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?~ 
Decay and Other Volume Losses In Wind­

throw'n Timber on the Olympic 

Peninsula, Wash. 1 


By T. S. Bt:CHANAN and G. H. ENGLERTH,23 assistant pathologists, Ditoision of 
Forest Pathology, Bureau of Plant Industry 
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:;, INTRODUCTIONc.. 
Winds of aveptge veIhcity may occasionally cause appr('ciable 

losses of merch~table':1:imber in stands where cutting has suddculy 
exposed the trcel3) to thcir full force, find winds of unusually high 
velocities, someSnes rl:p'proaching cyclonic force, not infrequently 
result in the p~ial or complete blow-down even of virgin stands 
over rather ex~sive areas. A storm of the latter charaeter, the 
details of whic ave been presented by Boyce in previous publica­
tions/ occurre on the west side of the upper Olympic Peninsula of 
Washington on .January 29, 1921. Similar storms had undoubtedly 

I Submitted Cor publimtioo January 18, 1940. 
• The authors are particularly indebted to J, S, Boyce and H. G. Lachmund, formerly pathologists, <1le­

=i\'ely in charge oC the Portland (Oreg.) ollice oC the Division of Forest Pathology; to the former Cor 00.... 
lilting the study herein reported and for supeITising the 1926 field examination; and to the latter for directing 
the 1929 field examination. Acknowledgment is extended to E. G. Mason, professor of forestry at Orellon 
State College. for his ellicient services as chieC of party in cor,uucting the field work Cor the Dh'ision in 1926 
and 1929. The Collowing men were oC valuable assistance in the routine collection and compilation of data: 
1. W. Kimmey and T. W. Childs. members oC the Division of Forest Pathology; D, II. Janzen, A. A,
r.rcCready, and C, V. Lovin. formerly oC that Division. 

• Stationed at the branch ollic:l maintained at Portland, Oreg., by the Dh·ision oC Forest Pathology, in 
cooperation with the Forest SeITice, U. S. Department of Agriculture . 

• BOYCE. J. S. LOSSES I~ WL";D-THROWS TBIBER. Timberman 28 (10): 178, lBO, 182, 184, 186, 1927. 
-- DETERIORATlO~ OF WIXD-THROWY TIlI8ER ON' THE OLYMPIC PEN'ISSUI.A, WASH. U. S. Dept. Agr.

Tecb. Bu!. 104,28 pp., illus. 1929. 
1 
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occurred in tho urea between tho coast and tho sununit of tho Cascade 
Range in Oregon and "Vashington long before this region was settled 
by white men. Evcn more complete but lcss extensivc blow-downs 
than the historic Olympic onc have occurred in wcstern Orrgon and 
'Yashingtonlll more l'ecent yrars. SeYl'1l such arras of wind-thrown 
timber are kno\':'n to tho authors and othrr unrrport(,d un'us probubly 
exist. It seems logicul to conclude, thrreforc, thtlt destructive wind­
storms hlWC taken thcir toll of tlwse forests since time immcmoriul 
und th:lt similar storms will occur in future yeurs. 

As will be shown latN, the volume and also vtlIu(' of sulvable 
wind-thrown timbc'r rapidly drcrrase with the passnge of time be'­
cause of the inroads made by insrcts and fungi. At thr tin1l' of the 
Olympic blow-down this area wns rdn.tivdy inaccessible und rxh'u­
sive snlvagr oprl"tltiolls were rconomically impmcticnble. It was 
cOllsrqUl'ntIy po;;siblc for the Divi;;ion of FOl"rst Pathology to study 
thr progn'ssivc dph'riorn.tioll of this timi>('r. By HJ2G, only 5 years 
nfter the storm, sllflicit'nt data had bt'cll collret£'d to pl'ovidC' tlll' basis 
for rnited Rtat('s Department of Agricultur(l Technical Bulll'tin 
No. 104.5 Since thnt time, ho\\,('vor, tlw condition of thi;; wind­
throwll timlwr has altcI"l'CL matcrially, and till' dctaih'd dt1 tn, fot" the 
15-Yl'at" pl't'iod imnH'diatdy following tbc storm arc pt·cs('nf;t·d in this 
builPtin as a guidl' to th~se' who may be r,:llC'(,l.'IU,d with tIl(' problem 
of sulnlging snch timbct" in tilt' Spt'ucp-IH'mloC'k und Douglas fir old­
growth typ<'s of the' coastnl s('ction of Orcgon and\\-nshingtol1. 

METHOD OF STCDYING LOSSES IX \\'L~D-TlnlOWX TDIBER 

.All studi('s w('n' madt' in thc low('t" \'nlh'ys of the' Cain wah, Bog­
nchi(,l, and Hoh Hin-rs in the' vicinity of Forks, Wash. 'I'll(' SIW("i('s 
studipd w('rr Douglas fir (P,w'w/otsuY(L ta.rijulia (Lam.) BriL), Sitka 
spruc<- (Pice(L s;tc/!(:n8is (Bong.) CnTr.), Wl'St<'["[l h\'Ullock (T.~1.lga 
hctel'ophyll(L eRn'£') Sal"g.), sih-pr fir ()'lbiI'8 amaMlis (Loud.) Forb('s), 
nnd w('stNn 1"('d C('dill' (Tlwja plicata, D. Don). GplH'rnlobscrvlltiom; 
w(,rc made' dut'illg ,August 1921, 1923, 192:3, and 1924.5 Tltl' first 
d('tail('(1 study was conduch,d during thl' stlll1n1l't" of 192($, 5 YNU'S 
nftc'r the timber '\'ns blown do\\"n. A similnl" study wus ("on<iuct('(L 
in the Sllll1nl('r of 192G, alld a, tllinl (nnd IH-rlli\,PS fInal) dptllih'd cx­
nll1illiltion wns madr ]i) yNU'S nftel" tll(, storm. 

In cQllducting tllP dt'taih'd ('xaminations it wns n(,Ce'SSllry to op('n 
up the' tt'!'!,S [or insp(,etion and thl' J"('{1l1in'd ml'ilSll ['('m(,11 ts. This 
was dotH' hy cbopping into tlll-m on both sidps, :1t til(' points whcre 
tlWY would han~ b('pn hucked in ac('ordnrlC(' with clOSt' utilization 
pmcti('!', to a dl'pth suffi('i(,llt to p('l"mit llll'usuring til(' ('xt!'llt of (kellY 
ilnd of sapwood. Thc first two butt log;:; \\"('I'P mud!' l!; f('pt long, 
plus trimming a11o\\",ll1(,(, in nC('mdan('(' wi th For('st SelTiel.' sp(~ifi("n­
tions, to avoid l'xct'ssi\"c el"I"OI'S in cO!l1putpd Yolll!l1<' r(,,'HItting fl"om 
butt swdl. All othrr logs w('rr from 16 to 33 f(,pt long', pLus trim­
ming allowanc('. In kr('ping with maximum utilizution :L top dinm­
ct(ll" limit of 8 inchl's insidp bark wns t'mplo.V<'d liS til{' limit of llIt'r­

l !"'P ((/DtIlOW '1. p, l. 
• AIl ob;;.'rnniollal data wpre tnk~n hy ,r. R. BoyN', '::uh~(''1lJent 'li.;:Cll.~inn~ o( tlt"S" datn. 1I~ taken lip 

undctr individunl trH' f{pf'('i~'!"t arc hasNI on the datu pn-st'nt{'d in l ~~. n"partlJlcnt of ..\griculture 
'J'echniLlIl Bulletin :-;0. 11)1. 
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chantability; all portions above this dinnH't('l' were simply clnsspd as 
"top" and only linenr llll'tlSUrell1('nts were tn,ken, Diameters wero 
taken with calip('l's or a, dinmeter t,ape as conditions permitted and 
were l'ecorded to thp npnrcst 0,1 inch, Lengths were meusured 
with a steel tape, All board-foot values were dctenniued from the 
Scribner Decimal Clog l'uh', 

Endy in the course of the first detuikd ('xuminntion it b('came ap­
pnn'n t that tl1<'re W('l'P four distinct sourct's of volume loss in tho 
wind-thrown treps, Losst's from brNlkuge and from exct'ssively high 
stumps wert' incUlTpci during the storm and have changed but little 
since thn t till1(', The third ami fourth SOUl'Cl'S of loss were insect 
dumnge and dl'cny, l'espectivC'ly, From the discussions of thpse 10ss,~s 
for the intii\'idunt tree specit's, it will be seell that insect losst's were 
gn'ittt'r than (]Peay 108St'S only during the enrliest years of deteriora­
tion, The (kcay loss, in contrnst to that from the other sources, 
ordinarily becnme much grenh'r with each succN'ding year and within 
n. few years oY('l'sbaciowl'Ci that caused by insects, In this study it 
was impracticable to sepamt<, inst'ct losses from dpcay losses; therp­
fore, unkss otbpl'wis(' spl'cified, both sources of loss al'(, included in 
the decay data as pn'sf'lltt'd throughout thp l't'mniIl(lPr of this bulletin, 

DETEIBIINATION OF BREAKAGE IjOSSES 

Bl'ok(>n portions of trpC's wC'n~ trt'ntt'd as would hn\'p bC'Pll donp in 
nctunl bucking prncticp, Kp('pillg' the adjncellt log If'ngths in 2-foot 
multip\(ls tbC' hypothetical POillts of bucking wt'1'e plncpd ns Il('nr th(' 
mds of thl' bl'pnk as possiblC'. Tlw boa I'd-foot yolul1lC' of this bl'oki:on 
spction was tll('1l d<'tt'rmined. For pxamph', if it wus found lH'ceSSillY 
to cut out nn lS-foot s('ction h:wing a 2S-iJ1ch top di:un('t('l' insi<ip 
bnrk (d, i. b,), t1w yolump of this spction (0:30 bount fpet) was charged 
us loss from bl'(lnkagC', The total yolulUC lost through bl'(,llknge was 
detc'l'IninNI by adding' tlip VOlllllWS of nil broken sections ill the tre(>. 

