of encouragmg proper distribution
ol stock and utilization. [t also promotes good weight gains. Because it
leads to excessive concentration and range damage, salt should be placed
away from watering facilities and meadows, such as on aceessible ridges,
benches, and openings in the forest, where the area is large and level
encugh for stock movement 1t should be alsa placed to draw animals away
from sensitive areas into lightly used or hard-to-get areas. Salt should be
distributed throughout the range at intervale of about ¢ne mile for cattle
and horsas and with more gpacing for sheep
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Control of Srock Movement

Feneing, or other means, may be necessary to keep livestock within
bounds and to prevent trespass on other property. However. in a few
countips or parts thereof (Lassen, Modoc, Shasta, Siskivou, Trinity | ppen
range is still practiced and stock cannot be considered in trespass unless
the lands strayed upon are fenced. Therefore, except in those places, it is
the livestock owner's responsibility to keep grazing animaly off lands for
which there is no lease or permit.

In addition ta property line and other permanent fencing, ternporary
ar moveable drifl fences are useful to distribute livestock properly, Herd-
ing the animals about may be necessary oceasionally [or the same reason

Serding and Fertifization

Broadcast seeding and fertilization by hand or aircraft can improve
forage growth where it is needed on some ranges. Selective hand-seeding
in forested areas on skid trails, landings, and roadsides prevents erosion as
well as furnishing some forage. Seeding sites and conditions are highly
viriable and each project should be studied by 4 range technician before
hand as to spedes to use, timing, sowing rates, methods, and rodent con-
trol needs. Large areas should not be seeded in total until some field tests
have demonstrated probable suceeds The same caution applies to fertiliza-
tion.

Pofsonous Plants

There are many plants that are noexdous or paisonos 10 one of more
domestic livestock The more commeon ones are listed in Table IN-4_Same
plants can be lethal; others cause sickness, growth loss, or malformation of
offspring. Stock do not eat these plants by cheice, Heavy inlury or loss is
the exception where wholesorme lorage is in sdequate supply. Thus, the
gontrol of these plants depends largely on proper ringe management.
Some practices lo reduce stock damage are

I. Avoid too early use or overuse of Lhe range.

2 Delay placing stock in poisonous plant areas until stock have become
adjusted and the forage is in good condition

3. While moving stock, travel dlowly through areas of poisonous plants
5o that the animals will have time to select the right forage.

4. Withhold grazing of poisanous plant areas to allow re-establishment
of better plants

5. Eradicate the worst paisonous plants by grubbing. frequent cutting,
or chemicals.
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Table |X-4. Common nexious or poisonous plonts of Califomia torest-ranges.

rnirinls Afferresd

Flant st | Flotrses e

Bravken fern | Plemdiem squadinum) -
Waterhemlock (It 8.0 o vmmmrmer— e s
Pomonhemlock (o s

Larkspuar ( Pefnbimim g9 e
Laapine (Laopias so0
Locoweed {Avragalus s & CO0Rroms 570 e
Death camas [ Zvigadtemus s . o
Elomath weod | flsperioam ;mr.l"w.s"-a;u T,
Milkweeds ( Aselepras 5o . _—

Skunk cabbage | Veratrum sz
Wetheri arleg | Rhadufandran aom l.-’}'i"-ll!.-n'r'

P A R A i

E e it |
L A

CDF, Dodge, 1974

Control of Rodenis

The cantrol of rodents, such as the ground squirrel, mav be necessary
where they are a problem. Their depredation may reduce from one-fourth
to one-half the forage, besides causing other damage like soil erosion and
teeding on tree sesd and reproduction. Rodent populations are sometimes
kept in balance by hawks, other raptors, and preving anirnals. The advice
of county farm advisers, agricultural commissioners, soil conservation
technicians, fish and wildlife autharities, and licensed pest cantrol applica-
tors should be sought,

Erosion and Watershed Hepair

Erosion depletes many ranges, especially meadows and praines. Over-
grazing of these valuable forage areas reduces protective plant cover
leading to sheet ercsion of the topseil Sometimes, gullving follows: it
causes a lowermg of the water table and allows invasion of less desirable
plants like conifers, brush, and unpalatable species. Better regulation of
grazing and clogging gullies with brush, debris, and rocks ean stahilize or
impriove the situation,

Controlled Burmng

As stated previously, controlled burming can be used to improve and
convert brush ranges into better forage. Fire should be emploved very
discriminately and in a safe manner To obtain the best results; only sites
that have the busic capability to respond sahsfaetonly should be chosen
Examination of the soil or study of soil maps will indicate what areas have
o reasonable chance of suecess. In addibon to preparation of secure fire-
lines, the selected areas preferably should be carefully prepared by bull-
dozing, crushing, chaining, or chopping to pluce the fuel into manageable
form. The burning should take place under the required permits (fire and
air pollution controlt during the right weather conditions, This is after the
treated fuel has dried to some extent. The firing method should be one
that will safelv consume most of the woody material. The success of the
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project wall be enhanced greatly by follow-up seeding and especially regu-
luted grazing. Safe. selective herbinides can be effectively used 1o contraol
post-burn woody sprouts. Literature. advice, and assistance on brush
tange improvement and controlled burning are svatdlable from the CDF
and eounty farm advisers.

Gruring Systems

Livestock operutors und range sclentists have devised a number of dif-
ferent grazing svstems. The purpese of the system is to promote the most
efficient land management practicable. Tt should conserve or improve the
forage production, and other resources, and vet allow an optimum Jevel
af livestock production. The chosen svatem should be one (hat can be
integrated and compatible with the overall management of the property
and sull protect the timber, water, wildlife, and recreation values

Graxing can be either continuous throughout the grazing season oryear,
or it can be based en partial use. The system must be picked specifically
for each range by considenng growth and muintenance requirements of
the forage plants and livestack, the grazing habits of the animals, and the
quantity  and locution of the feed. There dre five man grazing systers that
one can employ

Contintous Grazimg

The traditional erazing svstern allows livestosk 1o graze i range
throughout the vear in mild climates; or throughout the season when the
area 1s growmng accessible forage. The use pattern s generally the same
each vear, except for adiustment because of weather Factors. Uniform
grazing isachieved by the management practices descnibed earbier in this
chupter—wiatering, salting, fencing, and herding.

Continuous grazing is convenient It requires the leas! investment o
range improvements, less handling of livestock, and generally, it utilizes
the different kinds of forage when they are most nutritious.

There ure disadvatituges to continuous grazing. Livestock tend to con:
centrate too much in the better areas. thereby damaging the forage and
soil. Poor distribution of the amimals ind uneven utilization of the plants
waste [orage mn some places.

Deforred Crazing

Grazing is delaved on some ranges or areas 10 favor reproduction, early
growth. and physiological needs of foruge plants. Deferred grazing is often
selected for runges where the gruzing peried would otherwise melude 4ll
or part of the growing seasan, The svstem generally is best adapted to
ranges i nesd of rehabilltation. This is accomplished by promoting Arm
establishment of new growth and full development of the reproductive
argans of the plints Usoally, deferment of graxing is combined with
rotation Srazing.

Hoeatian Grazing
This svstent provides for the arderly rotalion in the grazing of two ar
more parts of & range The use of these parcels i alternated within the
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grazing season, the vear, or between years with no-grazing periods
between in order to rest the range. The purposes of this system are to keep
the forage on the entire property m good condition, utihze the range
evenhy and to avoid damage to sail, the watershed, or tree crops. It is best
adapted to rangesan fur and better condibon. -

Fencing or herding is usnally required for rotation gruzing. This alter.
nate use might be nbtained to some degree ulse by change in yearly
loeation where livestock begin graring and controlling livestock distribu-
tion by herding, salting or watering.

Deferred-Rotation Grazing

This is a combination of the above two svstems Under this method,
grazing 1s deferred for awhile on part of the range during the growing
season for one or more vears. Then, the use of the other parcels sre
deferred in rotation, Grazing takes place an the entire range for at least
part of each graving season or year

On ranges with summer grazing about one-third the season remains
after forage seed has matured. Three different grazing units are needed
to practice & deferred-rotation seacon, Use is delayed in each parcel Tor
two-thirds of the season at least every third vear. As in Totation grazing,
feneing or other means to distribute the stock according to the plan are
required.

Hest-Rotation Grazing

This is 4 more sophisticated system that is a further refinement of the
deferred und rotation grazing systems. This plan has the additional feature
of having complete rest on certain parts of the range during certain sea-
sons ar years, The |ong rest period restores the condition of the forage by
allowing the more desirable species to grow and reproduce.

Choasing the Systony

The systemn ta employ on a property depends on its sail. vegetation,
chmate, and hvestock invaolved, and the objectives of the manugement.
The plan of use should be developed cooperatively between the owner.
manager, range adviser, and the user

No management practice—season of use, rate of stockme, distribution
of livestock, range improvement, or grazng svstem-—will by itself materi-
ally improve any range. All must be combined into a management plan
te be sueeessiul in achieving the most effective and efficient use of the
range and other resources. Investinents often have to be made to secure
the best results and to provide reasonable returns to the landowner und
livestock operator.

Regardless of the grazing system, the guiding principle of proper range
managenient 15 that conservative use 5 necessary to maintain the right
kinds and amount of foruge species. The chief causes of rangeland deple-
tion are too early grazing and too elose cropping durimg the normal graz-
ing period. A range long overgrazed has uswully lost most of its best forage
plants A substantial pereent of the current amount of palatable vegetation
and seed stalk< need to be left at the end of the grazitg season to maintain
a range in good condition
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Protection of Timber

Histarically, there has been a serious conflict betweent grazing and tim-
her production. This doesn’t have to be; studies have shown that usaally
damage 1o trees from livestock is doe to faplty grazing management.
Other problems have arisen from unwise attempts to convert timberlands
to runge and range improvement burning that was not properly con-
trolled.

There are a number of contributing factors in the damage of trees by
Livestock, namely:

b Where proper forage s limited or unsuited to livestock, trees are

harmed by browsing and breakage.

2. Tow early grazing, prior 1o full development of lorage plants, results
m excessive browsing of trees and trampling of voung tree seedlings
CGranng during periods when snow covers part of the ground forage
in early spring und late fall also leads to browsing and trampling:

4. Poor distribution of livestock is another reason for trampling and

browsing of trees:

Despite these dangers, range ublization has benefits besides those of an
economic mature. The right kined of grazing can increase reproduction of
trees by planting of seeds by the hooves of the livestock: The competition
to tree seedhings is decreased by animals feeding on herbaceous plants
Similarly, browsing on hardwoods keep those species in check in conifer
stands. Anather benefit to forests from grazing comes from reducing for-
est fuels in the form of grass, forbs, and shrubs Moreover, some livestock
trails can be used to start fireline construction.

The kev to achieving compatability and mutual benefits between range
and forest production is wise management. If each resource is handled
correctly, the impact of one on the other s lessened and the total cutput
is better than by ot having an integrated managernent plan
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Chapter X
WATER, WILDLIFE, RECREATION

In addition to timber and range, the other valuable uses of forests are
watershed management, fish and wildlife production, und outdoor recres-
tion. These tesources may not offer much in the way of a saleable, physical
praduct like wood and forage; nonatheless they provide many benefits to
both forest aawners and society in general, In many situations, the tree
farmer can personally utilize these resources and eéven market a service
based on them within the framework of & multiple-use program.

Watershed Management

Water is a necessity for all living thmgs. Tt is especlally eritical here in
Califorma because of aur large population, rregular geopraphical distribu-
tion of precipitation, and its seasonal nature, marked by occasnional severe
drought vears, Consequently, California has spent more on water develop-
ment, transport, and protection of quality than any other state in the
Us

The annual average yvield of water from California lands {s 67,758,000
acre-feet. Besides this native water. additional amounts are imported.
Mast of this water has its source in the wildlands, aboul 80 percent coming
from the commercial forests alone. Because of the importance of wildlands
to water production, forest owpers and managers have a vital role in the
protection and management of watersheds.

The Hdrofpgic Crele

To earry vut this responsibility, one should huve an understanding of the
hvdrologic eycle (Figure X:1) and the various factars involved. Some of
them can be manipulated and therehy affect quantity and quality af water
vield, flood runoff, erosien, and sedimentation,

The natural distribution and transport of water in ity various forms
isolid, liquid, vapor] follow the hvdrologic cvele, It can be expressed by
the formula:

RO=P—E—T— lor +} 8

where RO = runoff or water vield
P = precipitation
E = evaporalion
T = transpiration
5 = storage of wiler in ground

Precipitation by rain, sleet, snow, hal, fog, mist, dew. and frost is the
principal source of water aon the earth’s surface. Allare derived from the
atmasphere where mopisture exists as vapor, particles of water, and snow
or hail. These forms are created and precipitated to the ground by various
weather phenamena

Exvaporation is-one process by which water from the land and wuter
bodies returns directly to the atmosphere in the form of vapar, The rite
is'a function of 1) solar radiation, 21 temperature, 3) wind, 4) atmaospheric
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WATER STORAGE IN ATMOSPHERE

>~ B
| ] -

QUTPRUT

Hodrp sl

=T =

Tyapatranzaeghan

I

Evaoard ion

|

M Ce Do

FNPLUT

Foin, Srigw,

Langensotion

i

.

