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INTRODUCTION

In the Douglas-fir region of western Oregon and Washington, ma-
ture merchantable timber has been killed by fire on about 800,000
acres * during the past decade, or on an average avea annually of
80,000 acres. During the same peried approximately 30 percent of
the original merchantable volume of timber, principally Douglas-fir
{Pseudotsuge taxifolia (Poir.) Britton}, killed by fire has been saved
by salvage operations, The rest has been lost through deterioration
(see definition. p. 2). On large burns and inaccessiole areas loss is
greatest, Shepard (75, p. 66} estimated that nearly 45 percent of
the merchantable timber killed in recent years in western Oregon and
Washington, exclusive of timber killed on nationcl forest land and
exclusive of large burns such as the Tillamook burn, had been saved
through salvage operaticns.

Any working plan that will eventually lead to sustained yield from
the forests of the Douglas-fir region must necessarily include accurate

L Submitted for publication Sepfeber, 1042
T Approximute Brures for the yonrs 31929 to TH38, inclusive.
3 Tealic numbers In parentheses refer to Literature Cited, p. 4.

eaRiE RS B |

B e e e P

-t

R e A R et il




2 TECHNICAL BULLETIN 851, U. 8. DEPT, QF AGRICULTURE

predictions of losses. Some studies have been made that provide in-
formation basic to predictions of loss both in living and dead timber.
Losses in living Douglas-fir from decay and other agencies have been
investigated by Boyce (2, 4). Studies of losses from deteriorution
in dead timber, caused by wind throw in the Douglas-fir region, have
been reported by Boyce ($) and by Buchasan and Englerth (). In
1912 Knapp (77) made a study of the strength and usability of five-
killed Douglas-fir anil gave some general information on the rate of
deteriorntion and the agents involved in the deteriorating process. In
1935 Beal, Kimmey, and Rapracger (7) published a brief sammary of
the first year's work on the present study. More vecently Furniss (9)
reported upon the progress of salvage in the Tillameok burn, in Ore-
gon, as affected by insects. Until now, however, no comnrehiensive
study has been made of the rate and progress of deterioration of five-
killed Douglas-fir as a means of anticipating the cumulaiive losses that
develop following a five.

The object of the present stndy was to meet the pressing need for
detailed information on the eauses, eharacter, and rates of deteriora-
tion of fire-killed Douglas-fir. Particular emphasis was placed on
obtaining Dbasic information on which salvage operations may be
cfficiently planmned. This information has particular application at
this time be~xnse war demands for lumber £ exceed the normal sap-
ply and dangers of incendiavism are greatly increased. The investiga-
tion was carvied on from 193f to 1939, inclusive, in western Oregon
and Washington.

Dereriorarionr DEFINED

The physical changes that take place in a tree following death by
fire are designated as “detevioration” in this bulletin.  Although the
whele bree s considered. principal emphasis is given to changes of form
and eolor that aflect the merchantible valne of the wood of the muin
bole. In this part of the tree two degrees of deterioration ave recog-
nized ; namely. Timited and general.  The term “limited deteriovation”
is applied to changes affecting the original character of the wood but

- not making i6 unsuitable for potential uise as lumber of low grade.
The texm “general deterioration” is applied to changes that make the
wood actnally unsuitable ov teclmically undesirable for most uses ns
lumber even of low grade,

Tui SaLvace ProsLEM

The percentage of merchantable timber salvaged fram a particular
five depends, aside from the rate of deterioration, on several factors,
such ns the size and chavacter of the burn, accessibility to marlet,
ownership, and log-market conditions,  Afler n fire of catastrophic
propettions. such as the Tillamool fre of 1933, whichh binned over
approximately a quarter of a millien acres and killed morve than 10 bil-
Tion beard feet of Oregon’s ineal timber? operators are faced with tre-
mendous salvage problems invelving progressive detertoration.  Sueh
hurng, which are aot uticommen in the Douglas-fir vegion (45, p. 1158),
fall inte aspeeial elass in whivh a salvage even approaching the average

CALonrs, W, i, THE TILLAMOOR BURN——1T8 AREA AND TIMHER voLOumE,  Pacific North-
wost Foresk IIxph. Sfa. Mes Noles 15120 UHlas, 1086, {Processed. ]
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of 30 percent cannot be expected without adequate knowledge of the
probable rate of deterioration, The great size of the avea hurned aud
the enormous volume of timber involved constitute a practically in-
superable obstacle to immediate salvage. Even if immediate salvage
were physically possible, it might be undesirable because of the result-
ant flooding of log and lumber markets, The velume of timber killed
by the 1933 Tillamook fire was about two and one-half times that cut
by west coast lumber operators during the same year.

From the market standpoint as well ns from the standpoint of allow-
able cut in sustained-yield management, it would be ideal if the dead
timber could be held to be cut as needed. ILoss from deterioration,
however, necessitates disposal of the dead timber as rapidly as possible.
Consequently, a thorough knowledge of the causes, chavacter, and
rates of deterioration is essential if the maximum salvage compatible
with changing economic conditions and the state of the lumber market
is to be obtained.

METHODS AND BASES
SaMPLING BY ForrsT TYPES

A special effort was made to obtain a good representation of study
areas in the two main subdivisions of the Douglas-fir vegion, the forests
of the Coast Ranges and the forests of the Cascade Range. In the
present study the Coast type was considered as comprising the west
slope, or fog belt, as well as the east slope of the Coast Ranges. The
usual clussification of the west slope of the Cascade Range, mcluding
the fouthills, us Cascade type was followed.

SamrLing BY GrowTit TyYpEs

Because of fundamental differences inherent in trees of different
ages, the data on deterioration were segregated by the three generally
recognized growth types of Douglus-fir. These growth types may be
defined as follows:

Youxc Growri.—Includes the so-called second growth, commonly
called “red-fir” by most lumbermen and timber operators in the region.
This type consists of young, rapidly growing stands of merchautable
Douglas-fir between the ages of 60 and 250 years (generally 100 to 200
years) and with a usual d. b. h® range of about 10 to 50 inches. The
trees ave characterized by wide vings over the entire cross section of
the bole, denoting rapid growth throughout the life of the tree. These
wide growth rings contain a large proportion of dark summerwood,
and the wood has o reddish color; hence. the name “rod-fir.¥

InrersepIaTE Growr.—Commonty called “bastard growth” or “bas-
tard fir” by people of the lumber industry in the region. This ty{)e
consists of mature stands of merchantable Douglas-fir between the
ages of 200 and 400 years {usually 250 to 350 years) and with =«
nsual 4. b, h. range of about 30 to 70 inches. On a cross section,
tres= ~F this type are characterized by a large proportion of rapidly
avewn material in the central part of the bole, surrennded by :

5Pl torm o b, b, means the toee dinmeter, includivg the bark, af 4.5 feet frowm the ground
{brenst height),
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natrower band of more slowly grown wood, denoting s retardation
of gvowfh for approximately the Intter hall of the bree’s life.
Usuully this outer band of slowly grown woaod, which includes the
sapwood, is approximately two to three times the width of the sap-
woot. There 1s no defimite demaveation between the growth types,
and therefore it is often diflicult to classify cevtain stands.  Stands
that did not fit into ecither the young-growth or the old-growth types
were classified as intevmediate-growth type, thus malking this hiter-
mediate type one of considerable diversity in age, dinmeter, and stage
of maturity.

Op Growrmm—Known also as “yellow-fir” among lumbermen of
the Northwest, This type consists of overmature stunds of Douglas-
fir, mostly over the age of 400 yeavs, and with a usual d. b, h. vange
of about 40 to 1006 inches or more. 'Frees of this type are ¢harne-
terized by & Iarge percentage of wood with narrow growth rings,
denoting slew growth for more than half of the frae’s life. The
narrew growth rings contain a large percentage of spring wood,
making the wood soft and light-colored; benee, the nume “yellow-
fie,” in contrast to the “red-fir” of the young-growth type.

Donglas-fir 1n the Northwest grows in vather even-agad stands.
For this reason it was possible to classify the tvee growth by study
aveas rather than by individunl trees,

SeLrcriox oF SaMrLNe AREAS

Rate of deterioration was determined by a comparison of the
degree of deterioration ia burns of vavious ages, from recent to very
old. As a basis for this comparison, ropreseitative sampling areas
wer examined in Iurns of vavious ages i each of the three prowth
types studied. Al such areas were hmited to burns in which fives
of definitely known dates had killed outright a fairly large volume
of merchantable Douglas-fiv. This hmitation was st in order to
establish bevond reasonable doubt the tinwe of death of the sanipled
frees. Axs has been pointed out, the seaveh for suitable study aveas
was made thronghout the vegion.

Another primary consideration in sampling was accessibility to
five-killed trees, that had recently been felled. This requirement
alone excluded many otherwise suitable burns. The greatest num-
ber of satisfactory study arens were located where lowging salvage
operations were in progiess.  Bome sampling areas were in gnug-
felling operations. vight. fowny clearings, and along fire lines eon-
strueted through burned timber. A fow aveas were in wood-cutters’
operations and in land-ciearing operations in Are-killed forests, In
a Fow cages trees were folled for the =pecific prrpose of determining
the amount of delerivration,

In some farge burns it was possihle to obtain more than one study
aren, bul m sueh cases only one sumple in o given growth type was
taleen in any one year.  Also, in large burns, 1l was possible by sam-
pling in dilfcvent years to oblain data on trees that had been dead
vavious lengths of time. For example, in the Tillamook burn two
zamples were taken caecl year Trom 1954 ro 1039, one i old growth
on the west slope of the Coast Ranges. and another in intevniediate
growth on the enst slope.
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The exuacting requirements for suitable study aveas limiited the
number of arveas available in any one vear, especially in the older
burns. For this veason it was necessary fo carry on the study over
a period of G years in order to obtain sufficiert data on which to base
reliable conclusions.

Correctiox oF Dara

General information on the following wag obfained on cach avea:
Location; date of burning; degree of initial burning; proximity to
old burns; exposure; character, age, and size of trees 1n the original
stand; present genernl progress of deterioration In associated tree
species; condition of bark, branches, and tops of standing trees; and
trees after felling; and size and devsity of reproduction and other
vegetative regrowth on the avea. .

Individual tree data were taken on Forest Serviee Fovm 5538a. -
Chapman and Demeritt show this form and discuss its use in their
fovest mensuration text (7, pp. 72-74). The full length of each tree,
from the grovmd level to the tip, was plotted to show diameter inside
bark, diameter inside sapwood. and diameter inside the limits of
deteriovation al varieus points along the bole.  The d. h. h. was deter-
mined for all trees.  Total height was measured in all except a few
of the older burns where treetops were votted cut. In such cases
height curves were used to determine total height. The age of each
tree was (letermined by adding the estimated age of the tree when it
was the lieight of the stump to the ving count on the stumy,  Measure-
ments were taken with a steel diameter tape or 4-foot seale stick and
a 30-Loot steel tape.

Examinations of deterioration were made at the stump, and, in
areas on which logeing aperations were being carried on, at each place
where the tree was “bneked” or broken. Above the uppermost buck
the tree was chopped into at intervals along the bole as conditions
necessitated.  On arveas where logging was not in progress, the exami-
nations in addition to those at the stwnp were made at log-length or
shorter intervals by chopping into the trees and at breals caused by
felling. At each point of examination data were taken on the follow-
ing points: Amoeunt of detevioration by all causes; the agents respon-
sible for detertoratinn; and. so far as possible, the velntive importance
of cach deterioraling agent.

COMPUTATIONS

Suflicient data were taken te give the original shape and volume of
each tree when plotied on Form 5581 and to determine the extent and
volume of the sapwood and the loss through deteviovation. From
thege dala the Toss wax computed and classified for ench tree and cach
log. .

Volumes were computed in both bearvd feet and cubie feet. The
Seribner Decimal € seale was used to determine the board-foot volume
of the merehantable length, from a 4-foot stump to an S-inch top
dinmeter insice the barlk.  The merchantable length was divided mte
52-loot logs, starting at the stump and allvwing 6 inches of (vim for
cach fog: thus the top log was usually less thun 32 feet long. The
Seribner Decimal G seale allews no board-foot volume for a log less
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than 6 feet Jong. The total volume, the volume of the sapwood, the
votume of loss caused by general deterioration since the fire, and the
volune of loss due to ench fungus species concerned were determnined
1n board feet for each log. In computing eull in board feet, all logs
under 16 inches in diameter inside the barvk at the small end were
considered totai cull when more than 50 percent of their volune was
cull, and Tegs 16 inches or over in diameter were considered total cull
when raove than 66,7 percent of their volume was cull.  All diameter
mensurements were tnken to the nearest ineh,

Cubic-toot volumes were determined by measuring with o planim-
eter the avea of the plotted dingrams on Form 558 and applying =
factor Lo eonvert this value to cubic-foot volume. Cubic-foot volumes
were determined for the entive tree, inside the bark from the tip to a
4-foot stump and from the stump to the ground lavel, by fignring the
stimp as a eylinder with a diameter equal to that of the top of the-
stump inside the bavk., Total sapwoed and total cull volumes were
determined in cubic feet for the entire tree. Total sapwood and
cull volumes were also determined in enbic feet for each log.