For industi'i(>s using chipppd wood as theil' raw matl'rial, the cubic 
contt'nt of logs more Il('ariy l'Ppl't'sents tht'ir true conY('l'sion vnlue than 
do<.s thp hoard-foot unit. "With pel'fpct utilization by such industric's 
th('l't' would b(' no cubic-foot, loss ]'('sulting Il'om brpakag(', To pt'rmit 
dil'pct comparison of board- ;)nd cubic-foot 1055('5, howcv('r, tbn cubic. 
content of bl'Ok(,11 s('ctions WIlS also ddt'nninNI. FOI' 1926 this loss 
wns dd(,I'milH'd by npplying Hmnliall '5 formuIiL 7 to the st'ctions tila t 
would ImY(' Iw('n buck(,d out un<l('l' board-foot Il1('tilods. In 1929 
and] 1136 ('nch tn'n WflS ploUl'd Oil FOI'pst Sl'l'vicp Form 558il,,~ and tl\(' 
cubic conl('nt of brok('Il s('rlions WI1S drlt'I'll1ined by plnnim\'tpring th(' 
plotU'd :U'('U. nnt! multiplying this ligur(' by til(' prop('l' convt'I'sion 
fuctor, 

Although bl'('u.kng(1 lbtn we're tnkpl1 ut. each (iPtuil('(1 ('xaminfLtion 
only small difr<'J'('nc('s Wi'I'e found, As the gl'('atrst l1umber of tl'('es 
wn~ snmplt'ci in 1926, bl'('nkage data fot" tbat year only arc used 
thl'Oughout til(' rpmaindl'I' of this bulldin, 

1 Smlllinn's formula for cuhl,'''{oot cont,'nt or lo~s: (B tb) ~, in which B=lJnslll arrn of t\le, largo ~nd of the 

lo~ in sqllnr~ f,'N, D= hlk'<.~1 nr~n of Ilw smnll rnd , .,quar~ fl'(.l, nnd h= length of the 101( in f"ct. 
; For 3 dl$cus"inn of this form nnd its 115(', se! the following: ('IIAI')I,\~, n, 11,,3nll D, B. DElfERITT, 

ELElI.:XTS Q•••·OIlEST ~IE~St:UATIQX, 452 pp"lllus. Albany; X. Y. JQ32, 
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DETERl\UNATION OF LOSSES IN HIGH STUMPS 

When the trees blew down they did not fall in an orderly, parallel 
fashion as though felled by skilled timber fallers, but on the contrary 
were crisscrossed in every conceivable manner. For this reason it 
was not always possible to make the theoretical butt cut at what 
would have been the usual stump .ueight for standing timber. For this 
study, 4 feet was determmed as a representative stump height. Thus, 
where it would ha;ve been necessary to leave a 6-foot stump, 2 feet of 
the stump was considered uS a loss. directly attributable to wind throw. 
The board-foot volume of this stump section was determined by sub­
tracting the volume of the 16-foot butt log from that of a log of the 
same top diameter inside the bark but whose length exceeded 16 feet 
by an amount equal to the length of the section wasted in the stump. 
For example: 

Fttt 
Lowest height at which stump could be cuL__________________________ 6.0 
Usual stump hcight for standing timber______________________________ 4.0 

Loss in length_______ ____ _ _ _ _ __ ___ _ _ _ _ _ _ __ _ __ ___ _ _ _ _ __ __ __ _ _ _ 2. 0 

Board[ut
Scale of a 40-inch log, 18 feet (16+2) long____________________________ 1,350 
Scale of a 40-inch log, 16 fcet long______________________________ . ____ 1,200 

Lost in high stump____________________________ .. ________ .___ 150 

In computing the cubic-foot volurw losses in high stumps for 1926 
the entire stump section was treated as a cylinder having a diameter the 
same as the actual top diameter inside the bark of the stump. l!'or a 
6-foot stump 50 inches in diameter the cubic volume lost was considered 
equivalent to the volume of it cylinder 2 feet long and 50 inches in 
diameter. In computing the total cubic-foot volume of the trees the 
volume present in stumps of the usual height was also included. In 
this example that volume would be equivalent to that of a cylinder 
4 feet long and 50 inches in diameter. Obviously there was some 
volume error involved in this method, but the actual error was con­
sidered too small to justify a more precise determination. In 1929 and 
1936 the loss in high stumps was computed by planimetering the area 
of the waste section as plotted on Forest Service Form 558a. The 
cubic content of the usual4-foot stump was also determined by plani­
metering it asa cylinder VIhose diameter equaled that at the top of 
the actual stump insi.de tIle barIc 

Data taken in the different y('urs on the loss('s from high stumps 
showed but small differeHces, due primarily to variations in sampling. 
Throughout the remainder of this bulletin only the 1926 data for losses 
in high stumps are pr-csented, fiS the basis secured in that ex&mination 
year WI.lS larger than in either of the others, 

DETERl\nNATIO~ OF DECAY LOSSES 

In 'this study only decay that had occurr('d since the tre('s were 
wind thrown was considered. Standing timber in the storm arelt is 
relatively sound and such decay as is present is confin('d almost entirely 
to the central portion of the heartwood. Because decv.y in the dO\vn 
timber began in the outo!' sapwood and worked in, little difficulty WIIS 
experienced in separating this decay from that which was present 
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before the trees were blown down. In computing the losses in this 
timber the early (incipient) as well as the late (typical) stage of decay 
was included, as all stages of decay result in either volume or quality 
losses, or both. From the standpoint of log merchantability it makes 
little difference which fungi are responsible for the decay j the wood­
destroying fungi found active in this wind-thrown timber have, 
therefore, been discussed in a separate paper.9 

In board-foot volume computations the loss from decay was 
figured only in relation to the volume remaining after deducting that 
lost through breakage and high stumps. That is, decay data were 
taken only on those portions in which decay was the only source of 
volume loss. The decay in wind-thro""'l timber invariably occurred 
in the peripheral region of the log and usually extended completely 
around the circumference. Occasionally, however, only a fractional 
part of the circumference was affected, and the depth of penetration 
was not always uniform on all sides of the log. When the depth of 
penetration was not uniform that side of the tree in contact with the 
ground showed the least decay. In any event, the volume of the 
sound inner core was scaled by taking its average diameter. Sub­
tracting the volume of tlus core from the gross volume of the log gave 
the board-foot loss from decay. Assuming, for example, a 40-inch, 
32-foot log with a peripheral zone of decay extending to a depth of 4 
inches in the upper half of the circumference and to a depth of but 2 
inches in the lower half: 

Board/eel
Scale of a sounr!·W-inch, 32-foot log ___ . _____________________________ 2,410 

. . (4-inch+2-inCh)Scale of 1,hf:: 37-111Ch sound core (40-111Ch) - 2 - - - - _ _ __ _ __ _ ? _, 060 

Volumc lost through dccay -- - - - - _ _____ ___ __ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 350 

Unless, however, it \Vas possiblp to makp n. log at least 8 inches in 
diameter and 16 feet long from the sound core, the entire log \Va.:; 
classified as unmerchantable under board-foot standards. Thus a 
16-foot log having an 8-inch d. i. b. was automatically classed as 
unmerchantable if it had as much as 1 inch of circular defect. Total 
decay was determmpd by totaling the volume of decay for all the 
individual sections having that defecL only. 

In the board-foot computations some e1'l'Or may have been intro­
duced through the handling of fractional inches of diameter. For the 
sake of uniformity nll fractional mt'tlsurements of 0.5 inch or less 
were rounded off to the next 10weL' inch and all fractionnl measure­
ments of 0.6 inch or more were rounded off to the next higher inch. 
This procedure probably resulted in minor eITor on the individual log, 
but when all logs in a tree and all trN'S in a ginn diameter class 
were combined these errors tended to i)('come compensating. 

The cubic-foot volume loss caused by decay was figured in relation 
to the entire volume of the tree, i. e., decay data wero taken on 
broken sections and long stumps as wen as on sections otherwise 
merchantable. In determining the loss hom decay the method em­
ployed in 1926 was basically the same as for hOl1.l'd fect. The gross 
volume of the log was determinN.l by Smalian's formula. The volume 
of the sound inner core was similarly determined with its average 

• Rt·CIIA:<.U;, T. fl. Fl':<(ll CAl'SING DECAY 1:< WI:<O-TllROWN NORTllWEST CONIFERS. JO\Ir. Forestry 38: 
Zi6-281. 1!140. 
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diameter calculated in the same way as for board feet. The difference 
bet/ween these volumes gONe the cubic-foot decay loss. For the 19:29 
and 1936 data the sound-core volume and the decay volume were 
computed independently by planimetering the respective areas as 
plotted on ~'orest Service Form 558a ancI applying a correction [tlctOI' 
for degree of circular defect. Comparing the planimetered an'a of 
the gross volume of the log with the sum of the t.wo component parts 
provided an excellent check on the accUl'acy of the computations, 

DETERMINATION OF TOTAL TREE VOLmlE 

In board-foot computations the total trce volume included thnt 
portion of the tree bet",'een the usual stump height (4 feet) and all 
8-incll top diameteL' inside the barlc To determine this value th(' 
volumes of all individual sections (including high stumps, bl'ok(,11 
sections, sound logs, and decayed logs) into which the tree would have 
been divided under actual bucking pl'llctice were combined, 

The total cubic-foot content of the tree includl's the volunw of all 
sections enumerated above and also that of the usual stump and of tit{' 
top beyond an 8-inch d, i. b. The top section was treated as u cone 
in determining its cubic content in 1926, and in other years this \'ohune 
was determined by planimetering the plotted measurements. 

DETER)lINATIO:."i OF SAPWOOD VOLU)IE 

The supwood of wind-thl'O\\'Il tr('es of the sjwcies studi('d is much 
more susceptible to decay than the hl'artwood, As decay in such 
timber ulmost ulways enters thl'Ough thc sapwood and must penetmtl' 
tbrou~h that zone before entering til{' it('fl.rtwood, it WtlS considered 
desirable to determinc the percentage of snpwood present in the various 
trees und logs. 

The sapwood volume was determined only in l02G, fOl' in subs('qucnt 
years the pl'Ogress of decay madc accuI'af.(\ measurenwnts impossiblc. 
Sapwood measurements were tak(,Tl only OIl those tn'<':> in "which til<' 
color demarcation betwcen })(,Hrtwood and sapwood wns distinct and 
hence the basis of t1'N'S employed does not ahmys clH'cl~ with til(' 
total number of trees examined, The sapwood YolunH', both in board 
feet und in cubic fcet, was determined in the same IlliUlllpr' as WllS tilt' 
decay volume. The sapwood zone was treatl'd just as thc (kcuy ZOIH' 
und the heurtwoocl was treated the samc as the sound inne'L' eol'c. A 
sli~ht elTor wus incurred in th(' cubie-foot volume computations for 
tops beyond the 8-indl d. i. b. limit by assuming the h('artwood to 1)(' 
in the form of a cone whose tip corresponded to t1H' top of till' tl'('(\. 