L84 ‘,-;{?
;:Ii.l. T ¢ T tl jﬁ
( INTERCEPTION L
L | STORAGE :
i n plants e
. i .
SrarHiond, £

Teamepirarea WM

| h

Wird-Elown snow

Trerpughial

FEROpY drhp

W

|

MOEFIO—A MMEZZe I

¢ .";-._I t‘.\‘h - .
T O N SURFACE STORAGE  |Crectend Flow
o :" Aesgr v [ 1
; \ B
& W, w e
(3 N ntiitranas
£ %, :
IN |y ToPlente ]

\TNE | SoIL-WATER STORAGE
L q
A r L.
N i B DG e
-ﬁr "'R:th 'bn"gn ﬁ-

Rl GROUNDWATER STORAGE JESpAgE
Heiow wIlp- BDE|

Seepane

| &

QUTPUT

VL ok

=
Total 'u'l.-';:_na.- ¥aid

Figure X-)
The hrdrologo cvele

'S F 5. Pacifie Southoest Forest ind Aaige Fxpormment Staton, 1978




146 CALIFORNTA FoResTRY HANDBOOK

pressure, and 5) humidity. It 15 affected greatly by the mterception and
holding of precipitation by vegetation or surface objects, The result is 4
sizeable reduction in the water reaching the ground, For instance, studies
have shown that a ponderosa pine can intercept from 22 1o 40 percent of
the precipitation, However, ovcasionally the interception is temporary
and the water still gets to the ground from flow down the plant stems and
log drip

Transpiration is the release of water vapor into the air from vegetation,
The amount s related to vegetative cover, the growth activity of the
plants, and weather conditions, varving by hour, day, and season It s also
affected by the available ground water,

Although plants do not consume much water in the nbsolute sense, they
do take water from the soil, use 1t in their physiological processes, and
release it as a vapor so that it is not readily available. A single tree can
extract hundreds of gallons of water per day from the suil. In general, on
a per-acre busis, transpiration from brushlands and forests is from 5 to 25
inches per veur, or more. Certain plants whose roots reach the water table
(phreatophytes) and riparian or stream-bank plants like alder and willow
are notorious users of water. Transpiration is the primary source of water
use 1 foresty, in conlrast to evaporation from the soil, since the canopy
intercepts most of the solar energy

Storage of water in the ground consists of soil mosture and as free water
below the water table in porous strata ar formaticons known as aguifers.
Because of variations in amount of stored water and the nature of the
geological structure, the runoff from a watershed may not equal the inpuf
less evapo-transpiration losses. When the watershed is saturated and the
ground water table is at its Highest level, the outfiow is at a maximum,
However, some watersheds leak because of their geological structure, <o
the runoff is less than would be expected, Conversely, some watersheds
vield water from desp underground storage by artesian springs, in which
case the runoff is Inereased.

Water moves from the land surfaces into the soil mantle by mfiltration.
The rate is high when the soil is dry and low when the soils approach their
capacity to hold water (field capacity). Moreover, infiltration is affected
by amount and kind of plants, ground litter, soil structure and texture,
turbicity of the water, and character and depth of frozen soil. Movement
of water deeper into the scil and below is called percolation,

Edtects of Sotl and Vegetation

Obwiously, soil and vegetation affect the hmebomng of a watershed.
This needs to be understoud by forest managers and users because man-
agement activities change the amount and composition of the plant cover
and the accompanying soil resource to a significant degree, However,
these effects can be altered by land management

Vegetation has minimal effect on precipitation, most of which is caused
by evelonic and convective storms. However, forests improve the micro-
climate and bring about 4 little precipitation from fog drip and by inter-
ception of moisture-laden clouds at high elevations Most important is the
amelioration of high temperatures, low humidities, and wind movement
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at ground level that are often destructive to young seedlings and unfavora-
ble from the standpoint of wildfire.

Iriterception and transpiration cause same witer loss, but this is offset
by other benefits. One gain is that this movement of water into the air also
Improves the locil climate by copling the air and increasing the humidity.
Interception of precipitation by plant [oliage breaks the impact of rain-
drops on the ground and prevents puddling and ercsion of the soil.

The infiltration capabilities of soil and vegetation are especially valuable
to watershed management, Good mfiltration prevents or decreases flood
runoff and extends the time of water yield. Both the amount and rate of
infiltration into the soil are governed by a number of factors: One of these
is the porasity of the soil that can be decreased by compaction, The kinds
and combinations of particles in 4 soil—clay, silt, sand, rock—largely deter-
mine porosity, Soil texture and depth also affect water-holding capacity.
The vegetal litter and humus form organie matter in the soil that makes
it more porous, binds small particles into aggregates, holds moisture, and
adds nutrients

Much of the erosion and Nood ronofl damage is caused by surface Now
of water, Some erosion is natural or geologic und some is accelerated
hecause of human activity. Soil is moved by sheet. gully, and channel or
streamside erosion. The rate 15 related to the gradient and water velocity;
for instance, doubling of the velocity increases erosive power four times.
Mass movements also ocour sometimes in form of slips and slides, especial-
Iy in unstable areas. Erosion is also materially affected by the kind of soil
{see Chapter 1[—Site) The maore erodible sails of Californis forest areas
are listed helow:

Redwood-Douglas-Fir Region Pine Region
Atwell Chaix
Casper Corbett
Empire Chawanakee
Hely Heitz
Larabes Lytton
Mendoeing MeCarthy
Modesty Shaver
Tonini Tish Tang

Windy
(CLDE . Stone)

Vegetation mmay decrease erosion in three ways: 11 the canopy reduces
dislodgement of soil by rain drop vmpact, 2) plants and humus facilitate
infiltration and thereby reduce surface flows, and 3) the velocity of over-
land flow of water is greatly decreased by the vegetation and its debris.
Cenerally, the denser the cover the more the water flow is held back with
the peak discharges correspondingly lowered. Vegetation along roads and
streambanks particularly deters erosion at those eritical places.

Water Utilization
Because water is such a valuable commedity in Califorma, its use and
protection are strictly regulated. Moreover, the laws and regulahons on
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water rights ure quite complex. Basically, water is a public resource and
people’s individual rights to it are limited. An owner has rights to water
that can be tapped by springs and wells on the property without much
restriction: The use of surface water from streams and lakes, however, is
controlled by the State. To assure continuance of these riparian rights, an
owner should file for 1 permit from the State Water Resourees Control
Board. That ugeney can also sopply literaturs on water rights und the
various regulations.

The quality of water in streams, lakes, and underground sources is also
protected by laws and regulations of the above agency. This control is
administred by local Regional Water Quality Control Boards Sirmilarly, as
noted m Chapter II, the Department of Fish and Game has laws and
regulations to prevent damage to streams; lakes, and fish habitat. Besides
protecting these resources because of legal mandates, water and water-
sheds have z personal value 1o an owner for domestic and land-use reasons.

Some landowners find it worthwhile to impound water behind dams or
in ponds to increase and extend supplies for domestic, agricultural, and
livestock purposes, Assistance in the desgn of such facilities is availuble
from the State Department of Water Resources and the Soil Conservation
Service. Dams of more than six feet in height that store more than certain
aere-feet minimums must be bullt imder a permit from the Department
of Water Resources und meet strict safety standards. Dams on streams
used by migrating fish need a passage structure.

Water is measured in a number of ways. In addition to inches { precipita-
tion} and galims, water is measured by such units as 1) acre-feet, 2) cubic
feet per second (ofs) of flow, also called second-feet, and 3) miners inch.
An acre-foot is water one foot deep over one acre; it equals 43,560 cu f1.
or 325851 gallons. A cubic foot of water equals 7,48 gallons or 62.4 pounds.
The miners inch, a carryover measure from the sarly mining davs, iz still
used in mountain areas. It s a fow of water through a one-inch square
noteh with the incoming water level 8% Inches above the bottom of the
noteh, and is equivalent ta 153 cubic feet per minute. The Appendix
containg other measures and conversion factors useful m forestry,

Impaet of Forest Land Management

Faorests and other vegetation provide positive benefits for water produe-
tion. Land-use activities can alter those benefits, easily in a negative, or less
50 in 4 positive way; it all depends on the attitude and actions of the land
manager If the manager accepts the concept that soil and water resources
have value like trees and forage, much can be accomplished to conserve
walersheds,

It is not a simple job to protect the watershed values while timber is
being harvested and the forage grazed. To do so the tree farmer should
adopt a program of wise use of these crops with appropriate limits on
watershed dumage. To achieve this goal, the land manager must know
these limitations, the basic cause of damage, and what protective methods
need to be spplied Some areas remain relatively stable under vather
intensive use while others are much more sensitive. The differences in
susceptibility are due to variations in geology, seil. ¢limate, topography,
and cover
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A number of the impacts on watersheds from timber harvesting and
gruzing are clearly recogmizable from experience and scientific studies.
Water storage and yield are affedted by sume timber aperations. The
effects can be positive if more water is produced or if the flow can be
extended over a longer period On the other hand, peak flows may be
increpsed and cause damage In somie cases.

Both timber harvesting and grazing can compact the soll and expose it
to erosion. The consequences of some erosion may be serious to the prop-
erty owner, neighboring lands, downstream improvemesnts, and water
users. It's well recognized that excessive erosion lowers the site guality and
cant dumage road systems. Agneultural lands and improvements of various
kinds on and off the property may be impaired by deposition of eroded
materials. Sediment from erosion spoils fish habitat in streams and water
bodies, reduces storage capacity of reservoirs, and lowers water gquality.

Perhups a more widespread impact is that seil disturbanes gun lower the
guility of water in streams, lakes, and reservoirs. The addition of soil
particles, organic material, nutrients, and debris degrades the water; this
limits its use. lowers potability, Impairs waterwavs and facllities, and in-
creases treatment costs, Disturbanee of the sides and channels of streams
adds to the problem Removal of vegetation along streams increases ero-
sion and water ternperatures so that fish life and other aguatic populations
may be reduced or even eliminated

Different impucts an the watershed are caused l)_\' the various torest
operations. The cutting of trees by {tself probably has the least effect
Some cutting lm:h.mquex improve summet water supplies by increasing
snow deposition and slowing snow melt. More commonly, removal of trees

reduces trinspirafion losses. this may be good or not, ﬂf-pf'nﬁmg on the
circumstances. Water vield is increased, which may be desirable, but not
so-when the cutting takes place on poorly drained, slide-prone areas,
because the greater amount of water left in the soil mayv increase likeli-
hood of mass soil movermnent The eventual decay of the tree roots reduces
the anchomng and bmmding of the soil. While many slides occur in undis-
turbed areas, their frequency muy be increased by timber cutting and the
road development and yarding that accompany it

Physical damuge or increased harzard of surface erosion from yvarding
comes about in three ways: exposure af the sol, deep disturbance, and
compaction. Exposure of the soil 1s usually of least consequence umless
extensive ar pn highly erosive seils, Some light disturbanee of the top soil
may enhance the germination and establishment of a new lrea erop.
However, deeper disturbance resulting from bulldozer cutting of skid-
roads and landings, skidded logs plowing the seil snd heavy equipment
activity, especially. during wet weather. can lead to erosion problems.
Compaction damage varies enormously according to kind of soil, its mois-
ture content, kind of logging equpment, and frequency of traffic. Severe
compaction adds to the likelihood of faster runoff and erosion; it also may
retard subsequent establishment and growth of reproduction. Compac-
tion depends on degree of haryesting, and is greatest with tractor logging
and least with off-the-ground cable or aireraft methods.

The construction and use of roads create a very large share of the
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witershed damage assocated with management activities, as much as 90
percent in many cases. Hoads on gentle to moderate slopes on stabls
terrain have small impact except through careless construction and main-
tenanee practices. Difficulties and hazards multiply where roads are bult
on steep topography, cut into erosive or unstable soils; encroach on
streams, or when constricted during wet weather. The resulting disturb-
anee that is not locabized or revegetated couses soil and debris movermnent,
deteriorates the site, lowers water quahty, and clogs water courses. Mass
soil movement is a frequent risk with mountainous roads. Poor road main-
tenance also harms watershed valoss in moch the sune way,

Slash disposal eperations mav have a negative eflect on watershed val-
ues. Some treatment of slash is favored in many situstions because jt
lowers fire hazards and improves the site for regeneration of a new tree
crop, and in doing so contributes to retention and estabhshment of a
protective cover. If properly done; slash buming does little damage to a
watershed, but if uncontrolled or too hot, soil cover and stricture may be
degraded This can lead to more water and wind caused eroston, reduction
in infiltration, and the introduction of ath, soil sediments, and nutrients
into nearby streams

Aside from timber harvesting, wutersbeds can be hurmed by other for-
est uses. Heavy feeding by livestock, wildlife everpopulation, and coneen-
trated recreation use can increase surface runoff by reducing plant density
ard by mereasing soil compaction from trampling. Plants lose their vigor
by continual too-close cropping and heavy trampling: productivity drops,
tops and roots die back. and protective cover and litter dwindle, Original
cover is often replaced by plants less effictent in staving off erosion, and
continued overuse exposes dangerous high proportions of bare soil

Frevention and Control of Damage

It has been demonstrated that the way land-use is conducted has im-
mediate and long-term impacts on watersheds Well plunned operations
will keep watershed degradabon to n minimum level. Although careful
operations may add significantly to the cests of forest management. it is
an expense that is necessary to protect personal and public mnterest in
watershed values Forest owners need to recogmize this cost and to bal-
ance it, together with other resource expenditures, against the benefits
and returns.