SuMMARY OF Basic SantpLis

Data were taken on 63 areas.  Of these, 41 were Coast type and 22
were Caseade type. On 29 of the urens the trees were of old-growth
type; on 22 aveas, of infeemediate-growth type; and on 12 areas, of
young-growth type. The loeations of these areas are shown on the
map m figure 1. The areas included burns from 1 to 62 years old, as
shown in table 1,

Tantsz T.—Rises of field data

Growily type and nge of bure {venrs) l Areas i Trees 2-fool logs YVolumne

Yonung growt T Number 1 Nuwber Number | Cubic feet | Bourd feet

! e I u i in N i, 202 17,870
o, Ta7 Pt
&£ 8he &, Y80
1, 640 T
i, 348
348

23,8401 125, 810

Tinderted inbe growih; !
bee o e o o ; 3 o, U8 o8, U

2 L . Y 20,01 268, 9%

40, 9498 Biifh, 750
27, B85 138, find)
1, Th M, 440
g, 810

55, Gi0

1, w30

G5, LB

57, 1

57, T

58, 7

L g, B

104, 450
2B, 4
20, 4t 1, 580
847, 308 a7, Ty
3,138 L, 2k
flt N7, a0

{H, (53

0, 450

70, 460
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Mapee 1—-Ruges of ficld date—Continued

Growih type end age of buen {yers) Arens Troes 32-foat logs | - Vaoluma

MNumber Nuwmber Number | Cubic feet | Board fee!
) 120 2, 531 A2,

124 222, 460
Bl i 14, 70
48 i
i)

[ e

19, 572
510,410 ) 3, 484, 570
3,178 T3, BTG 4, 851, Yui

B

Qi Lotal oo e e raaa rm e

The number of individual trees used as a basis on each area depended
on the degree of variation found in size of trees and amount of ({eterio-
ration in different trees on the aren. Detailed measurements on 10
trees were usnally consideved suflicient to determine the extent and the
nature of deterioration on an arvea. However, on some of the younger
burns where deterioration was slight and uniform, less than 10 trees
were used, and in a few of the older burns where deterioration was
more variable, as many us 20 ormore trees were used.

The rangesin d. b. h. of the fzees included in the bases for the various
growth types were as follows: Young growth 12 to 60 inches, inter-
mediate growth 92 to T4 inches, and old growth 27 to 104 inches, More
trees of the young-growth type were in the 21- to 30-inch . b. h. class
than in any other 10-inch d. b. h, class, move trees of the intermediate-
growth type were in the 41- to 50-inch d. b. h. class, and more trees
of the old-growtl type were in the 51- to 60-inch . b. h. class.

The basis of logs shown in tuble 1 includes only full-length 32-foot
logs with 0.3-foot trim allowance. In nearly all trees the top log was
less than 32 feet long, and although these shorter logs are included
in the board-foot volumes in table 1, they ave not included in the
columm headed “32-foot logs.”

Deteriovation of five-killed Douglas-fir usually progresses at a
rather uniform rate. For this reason a lavge basis is not necessary
for an accurate deternination of vate of loss. The basis obtained in
this study is covnsidered adequate for determining not only the rate
of deterioration for all three growth types buf also the importance of
the various agents invelved in the deteriorating process.

CAUSES OF LOSS AND AGENTS OF DETERIORATION

In the ordinavy forest fire in green timber of the Douglas-fir region,
the immediate destruction of merchantable timber by combustion is
usnally very small (see fig. 8, «). A burned urca is nsually considered
o have the same merchantable volume of thmber immediately follow-
ing a fire as it had just preceding the five.

Sgon after a forest fire, deterioration of the fire-killed trees begins
and continues until no sound wood remains. The agents causing
deterioration of fire-liiled Douglas-fir are tungi, insects, and weather;
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of these, fungi and insects are of chief importance. Other losses as-
sociatetl with deterioration, such as excessive brenkage and consump-
tion of wood by subsequent fires, are of less importance.

On the basis of present information, tho parts played by insects
and by fungi in the deterioration of five-killed timber are inseparable.
"These agents work togetl. x, and apparently at g mmerally similar rates.
Usually conditivns favoring decay also favor msects. In some cases
tho inseets follow the decays; in others the insects precede the decays.
The outstanding difference between the work of these two agents is
the resulting degree of deterioration. Insects typically cause partial
doterioration, as, after their attack, the wood is usually of some
petential use, even though it may be degraded to the point where
nt present it ennnot be removed prefitably from the woods. In
confrast with this, the decays render the wood uscless. '

Certnin fungi, which cause the so-culled brown rots or carbonizing
decays and attack principally the cellulose in the wood, seem to restrict
insect nctivity in fire-killed trees. The so-called white rots caused
by fungi that attack principally the lignin in the wood de not seem
to restrict inseet activity.

DETERIDRATION BY Funect
FUNGI CAUSING STAIN

The fungi cousing wood stain in fire-killed Douglas-fir belong
mostly to the genus Ceratostomella.  The fruiting bodies of this genus
consist of niicroscopic filaments or minute, dark-colored, pear-shaped
bodies produced on the surface of the affected wood. Wood-staining
fungi attack sapwood ulmost exclusively. They are of importance
during the first 1 to 8 vears following fire, before the other deteriorat-
ing agents cause much damage. In many salvage aperations where
Douglas-ir is salvaged within a {ew years after fire, wood-staining
fungi are the most important deteriorating agents. _

Unlike the deeavs, the principal wood-staining fungi <o not mate-
rinlly weaken the wood, for they live primarily upon the contents
of the cells.  Wood stains caused by fungi are generally classified under
the heading of “blue stain,? and cause degrade of the wood affected.
Tt not otherwise deteriorated, the wood so degraded is as sunitable as
nstained wood for many uses.  This degrade is based largely on eolor
prejudice, although presence of the stain definitely brands the wood
as having been exposed to decny fungi. This being the case, the wood
may and sometimes does contain the hyphae of wood-decaying fungi
in addition to the hyphae of the fungus causing the stain.  This fact
undoubtedly constitutes one reason for the prejudice against blue-
statned wood.

FUNGI CAUSING DECAY

The sporophores of the wood-deenying fungi are familiar to the
woodsman,  They consist of teadstools or nushroems on or near the
Lase of the tree, resnpinate crusts or plates on the wder side of logs,
or the more common beacket-shaped or hoot-shaped fruiting bodies
attached to the bark of standing and fallen trees and known as conks

SIS ——
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or punks. Most of the fungl causing sorious detertovntion of five-
killed Donglas-fir have hoof-shaped, crustlike or shelflike sporophoves,

The fungi causing decay of fire-killed Douglas-fiv may be divided
into_two general groups: (1) Those confining their activities pri-
marily te the sapwoad; (2) these attwcking both sapweod and
leretwood.

After the death of a tree the first wood to hecome exposed to intec-
tion is the outer sapwood. The principal supwood-decaying fungi
generally spread so vapidly that they soon vecupy much ot the snp-
wood.  The fungi causing the decper peneteating decays also gain

nteanee through the sepwood or through cracks or other openings ex-

tending mto the heartwood. These Intter fungi have the enpacity
to cause as complete deeay of the sapwood as do the purely sapwood-
decaying tungi, but nsuatly they do not develop as rapiddy aud aee
outnumbered by the sapwood-decaying fungi during the enclier yeavs.
Later, atter most of the sapwood has been consumed, the heartiood-
decaying fungi become increasingly move important.

In addition to the fimgi that worl primarily on dead trees, there
are o nimber ol fungi that cnuse decays in the heartwood of the living
trees.  Maost such fungi are relatively innctive in dead trees, but some
of them vontinue activity to a degree comparable to tint of a sevenger
lungus, The ring seale fungus, Fomes pind (Fr.) Karst., which is so
commonty found causing decay of the heartwood of living trees in old-
growth Donglas-fiv stands, Lecomes relatively juactive in five-killed
trees,

FUNGL CAUSING PRINCIPAL DECAYS OF FIRE-KILLED DOUGLAS-FIR

The red-belt fungus, Fomes pinicola (Sw. ex Ior.) Chke., is responsible
for the greatest proportion of (zl{?l'.’:l}‘-. The young sperophores or conks
of this fungus appenr as round, white corky mnssos emerging usuully
from bark crevices, and showing clearly agninst the blackened bark
(fig. 2, ). The conks mre perenninl, ndding new inyers of growth
ench yonr, mud the shapes of the older conks range trom shelllile to
hootshaped (fig. 2, 8). The layers are indicated by the zoned struc-
ture of the top, which iz smooth and gray to Mack. The margins duy-
ing the growing season are nearly white, later usually turning to a
shiny ved; henee, the name “red belt.” The lower surface is white
to light cream and containg numerous small regular pores.  This
fungus grows under a wide range of conditions and atiacks botly s -
wood and beartwood. The decay in fire-killed Donglas-fr first ap-
pears o the sapwaod. in Jong streaks as u pale-yeliow to Hght-brown
stain during the fivst to the thivd year after the fice. The tvpicat or
advanced slage of this decay is a hrown crinubly rot of chareoul con-
sistency, which breaks up inte cubiesd pieces by the formation of
shrinkage cracks, which ofien become tilled witly thin white layers of
myceliam.

The purple fungus, Polyporus abietinug Dicks, ox Tr., is the second
most important Tungus in the process of deterioration, but probably
causes the most loss to vwners of old-growth fire-killed Douglas-fir, ns
it is the principal decay in trees of this growth type fov the first § to
10 years. and it 3s at this thne that most such timber is salvaged. The
conks or sporopheres are =mall. thin, and bracket-shaped (fig. 2, ).
They are annual and are nsually nunierous and otten crowded together
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Plevie 2—Fruiting bodies of the two fungi most important in epusing deteriova-
tion of five-killeld Douglas-dir: A, Tmmalure spovophires uf Bowmes pinicode an
R, manee spoerophore of F.opinicole?

), sparophoves of Pooebietinns

the baok 4 yeavs atier the ree was Killed ;
) tletnil of sporophntes of Polyparis alietinns: {
m1 the Dark 4 yeavs alter the teee was killed.




12  7TEcEXICAL BULLEMIN 8&1, U. 5. DEPT. GF AGRICULTURE

in an imbricated mamer along bark crevices {fig. 9, D). The upper
surface of the conks is hairy, zoned, and white to grny, becoming davk
with age.  Thename “purple fungus” is derived from the purple lower
surface, which contains numerous regularly or irregularly shaped
pores.  This fungos confines its action to the sapwood and is ustinlly
the predominating sapwood destroyer in five-killed Douglas-fir. On
the surface of n log the decay first appears as water-soaked areas under
the barl. and in & seetion of the wood ag a vellowish stain during the
firsh or fhe second year after the fire. The typieal decay is a white
rot, which in the Inte strge forms shallow, long pockets, oiving the
wood 1 honeveombeqd appearance.  The small pockets are lined with a
thin layer of white fibers, which give the decayed wood n white-flecked
appenrance. In the final stage the pockets become empty and eause the
decayed wood to become spongy and very light in weight and to
separate eastly into layers afong the nnnual vings.

The chalky quinine fungus, Femes officinalis (Vill. ex Fe.y Faull,
is of considerable importance in the deterioration problem. ‘The sporo-
phores are lurge, chally white to light brown. and range from bracket-
shaped to hoof-shaped (fig. 3. B). The upper surface is roughened
and zoned. The lower surface is nearly white, with smail regular
pores. 'The context is soft when voung but tough or chalky when old
and has @ very bitter taste, from which is derived the name “quinine
fungns”  This fungus not only eanses a fairly rapid decay of the
sapwoad and heartwood of five-killed trees but also is one of the impor-
tant destrovers of heartwood in living Douglas-fic (2). The deceay
prodneed by this fungns is genceally similar in appearance to that
caused by the red-belt Tungus. In the'final stage, decay caused by these
two fungi is very similar in color when of the same moisture content.
In five-kilied trees, however, the guinine tungus usually works in the
center of the tree and consequently the vof is drier than that of
F. pinicola. which works inwardly from the surtace of the bole. For
this veason the rot of F. offcinalis nsually appeavs lighter in color
when both decays are found in the same tree. The most proncunced
difference between the two decays consists of the thicker and tougher
layers of white myeclium found in the shrinkage crucks of the deeay
catsed by the quinine fungus. This fungus wis most important in
burns which were 10 to 15 years or more 51d.