LOSSES IX WIND-THROWN DOl:GLASFIR 

Ko decay was appal'('nt in the wind-thrown DOllglns fir tl'(,('S when 
examined 7 months nftpr the blow-down. Sup sttlin was PI'PSf'l1t only 
wherc th(~ ends of thl' logs had b(,PIl pxposl'd by cutting to d('ar l'Ouds 
and trails and in a few tl'(,(,S that had 1)('('11 nttnckl'c1 bv nmbl'osin 
be('t}('s. By August 19:22 th('J'(\ had be('II a slight incl'(,H::w ill th(' b('ptjp 
attack and ('vl'n an oCC'flsional trp(, that JJiul not b('<'11 so :t ttackl'd 
showed slight bIu(' staining. V(,I'Y slight and sllprrfieinl d(,(,:ty was 
noted in a few places wher0 the bark had bet'll knock('d ofr when the 
trees fell. 
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In August 192360 tl'l'es, which IUld be('ll opel1l'd up by wood cutters, 
were examined and all except 1 were found to be sound. In this tree, 
decay hnd penetrated to a depth of 1.5 to 2.0 inches on tIw top on('­
fourth of the circumft'l"t'nee for It linelu' distance of Itbout 90 fpet. 
About 15 pl'rcent of the trees had been attncked by ambrosia bel'tll's, 
nnd these trees showed bhll'-stnilll'd snpwood but only in the yirinity 
of the insect gnll(,l'ies. The bark was bpginning to slip and fungus 
mycdium was occnsionnlly noted undC'r the bark. 

By August 1024 the snpwood wns commonly found to be nppreciably 
decayed. This dpclty was confined lilrgt'ly to the upper half of the 
circumference of the down trees. The abst'nce of decny on the under 
sides was particulnrly noticeable in trees in direct contact with the 
ground. 

DETAILED TUEE-VOLU)[E-Loss DATA 

Table 1 shows tll{' results, by 4-inch tree diameter clnsses, and in 
both bonrd and cubic Jt'l't, of the detailt'd examinations. From this 
table it is eyident that brl'nknge lossl's in Doug-Ins fir arc wry dl'finitl'ly 
infiuel1c('(1 by tree size--thc lInger the tn'l' the grl'nter the percl'utnge 
loss. Thl' losses in high stumps nre much smalll'r und apparently 
benr but little l'(-1ation to the size of thp trN'. To illustrate more 
clearly the rdntionships bptw('('n snpwood nnd dl'cny for tn'('s of 
various dinnwters th('se dn ta from ta bk 1 are I)l't'Sentctl gl'Hphicnlly 
in figun-s 7,.A, and 9,.tl (pp. 24 and 20). 

It is eyicll'nt that approximately 35 p('rcent of the gross bonrd-foot 
volume for the ayernge 20-illch tree is sapwood (fig. 7, .A). Tho Inrg('r 
the tree the smnller was the perc(,lltngo 0f snpwood, until for tr('('s 
approximately 78 inches in dinmetcr it Inade up only 17 or 18 percent 
of the gross yolume. By 1920 decay had caused a loss in merchant­
nbility at lenst equal tc· the sapwood volume except in tn'('s lllore tlllHl 
65 inchps in dinmetcr. B,Y 1029 decay hnd made definice progl'ess in 
the benrtwood of aU trp(,s examillC'd. In 1930 tre('s 70 inches in 
diameter had sufi'cred a pl'l'cen tnge loss from decay equlII to thn t found 
ill 40-inch tre('s 7 yeilrs enrlicr. In illtel'pn'ting thl'se board-foot 
cHryeS it must be borne in mind that logs Hi incilps or ]Pss in din meter 
were classed ns 100-percent cull if more than one-half ([('eayed nnd 
tha t logs excl'eding- that clinmeter were classed as 1 OO-percell t cull if 
mom than two-thirds d('ctlyccI. The decllY eun't~5 in figme 7, .A, 
thl'l'cfore, },pprcsellii tile efl'pet of decay on tree mcrchan tability rather 
than on actual sOllnd volullle. 

To show the p(,I'ccntngc of total yolume nctllnlly (\(>cayed, the cubic­
foot datfl from table 1 are presented grnphicnlly in figllre 9, A. The 
genernlre1ationships betw('('n percentage of decay aud tree diameter 
nre similur to those as found under board f('ct. 

DETAILED LOG-DECAY D.\TA 

To show more clearly the relntiom;hip of decay to volume units of 
given diameters tho data for the logs that could haye oren made 
from tho tl'('l'S of tn ble l nrc presell ted by 2-inch diampter classes in 
tnble 2. Data in this table nrc for those IOl!:s in which drellY WIlS the 
only defect infiuPI1('illg the l1lrrchantabln volume. The board-foot 
d:lta in table 2 difl'er from those in table 1 ill tJlllt columns have bern 
ndded showing the actual average percentage of decay in ench log­
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TABLE I.-Losses in wind-thrown Douglas fir tree,~ in 1926, it)29, and 1936 


Diamet~r broIlS! high 'l'rc()S eXllmlned ,- -I" Drokcn In I Lost In Loss through decay l;;j
Snpwood (alling' stump' a ------ ------, ~ 

A"cr­ A vcrn~o gross Per­ 11cr­ .Per· ]'cr- Por- l'er- Z 
n~o ....vo)umo 1 ceut 01 c~lIt 01 ~lItol c('llt 01 cent of cent o[ ]'crccnt 01 honrd· IPercent o[ cubic·holghtl a

Cluss (Inches) IA"er­ bOllnl­ cllblc· hOllrd· cubic- bonrd- cubic- [oot volumo 3 (oot volumo 1020 1020 10:lli
ago l (oo! [oat [oat foot fooL [oot ~ 
vol· vol· 1'01· vol· "01. vol·' I I

111110 111110 \1111(1 t;::;
.. _-L_ I 
 _~'II~ ~~~~~0~~1~1~11036 cj 

JYUIII- i ",''''ttln- JV'um- BOflTti Cubic f:' 
lllche., bIT i b<r hrr Pett jert {ect t;:j..,: 

<0" ." •H.... 14.2 1 125.0 310 75.5 -.... • ••••• .................... 100.0 ..• """ 53.8 .... .. 

18... IS.U I I 145.2 415 94.5 35.2 20.3 5.6 6.7 0 0 35.2 74.1 30.8 42.9 ..... . 
 ~:22. • . .... " ... ..... ....... .. .•. .. ...... """'. "" ...... __ . __ • ___ .. _ ..... . 

26•••• _. --... ........ 27.1 1 lOS. 5 1,020 IOU; 45.1 :15.1 0 0 0 0 45.1 20.2 

ao.................... 2O.S 11 8 m.B l,tiOO 274.8 30.2 2·1.3 8.0 .0.7 3.3 3.2 320 32.7 23.8 23.5 "'" 

34........... a4.4 10 0 !88.9 2,180 :168.3 22.S 18.S 0.5 0.4 3.8 4.1 2&.8 34.4 ...... 17.0 25.7 •••••• "". 

38. 38.5 19. 9 2 192.1; 2,782 4,~7.1 24.2 21.4 5.5 0.7 2.1 2.2 25.0 29.3 30.6 17.0 23.2 31.0 

CJ>' 


42. 41.~ 12 8 .J lOti,S 3,413 552.4 22.2 19.0 JJ.4 12.5 2.5 2,5 24.1 28.8 41.S 17.6 23,3 33.2 
~ 


40. . 45.0 10 8 5 205.8 4,428 600.7 22. 1 ]9.7 12.5 13.4 3.0/ 3.0 23.6 28.6 33.0 18.4 24.0 29.5 ~: 

60._. 40.S 13 7 4 214.8 5,370 sas.4 29.0 18.0 14.(\ 14.0 2.6 2.S 21.8 25.1 37.0 17.0 22.0 33.4 

54... 53.6 11 7 4 217,3 6,4011,002.0 20.2 IS.0 13.4 14.0 3.1 3.3 20.8 28.2 40.0 16.5 25.3 37.2 
 ~ $ .. .-...... ............ 57.6 3 10 5 213.1 7,522 1,150.1 16.7 14.5 12.3 11.6 4.0 4.7 24.7 22.0 30.4 16.3 19.0 30.3 

62.... ......... ............ 01.9 9 0 6 220.7 0,003 1,334.1 10•.0 17.2 H.2 16.2 4.3 4. S 10.7 25.0 34.4 16.1 22. S 33.1 
 t::I116......................... 65.5 6 7 4 22(1.4 0,034 1,504.4 IV..2 17.6 17.5 18.0 3.2 3.4 18.2 20.9 25.5 10.1 18.7 28.3 t."l

70... ................... 70.1 4 7 5 224.0 11,870 1,732.5 17.9 16.4 16.1 17.0 7.4 7.2 17.3 10.2 36.2 14.2 17.7 24.7 

74..... ........ 73.8 1 1 I 222.0 ]3,337 1,066.7 12.5 12.4 .4 1.4 1.0 1.0 14.5 10.4 32.9 12.3 10.5 32.1 
 ~ 78.. 77.5 1 .•. " ....... 2.12.1 15,6302,248.2 17.8 17.8 15.7 17.0 7.7 7.1 18.1 ............ 17.8 •__ .......__


:X·. '''85.0' .~.::: r:::. : .... \ ':!Iii.o· 'j2,':iili" i;800:0 ..... . ....... :::::::: :::::::: ............ --....... --'''' '2,ST ........... "32:9 o 

"100... ............ 00.0 .. "",' ...... 1 200.0 14,270 2, 140.S ........,........ 23.5 IS. 2 

;;­I~--·---------------------------- o_~~:..:.~rage····1 49.3 112 L 92 

1 42 205.5 5,715 87s.41 20.61 18~~1_~~L.13~~J_~J. ~.~.124.2~~J 16.9123.0 30.9 

~ 

I A"era~o for IIll yenrs CoUlbhll!'j, 
• Olltllll5 01 1920. 