Principal measures dimed at prevention and control of watershed
deterioration resulting from timber harvesting, grazing, and other opera-
tions are as follows:

L. Avoid or medify timber cutting on unstable areas to prevent mass
sail movement, because of geological disturbanee by logging, reduc-
tion in soil anchorage by roots, and lowered transpiration losses that
can result i oversupply of =oil moisture on the area.

2 Adupt equipment and methods of logging to reduce gouging and
deep soil disturbance. Consider using cable systems an sensitive
areas,
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Prohubit or reduce use of tractors on erosive, steep slopes and sloppy
isaturated) ground. As.a rough guide, 30-percent slopes approach
the desirable maximuwm for tructor operations on non-rocky soils,

Keep skid trails and landings well drained by diverting surface wa
ter tg areas where sediments can filter out and erosive energy be
safely dissipated The installation of diversion ditches or water burs

after logeing is important, and these should be checked during the

wet season to se= that they are functioning properly.

Do not vard logs along. across, or m stream channels. Instead, shkid
logs away from streams and suspend them fully at necessary cross-
inzs. Keep logging debris out of streams and carefully remove any
that gets into streams that may cause damming, obstruction of fish
passage, diversion of flow, bank cutting, and lowering of water ¢ual-
ftw

Plan road, landing, and skidtrail locations in advance of construction
to reduce soil disturbance und to lower constroction, maintenance,
and use casts (see Chapter VI

Learn to recognize and avoid trouble spots for rouds from the stand-
point of geology, soils, seaps

Avord steep roud grades and provide adequate drainage facilities.
Locate roads and landings at a safe distance [rom stréams, and leave
amargin of protective trees and vegetation. Keep roads ot benches
and ridges and away from swales and depressiong

Mimmze earth movement during read construction

Provide regular maintenance to prevent road and watershed dam-
ige. '

Where slash or other buming is necessary, it should be carefully
prescribed and controlled (see Chapter VI Avoid slush burning
adiacent o streams,

Graze forage moderately under a carefully prepared range manage-
ment plan (see previous Chapter)

Manage wildlife populations and recreation use wisely to aveid wa-
tershed damage (see subsequent sections)

Fish and Wildlife

Forests and the ussoctated atmosphere, soil. vegetation, and water are
natural homes for a vast number of species of the animal kingdom, such
as birds, rodents. fur bearers, game, other animals, and fish. Many species
that llve Inand around forests are found nowhers slse, and when wood-
lunds are harmed, some creatures become fewer or disappear. To save the
beautiful and usefil kinds of fish and wildlife, their habitats must first be
protected. because that is the source of thewr food. water, shelter, and 4
place to breed, hide. and live

Furests and Fish

Like the raw witer resource, streams, lakes, and the fish belong to the
public regardless of whe owns the land. As pointed sut earlier, laws exist

£ TR
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ta protect these resources The inland fisheries resource ranks high m
terms of economic value: it supports a valuable salmon industry in Califor:
nia and provides miuch sport fishing that has both recreational and mone-
tary value. The streams'in the forests not only have resident fish like trout,
but same alsa produce migrating or anadromous species such as salmon,
steelhead tront, sturgeon, and shad. Some small streams are important
producers of salmon and trout even though they may intermittently dry.

Many physical, chemical, and binlogival conditions affecl Ash life—oxy-
gen, carbon dioxide. minerals, alkalinity. food, shade, temperature.
drought, and flood. Many kinds of fish, especially salmon and trout. require
clean, cool water wath adeguate levels of dissolved oxvgen and mineral
nutrients The gravelly stretches and riffles are of special importance for
reproduction and food production, and these need to be relatively free of
sediment. Natural reproduction is more efficient and desirable than ex.
pensive and less effective planting of hatchery-rearsd fish

Food for trout and voung salmon is supplied from both land and water,
about 10 percent from the former and 90 percent by the water itself. A
myriad of insect larvae of many sizes, shapes, and varieties that eling to
objects under witer are the dominant food Waters that drain soils lrom
forests and ranges are rich in this insect life. Also fed upon ure cravfish,
smiall snails, clams, small fish, and other life forms

The fisheries can be materiully affected by forestry and range practices.
[y gentra] the same factors that are mvolved in watershed protection
covered in the first section of this chapter pertain to fish.

As noted, surface erosion and muass soil movemeni perhaps have the
greatest influence on both the fish and their habitat, The resulting debris
and sediments block streams and smother spawning beds, fish eggs, and
young fish. The quality of the water {5 lowered by the addition of soil
particles, ash from burnlig, and organie matenial, W hen the latter decom-
poses It consumes the oxygen in the water and releases carbon dioxide and
other harmiful gases: this can kill fish. The effécts thut Himber cutting and
grazing have on water yvield may be damaging at times. Lesy vegetul cover
cwses faster runoff, hicher peak discharges, more erosion. and lower
stream flows during the late dry season. The removal of streamaide shade
can rodse water temperatures to lethal levels for fish; thas puts portions of
the stream out of production and creates thermal barriers for passage of
rezident and migrating fish

It ‘was stated earlier in this chapter that by far the greatest potential for
watershed damage is from roads. This is equally true for the fisheries
resource. The major causes of damage to fish and fish habitat from yoads
are

Roads located too close to streams.

Siltation from unstabilized slopes and road damage,

Landships triggered by poorly located, constructed, or maintained
rizads,

Removal or disturbance of too much tree and other vegetative cover

along streams. causing higher water temperatures, bank erosion, and
diminished food supply,

o

L
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5 Disturbance of beds and banks of streams during construction of
crossings—hridges, eulverts, and fords
G, Improperly installed or muintumed culverts that inhibit or prevent
fish passage
Chapter V11 on Forest Roads also discusses standards and practices {or
protection of watersheds and fisheries

Terrestrial! TWildlife

Terrestrial wildlife constitute another valuible pullic resource that is o
source of beauty. biological stody, recreation, and income. Animals alse
contribute to the nataral woodland balanee; &g . birds und mammals that
prevon inseets and rodents that are harmiul to forest and range resources
As other respurces are protected and managed so must wildlife be, in
order 1o fully realize these benefits: they acerue to the forest pwner and
saciety alike

A main element of wildlife management is vegetative habitat It has
miast of the things wildlife nesd for livinge—{ond, cover, water, and living
spuce. Euely species eats spectfic foods, some vegetative and some anirmial
which in turn are derived directly or indirectly from plants, Vegetiation
and ather natural features form the sover and ecological niches that pro-
tect animals while they feed, sleep, breed, playv, and travel. All wildlife
need water: it 1s obtained from surface sources, dew, snow. and succulent
plants The last habitar requirement 15 enough space 10 preclude over-
crowehng and too much competition

A given habitat can only support a certwn number of each species of
wildhife, This carrying capacity of the habitat is related to the arrangement
and availability of food, cover, and water One good armngement 15 where
these components occur in close, mixed blocks with a lot of transitional
edges between different types of vegeration (called edee offect). Many
wildlife benefit frotn this because they commonly live on the edges, not
the cenlers of different tvpes of cover There are many tvpes of wildlife
habitat and esch requires certain management to provide the greatest
benefits to the animals it supports.

Each species resides m the biotic cormmunity (all the plants and animals
together in the immediate area) that best meet 1ts needs, or in several
communities. These communities are subject to slow successional changes.
because of weather, soil development. plant growth. and other fastors
Resultingly, the plants and animals are rtp]nrf-i:l iwver Hme by other spe-
cies that are better equipped ta survive in the changed habitat. Natural
succession can be discupted by land-use dL‘itLLI’lMﬂ_{ES for example, burn-
ing, grazing, and Umbering. Many wildlife species benefil From some
disturbances that hald back plant successian to intermediate stages:
However. some wildlife spectes need o stable or elimax habitat lee., a
mature forest! to survive,

The nipanian habitar is perhaps the most productive and vital of all the
plant communities for wildlife. Most species are very dependent upon this
cover and are sensitive toits disturbance. Hardwoods (partieularly oak)
ind brish in combination alsotank high as wildlife habitat, This is followed
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by mixed types containing comifers, hardwoods, and brush. A few animals
are peculiar to just pure plant tvpes like conifers and brush alone.

Wildlife Management

Wildlife are muanaged by skillful treatment of the animal populations
and the habitat. The tools used to manage populations inelude regulation
of hunting and trapping, refuges, stocking with native or exotic species,
habitat protection or improvenient, and predator control. The regulation
of hunting and trapping must be flexible and based on hiclogical principles
in order to be effectively applied by wildlife managers. The habitat ap-
proach is the real key o wildlife management. beeause without a suitable
environment animal numbers and health cannot be maintained regardless
of other methods

Various land-uses change the caver and habitut for wildlife. The effects
ean be either good or not; it all depends on how it is done. Woodland that
is intensively grazed is usually & poor place for moest wildlife, Overgrazing
and trampling destroy the more desirable forage plants and yvoung trees
Thus the habitat becomes deteriorated ia the point that wild animal num-
bers and even species are reduced,

While selective, controlled burming mav improve some habitats, indis-
erimuinate burning and wildfire niay cause damage [ntense [ires can burn
amimals and seriousty impair the habitat by reducing cover for shelter and
decreasing fopd and water supphes.

Timber harvesting can have a dramatic impact on wildlife habitat If
carrectly planned and executed, it can serve wildlife purposes. Forest
practices can be used to produce or insure diversity and stability of both
plant and animal communities, or to provide better habitat for selected
animals, These practices offer the most practicable broadscale approach
to alteration of the forest habitat that is available to wildlife managers to
achigve their goals. However, no single forestry practice or system is a
panaced for wildlife, and manugement must be both apprepriate and
Mexible to accomplish the desired overall results, Some forest practices to
eonsider for protection und enhancement of the wildlife respurce are:

I, Choose a cutting system that favors variety of habitat, Group selec-
tion cutting, small cleareuts that are well spaced, and fairly heavy
single-tree harvesting result in diversity of wildlife habitat.

Retain streamside cover and protect meadows.

Harvest trees in ways that create most edge effeet.

Reserve some patehes of brush within or adioining the forest for edge

effect and habitat diversity

Save live trees with hollow trunks and limbs for such animals as

raccoon. opposum, squirrel. chipmunk, wood duck, owl, sparrow

hawk, woodpecker, and insect-eating and song birds of various kinds.

Hallow windfalls also are homes for some animals:

6 Save some hardwoods, especially oaks, as i source of food for many
hirds and mammals, Black oak acorns (mast) alone provide feed for

45 species, meluding woodpeckers, pigeons, jays, raccoons, squirrels,

wild pig, and deer

= L3 19

o)
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7. Keep snags that are not hazardous for fire and safety reasons.or any
snag that contamns nesting birds of valuable species, g, eagle, os
prey. Snags house countless species of birds, mammals, and insects
that decompose wood and provide food for wildlife

2. Protect and develop water sources for wildlife.

Biologists of the Department of Fish and Game, U 5. Fish and Wildlife
Service, . €. Cooperative Extension, and the U 8. Forest Service can
provide literature and advice on wildlife protection and enhancement. In
fact, the first agency will help forest owners assess thewr properties fram
the standpoint of managing them intensively for wildlife: Some private
wildlife consultants ure ulso available i California.

Spectes Protection

Maost native wildhfe were abindant during the sarly days, but this has
changed mainly because of land development and use, and to some extent
bv hunting and trapping However, some species that fell to a low level
due to humans have recovered beecause of various wildlife protection
measures. On the other hand. some species that once were widespread
now have much smaller populations and ranges, and a few are extinet. Elk,
antelope, bighorn sheep, murten, fisher, wolverine, some fox, and some
raptors have become fewer. Contrary to popular belief, such predutors us
covotes and raptors are not necessurdy bad and shouldn't be exterminated,
but they may need some control where they cause damage to domestic
animals,

To prevent a virtual disappearance of declining wildlife, both the fed-
eral and state governments have officiully recognized some species within
California as endangered, threatened, or rare. Protection programs for
these species have been jointly developed by the public agencies con-
cerned with help from private wildlife organizations. Laws, regulations,
and enviranmental impact processes are utilized to give special attention
to the preservation of these cnitical species, and their habitat. At this time
of writing, the critical species associated with Califormia’s forest and as-
sociated lands are as follows.