The slash fungns, Zenzites suepiaria Wull, ex Fr., is one of the
species commonly found eansing decay, The sporophores are small,
annual, and beacket-shaped (fig. 3. 3. The upper surface is zoned
and dark orange to dark brown. The lower surface is nearly brows,
becoming gray with age. and contains irregular pores ov platelike giils.
This fungus canses a rapid decay of sapwood but invades the leart.
wood slowly. 1t is more commonly found on drier sites. sueh as are
characteristic of the Casende type. and is less common in moist situa-
trons, About 1 to 2 years afier n fire, the decay appears in the supwood
as a light-brown stain in smadl patches, and im the final stage it s n
darle-brown, erumbly vot, oceasionally with tan myeelinl felts 1n the
shrinlage cracks, The decayed wood is soft and Iight in weight, and
breals up into smail enbes.

The pouch fungns, Polyporus volved us Pk.. was not found producing
an advaneed stage of decay during this study. It is of considerable
hnportance, however, in causing discoloration of the outer sapwood
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Quring the fivst & years following the death of the trees. Protrnding
from insect burrows in the bark, the yonng annual spovophores are
small, globose, and reddish brown, becoming tan to white with age
(fig. 3, 7). The muture globose sporophores may reach ¢ size of 1 to
1.5 inches in dinmeter (g, 8,¢7). The brown pore surface is completely
coverad by n leathery membrane continuons with the upper surface

.
i
Piatire 3o—"Fypicnd, matnre frniting bodies oF fuwgd lmpoctant in the deteriorntion

ol fice-kitied Donglis-tiv: A, Lenziles seepiarin o B Pomes oficinatis; O aml n,
Patpporis rofvedus,

except for w smell opentug. which appears in the membrane at maturity.
The discoloration praduced by this Tungus is typically cream to light
ti. varving little from the normal color of the sapwood on eross
soctions: however, v a radial or tangential section of a log the dis-
coloration is quile evident.  Sapwood containing this discoloration is
brash, as evidenced by its breaking squavely across the grain in contrast
to Lhe splintering of normal sapwood when broken, The diseoloration
cauged Dy this fungus is evident in fire-killed trees chiefly during the
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first 4 years following their death. After that, incipient and typical
stages of decay caused by other fungi obscure the deterioration caunsed
by this fungus. No advanced stage of decay caused by P. volvatus
wag found during the entire study, although Schmitz (Z4) found in
a laboratory study that this fungus caused ﬁecay of Douglas-fir wood,
as evidenced by an average joss of weight of 2.8 percent in 5 months.
The shelf fungus, Fomes appianatus {Pers. ex Fr.) Gill., was oc-
casionally encountered in the base of fire-killed trees, but becanse of
its exacting moisture requirements it is not of great importance, The
old sporophores are lavge and distinetly shelflike (fig. 4, 4). They ave
perennial, adding & new layer of pores each vear. The upper surface
15 gray and zoned, and often is covered with the dustlike brown spoves
produced by the fungus, which give the entire surface a tan color.
The under surface 1s white when fresh, becoming brewn when bruised
or dried. This fungus, unlike the slash fungus, is found only in moist
joealities where the woed is not subject to rupid drying. 1ts action is
limited chiefly to the sapwood of the stump and basal log, although the
heartwood becomes decayed when sufficient moisture is present.” The
fungus causes a stringy and moeist decay, creum to light brown in
color, generally with a white mottle containing numerous small black
_flecks and bars running longitudinally, and it also frequently forms
black zone lines. General observations indicate that this fungus is
considerably move important in causing detervioration of fire-killed
western hewmlock, Tsuge Aeterophiylie {Raf) Sara., and the balsam
firs, Abins spp., than it is in the detevioration of fire-killed Douglas-fir.

FUNGL CAUSING LESS IMPOUTANT VECAYS OF FIRE-RILLED LDOUGLAS-FIR

Several species of fungt commonly found are individually of no
great importance; however, these fungi, when considered as a gronyp,
become of considerable importance in the deteriorating process.

Of the fungi in this group that confine their activity to the sapwood,
probuably the most important are several species of Sterewm. Stervion
rugisporum (Eil and Ev.) Burt. was the most commonly encountered
species. Another fungus of this group occasionally foand is Poly-
porus (Delystictus) versicolor L. ex Fr. Although these niinor sap-
vood fungl commonly produce sporophores, their decays arve usually
quite superficial.

Of this group. the more important fungi that destroy the heartwood
are Polyporus fbrillosus Karst., Ganoderma oregonense Murr. (fig. 4,
B}, and several species of Porig. The most commonly encountered
Porig was P. selecta Karst.  In this group of heartwood fungi are two
of the important heartwood-decaying fungi of lYiving Douglas-fir,
which, like the quinine fungus, continue their activity and spread in
ithe tree after it is killed. They are Polyperus schweinitzil Tr. angd
Homes subroseus (Weir) Overh. P schweinitzii is of special import-
ance becanse it works primavity in the valnable butt sections of the
trees. and otten predisposes the affected snags to wind throw (fig. 4, €).
This fungus eauses » charcoallike disintegration of the wood, known as
ved-brown butt rot.

A species of fungus usually of minor importunce may oceasionaily’

be prevalent in individnal trees where growth conditions are especially
favorable forit.  But such o species considered by itself in the whole
study of deterioralion of fire-killed Douglus-fir in the Douglas-fir

R
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region is of little consequence because of its too exacting requirements
lor development. Because of the great variety of influencing factors,
the more exacting a species nay be the Jess important it is in the prob-
lemi as a whole.

RELATIVE IMIOKTANCE OF FUNGL CAUSING DETERLOGATION

The relative amount of decay caused by each species of fungus is
different each succeeding year after death of the tree. Usually the
sapwood decays predominate for the first 5 to 10 years, after which
the heartwood decays become more prevalent.  Tuble 2 shows the rela-
tive importance of the different fungi in the tetal fungus-induced de-
terioration in the three growth types in burns of various ages. Lhe
Iercentage of the total deterioration caused by each fungus was com-
puted on a total volume basis for all areas in the individual age classes
within each growth type. For example, in 1-year burns of the young-
growth type the volume of deterioration caused by Fomes pinicola
was 25 percent of the total volume of deterioration found in the two
young-growth type aveas that were studlied 1 year after the death of
the trees.

In table 2 the percentages of deterioration caused by the various
fungi are shown to the neavest 1 percent, and any observed per-
centage less than 0.5 is shown as “trace.” In actuality, the data
were computed much more aceurately than this, since in taking field
data the estimates of percentage of deterioration caused by the vari-
ous fungi were usually made to the neavest 5-percent at each point
of examination. The percentage of deterioration caused by one of
the less common fungi was sometimes fairly high at a few points
of examination, or cven throughout o tree or over an entive area,
but when the percentage of deterioration caused by this fungus was
computed on a basis of the total deterioration for a large number
of samples it was very small or even negligible.  For.this reason some
species of fungi are not shown in the table, although they may have
been found producing sporophores and causing # small” amount of
detevioration.

From table 2 it may be noted that the blne-staining and the more
ot less superficial sapwood-decaying fungi are important only in the
frst few years following a five, Inter becoming obscured by other
fungi.  The heartwoed of five-killed stands of Douglas-fir is decayved
largely by Fomes pinicolu, which in some areas is the onty fungus

Tound decaying the heartwood.  This fungus also causes a large per-

centage of the sapwoad decay, espeeinlly in the vounger growth
types. 1t was found that trees of rapid growth usually contain a
larger percentage of F. pinicola deeay than trees of slower growth;
thns is often trie in the sapwood as well as the heartwood, Sap-
wood of trees of slow growth usually is deeayved principally by
Polyporus abictinus, pacticularly an aveas of the older wrowth fypes.
Oceasionally, on the drier sites, aveas ave formd in which Lfenzites
sacpiariv s the predominating sapwood destroyer in many of the
trees.

Although Fomes pivicole was always found to be the principal
heavtwood destroyer, F. afficinaliy is often found causinge extensive
heavtwood decay in trees that have been dead more than 15 vears.
The data show that this latter fungus causes about one-fourth as
much deeay as F. pinicole on burns over 13 vears old.
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TasLE 2.—Relalive nmounts of deterioration coused by different fungi in fire-killed
‘Douglas-fir of different growth types on burns of various ages
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The “total™ values in table 2 show the percentage of deterioration
cauged by each fungus species in all the areas studied within the
various growth types. While these values are of considerable inter-
est, they do not necessarily indicate the relative importance of the
varvious fungi in the deteriorating process, because the basis was
considerably greater in the vounmer age classes of burns.  The high
pereentage shown for Polyporus abietinus detonstrates this, espe-
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cially the high percentage for this species in the intermediate-growth
type, since areas in this type were studied only to 16 years following
five.  Sixteen years after a five, trees of this type muy often be not
more than 30-percent decayed,

DISCOLOLATION BEYOND THE TYPICAL DECAY

The fungus mycelin penetrate the wood for some distance in,
advance ot the portions distinetly decayed. This advance zone of
decay is in most cases marked by some sort of discoloration of the
wood. depending on the species of fungus vesponsible for the decay,
and is usuatly accompanied by a slight softening of the wood. The
discolored wood containing the incipient stages of decay in five-killed
timber is decidedly a loss to lumbermen.  The strength of the wood
may sometimes not be preatly impairved, and the action of the fungi
may be stopped by kiln-dryving the inmber. However. sinee kiin-
dried wood is used mostly as finishing matecial, it is degraded by
discolovation, and for this reason wood with incipient decay is seldom
kiln-dried. If the lumber is not kilu-dried or otherwise treated to
kill the myeelia within it, the fungi vemain ag potential wood destroy-
ers, which will resume growth and continue disintegration as soon
as conditions ave again fuvorable (/0). This defect was considered
as part of the general deterioration throughout the study.

The discotorntion accompanying incipient decay should not be con-
fused with the blue stain caused by Cerafostomella spp., with super-
ficial growth of molds, with the stains often caused in the sapwood
by the leaching of pigtients from the bark, or with other stains of
nonpathogenic ovigin. Ruch stains are not potential wood destroyers
and i most cases do not cause appreciable loss: therefore, except for
bhie stain, they were not inclicded in the losses estimated in this
sticty.  However. sinee sote of the wood thus stained may also con-
tain the hyphae of wood-destroying fungi. the propriety of excluring
it froem the loss column is open to question.

The discoloration, beyond that of the typical decay, cuused by in-
cipient decay in five-kilied Donglas-fir is as follows for the principal
fungus species fornd : .

Foes pivivofa.—Faint yellow o red or reddish Drown,

Polyperuy abietines—TLight yollow w

Fowmes officinalis~Yellow or pink to light reddish broewu, or sometimes purple.

Lenzites saopidrin.—Dile 1an to hrown.,

Fontes gpplanatus,—Tan w hrown, sometimes purplish hrown to violet.

PENETEATION D1 MYCELIA BEYOXND DISCOLOUED XONE

A few haphae of decay fungt arve poresent for some distance beyonl
the discoloved zone. but wood containing such hyphae is probably not
appreciably weakened mechanically. Tt is not recommended. how-
ever, for use in places where moisture conditions are favorable to
tlecay, because the hyphae of many fungi possess fur a long time
the power to resume activity and continue the spread of decay under
favorable condittons, Cases are known in which these latent hyphae
have resumed activity in wood that had been kept aiv-dry Tor periods
ranging up to T years (72). However. if the wood is properly kiin.
dried or otherwise {reated to destroy the hyphae and if the wood is
net aetnally wealened. it is as durable as if cut from a sonnd tree
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(70}, Tor this reason the hidden stage of decay was not considered
in the estimates of deterioration made in this study,

In connection with the study of the deterioration of fre-Jilled
Douglas-fir, a special study wns made of the depth of radial penetra-
tien of the fungus mycelia into the wood beyond the discoloration
arveas of the decay. Three of the principal species of fungli were
studied in a total of 75 special wood-block samples collected on § dit-
ferent avens. The distance of radial penetration jnto the appareutly
sound woot was determined by 2 generul methods: {1) Cultures were
made from the specimens at different distances from the margin of
discoloration, and (2) sections cnt from the specimens at varicus
distanceys from the discoloration were examined under the microscope.
The 2 methods of determining the vadinl penetration of the mycelia
beyond the discoloration pave practienly the same results, which ave
summiarized in table 3. While in a nuntber of cases the peuetration
amotititer] 1o over an inch, the average was about three-fonirths of an
inch, Consequently, it u deduction in scale is to be made for this
defect, 1t weuld be equitable to both buyer and seller to deduct 2
inches fromm the diameter of the log inside all visible decay or
diseoloration,

This defect was uot incinded when figuring the losses from de-
teriorntion in this study, becauge these few hyphae do not materially
wealen the weood or cause u degrade In lumber becanse of objection-
able color. However, this invisible penetration is as potentially dan-
wrerous as thal in the discolored wood if the wood is not treated to kill
the hyphae. If lumber containing this invisible early stage of decay

is Kiln-dried at temperatures high encugh to kill the fungus hyphae,
there is no loss.