'l'~rt'ent8gtllos.q In 1II11rchnntllbllity IJeClIU~~ (II !lCCIIY. ~ 


cj 

E: 



TABLE 2.-Decaylosses in logs otherwiRe salvablejrom wind-thrown Douglas fir ~ree8in 1926,1929, and 1936 

~ I IDiameter Inside hark nt small end Dnsls oC logs Sapwood' Loss through decay 

r l----I -I perc:;l~-~= PerC':'nt oC actunl I Percent or merchnnt· Il>crccnt or cublc·Cuot 
or board. or cubic. board·root volumo nble board·foot volume 3 volume 

C'IMS (Inches) Average I 10211 1020 1036 foot foot ,---, I - "---,---,--­
volullle volumo 1026 1020 1030 1026 1020 1030 1926 1929 1936 

1____I ____I____I____i ____I___ __l ___' ___,___, ___,.___,___,___l_·~~ 

Inch.. Numbtr Number Number 
8 8. 1 24 35 20 37.5 38.6 30.4 73.7 85.8 40.2 100.0 06.4 I 38.2 46.9 67.1 ~ 
10. 10.8 II 15 •••••,... 47.0 34.0 42.7 60.6 ........ 57.3 100.0 , ••",. 33.7 42.8 .•• ,_.. . o 
12.•. 12.5 21 20 5 38.7 30.7 35.0 45.0 72.0 43.0 09. I 100.0 31. 8 32. 1 00.2 
14 14.5 28 22 4 37. I 30.0 34.5 42.0 65.0 30. ~ 61. 5 87.8 20.5 32.8 04.8 ~ 
16•. 16.6 35 26 10 30.0 24. 0 31. 7 30.2 67. 7 35. 7 40.0 8-5. I) 23. 6 30. 8 00. 0 ..... 
IS.- 18.6 38 34 0 31. 7 22.6 30. I 34.5 58.0 30. I 34.5 58.0 22.6 26.6 00.0 t7,20. 20.6 46 40 15 26.0 21. 0 26.4 Z3.0 rh!.8 26.4 33.0 58. I 20.6 24.9 41. S 
22•. 22.6 46 37 H 21. 0 20. 2 20. 5 28.0 48.0 20. 5 28. 0 ~8. 0 18.3 23. 5 37.7 
2L 24.6 43 31 10 23. I 20.0 21.7 20.6 37.8 21. '( 20.6 3i.8 18.4 24.9 32.1 ~ .....26•. 26.4 36 30 22 23.4 18.522.031.140.522.0 3t.1 40.5 17.3 23.8 31.5 Z28. 28.4 37 :14 13 JO.2 20.7 18.8 26.2 42.9 J8.8 26.2 42.9 J7.9 22. G 20.7 t:130•. 30.5 33 271 J8 17.9 17. I 16. I 23.1 30.8 16.1 23. I 30.8 14.0 20.6 26.2 I 
32 32.5 28 21 9 16.8 I.', ~ 16.3 21. 3 29.1 16.3 21.3 20.1 J6.3 21.2 25.7 H 
34. 34.5 20 22 13 14.7 It. 0 14.8 17.9 20.3 14.8 17.9 30.1 14.2 J9.8 31. 3 ~ 
all. 36.6 18 19 10 10. 3 I~. 4 18.3 24.2 33.3 18.3 24.2 34.0 14.6 20.7 20.6 
38. 38.5 17 15 10 17.2 14.315.922.127.115.0 22.J 27.1 J3.2 J8.0 23.2 ~ 
40. 40.5 12 J5 7 16.8 14.2 J6.2 10.8 33.5 16.2 J9.8 33.5 H.2 J7.4 22. 1 ~ 42.•. 42.3 0 0 J2 12.7 12.1 8.9 10.7 27.6 8.0 19.7 27.6 0.3 14.0 23.5 
44 •• 4t 4 7 7 4 16.7 14.5 14.2 20.8 24.7 14.2 20.8 24.7 11.8 17.7 20.8 
46.. 46. 5 6 7 7 12.8 13.9 ll. 5 14. 2 10.7 11.5 14.2 19.7 13. 2 14. 4 20.3 
48•. 48.5 4 1 4 13.3 12. 6 J2.2 J5.6 14.0 12.2 15.6 14.0 9.9 10.5 15.3 ~ ro.. 00.4 2 2 J3.0 JLO J3.0 J3.5 19.7 13.0 13.5 19.7 11.013.3 21.8 ~!\ 

!i 

ilL. 62.2 4 4 4 13.6 11.2 J1.4 15.6 15.9 11.4 15.6 J5.0 9.5 J3.6 13.5 t;;
114 •. M.4 1 2 4 14.1 16.4 14.1 1:t. I 16.9 14.1 12.1 16.0 10.4 8.9 20.3 
lIt!.-. 511.5 1 \ 1 JO.4 9.5 10.4 20.0 20.4 10.4 20.0 20.4 0.1 J8.0 28.4 ~ 

Total or nmnce. • .•• _•••_•• _. _,1--;5,81----;;- -:mJ-----zi5I----ru1----;U ---:i3.6 --SWT43.6""25.l--;s.Q --:ro:o ---;>.I ~---a5.ti 

I A\'crago Cor all years combIned. 

J DIltll1l8 oC 1926. 

JLogs not meeting mercbantablllty requirements clll!l.,od a.~ totl1lly decayed. 


co 
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diameter class irrespective of whether or not the individual logs met 
the prescribed merchantability limits. This table, then, shows the 
average actual decayed volume as determined in board-foot and 
cubic-foot units, as well as the effect of tius decay on log merchantabil­
ity according to board-foot standards. 

From the data in table 2 it. is evident that a definite decrease in 
percentage of decay accompanies an increase in log diameter. This 
relationship is brought out moxe clearly by the curved values for actual 
decay as shown in board feet in figure 1. In this figure.the line marked 

"Limit of merchantability" is 
100r---~---.---.----r---'---~ placed at 50 percent for logs 

8 to 16 inches in diameter and 
at 67 percent for logs exceeding 
16 inches in diameter. All por­
tions of the decay curves that 
e.xtend above this line represent 
diameters in which the average 
log is unmerchantable. Inspec­
tion of figure 1 shows that aver­
age logs of all diameters were 
still merchantable in 1926; aver­
age logs 10 inches or less in 
diameter had been rendered 
unmerchantable by decay in 
1929; and the average log over 
16 inches in diameter was still 
merchantable in 1936, 15 years 
after the windstorm. 

It should be emphasized, 
however, that the decays in 
wind-thrown timber result in 
exterior defects and hence 
render worthless those portions 
of the log from winch the 

00 10 20 30 40 50 60 clear and other high-grade, 
DIAMETER INSIDE BARK (INCHES) high-value lumber is mnnu-

FIGURE l.-Smoothed curves illustrating factured. The limits of mer­
the percentages of sapwood and actual chantability (figs. 1 and 4) pre­
decay in logs otherwise salvable from scribe the amount of allowable wind-thrown Douglas fir trees, based 
on volumc in board fect. defect in any log. These limits, 

however, are based prima.rily on 
interior defects, i. e., defects snch ItS heart rot, lowering the gross 
volume but destroying only the central portion of the log from which 
the lower grades of lumber are manufactured. In ordinary applica­
tion, then, a log just meeting merchantability. requirements has 
suffered a volume loss somewhat greater than Its yulue loss. In 
wind-thrown timber with exterior defects the situation is just the 
reverse; the log value is decreased by the presence of decay propor­
tionately more than is the log volume. ,Logs from wind-thrown trees 
may, therefore, still meet volume reqlllrements and yet not have a 
sufficient conversion value to justify their removal from the woods. 
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Figure 2 presents the cubic­
foot data from table 2. Fig­
ures 1 and 2 thus afford a 
direct comparison between 
board- and cubic-foot decay 
percentages for the complete 
range of log-diameter classes 
and for each of the years in 
which detailed data were taken. 

The rate at which decay 
reduced the percentage of 80lmd 
volume can be determined from 
fi~ure 3 for representative log 
(hameters available from wind­
thrown Douglas fir trees. These 
curves were derived by cross­
plotting the decay da ta from 
figme 1. The curves do not 
originate at 0 years but rnther 
at 2 years after ,.,,-ind throw, the 
time at which decay firat be­
came apparent in the logs. It 
is evident that decay progressed 
very rapidly during the first 
vears after the storm, as onl)T 
the relatively susceptible sap­
wood was being attacked, but 
the rate of decay noticeably 
decreased thereafter because 
further progress was necessarily 
",100 
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FIGURE a.-Rate of decay in logs of rep­
resentative diameters otherwise salva­
ble from wind-thrown Douglas fir trees. 
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DIAMETER INSIDE BARK (INCHES) 

FIGURE 2.-Smoothed curv{'s illustrating 
the percentages of sapwood and decay ill 
logs otherwise salvable from wind­
thrown Douglas fir trees, based on vol­
ume in cubic feet. 

in the more durable heartwood. 
lfifteen yenrs after the storm, 
decay was still pro~ressing fairly 
rapidlyin16-inchlogs butquite 
slowly in 56-inch 10hrs. 1)ro­
jection of the 8- to I5-yenr line 
for logs of the latter diameter 
indicates t~at such logs will 
have a Illgh percentage of 
sound volume for many years 
to come. 

The rate of decav ill logs of 
all diameters will probably be 
even slower a·s time goes on. 
Each succeeding yen.r the brush 
cover becomes denser and the 
crown eanopy more nearly 
dosed. This tends to keep tlie 
moisture CO;'ltent of the logs 
sufficicn tly high to inhibit ma­
terially the nctivity of the 
fungi causing decay. 
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LOSSES IN WIND-THROWN SITKA SPRUCE 


When examined in late August 1921, wind-thrown Sitka spruce trees 
showed no evidence of decay but did show a somewhat heavier beetle 
infestation and more blue staining than did Douglas fir. In August 
1922 the condition of Sitka spruce was closely comparable to that of 
Douglas fir. 

An examination of 30 trees was made in 1923. Beetles had infested 
60 percent and superficial decay was apparent on the upper sides of 
25 percent of these trees. One tree had decayed to h, depth of about 
3 inches over a limited area where the bark had been knocked off. 
When examined in 1924 it was apparent that decay had progressed 
materially in the sapwood, particularly on the upper surfaces of the 
down trees. 

DETAILED TREE-VOLUl\IE-Loss DATA 

Table 3 shows the results, by 4-inch diameter classes, and in both 
board and cubic feet, of the detailed examinations. From this table 
it is evident that brenkage in falling was not so definitely related to 
tree size as was true of Douglas fir, nor was the loss from this source 
nearly as great in Sitka spruce as in trees of comparable size in the 
former species. The loss in 11igh stumps again shows no definite rela­
tion to tree size, but the percentage loss from this cause is very slightly 
higher than in Douglas fir. '1'0 illustrate more clearly the relationships 
between sapwood and decay for trees of various diameters these data 
from table 3 are presented graphically in figures 7, B, and 9, B (pp. 24 
and 26). 

It is shown that sapwood makes up about 47 percent of the average 
gross board-foot volume of trees 20 inches in diameter (fig. 7, B). 
-With larger trees the percentage of sapwood becomes smnller, 80­
inch trees being only about 16 percent sapwood and lI5-inch trees 
only about 10 percent sapwood. It is of interest to note that the 
sapwood comprises a larger percentage of the total volume in small 
trees of Sitka spruce than it does in Douglas fir trees (fig. 7, A), 
whereas the two species seem to be very similar in this respect in the 
larger diameter classes. 