Endangered Threatened Hare
Calitornda condor Lahonton cutthrodt Bighorn sheep
Bald eagle Lraiil Wolverine
Paeregrine fuleon Paiute cutthroat Siskivou ME
San Joaguin kit fox trout salamander
Owens River puplish Kern Canyon

salamander

Modoe sucker
Bough seulpin

Less critical thin the abave, vet of red concern, are unigue species like
prairie falcon, spotted owl, tule elk, Little Kern golden troot. and redband
traut. Certain raptors—eolden eagle, hawks. owls—and waterfowl deserve
special considerabion also
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Forest Recreation

Reereation is the last, bul certainly not the least important, of the vari-
uis furest uses covered In this handbook, Az its name mmplies, recreation
means to recredle, revive, divert. amuse, and gratifv the human hody,
mind, arid spirit. To fll thess needs there is 2 broad range of recreational
opportunities within and near forssts, They encampuass sight-seeing, rest-
ing. picnicking, camping, hiking, photography, bird-watching, trafl riding.
snow sports, beating, swinmming, fishing, hunting, berrv.picking secondd
homes, and studving geology, botany, 2zoology. ureheology, and history,

Parks, torests, and other lands m public ownership provide most of the
outdoor recreation, and thev contain fairly elaborate facilities to handle
the espanding tse Some of these public lands, like parks and wilderness
areds, are dedicated to recreational vse of one kind or another while athers
are based on the multiple-use concept. In most cases, timber and runge
manugement ean he compatible with recreation. Industrial tree farmers
are ierepsingly allowing public use of their Linds and some have even
provided facilities for that purpose on a free or fee basis. Other forest
ovrers mayv wish to consider implementing a recreational program, or at
least taking steps to conserve aesthetic or recreational values for personal.
moral, ot secial reasons;

Frotection of Hecreational Resources

Where recreation of one or more kinds is to be integrated info overall
property management Ccertain stepy are necessarny fo protect and even
[mprove naturel features. The reeatments may be necsssary otily on part
of the forest, Some ol these entall costs, but this may be at least partially
affset by economic returns and pride of aceomplishment.

The basic drawing power of wildlands for recreation is the natural
|andscape and its varving characteristics due to terrain, vegetation: water
badies, topograpme features, and cultural past. The impressions are mostly
visual, but sound, smell, and touch also play an important part. Visaal
perception may be broad, sweeping or panoramic vistas or localized on
special features of contained settings The effects muv he ephemerul,
changing by weather, season, light on water, and animal octupancy. Vari-
ety and devintions add to the richness of the landscape, Ancther maln
attraction of forestsis that In this pleasant setting there 1s something to do
that can be hardly done cliewhere,

How we munuge timberlands has a big effect on the wvisial resoiree and
the potential recreational activitics. Somie measures that a tree farmer
should consider are

1 Determine where special precautions are justified—along main roads

el trails used by the public, at vista points, adjacent to streams and
water bodies, around meadows, at known or recogmzed Indian
campsites and other archeological and historical sites, and near habs.
tation, parks, and campgrounds.

2 Cut trees conservatively in high-priority areas. removing dangerous

trees and snags that may be a habilitv or safety hazard, Where clear-

ruts are made in areas visible to forest users keep themn small, irregu-
lat in shape. and well spaced
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3. Make special cuttings to improve vistas along mamn roads; trails, and
places where people congregate.

4. Cut trees and vegelation hear road curves to open the view and in

the interest of saferv,

Carelully harvest the important areas to avoid uinecessary damage

te residual trees, other vegetation; sail, and valuable features

A, Abate slash hazards and clean up debrisin high-use areas by crushing,
thipping, or careful burming. Fuelbreaks along main roads will
reduce fire risk and hazard and facilitate control of wildfires. Control
public access te active logging and hazardous fire areas

7 Adopt and post rules sbout publie wse, road and trall travel, trail
blkes, snowmobiles, fire prevention, property and resource dumage.
firearms, and sanitation

8. Protect and enhanee fish and wildlife habitat a¢ explained satlier in
this chapter.

4, Widen roads near streams and other key places to provide parking
for recreationists and pesple waming to fish or hunt,

[ ]

Recreation Prograns

Besides protection of recreational resources, forest owners may wish to
adopt public use programs. The mmimum that could be done is to open
the forest o free use for sight-seeme by road or trail. fishing, hunting
berry-picking, and unimproved picnicking or cumping. To control these
activities some landowners post informational signs or require permits
subject to regulations: Use without some logical controls i nat advisable,
hecause continual free access may give preseriptive rights to the public,
meaning that the owner would have difficulty in keeping people off the
property once that right had been established,

In situations where recreational values and use are high, tree farmers
may choose to implement more intensive recreation programs. These
involve considerable expenditures, management time, and risk so charges
would be in order. There are a number of different projects that ene couid
undertake. All of them recuire special knowledge, skill, and experience to
put into effect and te stay within resource and legal requirements.

Ulne paving recreational program that may not require too much invest-
ment or expenditures 15 the use of the property for hunting. The acreage
has to be productive and substantial encugh to support wildhfe in suffi-
rient numbers to attract hunters The size of areu needsd saries by species
and the habitat that is availuble

Two methods are used to charge for the service. One is to ¢ollect a daily
fee per hunter, and the other is to lease exclusive access or hunting rights
on the property to a club, The latter method 1s common for large proper-
ties, especially for the hunbing of game species. e.g.. deer and quail. All
kinds of arrangements are possible to aecommodate unattached hunters;
e.g., rustic campgrounds, simple cabms: and more elaborate facilities
where food and lodging services are provided by the owner ot 4 conces-
sionaire, Clubs may provide their own facilities under the hunting lease.
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It 1s 4 good idea to have a wildhife umprovement and managerment plan
wherte mtensive hunting will take place. To initiate such a program, one
should have the property examined by a qualified blalogist, Game manag-
ers of the Department of Fish and Game are helpful in making such
assessments, and the services of private wildlife consultants ure likewise
available on a fee basis. These experts can estimate existing wildlife popu-
lations, appraise the hubitat, und recommend positive steps to improve the
property for hunting,

Sporting activities similar to hunhng may be possible with respect to
fishing. Here it may be just charging a modest fee to allow a person to cross
the property to get to native fishing waters. Fish ponds are another possi-
bility, but this would require technical asastance and capital expenditures.
See Water Utilization section in this chapter for state regulations on dams.

The biggest recreational use of forest property is for outings that invelve
diverse activities. Forests along highways are especially adaptable for pic-
nicking areas and campgrounds. Places nedr streams, lakes, or other natu-
ral Features ure most popular, In addition to accessibility and location, the
mote important factors are water, sanitation, and space.

As the public recreational agencies have learned after many vears of
experience. the development and operation of campgrounds take careful
plarming and administration. Factities have to be installed to acoommeo-
date the camper—camp roads and trails, signs, parking, camp sites, fire-
places, tables, water svstoms, garbage disposal, and sanitation. The last
three are regulated by law, usually by the county health department. The
development and maintenance costs can be considerable so the whale
operation should be well planned to avoid costly mistakes and pitfalls,
Fortumately, stundard designs and specifications have been formulated
through the years und these are available at least for inspection at National
Forests, State Forests, National Parks, State Parks, and smilar agencies,
Visite to nearby camperounds also would reveal much information of
vilue,

How to charge for use of developed recreabion areas is another matter
to investigate. Two general methods are emploved—manual and me-
chanical. The former is handled by a person collecting fees at an entrance
gate or domg dmly patrols. A cheaper and more flexible way 15 by sclf-
registration. The caomper obtains a combination registration form and
envelope from a central point, flls m the necessury information, and
deposits it with the fee into a stromg-box. Part of the regitration form is
posted at the chosen campsite.

Mechanical collections can be made by coin-operated gates, ticket-
vending machines, or parking meters. The first bwe raguire electricity,
Mechanical systems are not foolproof, they require maintenance and re-
pair and are subject to vandulism.

Precantionary Measures

In addition to the many considerations explained ubove, there are a
number of other important points that 4 forest owner should fully realize
whan embarking upon a recreation program, especially one of intensive
character. The exposure to liability s definitely incréased. This requires
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keeping the property and facilities in a safe condition. Felling or pruning
of unsafe trees within campgrounds Is a good practice, Insurance coverage
should be sought to supplement prevention measures.

An income-producing recreation program uffects the owner's property
taxes As described i Chapter IV, commeraial amber is ordinarily cov.
ered by the yvield tax law, but ancther use. such as recreation; will increase
the basic land tax. The effect of this added cost has to be recognized in
making decisions on recreational developments,

As any other use, recreation can have an impact on forest and associated
vialues. Overuse compucts soils, causes erosion, destroys vegetahon,
reduces wildlife, deteriorates beauty, and pollutes waters. The cutting of
fArewond aroumd camperounds cam be harmiul unless regulated. There-
fore, recreation has to be managed m o way that the environmeni is mot
adversely affected. Some forms of recrention in the forest, such as motor
cvele and jeep travel, have to be ngidly controlled. An ever-present dan-
ger 15 wildfire, soslash and other hazards inor near public areas must be
ahated, campfires contained by stoves and fireplaces. and rules adopted
on fire use and smoking

Frrests can continue to be the most important foree in outdoor recrea:
tian, providing mmany and varied opportunities for a vast number of
people, as well as providing other goods and services, It i all 4 question
of balaneing the multiple uses that forests offer so tha! no vilues are
serigusly impaired. As repeatedly stated in this handbook, this takes socd
planning and managemeant,
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Terminology in Forestry ®

{dvanee Growth, (or Reproduction).  Youne trées thiat have become established
raturally before harvests are mmude

Adventitiony Hud. One that develops on any part.of ostem, [gal, or ool outside
the vsual order of time or pmiuan, and lacks vascular conmection to the pith,
Aforestation,  Edtublishment of a tree crop on an area from which it has always
or very fong beeny absent. See also Forestation snd Reforestation.

{ge Class. One of the intervals, commaonly W) venrs, inte which the age range of
trees (and sometines Other vegetation) is ‘divided for elassification ar use

ANl Aged, OFf a forest, evop, or stand that contuins trées of all ar most age clusses
Also called UnevensAged. See also Even-Ared

Alowadle e, Amount of forewt preduce that may be harvesed, annually of
perodically, from g specified area over u stated pericd, In hecordance with the
vhiscty of management

Aneroid  Porrable burometer used m the field 10 determine differences 1n
griminil elevarion.

Lainnad Uit Menth.  Amount of feed necessary to maintain one muatube ¢ow or
Five sheep) properly for 30 davs,

Al (Crowth) Bing  Growth laver of 'wood producediin ore veur,

Aguifer. A desp rock or geclogical liorizon hulding water o permitting its pas-
sage)

Area [2nition.  Sinuwdltanvous of quick suscestive firthg of all parts of an ares to
be hurned in crder to produce i fast. hiot spread, and elean burn. See also Cone
trolted Buming and Preseribed Burmmeg,

Aspect Direction or exposure of terrain towards which a siope fages.

{zzmuth, The horizantal angle or bearing of u ponl, messured clockwise from
tewes arth, The azimuth plos 180 degrees 46 termed the back aznnath,

Back o In f-e!|.u1|: the cut made on the backside of the tree; after, and 5 few
mches highor than the front andercut

Hacdiftre  Fire set along the inner edge of o canteal line to consume the fuel iy
the path of & wildiire, or chinge the directon of the fire’s canvection eolummn,
Hackpack Punp, Aportuble spraver with hand-pumis fed From a tank Brred with
backpack straps, used in fire contral und pesticide applieations

Barbors Charr. . High slab-like splinters, resembling a chair-bick, left standing on
a stump abuve the undercut a5 3 result of faulny felling or heavy lean of U tree.
Hare-Aoof Srock  Manting steck with naked Toots See alse Container Stock
Harw Cabge.  Instrument formeasuring the bark thickness of Live teees lnmaking
growth studies

Harzorr Too! Loneg-handled combination hoe and rake used in bullding fire line
iy light fuels, See also MeLeod Tonl and Pulaski Toal

Misal Area.  Crosssectional ares of 4 tree ster. moluding bark, generally at breast
henghe,

Bench Mazk  Marked point on the groumed whose elevation has bean determined
und officially recorded

Hiltrmare Sgeds Graduated stick vied to minasure tree didineters Ses also Cruiser
tick.

* Ackajpted Froin Termimakopy of Fotest Saence, Techomloe, Pracsice gid Prodicty Sseieiv ol American
Frvesters, 1371 Samserdad 19774 andd mher varfoos sonrces
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Hlocke 1 1) apulley used incable logging. (2} o ferest management umit or lopeing
dred (see alip Compartment and Working Cirele !