TanLE 3—=1¥epth of radiul penclration of fungus myceltic bepond discolored wrew
of decuy in fire-kitled Dawglas-fir
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DETERIORATION BY INSECTS

Almost immediately after Douglas-fir trees ave killed by fire they
ave attacked by many kinds of insects (Z,9). These insects and others
that attack tuter help to deteriorate the wood so that in time it cannot
be atilized as lumsber. I addition to the primary damage caused by
insect galleries, some inzects cause indirect damage by introducing
wood-staining fungi (5, 16). It is suspected that wood-decaying fungn
may gain aceess fo the wood throngh heles made throngh the bark by
insects, ‘The galleries of certain borers, by increasing the exposed
wood surface, seem to provide a means of more rapid penetration by
wood-decaying fungi (12). Insects causing deterioration of five-killed
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Douglas-fir may be divided into three groups, characterized by the por-
tion ot the bole they attacl, as follows: (1) Those attacking the phloem
region (bark and cambium): (2) those attacking the sapwood; (8)
those attacking the heartwood. In general, this grouping also denotes
the chronologieal order of insect attacks.  Although the groups are
fairly well defined, there is some overlapping. For example, some
insects first ave philoem feeders and later enter the sapwood and even
the heartwood. Likewize, the velntive ovder of atincks is not in all
cages indieated by the part of the tree that is attucked.

INSECTS INFESTING PHLOEM REGION

Insects infesting the phloem vegion feed primarily in the region
comprising the inner bark and the outer layers of sapwond. As a
group, they ave the first fo attack. Their initial concerted attack
usually occurs during the spring following Hre. as most fires in the
Douglas-fir region occur in late summer or early fall after the epg-
fuying period of the insects is past. Maximum abundance of the vari-
ous species is attained during the first to the thivd year following fire.
Their most characteristic role is as bark looseners. ~ A few of them ave
known to introduce wood-staining fungi (5. 16).  Some phloem-infest-
myg insects Iater become Importaut in the deterioration of the sapwood
and the heartwood.

The Douglus-fir beetle, Dendroctonus pseudotsugae Hopk., is the
most important as well as the most abundant of the phloem feeders.
The adult is 4 veddish-brown beetle averaging slightly less than one-
fourth of an inch in length. Tges ave laid i the spring.  The full-
grown larvae are curved, pearly white. and approximately one-fourth
of an inch long. The adult progeny emerge the next spring tollowing
the egg-lnying. thus completing one annunl generation. Attacks by
D. pseudotsugae often occur from the base nearly to the tip of a tree
but are most abnndant along the midbole. Many years after a tree
is abandoned by the beetles, the characteristic galleries on the inner
barke (fig, 5, 2L} remain as evidence of attack by this species.

In the Northwest the Douglns-fir beetle normally attacks only
injured, wealened. and recently killed trees and appears to be few in
muombers and of little economic importance.  Yet after a fire. even
sueh a large one as the Tillnmook fire, practieally all five-killed trees
are attacked by this beetle,  The problem of where sueh farge numbers
of beetles come from so suddenly has not been solved. but it is cortain
that they find favorable conditions for attaek and vapid increase in
the burned trees. TUsually by the second yenr {ollowing fire the
attacked trees ave no longer attractive to the beetles. By then. how-
ever, a lazge beetle population miny be present, and, heing withont
preferred host material, may attack healthy green timber in the sur-
vounding area. In such eases mneh additions] thnber is killed and
the magnitude of the ariginal salvage problem ix considerably in-
creased {8).

In burned timber the Donglas-fir beetle is of importance in two
respeets. A= a bark Ioosener. it is one of the chief factors in opening
the bole to other agents of detertoration and may fhus necelerate the
establishment of fungi. Tn thix connection it i pertinent that where
Douglas-fiv beetle galleries are very numerons they tend to retmrd
deterioration by other iusects to some extent by making conditions
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less favorable for borer development. As an established enrrier of the
sapwootl-staining  fungus, Ceratostomelle pseudotsugac Rumbold
{13}, the Douglas-fir beetle is one of the factors influencing the early
starges of deterioration in the sapwood.

The fir flathended borer, Melanophila drummondi (Kby.), is some-
what less nbundant and eanses consicdlerably less deterioration than the
Douglas-fir beetle,  The adult, whicl: is approximately three-eighths
of an inch Jong, is » flattened bluck beetle with a vaviable metatlic
luster and with or withoub yellowish spots on the wing covers. The
Tull-grown larvac are ereany white and somewhat resemble the shape
of a bent hovseshoe mail {fig. 5. B). Chavacteristie lavval mines ave
formed in the inner bark (fig. 5, B). One generation a year, with
attacks occurring in the early summer following five, appears to be
typieal. In some trees tn which the inner bark has deied out more
slowly than usual, attacks may be made the second year following fre.
Infestution may extend practieally throughout the length of the bole,
but it most {requently oeenrs above the basal 30 to 40 feet and is
heaviest toward the top.

In addition to its role as a bark loosener, the fir flatheaded borer is
an important fictor affecting salvage by killing scorched and exposed
trees adjacent to burns.  As a killer of preen trees, however, it is of
much less importance than the Douglas-fir beetle.

A number of other phloem-feeding insects of lesser hmportance
attuck fire-killed Douglas-fir duving the fiest fow years following five.
OF these the more common ave the roundheaded borers T'etropium
velutinwm Lec. and Steaacorus lineatum. (Gliv.).

INSECTS [INFESTING SAPWOOD

The sapwooed of five-killed trees is commenly infested by many
species of borers. Few of these are of importanee in the salvage
problem, tor they seldom become abundant enough to cause cull of the
wood before fungi have vendered it vseless for lmmber. A few do
e degrade. Some borers that mine in the sapwond Inter bore inte
the heartwoud, where they sometimes canse considerable damage, This
latter group of inzects s discussed in the following section headed
“Insects Intesting Heartwood.”

The mnbrasia heetles, ov pinhole borvers, of which Trypodendron
ivittutum. (Kby.), Guatholvichus retusus {Lec), aud L swleatus
{Lec.). ave the principai species. ave the fivst insculs to attack the
supwoud and arve [requentiy the first insects to abtack burned trees.
They arve the only sapwood-infesting insects cansing apprecinble
deterioration.  The adults arve evlindrieal. dark-brown. sliiny heetles
approxmately onc-eighth of an inch in length. They make small
branching galleries that seon become heavily stained by certain fungi
that, are specifically associnted with them. One or more generations,
depending npon the species. are produced anmnatly,  Attacks ave made
throughouot the growing season. but the heaviest attack is made in the
spring and a somewhat lighter concentration ovcurs in the fall. On
individual trees, attacks are usually heaviest in the lower bole although
they may extend high into the crown.  Most attacks are made in the
first and second years following fire. but both species of Gnuthot richus
have been reaved from trees that had been dead nmuny years,
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As is the cnse with the Douglus-fir beetle, the,ambrosia beetles attack
nearly all fire-killed Douglas-tivs irrespeative of the size of the burn.
Their galleries cause a defect known us “pinholes,” which, together
with the accompanying blue stain, causes degrade of lumber cut from
infested trees (fig. 5, 1)).

Othey sapwood-infesting insects commonly found during the first
fow yeurs after five ave as follows: The horntails, of which Xers
caudate Cress. is an exnmple; the buprestids, Buprestis aurulente L.,
B. langi (Mam.), B. rusticorum. (Kby.), Dicerca sexvalis Cr., andl
Chaleophora angulicollis (Lec.) ; and the cerambycids, Xylofrechus
wndulatus (Suy) and Neoclytus muricatulus (Kby.). These insects
are most :thumiant from the midbole to the top.  Buprestis awrulenta
and B. langi also bore into the hieartwood, but penetrate so slowly that
other deteriorating agents usunlly precede them.

INSECTS INFESTING HEARTWOOD

The relatively fow insects that attack sound heartwood are the most
important ones in determining limits of salvability. Althougl their
aalleries usually eause only degrade, this is frequently sufficient (o so
reduce the sound volume of a tree that it is unprofitable to remove it
from the wootle, The destructiveness of the heartwood borers is
accentuated by the fact that they mine chielly in the portion of o tree
where the lumber values ave normally greatest.

A very large roundheaded bover, Evgates spiculutus Lec., is known
Lo loggers as the “timber worm.”  The adult (fig. 6. 4), a lavge dark-
brown beetle from 2 to 24 inches long, is seldom seen except when an
occa donal one is attracted to light during the flight period in late
summer.  In contrast, the larvae (fig. 6. B). which attain « length of
3 inches. are well known to woods workers and others who have occasion
to cut into old Douglas-fir snags. Fortunately. the Jurge larvae of
this borer never become abundant in five-killed trees befove the fifth
v sixth yenr following fire, and often not untii some years later, or
in some areas not at all,  Attacks wre vepeatediy made as long as
sonnd woed remains. The galleries may be present from the base
far into the top, but their oceurrence is charvacteristically patehy, so
that it is diffiewlt to make deductions for this type of damage. £
spieudatus extends ifs lavge galleries (fig. 7, (') farther ahead of gen-
eral deterioration than any other insect.  The presence of these galler-
jes is quite likely to be the factor determining the ultimate limit of
practienl salvage in a given arvea.

Another roundheaded bvorer, (riacephalus productus Lec., may at
times canse much damage to the heartwood and has limited salvage
operations in a number of cases. The adults are black and attain a
length of 1 to 114 inches (fig. 6. ¢'). The larvae (fig. 6, 22) at maturiby
are approximately L% inches in length.  Attacks presumably occur
in the sunumer of the frst year following fire.  Closely related species
huve been observed to be attracted to burned trees that were still
smoldering. The life eycle of (" productus was not definitely estab-
lished, but circumstantial evidence indicated that several years are
required to reach maturity. This beetle was not found to reattack
five-killed trees. The larva first mines beneath the bavk. later it pene-
teates the sapwood, and finally it makes a large open pupal cell that
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Proeee G—-Principnl inseceis catsing danage o the Dearwood of  dire-killed
Dawyglasdiv s A Fregudes spicelobus, sdult s B E spicafulnes, inrvae; O {Irio-
cophafos productys, sdnlis; 1 O, prodaetas, lnevae s B dseation airion, adnkts
P, Lepfurg obtitoraty, adolis,
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usually extends several inches into the herrtwood (fig. 7, B). Con-
struction of the pupal cells takes place from 8 to 6 years following
fire.and causes the principal damage by this insect. The oldest burn
in which ¢, producins was found was one in whicl the trees had bheen
dend 10 yeurs. Attacks chavacteristically ocemr in the upper portion
of the bole but may also be present near the base.

A thivd roundhended boter, Asemiom atrumn Esch., 35 the most abun-
dant species that bores in the heartwood in the early years following
fire, but it causes less daaage than Criocephalus productus, of which
it is n newr relative.  The adult of 4. afrmm is a black beetle approxi-
mately one-half of an inch long (fig. 6, ). The mature larva is ap-
proximately 1 inch long, and, aside from its size, so closely resembles
that of . productus thut these two species in the larval stage ean be
seprrated with certainty only by microscopic examination.  The length
of the life cycle ot 4. atrwm in five-killed Douglas-fir was not deter-
mined, but attacks were noted the first year following five and adults
emerged the third yenr following fire. Reattacks ocenr jn the spring,
year after year. long after the trees ave dead. At first the larvae work
between the bark and wood {fig. 5, C) and later mine extensively in
the sapwood.  Within 3 years in young trees and within about 5 years
in old trees they begin to extend their galleries into the heartwood.
At the end of 12 years they have been fonnd abundantly 6 to 8 inches
in the heartwood. Although . afrum attacks the tree throughout
its length, it is far move common in the basal 20 to 30 feet. Otten the
galleries show deep in the heartwood at the sttunp cut and hardly at
all at the top end of the basal 82-foot log.

Several Lepturini, a group of roundheaded borers, are very abun-
cdnnt during tllw Inter stages of deterioration and cause some damage to
the heartwood.  Leptura obliterate Hald. is typical and is perhaps the
most abundant of these borers. The adult’is dark brown to black,
with various yellowish marvkings, and is one-haif to three-fourths of
an inch in length (fig. 6, 7). The eggs ave laid during the spring and
summier.  The larva is creamy white with a light-brown head and is
approximately 1 inch long when full-grown.  Beginning abont the
third year following fire and continuing until the wood is completely
deteriorated. the larvne are very abundant.  As small Iarvae they may
at first be found under the bark, but they soon enter the sapwood,
which is mined and remined by successive generations of the borers
until it s riddled.  In the heartwood the larvae progress with the
general deterioration hut may extend their galleries approximately an
mmch and oceasionally somewhat farther into the sound wood, Al-
though attacks ave present from the buse to the top, they are move
common from the midbole to the base, especially as deterioration
progresses and the tep dries out.