By 1926, decay had caused a board-foot loss in Sitka spruce far in 
excess or the snpwood volume in trees of all diameters. This loss in 
merchantability nmotmted to about 93 percent for the average 10­
inch tree and approximately 19 percent for the average lID-inch tree. 
Eight years ufter the stor1l1, decay had rendered worthless, on the 
average, trees less than 30 inches in diameter and even the largest 
trees measured (88 inches) showed a ioss in merchantability slightly 
over 35 percent. Fifteen years after being wind thrown, Sitka spruce 
trees of all sizes were so badly decayed ns to be almost completely 
unmerchantable. Trees less than 50 inches in diameter were com­
pletely valueless and trees even 88 inches in diameter had lost 80 
percent of their merchantable volume. 



TABLE a.-Losses in wind-thrown Sitka spruce trees in 1926, 1929, and 1936 


Diameter breast high Trees examined DrokenlnSapwood I Lost in stump I Loss through decay failing I 


1026 Aver· Average gross 
volume I Per· IPer· IPer· IPer· IPer· IPer· IPercent of board· IPercent of euhlc· Class (Inches) Aver· 

age 
cent of cent of cent of cent of cent of cent of foot volume 3 foot volume 1929 1 1936 1height!


age I boarn· cubic· board· cubIc· hoard· cubic· :--..---;--1--.,.---..,--Sap·'I'otal foot foot foot foot foot foot I I I I
wood volume volume volume volume volumo volume 1926 1029 1936 1926 1029 1936 

---,---,---,--1--1---1 1---1---1--_1---1---'---'--'--'--'--'--'--


Nil TIl' NUTII· NUTII' NU11I' BooTd Cubic ~ 
Inches beT beT b" beT Fut jeet jut d 

10.••..••.•_•.••••.••_. 11.1 5 .•. , ........, "" 64.1 58 21.0 •••••.•• __ ••.•• 13.8 8.3 0 0 92.0 ._ •• _•.••••• 63.7 .-•.••••_._. 

14..................... 14.5 0 1 ..•..•••.•. 113.0 170 50.5 03.2 44.3 0 0 1.0 1.8 89.2 _...•••, •.•• "~.4 •..•.. - ••••- ~ 

18.................... 17.0 14 3 ............ 116.4 320 78.3 45.7 42.0 1.0 1.7 1.5 1.4 87.0 •••_•••• , ••• \:>.4 .-.-•••••,.- ....

22............_........ 2"2.3 11 2 "'_' •••_.• 130.4 560 12·1.0 50.0 a7.0 2.0 2.8 3.0 2.6 83.1 ._.__ ••••••• 59.7 ••••••.••••• 
 l2:26..................... 25.0 11 3 •..•,. __ •••. 148.1 1,050 205.6 30.3 25.1 0.5 8.5 .3 .2 73.1 .._._. _••_.• 57.0 -.--•• ---.-. 

30..................... 30.0 7 3 1 1 184.0 1,711 301.0 35.3 28.2 8.4 9.0 1.7 1.0 68.3 06.2 100.0 52.~ 76.9 100.0 

34•••••••••. _•.•••••••_ 33.2 8 2 2 li2.9 2,072 357.2 35.3 26.8 .5 1.0 5.6 5.2 50.0 100.0 39.6 63.7 
 ~ 38•••...••••••_........ 38.8 6 5 5 •••••. 103.7 3,116 513.8 24.2 21.6 4.6 4.2 5.0 5.4 39.4 00.2 __ •••• 29.6 50.5 ._•••. 
 l2:42................_.... 42.6 7 6 4 1 200.8 3,841 607.1 27.5 24.0 7.5 8.4 4.0 3.6 58.4 81.9 100.0 40.9 60.0 90.0 
 t146.••...••••.••_....... 46. I 11 7 7 3 204.8 4,367 690.7 22.7 21.1. 5.8 6. 4 3.5 3.6 41.9 73.0 100.0 33.8 54.7 97.7 

50•••.••••_........... 60.3 5 1 11 4 209.1 5,084 034.6 20.2 18.3 8. I 8.9 5.4 5.6 48.9 62.0 100.0 32.9 47.8 71.9 8 

54...... _... .•••••••••. M.O 9 3 11 4 200.4 6,050 982.3 2'2.3 21.4 2.6 3.2 5.3 4.4 40.8 64.5 100.0 3Q.4 49.7 95.4 ::Q

58.._...... __ ....._•••. 57.6 7 4 0 2 231.1 8,416 1,250.3 10.4 17.0 11.1 10.6 3.9 4.1 S8.1 114.8100.0 28.5 51.7 93.S 

62..................... 61. 3 2 ........ 10 4 225. tl 0,707 I, ·157. 6 ......... '_'.'" 2.3 3.. 3 4.0 4.6 43.1 62.6 96.4 41.2 48.0 82.1 ~ 

66............._....... 00.1 11 7 11 6 228.1) 10,137 1,169.~ 18.1 16.3 4.0 4.7 4.4 4.3 31.9 45.2 86.0 25.6 36.9 77.6 
 ~70..................... 70.0 3 1 2 1 222.1 8,366 1,333.9 23.0 20.7 2.5 2.9 6.6 7.5 49.1 34.2 67.3 35.6 30.8 61.0 
 Z74,..........._._...... 75.4 1 ........ 6 4 200.9 10,004 1.66~.2 .•_.•• , ....._... 2.6 2.7 3.7 5.2 24.9 42.8 100.0 25.6 33.4 78.6 

78..........._........_ 77.9 2 2 1 1 197.0 9,067 1,374.3 25.7 21.0 19.2 18.7 12.1 10.7 27.9 46.1 :00.0 27.1 35. 1 76.0 

82._....._............. 1:;1.6 2 2 3 2 231.7 13.674 2,040.3 16.9 14.8 6.7 6.3 8.1 10.3 22.9 3i.0 78.1 15.9 32.6 68.6 ~ 

86..................... 87. ~ 1 ....._.. 1 1 223.2 17,770 2, 684.1 "'_ .,..••.•_.. 12.2 11.0 1.1 2. 7 44.4 42.3 94.4 33.5 37.3 67.8 .... 

00.........._•••___. __ .•• __ ................... """ ._......, ................. __ •••__•••_..._.___.•.._•.••• , ••.•_. ,_,_"" •___......... _......_•••_ •....• - ..•••.•••__ .... 


to94 ............__• __ .... O.~.O 1 ........._••__ •••••• 231.1 16,260 2,943.7 •• __ ."••_•._... 3.3 3.8 1.9 1.5 11.9 ••_••• ' __ ' __ 7.7 ---- •• ----..
08....................... .., .. __.................. __ .................................._.____..__. ____... _ .._.__._ .. , .. __ ...._............_......__ .__..........-., .. 
 ~ 
UlL:::~::::::::::::~ ..1~~:~•••.•. ~. :::::::: :::::: :::::: .•~~:9..~~~~••~:~::~. :::::::: :::::::: •••__:~. ___ .~:~.....~:~ ....~:~•.~~:~. ~::::: :::::: .~::~. :::::: :::::: 
IIIL............... __ ............ _................_ ...__....... _ ._.........._______...., ..••_...•._••___.••_.•_••.•, ........___...__•...___•.••__.. ____•• _•.••_ • _____ 

114..............__ •••• __........._.......,. __••_._.................._.................__ ." __ ._,,_, •______........_ '_'_" .•____ ................___•. __•__•.•._••..____ 

118..•• __ •••••• __••__ •• 117.0 1 1 1 .•••.. 253.1 10.920 2,925.6 8.3 11.6 8.9 7.8 7.5 7.3 29.5 37.7 ••• __ .22.5 27.8.___._ 


Total or a vpr· 
age__.........1 48.0 135 53 85 341 194.615,856 908.3 20.9 19.1 5.7 5.9 4.7 4. 6 1 59.0 1 61. 7 1 94.7 1 31. 2 1 47.2 1 82. 1 


I Average for all years combined . 
• Data fi.i of 1926. 

'Percentago loss In merehnntahlJlty because of decay. I-' 
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To show the percentage of trvtal volume actually decayed, the 
cubic-foot data from table 3 are presented graphically in figure 9, B. 
The general trends and relationships between percentage of decay 
and tree diameter are found to be similar to those for hoard feet. 
From this figure it is appareut that considerable heartwood had beeH 
decayed by 1926, after only about 3 years (1923-26) of perceptible 
fungus activity. Judging by the curves, decay progressed almost as 
rapidly in the heartwood of Sitka spruce as it did in the !?ap'lTood. 
13y 1936 the average Sitka spruce tree less than about 30 inches in 
diameter was completely decayed and trees as large as 88 inches in 
diameter averaged nearly 70 percent decayed. Practically all of the 

sound volume re­
10l) ~. maining at that time 

was confined to the 
..,CO small sound core 
~ 
::J 

t found in the first few 
..J 
080 ~ " \ butt logs, the logs 
> from the central and~ 
~ top portions having\\ \870 ... i\. L.IMIT Of '\. been almost com­
I 

MERCHANTABILITYo ~l\ ~ pletely decayed. 
a: 
<60 

"'-I'-... 
o 
m \ 

\ DETAILED LOG­.., \ f\ ~ DECAY DATA" ~o \ 
a: \.., "..;\ To bring out more> \ 

< f\ ~ Ig"g<40 clearly the relation­... \ 
o I~ ship of decay to vol­
~30 

\ 
\ 
~ i'--.. ume units of given 

< \ diameters, the data 
I- .. .~.. " .. >­ for the logs that couldZ 
"'20 
U ....... have been made from
.. .. l'''~a: .... f'.. the trees in table 3 
Il. '" 

10 s"'P\\'O~D- are presented by 2­
, inch diameter classes 

in table 4. Data in 
10 20 30 40 ~O 60 70 80 this table are for those 

DIAMETER INSIDE BARK (INCHES) logs in which decay 
FIGURE 4.-8moothed curves illustrating the percent­ was the only defect 

ages of sapwood and actual decay in logs otherwise influencing the mer­salvable from wind-thrown Sitka spruce trees, based chantable volume.on volume in board feet. 
The board-foot data 

of table 4 differ from those of table 3 by the addition of columns 
showing the actual average decay percentage in each log-diameter 
class without consideration of whether or not the individual logs met 
prescribed merchantability limits. This table, then, shows the aver­
age actual decayed volume as measured in board- and cubic-foot 
units as well as the effect of this decay on log merchan tability according 
to board-foot standards. 