Blue-Stain,  Commaon form of fungdl stiin of sapwosd and light-colored wooil of
tmproperly stored logs and lumber, prinvipally the pines

Board Foor. Nominally lnot exastlyy a board b, ¢ 1200 v ) i, oF eguivalent
uged in measuring logs and lumber.

Boler Trunk of 4 tree: past the pole stage

Folt. Short piece of round or splic woad cut for fusluwood, shakes, <hingles, ve-
neer, ate, Alio called billet or block

Horrow £5r. An excavation awdy from the construchon site to provide road
nuiterial

Broadeast. (1) Burming—controlled fire over an enure designated area, (2)
Seeding—sowing seed more or less evenly over a whole asreg.

Hroadleaved. Trees or shrubs of a batanical groun, usually having conventional
ledves, in contrast to needle-leaved, cone-bearing trees (Conifers). Broadleayved
trees-are-also called Hardwooeds.

Buck. To saw felled trees inte shorter lengths,

Burl, Protuberance of abmormal growth on i tres truik composed of 4 mass of
budso some of which mav spront, particolarly the eaast redwood

Huer. Base'of o tree. or lareer end of 4 log

Butt Rigaing,  Various combinations of ssavels, shackles, links: or giraps to permit
connections between cable lines or [ogging chokers:

(Camibstiery.  Layer of cells just beneath the hark of woods plants from which new
wond and bark cells develop

Canker. Defimte, relatively localized necrotie gall with leson, primarily of the
burk and cambivum of trees and shrubs camsed by pests. See ulso CGall

(Ztrop. More or less continuoud cover OF branches snd felisge tormed collective
Iy by the crowns of edjucent trees or ather woidy growth

L2t Hook  Stoul waoden lever, fitted witha grippitg lp at the and and a hinged
haok. (sed in turning logs and cants. See also Feavey

Carrrdng Capacsty,  Mamimum stocking of dnimale on g givern range or wildlife
area without diminishing the forage crop in either amount ar qualitv. or the value
af related resources. The same roncept can ' be apphed to recreation use
(Gitfive,  Defect on the surface of a tree ar log resulting from o fire or other
wunntl where healing has not re-established the normal eross section See also Fire
Sear wnd Goosapin,

Felludose. . Carbohwdrate that fs the principal constituent of wood and Fymms the
framewaork of cells

Chain,  Lengthomeasure wsedd i land srveving divided inte 100 finks; and egual
to A6 feet

Check. Lengthwise separation of wood. which wually extends acrgss annnal
rings, commonly resulling from drying stresses.

Cheese Block  Wedge-shaped movealile wedge-hlock seton a bunk of a truck or
ratlroad cur to hild logs i place Alst called chock

Choker. A tosse of wire tope by which a log is pulled or lifted i varding,
f?"f'ﬂrf'um}?g. Removal of the entice standing tree crop: sometimes dons m pat
Lhes

Céiman.. Culminating stage in plant suceession for a given enviremment, the vege- .
tation’ being voncetved iy having reached a highly <rable condition, e also
Saccession,
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Clinceneter,  simple mstrument for measuring angles of eleviation or depression
See abio Hypsometer.

Codommune. Une main orown class of trees with ther topsin the upper canopy
it |ower than the dominant trees. See also Dominant, Intermediate, and Sup-
frresssed

Codd-Tradd To build 4 Fire Line right along the cdge of o wildfire when it s
burning alewlv or very litte, wkineg advantage of favoralile burning conditions.
Comprirtegent. Unitof o forest designuted us u basgis for management, commonly
a subdivision of a Block or Werking Cirele in a large Torest.

Compression Weod:  Abnormally dense wood that often forms on the lower side
of branches und of leamng trunks of comfers

Contfer.  Tree that bears cones and in most cases have needle orscaledike leaves,
Alsu callertively called Softwonds, See alsa Broadlesved and Hardwoods

{onk Projecting frotbody of o wouod-destroying fungus,

Contamer $togk,  Young trees grown in pots: tubes, or other receptacies. See also
Bure-Root Stock

f'-bn{mﬂ"i.“ff; Hurreng: Planned application of fire to natural fuels meludimg brosh
and slash, withantent to confine it to g predetermined area. See also Area Ignition,
Light Burning. and Préseribed Bomms

Coppice Forest. Forest originating from speauts ar ool suckers

Cord. Measure of pulpwood, roundwond, or (uelwood répresenting a stack 4 0t
x4 ML %8 ft or 128 cabie I See also Tler

Crook. Defect in logs, pales, or pillng. conssting of un abropt eurvatiurs. See alsa
Sweep.

Crowr,. Lpper part of a \tee or other waoody plant. carrving the main branch
systemn and {ollage,

Crowsn Firee Intense forest fire hurning and spreading inothe crown of rees
Crose, Survey 1o determine the kind; quantity, and quality of lunber enoan area,
t.imnll'-crlih' ineluding the collection of topearaphie, Jogging, and other perbinent
oiatin

Crder Sgceh,  Gradodted stek @ measure dimmeter and heights of rees and to
oecasionally seale lops: See also Biltmare Stick, and Seale

Call. 1) Trees, logs, ur humbBer of merchantable size rejceted becanse of de-
fectisi, 20 Deduction frum gross volume of trees ar logs to adjust for defect i)
et Measure of solid wood sontent equal te 100 et

Cittig Cvile,  Planned, récurring lapse of Hme betwesn successive outting
under the selection svstemy, normally a stated proportion of the rotation age.
Dampiny OF Rotting of seedlings, before ar soon alter smergiende b sofl himgl
attucking at ground lovel.

Dvviduoas OF perenmal plants that are normally leafless for some time of the
yeur

Loy Decomposition nf wood by fungt and other micro-organians, resulting m
sftening, progresive losc of strength and weight. and aften changes of texture anil
cilor Also called dote or rot.

Dack. Pilearstack of logs:if stored they form a cold deek, otherwise g (ot deck
Defect Any regulueity or impercfection in u tree, log, ar woed product thi
reduees the soundiess, durability, strenieth, of utility,
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Deflection Amount of sag in a cehle userd in cable |ogeing: the greater the
deflection the greater the lond the vabile can «ippert: See alwo Skylihe
Dregracks  Anv process that lowers the vallie of timber sod farssr prodiets
Denerty, L) Weight par anib volume, 210 Number of siocking of trees (stund) or
animils per unit ares ab & given tme See ala Stocking

DHameter Breae High (DBW) Point ar which diameters of trees are wsually
measured, 44 fi ahove the average ground level

farpeter Cliss. Any of the intervals tusually twesineh) Into which a range of
diametars of trees or logs may be divided fur clessithiostion and use

Diameter Linyt,  Smallest, and occasionally the largest, size towhioh rees or lngs
are fo be eut. measured. or ysed

Diwmeter Tape. Tape mensure specially graduated so that the diameter may be
rearl directly when the wpe s placed armumd ¢ tree or log.

Dieback  Prograssive dving from the end of any part of 4 plant

Pivevions, Having male and female fowers an different plants See also Monoe-
Clous

Dowrrinant,  Une mait crown elassal trees with thelr tops In the uppermost lijvers
of the canopy. See also Codominant. Intermediate and Suppressed.

Danksr.  Portable power unit foriginally d steam engine), dsually mounted on
:?kids, and egqupped with wineh drumes and cables: used in skidding and louding
gy

Durabilitv.  Capacity of wood to lagt in service. with parbeular reference to
dearay

Fealogy  Stody of plunts and snimuls in relation to their enyvaronment

it free  One that has been shown by testing 1o be capable of producng
progeny with fupenor quallties See alss Plus 'ree and Tres Sesd Orehard
Errzropment, Al the living organisms and related fastors of w site

Frictemie, O populations of living things, e, pests, that bulld up, aften rapidiy,
tis highly abmormal and geagrally injurous levels, in contras! 1o endemic of nurmal
populations.

Evapo-Transpiraton. Couverston of water by plants into vapor that is released
to the armosphere. See wlso Interception and Transpration,

Even-Aged, OF n forest composed of noy, or relatvely small, ditferences in age
See ulso All-Aged dnd Uneven-Aged.

Faller. A person who fells trees, also called chopper i Califorms redwood region
Freld iMoisture) Capacnty: Waler that asoilan place retans, when drainage has
become negligible See also Witting Pomt.

Finationsd Rotation, A rolition age of a forest determined salely by financial
curnsiderations, Se= also Rotation Age

Fipehreak. Any natoral or constructed barrier Wilided to segreate, stop and
control the spread of fire| or to provide a contral lne from which to wark. See dlso
Fire Line and Fuetbreak:

Fire Hazard, Fuel complex. defined by solume. vpe. condition, srrangement.
und location, that determines the degree of bath of ease of tgndtion and of fice
suppressicn difficulty, See alwe Fire Rish

Fire Ling - Control line from which Qammable materials huve been removed by
cutting, serapine. or digging down 1o mineral ssil Also culled fire tral. Ses also
Cold Trail and Firebreak

Fire Reprrdant. Any substance thar v chemical or physical action redises

Hoamoability of forest fuels, vsually added to warer
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Fire Hrsh. Chanee of a fre startimg, ds affected by natire and incidescs of cadsa-
tive agencies, &g travellers, ightring. See also Fire Hazard

Fire Scar A fresh or healing inpuey of the cambiom of a woody plant, caused by
fire See also Calfage und Coosepin

fForh Any herbaceous plant that 1= neither o grasy noc st all ke one. See alse
Herh

Forest  Plant sommonity predominently of trees and other woody vegetation,
griving more or less elode together.

Forestation. Estublishment of & forest, natorally or artificially, on an area,
whether previeusly carrving a forest or not. See also Afforestation and Reforesta-
piiaTs

Forest Munagermen!. Practical application of economic, scientific; and social
principles o thi- sdmmistoation and working of a8 forest,

Forestry.  Science, art, and practice of managing and wang for human benefit the
nutiiral resouress that oceur on and in asseciation with forest lands

Farest Tvpe Categary of forest defined by its vegetation, particularly jts species
comprsition See also Tvpe Map.

Farm Class ¢Factar, Quotient: . Any of the intervals into which 4 numerical
expression of the taper of & tree or log mav be divided for elassifieation or use See
also Taper

Foriv. Land subdivision unit nomunally a 40-acte sopuare

Frass. Waste of ingect feeding m wood

Froe. Long wedge-shaped blade for splitting wood into shingles. shakes. e
other split praducts,

Fuefbreak,  Stnip from which forest fuels and wondy vegetation have been re-
duced by thinming, prumme, or removal well ahead of time to slow down or stop
i wildfire, or to provide o control line from which to'wark See also Firebreak.
Fuef Mosstpre Stick. Special wooden stick of known dey weight that is sed to
determine chanees in moisture gontent and fammabllity of forest fuels,

Call. Pronouneed escrescence of greatly modified tissusd- structure in plants
caused by mnsects or other organisms. See alwo Canker.

Gt Poke. OUngimally o horizontal stiff-arm or swinging boom used to poke logs
aff railrond cars at o log pond; alio s tree Tun over and damaged during skidding
wsually teaning and thereby bemg o fire and safety hazard

Cin Pole Simple homsting and lnading device, conststing of a block und tockle
suspended from near the Lop of asingle pole or mast

Gonsepinr Large hollows at base of tree, partionlaedy miooldarosth redwnods
vatsed by fire and rot, so namied bechuse ploneers uied such trees and stumps for
pens for geese, and other domestic amimals:

Crapple. Powered mechanical arms on 4 tructor, the skidding deviee,or lnading
raaching to bunch and hold Jogs dunng trunsport or movement.

{rrowing Stock. All the trees growing in a forest or m a_specitied part of ir,
generally expressed in lerms of number at volume See also Nommal Growing
Steche

Cundning) Srick. A hingad twodlegged device inserted into an undereut of a
large tree (eg obd growth redwood) to point direchon of lall

Gripipe,  Contractor who tellsor vards Hmlier o d picce-rate basis

Hatitat,  Ahode, natural or olherwise, of o plant or anumil considered particularly
m Telation to-nutrient supplies and othee environmental factors affecting it
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Hardening G4 Prepanng seedhings or rooted cutting im s nursery for transplant-
ing or planking out by gradually reducing wuter, shade, and shelter, and thug
making them more fesistant to dessication and temperature changes.
Harthivond  See Broodleaved,

Howl Baek (Lime),  Cable, lighter than associated cables, thut travels between the
power unit and a block near the logs being transported, to return the main lne
and chokers for the next lead (tern)

Heartwood  Inner lavers of wood wineh have ceased to cantain living cells and
n which the reserve materials have been removed or converted into more durable
substances Ses il Sapwood

Heel-frt. Ta store young plants before transplanting or planting out, by burying
the roots i 4 trenel),

Height Class.  Any of the intervals (in fel or number of logs! into which tree
herghts may be divided for classification or se

Herb  Any seed-producing plant thal does not develop persistent woody tissus
above the ground, including both forbs and grases. See also Forb.