One of the ambrosia beetles, Platypus wilsoni Sw., has been ob-
served to extend gnlleries into the heartwood of intermediate- and
old-growth firve-killed Donglas-fir during the third and fourth years
following fire.  Such attacks canse only o minor amount of degrade
and seem to be unusual and nonproductive of brood.  In the fiest year
or two following five, 7. wilsoni heavily attacks western hemlocl and
coutributes considerably to the vapid deterioration of this species,
By the third and fourth vears following fire. hemlock becomes quite
dry nnd considerably rotten, a condition that seems to be unfavoruble
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for P. wilsoni. This insect may then attack Douglas-fir because of
its more moist condition,

DETERIORATION BY WEATHER

_ There is very little loss attributable direetly to weathering or check-
ing. In very old burns in which the sapwood has slonghed from the
trees and the outer layers of heartwouod have become casc-hardened,
there is often severe eracking or checking of the ense-hardened shell
of heartwood ; however, this ehiecking usuully does not extend deeper
than the discoloved wood bearing incipient decay nnd the hyphae of
wood-decaying fungi.  When fire-killed Douglas-fir trees are felled
and *bucked” and are then left in the woods for a considerable time,
they will useally end-cheelt more extensively than green logs left for
the same length ot fime.

Because of the exceptionally high atmospheric temperatures on hot,
dry slopes of the Siskivou Mountains in southwestern Oregon, the
thin-barked tops of small fire-killed trees of the young-growth type
were found to check practically to the center after being dead 4 or b
yenrs, This checking was confined to the upper bole well above the
upper merchantabie diameter Himit of 8 inches, In the tops of these
sinall trees the birk was so thin that it loosened and began slonghing
off abont the second year following the fire. The supwood as well as
the heartwood became so dry before decay reached the typical stage
that further progress of deeay was checked.

The weather nndoubtediv has an indirect effect on deterioration by
its influence on growing conditions for the deterioiating agents, in
some cases limiting the number of species of fungl and 1nsects that
cause deterioration.

Orner Cavses oF Loss
BREAKAGE IN FELLING

There is more breakage in felling frve-killed trees than in feiling
green trees of the sume size under similar topographic conditions. It
has been found (73 that breakage in fire-killed Dounglas-fir trees that
fad been dend from 1 to 3 years averaged 18 percent when the trees
were falled on slopes up to 30 percent, as compared with 8 percent
brenkage in green Douglus-fir trees on similar slopes. This increase
in breakage is attributed to several factors, including brittleness of
the branches, lack of folinge, lack of undergrowth, and weakening of
the sapwood by detertorating agents.

The increased susceptibility ot fre-kitled Douglas-fir trees to break-
age in felling is not o factor in the gencral dctevioration of the wood
in standing trees as defined in this bulletin, and therefore was not
included in the computations of deterioration as herein presented.

FIRE

While Gires mry. and often do, kill large quantities of merchantable
timber. in the vrdinary fire of the Douglas-fir region the immediate
destruction of green fimber is nsually very small (fig. 8, 4). The
burning of wood usually is confined to dead trees, either stancing or
fallen. and to previonsly fire-scarred or decayed portions of them
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that were partinlly unmerchantable before the five, In exceptionally
hot erown fires some of the broken or dead and decayed tops are
consuted 3 however, this burning i waually in teee tops where the
dianreter 15 less than the S-inch merchantable limic or in previously
unmerchantable material. Tt is estimated that not aver 8 percent of

PGl S--Ragn 2 in the bresk-down of stands of Tiee-killed Doaglas-tiv, .1, Staud
killed by five b arherwise tirtde damaged by indiind fro; Dwigs il sl
branches intael 1 yvear afier death, 8, Partindly logged stad dend 12 TN
hark begioning (o slongh ;s smatler hranches gone, 0 A well-preseryed =l
S vears afier deati by fees bavk all olt; iy large limnds fllen. 74 Bewinoot
o iy vid-grow th stannd desd G2 vears: only sestttered [Tnhless stuggs remining
repradirelion established.

all merchantable material noan ordinary meture Douglas-fie vtand i
consuned by a hot forest e, In yvounger stands the percentage of
lose 3 lessc Under present-day utilization practices in the nmtare
staicls of old srowtdy Hhere would be no luss of merchantable groen
material in an ovdinary forest five.
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Although no detailed data were taken an aveas in which more tlun
one five had occurred, general observations on such ureas indicate that
subsequent fires consume a very small amount of standing mevchant-
able material when they occur in stands that have been dead less
than § yeavs. However, severe fives occurrving in old burns, in which
the stunding trees have lost their bark, often cause some loss by burn-
ing througli the disintegrated and dried sapweod and into the other-
wise merchantable heartwood. Such loss usually is not so uniform
in the different trees of an aren, ov even in the diffevent parts of an
individual tree, as loss from decay and insects, The burning of a
snag often s confined to the base or to one side, and in the case of
trees with decayed or hollow butts the burning usually occeurs inside
the tree, often causing the snag to fall.

DETERIORATION AND RATE OF LOSS

GENERAL ProOGRESS oF DETERIORATION

It is difficult to express the rate of loss through detervioration in
five-Jeilled trees without considerable detailed discussion and a number
of graphs and tables. TFor the sake of conciseness the extent of the
averago defevioration in different years after the fire is shown dia-
arammatically in generalized sketehes representing cross sections of
Douglas-fir logs.  Deterioration for young growth, intermediate
growth, and old growth is shown in figures 9, 10, and 11, respectively.

Two types of deterioration, namely, tinited and general, ave shown
in the dingrams. Wood with limited deterioration is suitable for low-
grade lumber, whereas wood with general deterioration is unsuitabie
or undesirable for most uses as lumber even of low grade. Limited
deterioration may not always oceur, especinlly in the heartwood.

The bases for these dingrams (fige. 9, 10, and 11) ave data from all
areas aid forall trees used in the entive study (tables 1 and 8). The
state of deterioration depicled for auy one year wuas deternuned by
averaging the data trom the several arveas of that age. Since each
aren vepresented a particular set of conditions, it was considered
desirable to keep the computations on an arvea basis. This method
eave the same value to an avea with a small number of trees as a
basis as it did to an aren on which u large number of trees were
examined.

As indieated by the dingrams, the first deterioration that becomes
apparent. is cansed by blue-stain fungi and ambrosia beetles working
simuitaneously. Alhough exceptions are cominon in individual trees
andl oceasionally in entire aveus, deterioration of this kind oceurs in
all rowth types ducing the first year after fire.  Deterioration caused
by blae-stain fungi and ambrosia beetles is totally obscured by that
of other agents by the beginning of the second year In young growth
and by the beginning of the fourth year in old prowth. Throughout
the study the presence of ambrosia beetle gulleries and blue stain .
without decay was considered limited deterioration.

Some incipient decay anud inseet bovings nsually are noticeable in
the sapwood the first year following the death of trees in the voung-
and intermediate-growth types, and by the second year in the old-
growth type. Within a year or two 1§ liowing attack by these agents
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the entive sapwood is deteriorated by insect gallevies, the typical stage
of decuy, discoloration by incipient decay, and weathering checks (fig.
T, ). In this study such wood is considerved generally deteriorated.

Upon reaching the heartwouod, the progress of the deteriorating
agents is considerably slowed in old-growth trees but. not noticeably
so in young-growth trees. In the heartwood general deterioration
Rrogresses at @ fairly uniform rate, which gradually accelerates as the
center of the tree is approached. In some areas galleries of certain
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Fraves Y-=Progress of detevieration in the Lrnnk of HE AVErAZe youi-growih
fire-Rilled Douglus-lir tree, Phe stipplitg repressiins limiiod  deteriortion
by Bluce-staining fungi sod ambrosin beeties in the sapwood.  The biaek nren
represelily general deteriorntion by all causes.  The eross hatehing represents
limiced deterioration by Borees in the hea rtwood,

borers extend into the heartwood beyond the region of general de-
terioration (fig. 7. /8 and €} ; however, wood thus mined is stil} poten-
tially usable for hauber of low grade and therefore is shown in the
dingrams as limired deterioration.  The extent of this partiat de-
terioration is considerably influenced by the gallevies of Criveephalus
borers. which are most active from 3 to xbout 6 years following fire (fig.
T, B).and by Ergates bovers, which may be present to a yariable degree
[rom the fifth or sixth vear until all the sound wowd js gone {fig. 7, ).
Factors affecting the vecurrence ot these bosers ure discussed later
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under the hending “Environmental Factors.” General deterioration
becomes complete at the time discoloration by incipient decay reaches
the center of the tree {fig. T, 7).

The condition of the bark on trees of each growth type is itlustrated
in the dingrams (figs. 9, 10, and 11) for ditferent years after the death of
the trees. In general, the thinner the bark of a Lree the sooner it
loosens and falls. Bark ordinarily loosens first in the top of a tree;
however, the branches usually hold the bark and keep most of it from
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Figus 10.—Irugress of deterioration in the trank of an averige intersedizie-
growth fire-killed Douglas-tic tree. e stippling represents Hmited adeterio-
Fition by biue-staining fung sl ambrosia beetles i the sapwoml. The hlack
aven represents genverunl deterioration by il causes The crpss hatehing
represents lmited deteriotation by horers its the heartwood,

falling for some time after it is loosened. The hark on the upper part
of the clear part of the bole usually is the Brst to fall. although it nor-
miatly is not loosened until nfter the bark is loosened in the top of the
tree (fig. 8. B}, The bark remains longest on the butt of the tree, the
last to fall being that adjoining the ground.

Sapwood ardinarily begins to slough from the bole of 2 fire-killed
Douglas-fir tree at abour the same time the bark starts to fall to the
ground. However, sume sapwood may generally be found on a tree
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For a nunber of yvears after all the bark has fallen.  Figures 9 to 11
mddicate the time and vate of sapwood slonghing for trees of the various
growth types.

After the sapwood is stoughed from fire-killed trees the decayed
heartwond often beging to slongh off.  In some areas the outer Luyers
of heartwouod become case-hardened and remain intact. although decay
usually proceeds inside the case-hardened outer shell. The case-
hardened suter Tayers of heartwood are almost always discolored by
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Fisvke 11, - -Progress of deterioration in e trunk of an averige old-growih fire-
kiied Donglas-fiv tvee, The stippling represends Jimited  detevierniion by
Lloce-sidoing fuugi awd mobrests beettes in the zapwoeal. Che Blsek aves vep-
Fescntx genetul deteriorntion Dy ool couses. The ceoss haiching represenis
limited deserioration by borers in the heavtwood.

incipient deeay.  Thix case-hardened slielt becomes so badly ¢racked
andd checked that fungd find ensy access 1o the er heartwood, and
decay pruatly progresses to the center of the tree (fig. 7. /72).

The Himbs of Bre-kitied Donglas-fir trees graduaily become shorter
{Her ®Y. the simall fwies and ends of branches starting ko fall about 2
or 3 years following their death.  The larger limbs usually start Tuli-
ing ahowt the fenth year, At about this same lime the tops slart to
break vl and the trees graduably beceme shorter until, about 40 o
30 years after the death of the trees, only limbless snags remain (fig.
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8, D). At high elevations in the Cuscade Range the tops of many
trees, especially the thin-barked species, become so dry that deteriora-
tton is greatly rvetarded: in sueli cases some of the trees rot off near
the ground and the whole tree dvops at one time (fig. 8, ¢). The fall-
ing of bark, large limbs, and treetops may be a serious hazard to
woodsmen in certain areas.

DEpTH OF DETERIORATION

EH]

(INGHES )

DERPTH OF DETERIDRATION

The best index to the reduction of merchantable volume is the aver-
age depth of general deterioration. The depth of general deferiora-
tion for the three growth types on burns of different ages is shown in
fignive 12, In the con-
struction of the curves
n figure 12 all trees in
all areas studied were
used.  The depth of /
general  deferioration f
a8 shown is the aver- /
age depth for the y
whole tree and ig not :
necessarily applicable
te any one part of the
tree.  The depth o
which the wood had
deteriorated in the dif-
ferent logs varied with
the position of the log y
in the tree. Glenerally /
the top log of u tree
hadl the deepest pene-
tration and the basal /

Jug had the shallowest,

TProm the curves in
fignre 12 it ean be seen wooow
that after the rapid YEARS AFTER FHRE
detertoration  of  the . . . .

B . [ Fravre 12, —Average deptl of the radial penetrition
S“I[‘“"-’d in the first 3 of general deteriotation in trees of the three
fo & years the rafe of growth types of lire-Rilled Douglas-tir,
penetration was re-
tarded as deterioration started into the heartwood. The rate of pene-
teation in the heartwood. however, was accelerated as the depth of
deterioration became greafer.  Probable causes for this acceleration
are presented later ander the discussion of the factors influencing the
rate of deterioration. The basic figures used in the construction of the
curves in Hgure 12 are given in the Appendix (see table 8).