The data of table 4 show that a dcfinite decreasc in perccntage of 
decay accompanies an incI·case in log diametcL This relationship 
is brought out more clearly in figure 4, in which the curved values for 
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TAllUJ 4.-Decay losse.~ in. logs otllerwise salvable from wind-thrown Sitka spruce trees in 1926, 1929, and 1936 

Loss through decay])illm~t('r inshlo hnrk (smnll end) 	 Basis oClogs SIIPWOOU I 

PcrCl'Jlt 0 mer.. 
1926 ]'ercl'lIt J~crCl'nt Perl'cnt oC !,ctulll chllntublc bOl,rd. percent. oC cubic­

Awr.1 ... oC bOllni- oC cubic. houru·Cuot ~olumo Cout "ofumo I Coot \olumo 
C'lnss (inch~s) lIeo' _______ 1920 ]03b Coot CI)ot 

t 	 \'olull1O volumo I I'I'otnl RIlJlwood 	 1026 W20 103!1 1020 1020 10311 1026 1020 1036 

t:l
111('''(,& l'{u,mbt'r -;::::;;; ;,YttwIJcr!l\f"umber -----------------'------- ­ tr1 oS. I ~3 30 24 8 85. I 45.1 88.8 70.7 92.5 93. a 80.0 92 5 63.7 flO. 7 91.48, .. '" 	 ::­HH ~i 5 17 5 57•.1 ·10.1 75.4 85.3 lOO.O 8:1.4 O~ 2 100.0 011.5 65,8 100.010 .. _." __ ........ _••••••• _•••••••••••_••••• -' 
 ~12.0 45 19 \) 3 45.7 35.5 50.0 60.6 ](Io.n 70.1 82.9 100.0 67.1 5L 1. 100.012 .... 

]4,2 49 II 18 4 43.4 34.1 62. I 83.5 ](10.0 78.6 07.5 100.0 63. (l tl3 4 IOU. 0 H14. 1(12 3·1 IS 13 n '10.0 29.867.3 68.680.769.770.1100.0411.448.1 86.7It!.. 	 ~ 
183 34 10 23 7 36.5 23.2 643 72.0100.0 58.1 807100.0 44.4 511.4 100.0 
~O.2 31 17 23 10 33.S 25.0 "8.2 OIl.! 100.0 64,0 80.1 100.0 30.2 60\) 100.0

IS ... 
20 ... 	 :;:

22.2 35 2:1 17 3 :1I.5 24.3 4:1.0 07.6 100.0 40. & 77.5 100.0 3S.6 57.2 ]00.022._ • 	 H
24.2 30 15 20 11 20.1 20.0 44.1 70.2 HlO.O 47.0 81.7 100.0 3A.I 57.0 8Q.324 .. " 	 Z
~ti.2 2,1 15 ~2 7 211.1 21.0 411.4 112.0 100.0 43.6 73.0 100.0 32.7 [04.3 100.0 t:l~I! ..28 ._ 28.3 20 13 25 II 20.3 180 I) 4:1.4 67.2 07.4 40.7 64.5 100.0 31), I ·19.5 03.6 

30 ........_••••.• --_ ,_ 30.2 37 23 24 8 20.2 ]8.0 3U, -I 50. lOS. 2 40.5 f.u. I 100.0 3a.2 49.3 00.6 H 
:12.3 17 II 2$ II 10.0 19.4 33 0 56.5 00.0 33.9 03.9 100.0 32. I 47.7 03.0 lIi32 ' ~4, 3 17 7 20 8 1,;,5 Itl.7 35.4 46.0 07.0 37.2 48.8 07. I 33. II 43.8 00.8 

aa.. _ 36,4 20 II 18 10 21. (l IS.4 3:1.7 50.8 07.8 3:1.7 07.9 ]00.0 28. I 55.7 93.7 E5 
ab, ~ 

34 _. 

3S3 In 7 26 10 2(1.[. 15.0 30,2 5:1.2 92.0 30,2 02.2 100.0 27.1 44.0 I 83.3 
404 17 II 22 II 13.4 123 30.3 48.0 88. I 30.3 40.5 01.5 22.0 405 80.440 .. 	 !;;oj
422 10 7 1ft 8 ]7.4 10.02:1.0 H.I 836 23.1i PO. 0 90.3 20.138.0 70.542". " ••.••• _. 
44,3 1I 3 13 ]0.5 14.2 33.,; 44.2 87.7 33.5 H2100.0 28.3 30.8 74.444 ... 

46._. 	 411.3 II 2 ]5 7 12.0 12.72&040.181.028.9 4().1 113.0 21i.0 34.8 n.7 ::J 
\;;.I48.2 6 3 8 4 ]3,1 12.720.11 33,0 7:1,226.933.084.023.020.0 57.348._. 	 1-\c.o. 0 1 I 4 3 II. 7 10. 7 11.7 36 0 80.7 ] I. i 36.0 85. 7 l~. il 32.8 77. 6 t;:I60, " 51.0 2 4:1 24,437.042.124.437.042.1 25.1i 34.7 30.1 tr162... 

M _. 	 f>I 4 3 2 3 2 ]2.7 ]2. () 22.2 39. I 70,4 22.2 30. I HlO.O 10.0 32.3 70.0 ~ 
[,Il, 5 2, 3S. I 73. 3 _.. 38. I 1Il0. 0 " :13.0 7I. IMoo 

IJ(l _. (lO.O ]0.0 3n 3 117.4 10.0 311.3 100.0 10,8 30. 2 60~ n 
,-. 02. 0 • ... , I . 40.5 60, II 40. 5 lOX). 0 37.0 68.8t··, 	

1)4,0 2 1 0.4 8.0 ]3,6 2\1 9 7(\,3 13.6 20.9 IOO.O 13.7 2[1. I 74.764, • 
00 .• 658 28 37.1 01.7 2.8 3;,1 01.7 a.a 3i.3 40.1 
OS... ~ _____-_.__-____~_. ___ , ____~_._~tl~~~:.: _.__'~I 71,::" ~_~~ 

Tutul Or nVl\rngc ... ~ .. -	 259! _~J~L _,~~J_ 175 :15.4/ 25.S 1 52. 0 I 00.41 01.71 58,81°s· 3 l 06.21 43. 4 1 50.41 87.0 

I A \'l'ru~c Cur n11 Y~1Ir$ cumblned. 

I 1)11111115 oC 1926. 
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FIGURE 5.-Smoothed curves illustrating the per­
centages of sapwocd and decay in logs otherwise 
salvable from wind-thrown Sitka spruce trees, bused 
on volume in cubio feet. 

larger logs would barely meet 
those req uiremen ts. Within 15 
years after being wind thrown, 
Sitka spruce logs are, for all 
practical purposes and regardless 
of size, no longer merchantable . 
This is especially true since the 
high-grade portIOns have been 
decayed and the sound volume 
remaining consists of the knotty, 
wide-ringed core. 

Figure 5 presents the cubic­
foot data from table 4. Figures 
4 and 5 thus afford a direct com­
parison between board-foot and 
cubic-foot decay percentages for 
the complete range of log-diam­
eter classes and for each of the 
years in which detailed. data were 
taken. From these curves it will 
be noted that a considerable 
portion of the heartwood was 

~IOO 
:::l 
..J 
090 
> 
... eo o o...o70 
a: 
« 
0110 
m 

!oJ 

~ 20 ... 
Z 
\j 10 
a:... 
... 0 

OF AGRICULTURE 

actual board-foot de­
cay percentages are 
shown. The line 
showing limit of mer­
chantability is placed 
in the same position 
as it was for Douglas 
fir logs (fig. 1). In­
spection of this curve 
shows that Sitka 
spruce logs became 
unmerchan ta ble 
through the activity 
of decay much more 
rapidly than did 
Douglas fir logs. By 
1926 the average log 
less than 16 inches in 
diameter was no 
longer merchantable. 
Three years later the 
average log less than 
22 inches in diameter 
was unmerchantable. 
By 1936, logs averag­
ing less than 55 inches 
in diameterviOuld not 
mee t merchantability 
requirements and 
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FIGURE 6.-Rat<, of decay in logs of rt'p­
resentati vediameters otherwise sal vable 
from wiud-thrown Sitka spruce trees. 
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17 DECAY IN WIND-THROWN TIMBER 

decayed by 1926, only 5 years nfter wind throw nnd only 3 yenrs 
nfter decny was first evident. 

The rate at which decay renuced the percentage of sound volume 
can be dete1"mined from figure 6 for representative log diameters 
available from wind-thrown Sitka spruce tl·ees. These curves were 
derived by cross-plotting the decay dnta from figure 4. The curves 
do not originate until 2 yellrs after wind throw, the time at which 
decay probably first caused any volume loss. With the exception 
of the smaller 10gs,1O the rIlte of decay in Sitka spruce hns remained 
reasonably constant during the 13 years of its apparent activity. If 
the decay continues nt th:::- rill!' (and the trend to date indicates that 
it will) it is obvious that Sitka spruce logs of all siz('s will be almost 
completl'ly d('cl"lyed in a very few more years. After comparing the 
Sitka spl'uce log curyes of figure 6 with similar cUl"ves for Douglas 
fir shown in figure 3, it is strikingly f~vident that Sitka spruce logs 
decay much more rapidly than do Douglas fir logs of similar size. 

LOSSES IN WIND-THROWN WESTERN HEMLOCK 

An c-xamination of wind-thrown western hemlock in August 1921 
showed that decay was not yet evident. The sapwood, howeyer, was 
occasionally slightly blue stained, und those trees attacked by um­
brosia beetles showed h('avy blue staining. The following year 
there had been some increase in beetle infnstation and blue staining,
but no decay was noted. 

In August 11:)23 40 western h('mlocks were examined and 90 percent 
were found to be heavily infested by ambrosia beetles and bluG stained 
throughout the sapwood. Early dl'cay, ext('ndin~ to a depth of not 
more than 1.5 incllt's, wasnot('(l on the upper sitlps of 50 percent of 
the down trecs. By August 1924 decay had mude definite progrpss 
in the sapwood of \n'stern hemlock. As WtlS true in Douglns fir and 
Sitk~t spmce, the decny in hemlock was confined largely to the sides 
and upper surfaces of the wind-thrown trees. 