HichLead (Cabley Logming. Method of powered eable logging in which the
main block is fastened high onoaspar tree (orequivalent) to enable the frant end
of the logs being skidded to be Hfted elear of the ground,

Frarbiside. Any chemical or ather preparation used to control unwanted vegeta-
Hatt Also called phytoeide, slvicide, See alsn Pesticide

Hook Tender; Foreman of 4 skidding or varding crew

Humus, More or less decomposed (plant and animuyl| residues in the soil, duff
and litter exoluded

Huopsometer, Aty Instrument for measuring the heighte of standing trees See
also Clinometer '

increment.  Increase during stated period of time in girth, diameter, basal area,
area, herght, volume, quality, omass. or value of individual yrees or stands
fncrement Borer Auger-like instrument with hollow bt and an extracton, used
muinly to extract o thin radial o¥linder of wood from treey having annuasl growth
Fings, 5o is 1o determine inorement and age; but also, in wood preservation. the
depth of penetration of the preservitive

Indicator Pant. Any plamt that. by its presenice, fregueney, ur vigor, indioates any
particular property of the site.

fnterceprion. That part of the precipitation that! incthe course df contaet with the
vegetation, evaporates and so never reaches the ground. See also Fvapo- Transpr-
ratiery and Transpiration,

frtermnediate (Cromen Clgss! One main erown olass of trees with thear topsin the
middle cunopy, See also Dominant, Codominant, and Suppressed

intferanee  Incapacity of a tec 0 develop and grow o the shade of und an
carmpetition with other trees. See alss Toletunce

Jammer,  Light-wedght, two-dripm winch with 4 wooden spir, generally mountad
on a vehcle, which is used for both skidding and loading:

Kerd  Narrow slot cut byoa zaw in advancing through wood.

Lartling,  Ariv place where round timber is astembled for further transpoit, usue
ally 1 the 'rvc:-ocﬂ'

Larva  Farlvammatore form of insect between the egg and adolt stage. Sescalso
Pupa
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Legve Tree. Tree (wsually designated to bei feft standing in an ares where it
would otherwise be felled. Abo called residual tree

Light Burmng  Perindic broudeast burming to prevent sccumulition of hazard-
ous forest fuels Se= also Controlled Burning and Prescribed Burning.

Lirnin. Nean-carbohyvdrate, structural constitiuent of wood and some other plant
tissues, whidh encrusts the cell walls and cements the cells together.

Limbi To séver branches from logd ar a felled tree. See also Lop.

Log.  Any useabile section of the bole, or of the thicker branches, of a felled 11ee.
after limbing and crossccutting: ez, assawlog Also to harvest Hmber See also
Pesler (Logi and Sawlog

Logeing.  Felling and harvesting of timber, purticularhy as logs.

Logeang Arch,  Stout, arched, steel frame mounted on wheels or tracks, for pse
with 4 trattor in skidding, ane end of the logis) being shung beneath the arch
Log Hules  Tables showing the estimuted or caleulsted pmount of board feet in
logs of given diameter and length. See also Scale

Long-Hurr A section of the lowsr end of 2 falled tree, cut off to remove and
disrard cull material

Loap, To sver, and wmetimes scatter, branches from a felled tres, 2o that the
resulting dash will lie close to the groind. See also Limb.

Magnetic Declinution.  Angle between troe and magnetic north at any point.
Mandgement for Workirmg) Plar, Wrilten document aiming at continuity of pol-
ey and achon., and both prescobing and controlling basic opérations in o Forest
over § period of years

Marking Tinber  Act of selecting and demgnating trees to be cut or left for
harvesting. usually done by bluze or paint spray.

Mase. Fruit of cuk and other trees, partioularly where considered food for wildlife
mnd lyvestack.

Medeod Tool  Short-handled combination hoe, or cutting tool and rake, with or
without removable blades, used in bullding Gre line. See also Barron Tool and
Pulaski Tool

Mensuration  That branch of forestry concerned with the determmation of the
dimendons, form, increment. and age of trees, imdividually or collectively, and of
their products

Milvere.  An area of one thousandth of an sere (66 fL 2 58 1) commaonly used
frr vegetition and regeneration studies. See b Quadrar

Mally Hogan, Ulrele of a twistad strand of wire rope weed for temporary linking
of evesplices of cable. especially Straw Line or accestory equipment. Also called
maoile

Menoecions  Having male and female flowers an the same plant. See also Dioce-
EIOI%,

Mopping Up  Making g fire safe after it has been controlled, especially concen-
wrating the work near control lipes

Maorgadits. The loss Lo 2 popailation of trees, other planes, and animals from all
[ethal causes

Multiple Use. Management practice to wisely use withoul impairment, twa of
more Tesourdes associated with forest and refated lands.

Normal Growing Stock.  Growing stock found in an Ideal forest, its ‘attributes
mcluding optimum stocking, volome, and veld relative to objects of manuge-
ments. See also Growmg Stock.
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COverriny, Thi excess of the ameunt of 1 FomvverHnn process (e 2. lumber sawmg)
over the astitnited volume or [oe soale, usunlly expresed asa perientage Ses also
Underrin

Peaves.  Stout wooden lever. fitted with 4 spike at the end, and u hinged hook,
used i fandlmg and turmng logs. See also Cant Hook:

Pegler (Logy, Lom considered suitable in size and quality for producnmg retars-
et veneer. Also called venenr log

Fesucide.  Any chemical or other preparution used to control populations of
imjurious arganisms, particulardy aniimal Alsainsectioide, rodenticide, ate. Secalio
Herbicide.

Phreatopinte, Plunt, wsuglly mpartan, that e laree amounts aqf water Fam
underground, or nearby waler bodies, and (s mare or less independent of precipi-
tation

Pitch (Resny Pocker. Well-defined, lensshaped opening betwesn or withart an-
nbal rings of eonifer wood. usually eontaining pitch. either solid or Houid, and
porasionally bark.

Feling. Collective 1erm for piles—long, round timbers that are driven deep ints
the ground to suppert strichures

Filing and Burging  Piling logging slush by and or machine and subtequently
burning the individual piles

Fith - Bon central core of thestem and some raots of trees and other plante
FPlentation. Forestcrop or stand raiséd artificially, (suallv by planting.
Flapting stovk Seedlings. twansplants, cuttines pnd oecisimally wild plants
rwildmes) for yse i plantine

Flizs Tree.  Tree judged.bul not tested, to be unusually superior in gerietic gual-
ties. See alse Elive Tree and Tree Seed Orchard

FPornt Saeaphing. Porest sampling by variahle sized plats. usning prisms or other
optical devives, Al called priem sampling

Pole 1) Young irec from 4 to L2 inehes i diwmeter breast heweht, 2) Round
timber af <ated length readé for wse without conversion  eacepl peeling and
presecvation| for atility lines or consfroction

FPost. Round, split, or sawn length of timber wietl for fencing, pillars, and in
consiruction

Freseribed Barmne,  Controlled application of fire to wildland Tuels, In eilher
theit natoral or modified state, umiF;" such conditions nf weather, fuel moistare,
seit]l mpisture, ete., 43t whow e fire to be confined to a predetermined ares and
it the wame time 10 prodiee results to mest planmed obieetives of management
See also Area lanition, Controlled Burning. and Light Hurnite

FPrumne, Artificizd  Considered rempoval, elose to or flush watls the stem, of Sde
branches, live or dead; and of multiple leaders. from o standing tree for improve
ment of the mee or (s praducts

Paehrometer Instrument consistmg of two thermometers, one with u dry bulb
el the other waith o wet bulh, used 1o desermbie relative Humidity

Pudyeli Towl  Combimation ave and adzdike hoe wedin fre line constrction. See
alsd Bareon Tool and MeLaod Tool.

Fudpwond.  Copdwood or lug‘ prépared primarily for manufacturs 10 paner
fihreboard, or ather wood pulp products.

FPups Advanced. but vet momature, generdlly immaobilo, nsect stide batween
larva and wdult. Sev also Larva
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Cuadrat.  Small. clearly demarcated, sample area of known size on which forestry
and ecological obiservations are made, See also Milucre

Quarter Corner  Land subdivisidn corner for s guarter of 4 section | 160-4ore
tnit) other than a sechion corner or the section center,

Rantge Marageimenr. Art and seieace of planning and directing the utilization of
grazing land so as to secure sustained madmum production of livestock and forage,
consistent with other wies and conserving natural resources

Reforestation  Resstablishment of o tree erop on forest laned See also Afforesta.
tion and Forestation

Regenerstion. Renewal of i tree crop, whether by natural or artificial means, alsa
the voung crop ltsell.

fegulation.  Manipulation of the Growing Stock =o thit it contuins & proper pro-
portion of voung. middle-aged and mature trees in order to obtain continuous
production, or sustained yield

Hetease . Freeinga tree or group of trees fromimmediate competition by cutting,
ot otherwise eliminatma, growth that is overtopping or closely surrounding them,
figerng. Cable, gy lines, blocks, and hooking equipment used for hauling and
bﬁu‘ g (logs)

Aatation fAge). Planned number of veuars between the formation or regeneri.
tion of a tree crop or stand and ts finol cutting at a specified stage of maturity,
Ses also Financial Ratation,

Sapwood.  Outer lavers of wood which, in the growimg tree: contiun living cells
and reserve matenaly; and generally lghter i color than Heartwood.

Sswdog  Log considered sutable i size and guabity for producmg sawn timber
or lumber See also Log and Peeler (Log),

Scale. To measare rut timber and fuelwond, usually with & graduated (scale)
stick, the contents of cut timber in termis of the log rule or meaairing unit. See
alse Log Rules:

Sefalmerm,. Contferous tree with a forked of double trunk.

Second Growth.  Loose term for voung trees, left or grown stnce the first harvest,
Se also Young Growth,

Sertion. Standard subdivision of lind used In official survevs. intenided to be one
mile square.

Seed-Tree Curting Removal in one cut of the mature tumber from an area, save
feor g small number of seed-bearing trees left sngly or in small groups
Sedectton Curting. Periodic removal of crope-sized trees; individually or in small
groups, usually from an uneven-aged forest. Also called selective cutting

Shake 1) Lengthwise separationof wood, usually betweesn and parallel 1o snnu-
al rings 2} Thin seetion split from & Bolt wied for roofing.

Shefterwond Cutting  Even-aged silvicultural svstem in which, in arder 1o pro-
vide u source of seed andior protection fof regeneration. the old erop is removed
I BWo OF moTe Successive stages.

Sihres,  Study of the life hastory and general characterishies of forest trees and
stands. See below

Sihviculture. Sclence and art of growing and tending forest erops, based on a
knowledge of Silvies

Sinker  Log heavier than water

Site. Productive capacity of an area to protduce forests or other vegelstion, relat-
ed to chimatic. biotic, and soil factors: For forest crops, It s expressed by u site indes
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based on hesght of dominant trees in a stand 4 b certun age. Site indices are
sometimes grouped into site classes

Skidding.  Loose term for bauling logs as developed onginally from stump to &
landing or rmadside. Also called Yarding.

Shvline (Cable) Loggmng,  Loose term for powered cable lngging where the log
s partly or wholly suspended in the sir, See also Deflection,

Stach,  Resitlue of trees left on the ground after logging, fire, or storm

Snaz Standing dead tres ar secting thereaf

Soffwoods.  Pertaining o conifer trees. See also Broadleaved and Hardwoods

Soif Horizon,  Any laver of seil that may be distinguished Irom adjacent layvers
because it differs in physical, chemical, or biological characteristics, usaally r.iemg-
nated as AL B and O horivons.

Scif Serdes. Basic unit of soll clawification, consisting of doils thal are ahke in all
major profile characteristios save texture of the surface laver. and having similas
horizons, See also above

Spar i-Tree), Tall standing tree, trimmed and topped, and genem].'l} braced with
guy lines, mear whose top cables and otlier rigging are hung in cable logeing or
loading. See also Tail Tree

Spot Fire Five set outside of peruneter of tiuin fire by flving sparks or embers,
Springboard, Short board or plank, i end jusually equipped with a-metal lip)
that is notehed into the trunk, on which the faller stands when necessary to work
at-a level not reuchable from the ground. Gther boards termed staging are some-

times placed on springbosrds to build 4 working: platform partly arsund large
trees.

Springwood, More orless open and porous tissue marking the inner part of each
imsnival ring, formed earlv in the growing season. See dlso Surmmerwond

Spered. Hand tool for barking or peeling round limber

Stand. 1) Comumnily of fress possessing sufficient uniformity in composition,
structure, age, arrangernent, or condition to be distinguishable from adjacent
forest. communities to torm s stbaewltura] or memugement umt, 2 Amount of
tumber gr an areq, generally expresed in volume per ares.