ARBITRARY IxFLUENCE OF TrEE DiaMuETER on VoLuame oF Loss

Deteriovation caused by fungi and ingects in a fire-killed Donglas-fir
trec starts af the periphery. or just under the bryvie and rather uni-
formly penetrates the bole toward the pith, or centér of the hearbwood,
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thereby progressively lessening the diameter of the cylinder of sound
wood tn the tree. The percentage of volume lost from deterioration
thus depends upon two primary factors: (1) The depth to which
deteriorating agents have penetrated into the bole and rendered the
wood unmerchantable and (2) the diameter of the tree bole. To
illustrate this arbitrary influence of tree size upon percentnge of volume
lost through deferioration, a comparison of the volumes of cylinders
of equal length but of different diameters can be made. Or, to draw a
closer parallel with the cffect of penetration of deterioration into n
tree bole, n comparison can be made of percentage of volume reduction
of cylinders of various diameters when the vachi ave decreased by any
given nmonnt, as in table 4. From table 4 it can be seen that in com-
paring cylinders of unequal size the percentage of volume lost through
# veduction of the radii is In inverse relationship to the original
dimnetfrs. '1,‘110 basis for this may be expressed by the formula,
Pl= é———-%;, oy 100, when PL=percentage of volume lost, B=

ariginal radins, and 2 =decrease of radtus,

TanLk 4. —ercemtage of Lolume loat in entinders of indicated dinmeters as roding
is devreased by given amounts’
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From the foregoing it is obvious that the greater the dinmeter of a
tree the smaller 1s the percentage of the volume lost for any given
depth to which the wood is deteriorated. Therefore the extent of
deteriovation in trees of different sizes cannot be compared by volume-
loss percentages without allowing for the influence of the diameter
upon these values.

Loss By Growry Types

In ovder to readily compare graphically the percentage of volume
lost in trees of each growth type for different years following death,
the modal-diameter class was used as being the one diameter elass most
representative of each growth type. All trees used in each growth
type were classitied into 10-inch d. b, k. classes. The modal 10-ineh
d. b. h. class of the young-growth type was 21 to.20 inches; of the inter-
mediate-growth type, 41 to 50 inches: and of the old-growth type, 51
to 60 inches. By using all trees in each growth type that fell within
their vespective modal diameter classes, the curves in figure 13 were
constructed.  The basic data used in construeting these curves are
given in the Appendix (see table ).  These curves fairly well repre-
sent an averuge for each of the growth types.
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The curves in fgure 13 illustrating the percentage of cubic-foot vol-
ume lost are buged on the original total culic-tfoot volume of the tree
trom the ground to the tip, exclusive of the taper in the stump. The
board-foot curves are based on the gross merchantable board-foot
volume. The curves for the intermediate- and old-growth types show
u sudden decrease in rate of loss after the second to fourth year follow-
ing the fire. This Is accounted for by the slower penetration of the
deterioration in the heartwood after the sapwood has been deterio-
rated. This tendency tor the rate of loss to be retarded is less evident
in the curves for the voung growth.

The tendency of the
curves to level off after ! y
reaching 80 or $0 per- {I'
cent of volume lost is ? <
explained by the usu-
ally slow rate of dete-
rioestion in the basal
log of o tree. There
are several factors that
may aeconnt for the
slowing down of the
delerioeation  in the
base of a standing
dend free. Boyee (4
p. 23} suggested that
perinps  the greater
refative  amount ot
compresgion wood,
with it thick eell
walls, in the butts of
Douglas-fir trees made 3 » ®
it more diftiendt for
\t‘(:}(ff;;lf:ti;{::l:ig till:éllfil IPusine I&——.-\\’f:t':tg(: tate of \'l_:lt_m:e tuss throuagh

N = R . general deteviovation in the modal < b, h. class
1 vobalily one of the of eneh of the geowth tepes of tire-kilel Douglasg-
principal factors is the tir {young growth 21 to 30 inches, intermedinte
hieher moisture con- growth J1 1o 30 inches, and olid growth 51 to 60
teﬁt in that l)ut‘t- of the t{l(‘ilt!:'«']. l_h:nl:'en l'mes indligate estl:na:eu_extgn-

P , sign ol curves beyond the age of burns studied
dead tree; this is often for younyg sl intermedinte growth,
high enough to greatly
vetard deterioration, especially in the older burns where the new forest
wrowth is dense enough to prevent rapid deying of the tree butts.

‘The curves n figire 13 represent only an average for each growth
type. 'The deterioration in trees of smaller diameter than those repre-
sented by the curves in each growth {ype was more rapid, whereas
that it the tvees of larger diameter was slower.
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Loss By S1zE CLASSES

Within a growth type the rate of volume loss from deterioration is
gencrally slower in the larger sizes. us would be expected from the
influence of size alone, ag shown in table 4. However, becuuse of the
influence of other fuctors, us will be shown Iater, the rate of loss
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in the larger sizes is not so much slower as might be expected. To
show the rte of volume loss in the vavious-sized trees of the three
growth types, all trees in each growth type were grouped into 10-inch
d. b. h. classes.  The average vate of loss 1 each of the various d. b. h.
classes wns determined both in cubic feet and in board feet within
each growth type. The three sets of smooth curves in figire 14 show
the average rate of volunwe loss in cubic feet, and those in figure 15 in
board fect, For the diffevent . i h. eluses in ench growth type.

The bases for the curves in some ol the size clagses were compara-
tively wenk, Tn such cases the eurves were drawn to couform to the
shape of the smoothed curves representing the size classes with strong
bases. The busic dala nsed in the construction of the curves in {iguves
4 and 13 ave given in the Appendix (see table 9).

Loss ny Locs

In general, deterioration in a standing live-killed Donglas-fir tree
is slowest at the Base and progressively more rapid with increasing
distance from the ground. To demonstrate this, the avernge rate of
volume loss was figured i each 32-fout lag in a representative free-
diameter class in each growth type. Figure 16 shows graphically. by
emoothed curves, the vate of eubic-foot volume loss in each log for the
varipus growth types, and figare 17 shows simitarly the rate of board-
foot valume loss in these same logs. Log 1 s the basal 32-foot log;
o 2, the adjoming 32-foot loy: ete,

Tu figrures 16 and 17 the rate of loss in the flest three logs is shewn
for voung growth. TIn the Coast-type forests, young-growth {rees in
the 21- to 30-ineh <4 B h. elass usually have three full-length logs, bub
some trees have four, or oceasionally even five.  Some voung-growth
trees in this dinmeter class in the Caseade-type forests have only fwo
fogz and oecasionally orly one. Figures 16 and 17 show the vate of loss
{rom meneral deterioration in the Grst five logs in trees of the 41- to
0-tneh d. L. h. elass of the intermedinte-growth type. Tive is the
most common number of tous found in intermedinte-growth trees of
this dinmeler. However, Invger trees and treeg in the Const-type
foregts often have six and orensionntly seven Tull-length logs, while
trees of this diameter in the Cascade-type forests sometimes have
fosg than five logs (see basos of 32-foot logs, table 1}, Old-growth
trees have, on an average, six logs: accordingly. in figures 16 and 17
the rate of deterioration is shown for the first six logs of trees in the
31- to 60-ineh L bl ho clags. The trees in all growth types in the
Cascade-type forests are on the avernge romewhat shovter than trees
of stimilar diameter in the Coast-type Lovests,

The curves in fgures 16 and 17 show the rate of velume loss through
general deterioration in each log, expressed in percentage of the
original volume. These curves should be helpful to an operator who
is snlvaging timber in a large burned area. such as the Tillamook barn.
sinee they facilitate determination of marginal logs.  The percentage
of volume lost in each log increases rapidly Trom the bottom to the
top Tog. «o that in the top jog the vohme lost reaches 100 percent a
few veurs after the sapwood has deteriorated. Prior to complete
detertoration of the tree. log 1 abways containg n smaller peccentage of
loss than any of the other logs.
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To avoid confusion, the numeroas points used in plotting these
curves are not shown in figures 16 and 17. The data used in the con-
strnction of the curves are preseated in the Appendix (see tuble 10).

DstriruTioN oF Loss i ruk ‘TREE

Most operators who log fire-killed Douglas-fir take out only that
part of a tree that they estimate will yield them a profit. Asa burned
area becomes older they take out less of the original merchantable
volwne uutil, about 10 years after n_five. probably only the first two
logs of old-growth trees arve removed from the forest.” As an aid to
stich opeeators, the percentage of the tree's origival total volume rep-
resented in the sound volume of ench log hus been computed for dif-
fevent periods stter fire.  Figures 18 and 19 show geaphiendly, in both
cubic fect and board feet, the percentage of the tree’s original mer-
chantable volume that is satvable at different times foltowing the five.
These curves nrve based on the data used in constructing the curves
in figures 16 and 17 {see talle 10, Appendix). The point of origin of
each curve vapresents the proportion of the tree’s total original mer-
chantable volume contiined in the entive log. '

These curves ave fairly representative of the usual conditions within
their respective growth types, but, since they are based on averages of
data Caleen over i wide range of conditions, they should not be expected
to upply perfectly to any one aven.

Coapeartsox Wit DETERIORATION OF ASSOCIATED TREE. SPECIES

In addition to the data taken on Douglas-fir, some gerera) notes
were taken on the deterioration of associated tree species on the aveas
stadied.  Western hemlock and species of balsam fir (bies spp.) were
found tu deteriorate mueh more rapidly than Douglas-fiv (fig. 26, ).
No difference in rate of deterioration between sapwood aud heartwood
wias noted.  Five-killed hemiock and balsam firs were usually found
to be unsatvable § years after death, except for the lower logs of
extreniely large {rees,

Most of the heartwood of western vedeeduy, TAvja plicate Lamb.,
renuined sound after Douglas-fir and other associated gpecies had
completety deteriorated.  Nearly all of the heaviwoad was still sound
i stuneling cecar trees that had been dead tor 65 years.

The observations made on rate of deterioration of these tree species
associnted with Douglas-fir agree with those made by . the United
States Forest Service m 19119

FACTORS INFLUENCING DETERIORATION AND RATE OF LOSS

Estimates vanging from 6 to 20 yvenrs have been made by experienced
timbermen vegarvding the length of time that fire-killed Douglas-fir
can be profitably salvaged. There is no single rate of deterioration
appl.ica{}le to all areas, nud as there sare many varinbles these estimates
may alf be corvect for the particulnr areas to which they refer. Aside
from the arbitrary influence of tree size, which affects the percentage
of volume deteriorated, there ave several factors that seem to play an
important pavt in the mte of deteviovation.

UITNITED SPATES DEMRTMENT OF AGCUTAIRE, FOREST SERVICE. LATE 0P DETERIORATION
AN USARLITY OF FHOMRILAEDR TIMBER 15 wgraler ¢ Prageess Rpt Distrlet 6, Ofiee af
Prpducts. 51 pp. 1811, [Urpewritten.]
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Fioure 18—Averige percentige of the original total cubie-foot volume of fire-killed Douglas-fir treés salvable in each 32-foot log: A. In -

the first three loge of young-growth trees in the 21- to 30-inch d. b. h. elass; B; in the first five logs ‘of intermediate-growth trees in
the 41- to 50-inch & b. h. class; 0, in the first six logs of old-growth trees in the 51- to 60-inch d. b. h.-class. Log 1 is the basal log,

adjoining the stump; log 2 is the next log above, adjoining log 1; log 8 adjoins log 2 ; etc:
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ably, since heartwood deteriorates meore slowly. However, there is
somefimes a notable difference in the rate of deterioration of heartwood
in different trees.

Winr ofF CrowTy Rines

‘The width of the growth rings in heartwood of Douglas-fir probably
has an important effect upon the rate of deterioration of a tree after it
has been killed by fice.  The heartwoad of trees of rapid growth, such
as thoge of the young-growth type, is mueh less resistant o deteriora-
tion than is the close-gratned heartwood of trees of stow growth ag in
the old-growth type. '.lhmu«r}wt:f the stutdy, evidence was found that
the width of anniual arow th vings has considerable influence on the

rate of heartwood deteriorafion.

The correlation between the width of growth vings and the rate of
heartwood deterioration wag shown most elearly by comparing these
two fuctors in trees ol one growth type. It was found that ordinarily,
other things being equal. the more annual growth rings per inch z tree
contained the stower was its raze of deteriovation.  As an llustration,
tiahle 5 lists the average mumtber of annual gprowth vings per inch, the
avernge depth of detericration. and the percentage of loss in each of
10 trees used as samples in an old-growtl sren 38 vears after being
killed by five, Al {hese trees wore of approximately the same age.