DETAILED TREE-VOLUME-Loss DATA 

Table 5 gi\~cs the results, by 4-inch trt'c diameter classes, and in 
both board and cubic f('et, for 1926 aml 1929, the only years in which 
hemlock tl'ecs wcre examined in detail. With this species, breaknge 
loss apparently bore no ddinitc l'elntionship to tree dinmeter, but the 
actuul percentage loss from this sOlll"ce was a little greater than in 
Douglas fir and considerably grt'all'r than in Sitka spl"Uce trt·(·s of 
similar size. The percentage volume lost in high stumps was some­
what less than in Dougltts fir or Sitkn. spruce trces of similar size. 
Figurrs 8, A, and 10, A (pp. 25 nlld 27), present the dllta of tuble 5 to 
illustrate Jllore cl(·arly the relationships between sapwood and decay
for tr('('s of yitriolls diameters. 

10 'rho snInller lo~ werc mostly Crom the tops oC th" trees. As dl'CBY BdvBn~d tho tops S('ttled down 
onto the wct, swampy ground where the excessive moisturo retanJcd tho Curther progress oC dl'CUY in those
portions. 
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....TABLE 5.-Losses in wind-thrown western hemlock trees in 1926 and. :t929 

Droken In fnll· Lost In Dlllmeter breast blgb Trees examIned Snpwood' Loss through decay 1-3
lng' stUIIlP' t:l 

§Aver· A veruge gross Percent 01 
n~e !li1926 volumo I I'erccntl Percent Ipert'Cn!1 percent), Pert'Cnt IPercentI~g,~~3~I~g[ cublc·lootheight I('hISS (Illches) volume ....

Aver· 1020 bO~~d. cu%c. bO~~'I. C1~~lc bO?~d. CIIV;IC, volume a a
ngol ~loot loot loot IOllt loot loot 

volullle volume volume volume volume volume Totnl ISapwood 1026 I 1029 I 1026 I 1929 

---------1--1--1--1--1--1 1---'--'---'--'--'--'-'-'-'- q ~ 
Board Cul,le 

Illch.. N,tlilber NU1IIber /NU 1IIber ].'eet Jeet Jtel ~ 
10............._..............._....... 10.11 0 1 .... '... 89.6 65 23.0 66.1 53.1 6.4/ 4.2 0 0.6 95.7 70.1 t::1 

H.................................... 14.3 20 7 ..••••• 110.4 21S 61.0 82.2 63.8 15.1 12.0 .6 .395.5 68.6 
 1-3....
18..... ................................. .18.0 385m.4 401 102.4 07. II 57.0 9.3 0.4 1. 0 •S 95.8 62.8 
 !li22._................................. __ ~'2. I 42 7 140.3 8:11 157.7 64.2 M.3 ]0.7 15.3 1.6 1. 4 06.2 60.8 

26.... .............................. 25.7 20 7 1[,7.4 1,163 210. I 57.7 49.2 0.7 7.0 3.4 2.7 !H.4 62.6 

30 ___ ............................... 30.0 15 6 103.8 J,770 2\17.8 40.2 37.4 13.4 1·1.4 2.7 2.200.0 61.2 to> 
"'" 
34._................................. ., 3·1.5 12 3 ....... 17:1.\ 2,10:1 37,1.3 61.7 44.1 12.4 12.6 4.4 3.9 83.7 50.8 ...... to> 

38••.•• __ ............................. 38.:1 II 2 J 180.2 2,71\') 403.8 52.6 43.3 8.6 8.3 .8 .8 S7.0 100.0 46.9 81.9 

42.__ ............................__ .• 42.1 ........ .......... 4 109.5 3,453 655.-1 ........ __ ........".......................__.......... 100.0 ...... Ill. 0 
 d411............................__ ..... 45.,1 2 __ ...... __ .j 17S.0 4,127 058.6 ....______'''''' 10.4 13.6 3.0 3.0 71.6 100.0 43.5 86.7 

50...................................... 49.0 ........ .......... 1 182.0 4,200 i32.0 ............__....................................... 100.0 ...... 77.3
--------1--------------------------- V'

Total or nvoruge................ 23.6 In 40 10 145.0 I, !O3 lOS. 7 67.0 47.6 11. 5 11.6 2.41 2.1 93.7 100.0 M. S S'f.1 
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It is evident t.hat sapwood mnkes up tlbout. 80 percent of the board­
foot volume of the average lO-inch tree and roughly 45 porceut of the 
volume of the average 40-inch tree (fig. 8, A). The average sapwood 
volume in hemlock trees is thus found to be considembly higher, to 
some extent. because of their younger age and hence more rapid growth, 
than in Douglas fir or Sit.ka spl'uce trees of equivalent size. By 1926 
decay had caused a loss in merchanti1bility mnging from 95 percent 
in the smallest trees measured to about 75 percent in trees averaging 
45 inches in diameter. By 1929 the liu'gest hemlocks measured (50 
inches d. b. h.) hnd been so decayed as to be rendered unmerchantable. 
The curves of figllre 8, A, show the effect of decay on tree merchant­
ability mther than actual sound volume. For lumbering purposes 
we3tern hemlock trees up to 50 inches in diameter were unmerchant­
able by 1929, i. e., 8 years after being wind thrown. 

The cubic-foot data from table 5 are presented in figure 10, A, to 
show the percentage of total volume actually decayed in :Irind-thrown 
hemlock trees. The general rolationships are tbe same as were found 
with the board-foot data. From this figure it is evident that decay 
penetrated considerably beyond the extensive snpwood during the 
3 years after first becoming apparent and during the next 3 yeal'S it 
progressed nendy as rapidly. In 1929 data wel'e taken only on tho 
largest trees tlmt could be found, it being obvious that smaller trees 
were completely decayed. X0 datiL were taken on this species in 
1936, for cnsual inspection showed trees of all sizes to be not only 
completely decayed but badly disintegrated. 

DecHY datil. for logs otherwise salvable from wind-thrown western 
hemlock trees are not given becnuse it is evident from the tree datil 
that no logs would be merchantable for more thun 4 or 5 years after 
the trees were wind thrown. . 

LOSSES IN WIND-THROWN SILYER FIR 

Data on the losses and deterioration of silver fir were taken only 
in 1926 and are summarized in table 6. Percentnge losses from 
breakage in falling were a little 10\'{er thnn in Doughls fir and w('stern 
hemlock but wel'e slightly higher than in Sitka spruce trC(~s of similar 
size. The percentuge loss in high stumps WIIS practically the SfLme as 
for western hemlock and somewhat lower tb:ln in either DoughtS fir or 
Sitka spruce. To illustrnte more cle:nly the T('lationships beb\rcen 
sapwood and decay for trees of various diametel'S, these dntn. from 
table 6 are presented in figures 8, B, and 10, B (pp. 2:5 and 27). 

It is eviden t thnt sapwood makes 11 p approximately 70 perrent of the 
boarcl-foot volume of the average lO-inch tr('e and abol! t 20 percell t 
of the volume of 51-inch trees (fig. 8, B). These vnlues arc somewhat 
lower than found for western hemlock trees of sirhilnr size but arc 
appreciably higher, especially in the smaller din meter clfLsses, than 
were found for Douglns fir nnd Sitka spruce. Here again the high 
percentage of sapwood is probably, to some extent at least, related to 
the youth ancI rapid growth of the trees studied. By 1926 decay hud 
caused a 98-percent loss in the merchantability of trees 10 inches in 
diameter. The loss for larger trees was relntivdy smaller, amounting 
to about 30 percent, on the average, for trees 55 inches d. b. h. 



t.:)
TABLE 6.-Losses in wind-thrown silver fir trees in 1926 o 

Sapwood Broken In ClIllInll Lost In stump Loss through decayDlruneter breast hll:h I Trees examine,\ ~ a
Average Average gross I::Qheight volume Percent IPercent Percent IPercent IPercent IPe~cent IPercent IPercent 

oC bonrd· oC cubic· oC board· oC cubic· oC board· of cuhlc· of board· of CU.. bIC. ~ .....Class (Inches) 1Average 1 1926 1Sapwood foot foot foot foot foot font 
v~~r~e I v~f~~e volume volum& volume 'l"olum& volume r volu-me 

1---------1---1---1---1---1 1___1___1__'_1___1___ ___1___'___ ~ 
Inche4 Nllmber Numb., Feel Board/eet Cublct.eft 

0 84.6 67.450 1 .7 63.2 45.5 0 0 010.__•••••••••••.••••••••••.•••• 11.3 6 4 72.7 
2..2 1.6 91.9 71.5167 42. S 65.4 51.0 1.7 1.3H •••••••••••••••••••••••••• "" 14.1 6 3 97.4 

5.,6 1.0 1.1 97.6 69.5300 74.0 65.1 54.3 6.618••••••, ••••••••••.•.•••••••_•. 17.7 13 2 110.7 
1.4 1.3 00.1 62.5

22............._._ ••••.••••••••• 21.7 10 5 124.1 629 131.5 44.6 36.0 5.2 4.0 
 i37.0 30.4 15.3 14.4 1.6 1.3 88.7 63.4
26.............................. 26.0 15 7 135.7 918 181.0 


5.4 5.3 2.6 2.5 93.1 50.6
30.............................. 29.4 12 3 138.3 1,048 204.0 43.0 3·1.7 

5.1 3.5 3.2 86.4 54.8 z 

34_.•••••••••••.•• _••••••••••. 33.9 12 ----- ......... 158.8 1,1»2 332.0 ""38:2- ·····29::r 4.1 


9.0 8.3 1.4 1.6 77.2 46.1
38.••••••••••••••.•••••••.•••• __ 38.7 11 2 161. 7 2,333 407.4 ...

7.5 ,\.O 1.4 2.0 6Q.O 39.8
42............................ -_ 42.1 3 _••.•••• _. 165.4 3,132 513.8 .....-- ........ ------'" ".- w 

46.......__••__ •_____.......... 46.3 7 2 171.3 3,500 51».0 22.8 21,1 12.7 12.4 3.6 4,3 55.3 31.6 ,.w 
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To show the percentage of total volume actually decayed, the cubic­
foot data from table 6 are presented in figure 10, B. The relationship 
between decay and sapwood is very similar to that found with board 
feet. By 1926 decay had penetrated through the sapwood and for a 
considerable distance into the heartwood. This curve practically 
coincides with the corresponding curve for western hemlock (fig. 10, A). 
It seems probable, then, that decay progresses in much the same 
manner in these two species. For this reason no data were taken on 
silver fir in 1929 or 1936, the data for western hemlock for those years 
being considered sufficiently indicative of conditions in silver fir: 

LOSSES IN WIND-THROWN WESTERN RED CEDAR 

Detailed data on the losses in and the deterioration of ,vind-thrown 
western red cedar were taken only in 1926. These data are summar­
ized in table 7. Comparing trees of equivalent size (up to 50 inches 
d. b. h.) the average percentage of volume lost through breakage was 
a little greater than in Sitka spruce and somewhat less th~.n in any 
other species. In din meters exceeding 50 inches, however, western 
red cedar broke up worse than any other species studied. "The per­
centage of volume lost in high stumps averaged greater than in any 
other species except Silka spruce. To illustrate more clearly the 
relationships between sapwood and decay for trees of various diameters 
these data from table 7 are presented graphically in figures 8, 0, and 
10, a (pp. 25 and 27). 