Stand Tabie  Summuary luble showing Stecking or number of tress by species and
diameter class for & given area

Steun Anadvsre: Apalysis of s complete tree (felled) stem by counting und measur-
ing the ammual growth rings on a series of cross sections taken o different heights,
in order to determine its past tates of growth

Stereodscoppe; Pair. Two aenal photographs with sufficient overlap and conse-
quent duplicabon of detail, to make possible stercoscopie (three dunensional)
examingtion of an abject, or an ares, common to bioth

Stocking  Loose Lerm for un smount of anything on u given atea, particulurly in
relation to what s considered the aptimum, used in forest. range, and waldlife
management See also Density (2)

Srapr Short length of cable wath an eve spliced at each end for attaching blocky:
and| other rigging to trees, stumps, et

Straw Line: Laght ware rope used for moving loggmg cable and aceessory equuip
frent into positions. )

Stunpage. 1) Standing timber itsell or volurme thereat 21 Value of standing
timber in terms of amount per unit (e.g, thiusand bd. ft )
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Stump Sealing.  Measurement of sturnng diarmeters to estimate volume of remaov ed
trees by using special or adjusted volume lables. frequently in case of timber
trespass or cutting of unauthorzed 1rees

Stceessrort. radual supplanting of one commuonity of plants by another as the
site changes with time See alyo Climak

Surnmerwood. Dense, filkenus outer partion of each annual ring, usually without
canmapictnns pores, formed late in the growing period, not necessarilyin the sum-
mer; See s Sprmpwoosd

Suppressed Crowsr Clagsi. Ope miain crown ¢lass of trées with their tops in'the
lower canopy, beneath the Pominany Codeminant, and Intermediate trees; and
uf poor vigut

Sustained Yreld  Yield that a forest can produce continoously at w gven intensity
of mangeement. planned (o achieve wt the eailiest practie] tune s balince
between growth and cutting.

Sweep, Grodial bend in 4 tres, log, pole, or piling. eonsidered as 4 defoct See
alzo Crook

Taif Tree. Spar Tree at outer end 6t b cable logeing operation

Tallv Chunder for Whicker), -Anv deviee for recording nuribers meclimzally,
., In pacing or timber cruising.

Taper  Decrease in thickness; generslly m terms of diameter: of u tree stani or
log from the base upward. See also Form (lass

Thinmng,  Feling made in an immature crop of stand m order primarily i
aceclerate diameter mcrement but alea, by suitable selection. to imprave the
average form of frees thal remuin, clasdeally without permanently breaking the
canapy

Tier  Stack of fuelwood, pulpwead. or ather material of a width equal to the
length of the pleces, 4 1, high x 5 1 lomg Also called rick See also Cord
Tight-Lamng.  Procedure in cable logzing whereby the cables are dghtened 5o ax
to 11 Lift the load of logs as it is being varded, such as inw romning skyvline svstam,
ar 2/ move cable laterully from one location to an adjarent one after merely
changing the location of the tall-block

Timber  Broad term for standing trees, and certiin products thereof,
Timber Stand Inprovement (T8 Looge term for thinning, priming, and weed-
mg i timber stand to improve the composition, strueture, eondition, ard growth
Taderanee  Capacitv ofatree to develop and arow in the shade of and in conipeti-
tion with other trees: See also Intoleranes

Transpiration. Process by which water vapor passes from [oliage of other purts
ofa living plant to the atmosphere. Seealio Interception und Evapo-Transpiration:
Teanspdant.  Seedhng after it has been lifted and replanted one or more times o
arsther bed in 4 nursers. _

Tres Woody perenmal plant, typically large sod with a single well-defined stem
carrving 4 mure or less definite crown,

Tree Farrn:  Areq, privitely awned, dedicated by the owner 1o the pradactinn of
tHmber crops '

Tree Sead (rebard. Plantation ol trees, assumed or proven genetically (o be
superior, that ismtensvely protected and managed o improve the genetic quality
af seed crops, and 16 obtain freguent, sbundant, and easily harvestable seed Ses
alses Elite Tres and Plus Tree

Tipe Map Map showing the distribution of various types of trées, other wegeta-
tion, soil, or Ste throughdut @ fotest area See also Forest Type,
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Undercut.  Deepnoteh out into the base of a tree to govern the direction in which
it is to full and alse 1o prevent butt splitting. See alsg Back Cut

Enderrin Amount by which the eonversion of logs inio ather products (e g
lomber ) fj4 less than the estimated volume or log scule, usnally expressed os 3
percentage. See dlso Overrun.

Crevin-Aged  OF a forest, crop, or stand, composed of intermingling tress that
differ markedly in aze: Also called Allaged. See also Fven-aged

Virgen Forest,  Natural forest virtoally aninfluenced by human aetivity, such as
eutting. Alse called old-gzrewth forest,

Volume Table. Table showing, for one or more species, the average volume of
trees of miven sizes in & specified unit.

IVeer! Tree  Any tree, or tree species, of little or no econorme value, more par:
tioularly when menacing more desirable timber rrées. See also Wolf Tree
Widow - Miker Louse limb ar piece of tree hangmg in the crown of a tree that
is dangerous 1o woods workers

Wilderness  Undeveloped, uninhabited ares established by a government in or-
der to conserve its primeval eharacter and Influence {or public enjoyment, ander
primitive conditions, in perpetuity

Wildland: Uncultivared land. other than fallow, neglected er maintained for such
purposes as wood or range-forage productian, wildlife, recreation, protective wa-
tershed cover. wilderness,

Wildife Mansgement. Practival application of sceentific and technical principles
to wildiife populitions and habitats <o a< to aintaing them, essentially for recrea-
tional or scieatific purposes

Wildling:  Natorally grown, in contrast to a nurserv-raised seedling, sometimes
used jn forest planting

Wilting Foint,  Soil mpisture contant-ar which plants will wilt bevond recovery:
See alsy Field (Moisture] Capacity

Windfall  Tree or trees thrown or their stems or parts broken off by wind Also
called blowdown in the eollective sense.

Witohes Hroom  Abnornally bushy, leeul growth of parts of branch svstems on
woody plants, characterized by short intervals and excessive branching (broam-
mg), generallv caused by disease

Witnmess Tree Ooe of several rees dcribed and officially recorded to mirk loca-
tions af @ Section Corner or Quarter Corner  Also called bearing tree.

Wolf Tree Vigorous tree generally of bad growth form with a dommantly wide
erowth that DCTUPies moTe growing space than s vilue. warrants, so harming
petentially better neighhors

Warking ¢irc/e. Unit of & large forest organized for 4 particular object and under
one sat of matagement plan preseriptions. amd embodyving one sibcultural svitem
ot 2 designated combination of systems

Yardime, Meoving timber from stump to @ central point or landing by animal or
motive power, ustally followed by loading mto o trunsport by trucks or other
carriers to 4 conversion plant Alsg called Skidding.

Fraled Tabfe  Table shywing. usually for ane tree species, the growth pattorn of
a normal or manuged evern-aged forest, derved from measurements at regular
intervals covering its wseful life, and ineluding data on ste, diameter, height,
stocking, and valume

Young Growth, Young trees lefr or grown smee the first or subsequent harvest.
See also Secand-Growth and Virgin Forest,
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Table A:3. Velume and copacity; unit eanversion factars and values,
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Table A-4. ‘Weight; unit ¢onversion factors and values.
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Table &-5  Velocity; unit conversion factors and values,
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Table A-8. Weight as applied to volume; unit conversion factors and
approximate values
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Toble A-12. Volume, young-growth cossl redwood, board feet, Spoulding rule to an B-inch top.
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Volume, young-growth toost redwood, cubic feet lo o d-inch top.
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Toble A-14, Volume, old-growth coos! redwood, board feét, Scribner rule; to o tep utilization diametsr of
50 percenl of DLOVB, ot 20 feet,
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Table A-15. \F.utuma, young-growth Douglos-fir. board feel, Scribrer rule to an B-inch top.
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Table A-16. Volume, young-growth Douglos-fir, cubic fest 1o & d-inch tep.
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Table A-17. Volume, old-growth Douglas-fir, board feet, Scribner rule 1o an B-inch top.
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Table A-18. Voleme, Sitka spruce

iold ond young), board feet, Scribner rule to an 8-inch top.
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Toble A-19.  Volume, Sitka spruce (old ond young), cubic feet to o d-inch top.
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Tahle A-2)

Volume, western hamlock (old and youngl, cubic feet o o 4-inch

fop.
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Table A-22. Volume, old-growth white fir [A. concolor), Site Il board feet,
Serbner Decimal € to an B-inch 1ap.
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Table 4:-23. Volume, young-growth white fir (A, concalor), board feet, International 4" rule to o five-inch top.
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Toble 424 Yolume, young-growth whire fir |A. concolor], eubic feer

TOFTAL HERGHT IMN FEET Tenala r.i.
(LTSS Wanthet
25 e 45 40 45 a0 [ " i ) 1y 11 18k k) e 430 w80 4m | of
VOLUME IN CURLS FEEL N
i Dag oy e Ldd LA
] Lae I% kEy  FIe 4w T
5 I'vg 206 258 A4 246 B 4# 54
3 ts5 [ad A d®m wiF ni 1T LT
] BGs Jeds 4w aTd HE B[I W4 ] T B i
B Bk A6 RO TE O uw 110 L 5
4 B R TS T wlh ] me  fe 1l
1L Bad | s dF2 MW KT ono}-2e T 44 H
18 KRN IIH-I fma 1D g b B | A3d ) 13
( 131 la& |15 24 Bx | il mew | A g 15
111 138 [FR IJ.'1.I oA I o FIS Fr ] i L] 4E
15 177 e "I J AR T comd e Mrr | Sa e "
i 2 x| nw g H 0 wrE A DR | oS aHE oy
[ 152 hod Jasi WE AT RA B R me R THRT R k1
= &) BT Twma ihoa A oy e W h 14
i b &2 I+ Y f A wa ] s R 1
i TN = R I T (8 3 1l
1 @7 B [k B 114 144 ]
22 DR & anl o 123 148 147 4
n L] 1] s (Bl s [ 13
i B n 125 (! 150 174 | s ]
o Bk (r-1] (k] 154 171 T 203 []
2 Hi 2 |2 141 rs 183 o L5 L
i | e 15 W72 1ed L 4
1 ] 164 153 i wn ogal | oae £
e 1 (B 143 15 1ib 10 3t o | e [
4y iy IXTH 153 b ] 1= £ fiad | ik e | R
at ) T I 143 75 Wy | 528 i
37 e i 23 7 20 321 | MR 5
a3 5 i 2 274 04 | 68 4
kL s 201 3R 1] ERE iy Joaer | s
36 2l 241 251 T8 a2 35 | 2 ﬁu i
i A 4 Th ELTHE TR
17 i a1k AR | 411 455
48 EUn o s EL o R i
39 515 11 18 WA e
1 54 AER I
Toeal e = — | oo

U, Schomachsr; 1926



APPENDIX

Table A-25. Volume, old-growth sugor pine, Site |l, board feet,
Scribner Decimal C rule.
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Table A-28. Yolume, young-growth sugar pine, board feet, International
4" rule to o 4-inch top.
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APPENDIX

Toble A-27. Volume, young-growth sugar pine, cubic feet.
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Toble A-28. Volume, old-grawth ponderosa pine; board feet,
Seribner Decimal C ruls.
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Volume, yvoung-growth ponderosa pine, boord feet. Scribner rule to

Table A-29.

an B-inch top.
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Tabkle A-31. Velume, old-growth incense-cedar, boord feet, Scribrer Decimal C
rule te an Brinch top.
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Table A-32. Valums, young-grewth, incense-cedor, boaord fest, International 14"
rule to a 4-inch top. '
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Table &-33. Volume; young-growth Incanie-cedar, cubic feet
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Jable A-34. VYolume, old growth ledgepole pine, board iset, Scribnar Decimal ©
rule 1o an 8-nch top.
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Table A-35 Valume, younggrowth Sierra redwood, beard feat, Scribner rule to o &-jnch tap.
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Toble A4-36.