Caney 5—Width of growth rings, depth of deterioration. and percentage of
rofanee lost v 4 frees wsod ad samples on an area of old-growlh fire-iitled
}Jmuhmﬂ: S8 pears u,fft'.l the fre

. Averawe . X i Average
Growth rines per Itelt  deptlhof Volune . Urowilirimes perinch ) depthoof Vohune
L berd i deteriora- lost Connbaers . deteriorn- lust

: thon . thim

}udm Pereent mem . Horeont
MA, L 403 WG L o,
[T . ' su & [ILTRH
14,1 . . I LAY [LELR]
g . . a1 (L
L . . L anp

L erinratton o tiw ceater of the bode,  This e 38 tee sediug of the bode az 0,48 feet from the prannd

The width of annual rings differs in ditferent purts of an individual
tree.  In general. ihe growth rings near the center of the bole of
the tree are widest and those nenr the cambiun are marrowest, The
rate of deterinraiion nuy sot depend =0 mucl: on the avernge number
af rings per inel for the entire bole us it does ou the aver rage number
in the outer heartwond.  This would be ezpecially true in burng of
younger ages. The probable influence of the width of the growth
rings upon the rate of deterioration would explain why the Tate of
peneteation in the heartwood accelerates us deterioration progresses
toward the center of the bole, a+ demonstrated in figure 12 By com-
paring the aceeleration of penetration o the he wwiwand of eld grgwth
with that of iterniediate growth in figure 12,1 may be aoted that the
acceleration becomes mreater in the ald growth after the deterioration
has penetrated about 14 inchex. "Thix would indicate the tine when
the deterioration had worked through the thick band of parvow rings
and into the inner eylinder of wide rings. ITn the intermediate grow th,
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this onter band of narrow rings is niuch thiuner, and the aceeleration
becomes grenter when the depth of deterioration is about 5 inches.
There is very iittle difference in acceleration between these two growth
types during the first 10 years,

S1zE axD AGE oF TREES

The size and age of trees in a fire-killed stand of Donglas-fir fairly
well indicate the rate of deterioration. Large and old trees indicate n
stow rate of deterioration, whereas small and young trees indicate a
fust rate of deterioration. Probably the renson these two factors are
good indicators of rate of deterioration is becuuse they also indieste
the vate of growth and character of wood. That is, Inrge trees usually
are old, and old trees usttlly have a comparatively thin sapwood and
a wide band of wood of stow growth ; therefore, the vate of penetration
18 less than in small, young trees of fast growth,

Table 6 shows the percentage of volume lost in cach of the trees used
as samples on three wreas in three ditferent 9-vear-old burns. Each
aren was in a different growth type, and 10 trees were used as samples
on each arvex.  Beeause it was necessary to nse burns of the sume age,
in which there was appreciable deterioration in the heartwood, and
because there is not suflicient deterioration in the hesrtwood of old-
growth trees until about § years after the five and the oldest burn of
youny growth studied was 9 years old, these three areas were chosen
for comparison of the different growth types. The average diameter,
the average age, und average number of growth rings per inch ave
shown for each arex. The average percentage of volume lost through
deterioration and average depth of deterioration are also shown for
each aret, A cross section of a log from each of the areas represented
in table 6 is shown in fgure 20, A4, B, and €.

Tame G—PLercentage of cubie volume lodl, depth of deteriorution, und width of
growth rings e yowng-growit, intermedivte-growth, and ojd-growth Douylus-
fir 8 gears after being Lilied by fire

H =

3| %,z

firowth type = Percentage of culife voiume lost by individual trees & -5

H £l

; i - %-r.
L | ! 1 . 1 : i -
. "I, l s : ‘ H : : ‘ Prt.! Iu, i No.
Young growih. ....f 210 150 100.0:300.9 300.G-100,0.100.6°'100,0. 85.0 0.1° 56§ 49,0 757 5.8 L1L3
Intermediate growth | 19 375 46.8 46.6. 4,7 451 421 420 300 3.6 53.0 3o e 4.3 153
Oldgrowth. . ..., 57 300 361 35.3 R0 2.0 200 24.7 6,2 HW.1 LT 2,5 2-3,0; 240102

+ Diutneter tside hark ot 4.5 ot from the rround.
' Avemge age divided by avemge mdius s 4,3 et [rom he ground.

As previousiy shown, size nlone makes s great difference in the
percentage of volume lost when the rale of radial penetration is the
same. When the rate of rudial penetration iz greater in smaller trees.
this difference becomes even more pronounced. In many cases. how-
ever, the effect of rowe factor or factors associnted with differences in
ring width counteracted the influence of tree size {o & great extent,
when the trees were of the same age. When a tree is lurger than
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another beeause it grew faster, the influence ot size on rate of volume
loss is frequently counteracted by the more rapid penetration in the
jnrger tree. "Therefore, it may be said that, in genersl, large trees
deteriorate more siowly than smull trees only when the difference in
size is a result of a difference in age.

THICKNESS OF SAPWOOD

Trees with thick sapwood appear to deteriorate more rapidly than
those with thin sapwood. Beneath thick sapwood both fungi and
ingects penetrate the heartwood more rapidly than beneath thin sap-
wood. 'There are several Tactors associateil with thick sapwood that
undoubtedly nccount to a great extent for this difference in rate of
deterioration. Thick sapwood holds meisture well and provides very
{uvorable environment for the establishment of fungi and insects.
whereas thin sapwood dries out rapidly and offers less suitable condi-
tions for the deteviorating nwents. Thick sapwood is usually nsso-
cinted with trees of rapid growth. whereas thin sapwood usually
occurs on the trees of slow growth, This fact indieates that the ring
width in the heartwood may be more important than sapwood thick-
ness in influencing the rafe of deterioration.

Since sapwond deteriorates at such o rapid rate as compared with
heartwood, it is evident that during the first fow years a tree with
thick sapwood will lose merchantable volume more vapidly than a
similar {ree with thin sapwood.

From the data colleeted in this study it appears that the thickness
of sapwood remains fairly constant throughout the life of o Douglas-
fir tree. 'The average sapwood thickness for all trees exanuned in the
voung-growth type was L5 inches; that for trees in the intermediate-
arowth type, 1.6 inches; and that for trees of the old-growth type,
1.7 inches (see table & Appendix). However, varviations in sapwood
ihickness from less than J inch to more than 3 inches were founi in
all three growth types.

SupseQuUENT Fimes

The effect of sibsequent Gres upon rate of deterioration was inves-
Higated onty in a general way during this study. Sueh fires have
altendy been recognized as contributing fo the weneral deterioration
in that they consume some wood that would otherwise be salvable.
The effect of fire upon the progress of other deteriorating agents is
perhaps of move importance than its clirect effects.

In some cases subsequent fives seem to accelerate deteriovation by
lkeeping the dead trees in a favorable condition for fungus and insect
activity, whereas in other cases the apposite seems to be true.  {See
cction headed “Forest Caver.” p. 49.) Tires that reburn an area
after the first venwr kill some inseets, but such recluction of insect
populxtion is of little importance and cannot be considered as a prac-

ticnl means of reducing deteriaration eansed by msects. Subsequent
Gres also tend to reduce insect-cansed deferioration by making the
burned trees less suitable for attack and by consuming. in oid burns,
come of the outer wood that is the main feeding around for the small

larvae of the more important bovers.
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ExvinoNMENTAL FacToORs
ABUNDANCE OF FIUNC! AND INSECTS

Even in the largest burns there seems to be an unlimited source of
mfection by fungr. In contrast with this, size of the available insect
population determines to a large degree the amount of insect-caused
detertoration that will result tollowing fire. This is especinlly truc
of those species that attack only during a timited period when the
trees ave i a suitable conditiou,

In the undisturbed forest many of the insects that cause deteriora-
tion of five-kitled trees are relatively uncommon. Timber killed by
fives in such areas s much less tilkely to be heavily attacked by in-
gects than are Lrees in areas where insects nre more plentitul, as near
blow-downs or old burns.  During the study, nearness to old burns
was observed to be correlated with amount of borer damuge (iuble 7).

In individual trees it may be that the accelerated deterioration near
the venter is due in part to the butld-up of borer popnlation within
the tree.  As peneteation advances the volume of wowd available tor
attack diminishes. perhaps foreing the borers to extend their oal-
leries into the wood more rapkily,  Aceelerated deteriovation pear the
center of a free by decay fungr may similarly be nfluenced by the
decreastng amount of wood available for nttack,

TARLE T—Lorer peneteation of heartwood of fire-kitled Dauglas-fir trees in Hhe
1832 Titlemoolk burn, shown in relationshiy to procimity o older burng
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FOREST TYPES

OF the 63 arveas studied. -1 were in the Coust-type favests and 92
were in the Caseade-type forests (fig. 1), In the course of the field
work no consiztent difference in rate of deterioration between the
Coust-type Douglas-fir areas and Caseacle-type aveas was perceived.
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In an effort to determine whether there is a consistent difference in
the rate ot detevioration in trees of these 2 forest types the data were
analyzed in saveral ways. Using each aven as a unit, the total per-
centage lost on each old-growth Caseade-type area was plotted on a
“time-since-the-fire” busis and a curve was deawn., This vas done
also with the dafa for the old-growth Coast-type aveas, nnd the 2
curves were compured. Fhe 2 curves were so similar that it ecould
not be said that either type showed o more rapid rate of deteviora-
tion. Then, using each tree as a unit, 2 more curves were constructed,
and again the curves were similar for the 2 forest types.  To eliminate
the factor of tree size, L old-growth size class (51- to 60-inch d. b, h.)
was usedd and, with the individual trees as units, curves weve deawn.
Still the curves fur the 2 forest types were similar. In .order to
climinate the factor of tree shape, the basal 32-foot log in ench tree
of this 1 size class was used as a unit but, as before, the 2 sets of
curves were so stmitar that only one conclusion could be drawn, namely,
that in generval the mte of detevioration of fire-killed Douglas-fir is
stiilar in the 2 forest types.

FOREST COVER

It is generally known that wheve Douglas-fir trees have fallen in
the forest in this region they sometimes remain sound over exceedingly
long periods.  In Togging operations in green timber, sound logs are
oceasionatly salvaged from wind-thrown trees that have been on
the ground for a hundred or more yeurs. The explanation for the
lasting qualities of down trees in the Torest probably lies in the nature

of their munediate environment.  They are heavily shaded and there-
fore remain excessively wet and cold and are not attractive to wood-
deteriorating fung) and insects.

In connection with the present project, the deterioration of trees
that had been felled immediately following a fire was studied in an
effort o determine whether or not sueh down trees deteriorated more
slowly than similar standing trees.  On nreas burned within 10 yeurs
no material difference was noted between the rates of deteviorntion in
the two types of fire-killed trees.  Data of this type were not obtained
from arcas on which the trees had been dead move than 10 yeurs,
Deterioration by fungi and insects veeurred in bot) standing and felled
trees. and the data collected do not indieate that felled trees in aun open
burn are move resistant to deteriovation than ave similar standing trees,
In the ficst 10 years after a five, theve is very little shading of down
trees by new vegetative growth. " Thie similarity of vates of deteriora-
tion in the Felled and standing fire-killee frees was probably due to
the similarity of exposure.  Both types of trees were in the opes, fully
expused to rapid changes in weathet and, therefore, subject o alternate
wetting and drying, a condition favorable for the development of
deferiorating agrents,

In some of the older hurns, especially those near the coast, the butts
of five-killed frees that have hecome shaded by new vegeaalive growel
show. to some extent, the same resistance to the agents causing cete-
rioration as that evidenced by down trees under heavy forest cover.
Because of the great amount of meisture due to heavy fogs and rains
alonyg the const. the bases of snugs that are proteeted by the cover of
the green forest often become so wet that deterioration by fungi and
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insects is retarded. Observations made during this study indicate
that subsequent fires in five-killed Douglas-fir stands on such areas
tend to accelerate the normal deterioration by keeping down the repro-
duction and other growth, su that the deuad trees are lett exposed to
the sun, wind, and rain nstead of being sheltered and shaded at their
bases by the new growth.  In conteast with this, it was observed that
in o forest, where moisture is not excessive, subsequent fires tend to
refard deterioration by keeping down the new forest growth and aliow-
ing the treey to become too dry for the eptimum development of in-
sects and fungi.