Volums, young-growth Sierra redwood, cubic feet,
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Table A-37. Yolums, blue-gum sucolyptus, boord feet,
Spoulding nile to o &-inch top.
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Table A-38. Volume, blue-gum sucdlyptus, cubic feet ta o &inch top.
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Table &-39. Wolume, coast live ook, blue ook, Colifornio white ook, interior live ook, tancak, madrone,
for Californio Central Coast, cuble fest to a dinch top.
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Table 2-40 Velume, red alder, beard feet. Scribner Dec. € rule to o 10-inch top.
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Table A-41. Volume, young-geowth modrone, 1ancok, and black ook, high site,
board fteet [B-inch top); cubic #t. [4-inch top).
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Toble A4-42. Yield rable. young-growth coost redwood stond, aoll species, per

acre, board feet, International 4" rule, trees larger than 1065
inches dbh to an 8-inch top:
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Toble A-43.  Yield table, young-growth roost redwood stand, all specias, per
acre, cubic feet, tre=s larger than 4.5 inches dbh to a 4-inch top.
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Yiald rable, Dovglas-tir, fully stacked acre, board feet, Seribner rule, trees larger than 12 Inches dbh to an B-inch top.
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Toble A-45. Yield Table, Douglas-fir, fully stocked acre, cubic feet, trees larger than 12 inches dbh

A= g el '

15l
|90

AL

e fiwl o L fam
| | i
i if i
Ll 1k i}
£l L] el
i L ]
il 4.3l | iy
1.l 200 4
S im Al & i)
2, 4 A5t 6, (|
3,91 ol ||
4,500 A 300 i, 001 |
414 = W
] 2470 I, )
1, 10 7l If, B |
£ i moAp | WLARY | min | fimo
A, 0 L | 1, T [ ] 14 [

it

i+

fe

O 1.
L

i oy iy e
e i S U T

“ i |

Tl 1o | |

2, 5l 4,780 & |

i, i A R
I, AW} i Fsn Ik iy
11, Hel Ve | b ka0

14, T 05, M L] I

iy 1T 400 L Fa8 4 T

L AT 1% 191 |
17, 430 a0 | m o
L&, 2 ] G
L, Sl | s | pisde
iU Tl [ 2o | wndm
0, | Ak T anig e M 1
T T T T | TR S

2

%

i
3w
Lo |
LR L
[dd%i)
LE ]
LiE, Tl
[N
11k =)
PN ]
e
1X 000
PHI
ELRLE
450D

LR FS. MéArdle, Meyer, Hrove, 194

KON HALY

L18



a1k CaLtFOrNTA FORESTRY HANDBOOK

Wyt il weepngi (oanind whibl 00 & Tini

B F]

Figure 4:3  Site index valyss of white fir |4 concolor) treas

B L Srhumurher. 1028

Table A-48 Yield toble, normal, white fir (A concolor), per oecre, boord feer (in
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Toble A-47. Yield toble, normal, white fir (A, concelor], per acre, cubic feet In
tens. Irees 4 inches dbh and over,

Site Incdes at 30 Years
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Toble A-50. Yield table, mixed conifer standi. Celifornio, per acre, board feet,
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Tahble A-5Z. Yield toble, normal, red fir, per ocre, board feet in teni. Intemation:
al 4 nile, trees B inches dbh ond aver to a 5-inch tep.
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dbh and over.
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DBH Log Length m Feat
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Log volume, cubic tegt, Huber tarmula.
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Toble A-56. Comparisen of log rules,
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List of Tables *

The more cormmaot native tress of California
Same properties of selectad woods
Healght of uyerage domnant und codominant pondoross pine at 100 pars

Heaght (m fewl) of sverage domanant and codominant Baoglasfir w100
1

Average total heights of demmant coast redwood by breas-high age and
site indes

Timber site clussification syitems me Californa
Interest rates being grown by tress.

Percentage of allowubls stand eut for varinue rates of growth and cutting
cyvicles

Number of plesn seed per pound and pyverage germination capacity dtes
stratification for selected ‘California eoniférs.

Numbet of Lrees per atre for various squars and rectangular spacings
Map seale equivalents

Vertical uenal photograph scale equivalenrs.

Corversion of slupe distance to horizantal distarice Tor o 000 tape
Size of selected Frevlar and square plots

Number of une-fifth scre plots (svenhy spaced) for three classes of accu.
racy,

Tree volume distnbution by leg position
Frism diopters and besal area factor equivalents
Plot rudius faetor for selected Hasal Ares Factors

Standard division of long loes Tor waling with 200om maxtmum scaling
length,

Boud standards by 0lass of roacd
Tangent distances T and external distances Ffor curves of radiirs 11 [eet

Valime of cuts and fills per 100 fest of road lengeh and side dopes of 10
to L

Cur slope rtivs (honzontal distance o vertteal distanee) for surnous
cemditions.

Culvert ppemngs required for various degimage areas

Other Tforest msests of scotomic impertancs b Californda

Principal Bmber decavs & Califrmin canlters

Additional disvuses affectmg Califprnis farests

Common forage plants of Caltfornia forest-repges with comparative graz:
mg valley

Same sndicator plunts of range condinons,
Varer and sall reqinrements for range livestock.

*The soop: pionesdl befety In chapdey suinles; & W sppenilie, del aabie nitmbies fo sl smamee
numibies 1 cack
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A-8

Al

A1
A-11
ALl

AL
Ala

A8
AT

AelS

A-18,

A2
A22

A-23

A2d
A-25
A-26

AZT
AZs
ALY

A3
A3l
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Commuon nomoeus or posonous plants of California forestrunges,
Length: umit coriversion factors with appropriate values

Arey or syrface-unit conversion Taetiors, with appropriate calues
Volume or capmerty, unit gorvetsion factors and values

Werght; umit conversion factars and values:

Veloty; unit conversion factors and valoes,

Piwer; unil eonvernon factars and values

Weight or pressure s upplied (o sres; imit conversion factors and upprox-
e vallies

Welght ay apgilied to valume, unit conversion factors and appropriate
Vidues

Grade percent and equivalent degrée of slape.
Degree of slope and equivaieny grade percent:
Area of cireles (hazal areg).

Volumme, young-arowth coas) redvwood, board feet, Spaulding rule to an
Binch bop. '

Volume, young-growth coast redwood, cubtic Teel to w4 ineh top

Volume, old-growth coist redwond, board feet, Seribuer rule; to a top
utibzation diameter af 30 poreent of DOB at 20 feet,

Volume, young-growth Dauglas-fic, board teet. Seribner rule to un Sanch
top
Volume. young-growth Douglas-fir, cubic feet ta a 4meh top

Volumne, old-growth Douglas-fir, board feet. Seribner rule to an S-inch
LLL 5]

Volume; Sitka spruce vold and voung|, board feel, Sernbner rule to an
Einoh lop.

Volume, Sitka spruce (old and voung), cubic feet toa 4anch top.

Volumie, westerm hemlock (old and vormng || board: feet, Seribrer rule 1o
an Eihch top,

Volume, western hemloek (old and voungl, cubic feet to o $-inch tap.

Valune, old-growth white fir 1 A condolort, board feat, Seribner Decimal
C re an &inch top.

Valume, voune-growth white fir [A eancolor! | board feet, Internationul
% " rule 1o 8 3inch top.

Volume, yogne-growth white fir (A, concdlor) . cubie feet.
Velume, shd-growth sugur pine, site 11, Seribner Decimal C rule.

Volume, young-growth sugar pine, hoard feer, International ¥ * role to
& dlnch 16

Volume, young-growth sugar pue; cobic fes
Volume. old-growth ponderssy pinge. board feer, Sevibner Deolmal C rule

Volume, voung-growth ponderosa pine, hoard feet, Seribner rule (o an
Sinch wop

Vilume, young-growlh ponderosa ping, cubic faot

Valume, old growth incense-cedar, board foet, Seribner Decimal C rule
to v Sinch top



A-32

A-33
A-J4.

A35

A,
ALAT.
AR
Al

A4,
Al

ASE

A-43.
A-a4
A5
A-46,
AT
A48
A-49

AS0)

A3l
ASL

A53.

A

A-55,
ASh
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Volume, younu-growth incemse-vedar, bourd feet, Internuttonal b * ruls
ber o d-inch top.

Vulume, young-growth incense-cedur, cubic feet,

Volume, old-growth, lodgepole ping, beard feet, Scribner Denmal C rule
to an Baneh Lop

Vohune, young-growth Sems redwood, board feet, Scnbner rule toow
G-inch top

Volume, young-growth Slerra redwoud, cubg feet.
Volume Bluegum pucalyptis. board feet, Spanlding rule tad fineh top
Valume, blusgum encalvptus, cubic feet 1o 2 fined top

Valume, coast live oak, blue gak, California white oek, interior live cak,
taneak, madeone, for California Central Coast, cubie feet to & d-inch top
Valume, red alder, board feet, Seribmer Decimal G rls 1o o 1ikinch top
Vaolwme, young-growth madrone, tanoak, and hiack oak. high site, board
feet (8ineh top), oubic feet (4inch top)

Yield abte, young-growth coast redwood stand, all species, per aorm,
baared fedt, International %7 rule, trees lorger than 1035 inches b to an
Einch top,

Yizld table, young-growth roust redwood stand._all speties, por acre, rubic
feet, Irees larger than 4.5 inches dbh to o $inch top

Yiekl tuble, Douglas. fir. fully stocked acre, hoard feat, Seribinier rile, trees
largir than 12 inches dbb to an Sinch tap,

Yisld table; Douglasfir, fully stockied acre, cubic feet, tress larger than
12:inches dbh,

Yield table, nrmnl, white fir (A_concalar) , per aces, board feet lintens),

International '4 rule, tress 8 inches dbh and sver o a Sdanch top,

Yield tibile, iormal, white fir (A eancolir ) per acre, cubie {2e1 1t b,
trees 4 mches dbh and over

Yield table, provtdeross pine, ully stocked acre, burd feet, Seribner rule,
trees 116 nmches dbh and over

Yield table, pondeross pine, fully stocked atse, cubie feet, lree 1L
inches dbh and over,

Yield table, mixed conifer stand. California. per acre, bourdd {eet, Interna-
teomul 4" rule, trees 8 jnches dbb and over to & S-inch top,

Yield Luble, averige tnixed conifer stand. Californis, per-acre, cubic fest,
trees # [nehes dbl and oves,

Yield tuble, normul. red fir, ace, boartl feet in tens, Internationn| 4
rile, treed 8 inches dbh over {o & Sanih lop.

Yield tuble, nurmal, red fir; per sere, cubne Teet i tens, trees 2 iniches dbh
and ovey.

Revised Scribmer Decimal C log rule for logs 8 to 20 feet long. board feet
i tens.

Log vahune, cubic feet, Huber formauls

Comparisan of log rules
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some Practical Beferences ®
AN Forestry Subieots
Forestry Handbook, Socisty ol American Faresters. 1935, Washington, D, C, 20014
Tree Identification
Knoeswing Your Trees, C H. Collingwood et ol 1974, American Parestry Associgs
tiom, Washimgton, D, (2 20036
Important Treesof the L' 5 Agrienltural Handbook No. 519 Elbert L Little! 1978,
U 5, Forest Servige, Son Franciseo, 94111
Heaforestation
Planting Californig Fereest Lamid, Leallet 2925, Robert ) Lascke et al, 1976, Unver-
ity of Callfornin Coopertive Extension, Beckeley 47210
Heforestation Practices for Conifers in Califorma. Gilbert H. Schubert and Ronald
5 Adaree 1971, Califormm Depurtment of Forestry, Saceamanto 93814
Mapuging and Marketing Califarnia Forest-Grown Clristmas Trees, Arthor L
Spariett und Charles L Wagener, 1973, Universitv of California Cooperative Ex-
tension, Berkeley S4720
Fimibrer Harvesting
Loggmg Practices, Steve Conway, 1977, Forest industnes, San Franoiseo 84103
Forest Meastremeonts
Log Scaling and Tunber Crnsmg, J. R Dilworth, 1977, Oregon Stare University
Book Store, Corvyllis 57331 _
Nutiunul Forest Sealing Handbook, FSH 244371 1674, 1L &, Forest Service, San
Frantisen 4111
Farest Priducty Utthzation

Wosod Handbook. Agricultural Handbook No. 72, 1974, US DAL UL 8. Forest Serv-
ite, Forest Products Labordatory, Madison, Wise 53703

Range Mangzement
Runge Management Principles and Practice. A. W Sampson, 1952, Wily and Sons,
New Yark City

Warershed Munagement

An Ontline of Forest Hydrology, John I3 Hewlett and Wade L Nutrer, 1969,
University of Geargia, Athens 30601

Fures! and Water: Efferts of Forest Management on Floods, Sedimentation, and
Water Supply, USDA Forest Service General Technical Rr;m-rt PSW-15, Henry W
Anderson et al, 1976, Pacific Sonthwest Forest und Range Experirnent Station,
Reckeley, CA 4T

Revreation )

Forest Recrestion for a Profit, Agricultural Information Bulletin Mo 265, 1962,
U S Depurtment of Agriculuire, Forest Service, San Francisco 9411}

Fishories and Wildlife Managenent

Wildlife Leafiets, Umnversity of Californin Cooperative Extension Service, 1576,

Dhivis BE616

Coordinistion Guidelines for Fish and Wildife Habitats, No's. 1=7, 9, and 10, [973-

1978, Il 5 Forest Service. San Franedseo, 9411)

* There ure many more Feberences dnd publications of value oo specifie topics: See your local CIF fores
aefwiger, USFS and BEM offices. und forestry schools for o miore complels sovimge and placey 1o
abtain
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