OTIEER ENVIRONMENTAL FACTORS

Numerous other factors alse influence the rate of deterioration of
fre-killed Donglas-lic.  Probably no twe burned areas have the eame
set of miluencing conditions.  The most important and most Influen-
tinl fuctors arve those that affect moisture and femperature conditions.
Among these are wminfall, slope, exposture, soil, and elevation, which
have o divect or indirect mfluence. It would probably be hmpossible
to find any ene faetor that would invariably denote vapid deteriora-
tion or slow deteriovation, because o many factors ave involved that
a different combination veeurs on each area.  Conditions found on a
north slope in the Caseade type may ecanse o rate of deterioration
comparabie with that cansed by adifferent combination of factors found
on a south slope in the Coast type. It is the general opinion mmong
iimbermen that burned trees will deteriorate more rapidly on a south
stope than on a north slope. While this would be genevally true it
applied to a relatively smdl aveal where most of the other factors
have an equal influence, it would not be true if applied to the Donglas-
fir vegrion as a whole. At high elevations in the Cascade type it was
Tound that burned timber on 2 south slope soen becane case-hardened
and dry and remained preserved much longer than on the novth: slopes.
Figuve 8, (", shows a stund ot trees that had been dead for 832 vears on a
south slope at a high clevation in the Casende Range.  Many of these
trees were still full-length and contained mineh gound wood, which was
dry and suerounded by a case-hardened shell.  The rate of deteriora-
tion in sueh an aren is abnormaily slow and takes pliee principally
near the gronnd levell where the most fpisture occurs. This i in
contrast with the normally more rapid deterioration found at lower
elevations and on north slopes, where deterioration oecurs most rap-
idly in the tops of the trees,

Frogi and insects being the principal agents. the most rapid deteri-
oration vecurs where the conibination of all factors invalved formns
an aptinum condition fur the growth of wood-decaying fungi and the
developiment of wood-inhabiting insects,

APPLICATION TO SALVAGE OPERATIONS

The timber owner who is confronted with a tract of burned Douglas-
fir to be sulvaged may want to know how the data in this bulletin can
best be applied to Lis particular aren.  No hawd and fast rule can be
miede with regard to this. for each case of salvage is marked by cevtain
peciliarities that distinguish it from all others. Tn addition to the
factor of progressive deterioration of the burned timber, there are
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wany physical factors and economic considerations that, although not
investigated in this study, must be tuken into account. Among the
more important of these are the following: Size and accessibility of
the burned area, size and type of the timber, volume of the stand,
time requived to get to and cut over the entire avea, type and size of
the operation to be used, and the existing log- and lumber-market
conditions.

The following example of how the lnits of salvability are influenced
by such factors will illustrate the hnportance of economic congidera-
tions: A logger who sells burned timber on the open log market may
be confronted with a total loss of the sapwood when it is merely blue-
stained, or he may face considerable loss of the heartwowd when the
wood aftected is merely degraded, or is suspected of being degraded,
by bover holes. In contrast with this, the operator who cuts burned
timber for his own mill merely takes the actual loss caused by deteri-
oration.  In fact, such an operator may even be able to saw & limited
amnount of merchantable Linnber from the type of wood that in this
study has been considered a total luss. Obviously the mill operator
may carry oh salvage operations after it is no Jonger profitable for
the loguer,

So far as the progressive deterioration of burned trees is concerned,
it should be recognized that the limits of potential salvability, brought
ont in the various graphs, ave maximum and that the limits of practical
sabvability depend upon existing utilization practices. Under present
utilization practices much usable wood remains after salvage is no
longer profitable. In recent years large-seale salvage for lumber has
been carried on for approxinutely 1 to 2 years in young-growth stands,
4 to T years in intermediate-growth stands, and 5 to 10 years or more
in old-growth stands. From this it is evident that growth type is one
of the more important factors to consider in estimating the duration
of w salvage operation. For a more accurate forecast of the period of
salvability, it is desirable to have information on average tree size
and age in the various growth types. A factor that should uiso be
constdered is the possibility of excessive borer damage that may result
from proximity to old burns that contain large beetle popnlations. As
salvage progresses, it is often possible, by sampling in advance of the
operation, fo avold costly development of local arveas where borer
damagre 1s excessive,

From this discussion it can be seen that the potentially salvable wood
in fire-killed Douglas-fir that can actually be salvaged will be deter-
mined by existing conditions.  Nevertheless, the average figures on
deterioration brought out In thix bullefin. considered in relation to a
particular stand and a particular economic set-up, should provide a
good basix in planning for the profitable removal of the maximum
volume of timber.

SUMMARY AND CONCLUSIONS

A studv was made of deteriovalion in five-killed Douglas-fir,
Pseudotanga tavifolie (Puir} Britten, with the object of obtaining
information essentinl to making comprehensive plans for the salvage
of this type of timber. During 6 years (1934-39). detailed data were
taken on 602 trees in G3 representative areas of the Douglas-fir region
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of western Oregon and Washington. Information was obtained on the
various agents causing deteriovation: fungi and insects were found to
be the principal ones. These two factors were usually intimately
associnted and frequently interdependent. Thervetore their cffvets
were considered in combination rather than separately.

The rate of deterioration and the velative importance of the various
species of Tungi and insects involved were determined for young-
growth, intermediate-growth, and old-growth tvpes of {imber.

Wood stain, caused privcipally by Fungi belonging to the genus
Ceratostomellu, was of considorable importinee in causing loss in the
sapwoall, but only during the first 3 vears following five.

Wood-decaying fungi wore of two distinet types: Those cansing
deeay unly in the sapwood and those causing decay in both the sap-
wood and the heartwood. Of the fiest type. Polyporus abietinus Dicks.
ex Fr, was the niost important species, esumsing move than 50 pereent
of the decuy W the sapwood,  OfF the fungi causing deeay in the sap-
woold and the heartwood. Fomes pinieola {8w. ex Fr.) Cke., was the
most important specics,  This funges eaused nearly as much decay in
the sapwood as Polyporus abietings. and more than T3 percent
of the decay in the heartwood. “Two other species that caused con-
siderable deeay in hoth the sapwood mid the heartwood in some avens
were Fomes officinalis {Vill.ex Fr.) Fanll and Zenzites saepicric Wult,
ex I'r,, while Polyporus volvatus Pl and Stereqm spp. were important
detertoratorz confined to the sapwood.  There were several other species
that caiced some decay. but they were less important.

The discoloration eaused by the incipient stage of decay was con-
sidered deterioration and was included in the loss estimates. However,
a speeind microseapical and enltural study showed that vizble fungus
hyphae extended about 1 inch radially beyvond all visible decay dis-
eoloration.  This potential deterioration was not included in the loss
estunates. because lumber confaining this myveelium is not o foss if it
1s properly kilu-dried to kill the funei.

Insects attacking fire-killed Douglas-fiv characteristically eause only
partial detertaration, as the affected wood is potentially usable as Jow-
grade Tumber unless otherwise degraded.  Tnscets causing deteriorn-
tion ave of three types: Those infesting the phloem region, those in-
fosting the sapwood. and those infesting the heartwood.  This group-
ing. however, is not hard and fast, for some species attack in move
than oue region,

The Douglas-Ar Leetle. Dendroctonus pseudotsugae Hopk.. is the
most important of the true pldoem feeders, It aids in loosening the
bark, introduves blue-stain fungi, and is a threat fo green timber.  The
fir flatheaded borer, Aelonophila drammondi (Khy). is & somewhat
lex< important philoem feeder,

Three species of umbrosia beetles, Prypodendran bivittatum {Kby.),
Grathotrichus refusus (Lee, and G. sulealus (Tecl}. eause degrade
of the sapwood by making “pinhioles™ and by introducing Blue-stain
fungi. A number of other woud borers that mine prineipally in the
sapwood citike xome deterioration. but most of them enter too laie to
be of muech importance,  Cortain horntails, buprestids, and eevamby-
euds ave of the Intfer tape,

Relazively few insects cinse damage 1o the heartwood in advance
of general detertoration.  Several roundheaded bovers, of which /-
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gates spiowlatus Lec., Criccephalus productus Lec., Asemun atrum
Esch,, and Lepiwre obliterata Hald. are the most important, canse
considerable damage to otherwise sound heartwood, oth E. spiocu-
latus and . productus may determine the practical limits ot salvage
under existing economic conditions, An ambrosia beetle, Platypus
wilsoni 8w, oceasionally eauses “pinholes™ in the heartwood but is not
of much cconomic importance,

Additional deteriorntion by weathering or checking of the wood.
breakage in felling, and burning of merchantable woed in the initial
fire and subsequent fires weore other forms of loss.  However, the
amount of loss attributuble to these vauses wos of minor importanes
compared with the toss throngh deterioration by tungi and insects.

Deterioration eansed by fungi and insects in fire-killed Douglas-fir
starts just under the bark and progresses rather uniformnly from the
periphery toward the center of the bole.  The percentage of volume
lost from deteriorntion depends upon two primary factors: The depth
to which the deteriorating agents have penetrated the bole, rendering
the wood unmerchantable ; and the diameter of the tree.  The sapwoad
deteriorates so vapicdly that it usually is unmerchantable 3 years after
a hre. Deterioration in the heartwood progresses at a slower rate.
The most rapil deterioration occurs in the trees of the young-growth
type and the slowest in teces of the old-growth type. Within the
erowth fypes. deteriovation is genevally most rapud in the smallest
1rees und slowest in the largest trees,  The rate of loss is slowest in the
butt of & tree and increases with the distance from the ground.  Trees
of the three growth types average about 30 percent deteriorated in
the following periods: Young growth in 3 to 4 years, intermediate
growth in L0 to 15 vears. and old growth in 15 to 20 yenrs. It was
found that old-growth trees of average size usually did not become
completely deteriorated until 60 years or more after their death.

The following factors influenced the rate of detevioration : Character
of wood, width of growth rings in the trees, size und age of the trees,
sapwood thickness. subsequent fives. and environmental factors, such
ay abundance of fungl and insects. fovest cover, ete.  Aldthough the
sapwood of all trees deterivrates at 2 rapid rate, the rate of deteriora-
Hon in the heartwood appears to be influenced by the rate of growth.
The rate of deterioration is greater in trees with wide growth rings
than in those with compnratively narrow growth rings. Lavge, old
trees deteriornte at g slower rate than smuil, young trees. However,
when the larger size of the frees is the result of more rapid growth
rather than of greater age, the influence of size on rate of velume loss
is largely connteracted by cleeper penetration in the larger trees. There
is evidence that the deeper penetration is associated with the wider
growth rings. The radial loss in the heartwood proguesses at an
aceelerated rate. The factor causing this acceleration may be the
width of the growth rings. as normally there is a gradation in the
width of growth rings from the tree’s periphery to the center of the
heartwomdl. Trees with thick sapwood deteriorate move rapidly than
do similar trees with thin sapwoad. From the vesults of this study
it appears that size of insect popuiation is one of the factors aftecting
rate of dererioration. for bover damage In recent burns was found
to be greatest near older burns that provided a large sonrce of
infestation.
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It appears that the rates of deterioration are generally similar in
fire-killed Douglas-fir of the Coast and Cascade forest types. Felled
fire-killed trees in open burns were found to deteriorate at approxi-
mately the same rate as standing fire-killed trees. Factors such as
rainfall, slope, exposure, and elevation undoubtedly have an effect on
the rate of deterioration, but they were so obscured by the influence of
the charncter of wood, width of growth rings, and other factors that
their individual importance coulc% not be determined from this study.
Deterioration is most ruFEd where conditions are optimwmn for the
development of fungi und insects, the chief agents of decay.
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APPENDIX

Date used in construction of the curves in figures 9 to 19, inclusive,
are presented in tables 8 to 10, inclusive. It was impossible to show
the numerous points and their significance fur these curves on the
figures. In the determination of the significance of an individual
point not only the number of arens, trees, or logs, whichever the case
nvolved, had to be considered, but alse other characteristics of the
basis.  In figures 9 to 12, inclusive, it was important to consider the
average sapwood thickness and the avernge size and age of the trees
on each arex. Datn {or these figures ave presented in table 8, In
figrures 18 to 15, inclusive, it was necessary to consider the extreme envi-
roumontal factors in some of the ureas when determining the signifi-
cance of the points. Data for these figures are presented in table .
To determine the significance of the points in the construction of the
eurves in figures 16 to 19, inclusive, i was necessary to evaluate them
not only on the basis of areas and logs but also on the relative original
volume of the logs. For example, log 5 in a tall, Coast-type tree would
be much larger than log 5 in u short, Cascade-type tree.” Data used in
the construction of these curves are presented in table 10,

Tanre §.—Average depth of yenoral delerioration, average penctration of inscct
grtiieries beyond goneral delerioration, arverage sapwood thickness, and percent-
wgc of rolume deteriorated in trees of cach growth type in each area studied
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Tanty 9.—Avertgs percentage of volwme lost through general deterioration in
the various d. b h. elazaes, ele—Continued
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TApLE O.—Average perceniage of volume lost hrough general deferioration in

the varioug &, b h. closess, ete—Continued
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TasLy 10—dvergge percentage of cull in cach log of the modal d. b. h. classes in
different-aged durns of each growih type
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Tanre 10.—Adverege pereentaye of cull in each log uf the modal d. b b, elasses in
diffcrent-uoed burns of eveh growpih fype—Contimeed
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Tapre 10.—Average perceniage of exil in edch log of the wmodal d. b, . classes fn
different-uged burng of each growth iype—Continued
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