It is evident that sapwood makes up a smaller percentage of the 
total bonrd-foot volume in western red cpdar than in any other species 
studied (fig. 8, 0). This relationship holds true irrespective of tree 
size. From this figure it will be noted that by 1926 decay had not yet 
caused a loss of merchnntable volume equal to the sapwood volume. 
The actual loss from decay ranged from an average of about 20 per­
cent in the smallest trees examined to somewhat less than 5 percent 
for trees 70 inches d. b. h. 

The cubic-foot data from table 7 are presented graphically in 
figure 10, 0, to show the percentage of total volume actually decayed. 
Decay hnd caused no log having as much as an 8-inch heartwood core 
to be unmerchantable under board-foot standnrds, as might be in­
ferred from a comparison of the curves in figures 8, 0, and 10, 0. 
Data are not given by log classes because general observations made 
in 1929 and 1936 sho\\'ed that (\(>cay had not advanced b(~yoll(l the 
sapwood in western red cedar. For these years, then, sapwood per­
centages can be usedequally w('ll to indicate the percentages of decay. 
The inherent durability of w('stern red cedar is so well known that it 
seems reasonable to expect the heartwood of wind-thrO\\'n trees of this 
species to remain sound for many more years and to decay only very 
slowly when finally attacked. As this species typically occurs on the 
wetter sites, the rapid development of a dense brush cover serves to 
keep the moisture content of the down trees at a high level and thus 
provides an additional retardant to dpcay. 



TADLEl 7.-Losscs in wind-thrown western red cedar trees in 1928 ~ 
DIlIl1l~ter hrollst high SlIllwoo,1 Rrokcn In folllng Lost In stump I,ass throll~h decay---------	 &3
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COMPARATIVE LOSSES IN WIND-THROWN TREES 

To permit a ready comparison of the losses in wind-thrown trees of 
all species studied, the detailed decay data arc presented in figures 7 
v,nd 8 on a board-foot basis and in figures 9 and 10 on a cubic-foot 
basis. From table 8, in which t:he summary datn, are presented, it 
is apparent that decay, with thl' possible exception of that in western 
red cedar, is eventually the most important source of loss in wind­
thrown timber. 

Some breakagC' loss occurs ('ven when skilled fallers cut standing 
timber nnd hence not all of the breaJmgp loss shown should have been 
charged directly to wind throw. Except for Douglas fir, datn are not 
available on the amount of brenkagC' in operations in stfll1ding timber 
and hence no correction figul'(' could be applied here to the losses from 
this source. In a previous study Boyce 11 found a breakage in felling 
on smooth ground. amounting to 7.5 percent of the board-foot volumC' 
for trees avernging 38 inches in dinmeter brenst high. On rough 
ground, felling l'esulted in a 9.5-percent breakage loss for trees aver­
nging 36 inches in dinmeter. In the blow-down study trees of that 
specie'S that averngcc! 49 inchC's in diflmeter showed n 12.6-percent 
brenkage loss. It seems probnblt" tlWI1. that at least n small part of 
the breakngc should bC' charged din·ctly to the storm. 

TABLE S.-Comparative losses in the fivr species of uilul-throll'/t trees for the years in 
which ciet(lilrd data ll'ere taken on the O/!/I11/Jir bloll'-doll'TL 

Brok,'n in Lost in Lo;,.~ throughi ,fllllin~ stump, <leroy
\ Ayer· I 


. ~ Tre('s I a~(l ~ A vcr. i 

~peC1es a!1d year t exam. i dl· : age " il-"I~~r~~ "-.~:~-: Pt'r· , Per ~ ~~,~~-1::­

wTotal volume 
• 

exammed ined lsmoter, height ~nt of ICl'lIl11e! t'l'ntoq cent Or! centof t'l!nt of
brclISt' , hourtl- i cuhl,,· i hoard-: ruille" hOllrd· cuhic. , I high' ! ! foot foot fOOt; foot 1 foot fuot 

'\'01· \'01· vol· i \"01· • vol· ,"pl­i I ; una- UITI(' Unt(> i UIIl£" um(,I' ume 
.~ _t __ .._.1r---,-·~ -----.-----,,­

'Nurn" Bo'm/ Cubir

Oougllls fir: , b(T i Intht.v Ftet /(rl


1926 ... ll~' 4R.6 20,'>.2 flW.02\) ge9~2 t 12. 6' 13.6 3.6 i , 3•• 24.2 16.91929 92' 4S.9' 2Oa.4 M5, :!2() 28.2 23.07'.M4 """,.1., '. ' 1936.. ' ;12 sr.2 202. !oS 301. tHOL -1-1.167." "'_'"'' :14.:1 30.9~itka spruce: J 
1926 .. 13.) -l0.6 177.4' .'>IO.!J.IQ ~. 761: 5. 7,' 5.9 4.71 59, II 31.21929 .. s.; 5 •• ~ : 2OO.·S 669J.'ll1 101.1;.19, ..... __ ,. 

4.6 
61. • 4a. r.1936 . 3·1 61.. 216.. 31.5.-100 4S,r""S " .. -!- " (1-1 ... S2. IWestern hemlock: 

19211 173 2247 146. fi 17$.2·tH 31,003 11.5: l1.ft 2.-l 2. I 9:1. i &1.),
1929 " 10 HO If.'i. I 3';,9QIl fI.S!.'1J 100, II S7. I~iI'"('r fir: 
1926 .•. 100 2S-l lar.2 151.·1-111 26.0Of; 8.~ .~.3 2.5 2.6 44. q83.'1Western rNI cedar: 
1026 as.'\ IZI. ~ !j(~. !!()() 1-',165 0.1 4.3 ,1.4 7. n 8.5 
'~----- ..---, .-.----. 
I Peret'ntagf loss in IIll'rchnntabllity heCatL'~ of decay, 

II BOYCE, J_ S. DECA i AXD OTUER tQSSt-;S 1,:\ DOt·GLAS i"JR IX ~\tI':STER~ OHJ-..(i.Q's ASD ".iA:iUIN4JTOS, U. S. 
Dept. Agr. 'rech. Bul. 286, 60 PD., ilIus. 1932. 
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The losses from breakage and high stumps ,,,ill vary greatly from 
area to area, depending upon many factors, the most important of 
which are the steepness and roughness of the ground. Data for losses 
from these sources, therefore, are not directly applicable to other 
areas of wind-tlu'own timber. Losses caused by decay vary some­
what between individual trees, depending on just how they contact the 
ground and on the density of the surrounding brush cover, which uids 
in maintaining a high moisture content inhibitive to decay. In 
general, however, the percentage losses caused by decay as given in 
this bulletin should not result in erroneous conclusions when applied 
to trees in other blow-downs of known age in the spruce-hemlock and 
Douglas fir old-growth types, typical of the fog belt of the Oregon and 
Washington coast. 

SUMMARY 

In the vicinity of Forks, on the Olympic Peninsula of Washington, 
data were taken on the condition of Douglas fir, Sitka spruce, western 
hemlock, silver fir, and \vestern red cedar trees that had been blown 
down by the catastrophic storm of January 29, 1921. General 
observational data were taken in 1921, 1922, 1923, and 1924 and 
intensive detailed examinations were made in 1926, 1929, and 1936. 

At the beginning of the detailed studies it became apparent that 
there were four sources of loss in wind-thrown timber, namely, break­
age, high stumps, inse.ct damage, and decay. Volume losses from these 
last two sources were determined by cutting into the trees at the points 
where they would haye been bucked in accordance with close utiliza­
tion practice. Losses f;:om the first two sources were apparent 
immediately after the trees fell and have not changed materially since. 
Data on these two losses, therefore, are present.ed only for the vear 
1926. No loss from decay was noted until at least 2 years after the .~ 
storID. After once becoming evident decl1Y progressed at varying rates 
until loss from this source soon exceeded thnt from nHY of the other 
three in all species except westem red cedar. All d;lta, including 
percentages, are presented on both board- and cubic-foot bases to 
make them usable by industries utilizing either saw logs or chipped 
wood as raw material. 

The high-grade, high-vfllue Imilber is manufactured from the sap­
wood and adjacent heartwood of logs. Tllis ZOne was the first to be t, 
invaded by decay, anti data were taken to show the relationships 
between decn,y and the sapwood. 'Western hemlock iLIld silver fir, 
the two species having the highest percentage of sapwood iLIld the 
least durable heartwood, decayed most rapidly. Sitka spruce did 
not decay so fast as these species but much faster thiLu either Douglas 
fir or cedar. The sap",;ood of Douglas fIr decayed ratber rapidly but 
the heartwood showed u high degree of durability. Westem ['ed 
cedar, with its narro\v ring of sapwood nnd highly durable heartwood, 
suffered least from decay. 

The data indicate that if wind-thrown trees in the spruce-hemlock 
and Douglas fir old-growth types of the vVashington and Oregon coast 
are to be salyaged before suffering iLny decfLY loss it must be done 
within 1 or 2 years follo'wing blow-down. Douglas fir trees decay 
rather mpidly lmtil at least the bulk of the sapwood is destI'Oyf~d, but 
the heartwood decays Yery slowly. Trees of this species still contain 
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considerable merchantable volume even 15 yem's after being blown 
down. :Most of tIils souud volume, however, is found in trees oyer 
30 inches in diameter. In Sitkn, sprucc trees little difference is found 
between the rate of decay in sllpwood and heartwood. Thus decay 
progresses at a uniform rnte and practically all sound wood, irrespec­
tive of tree size, is destroyed within 15 years. Both west-ern hemlock 
and silver fir trees, irrespective of size, arc rendered worthless by decay 
within 8 years nHer being blown down. Even after lying on the 
grouud for 15 years the decn,y loss in westeru red Cedill' does not exceed 
the original sapwood volume. Indications are that heartwood of 
this species will remain sound for mllny years to come. 

Operators are Ctlutioned agninst applying the data for losses from 
breaknge nnd high stumps, as presented throughout tbig bulletin, 
directly to wind-thro\Vl1 timber on other areas. Losses from these 
sources, breakage in particular, will vary grelltly depending upon 
topogl'l1phic conditions. The decay datn, however, are believed to 
be genemlly applicable in determining tbe salvable volume on other 
areas of wind-thrown timber in tIle spruce-hemlock and Douglas fir 
old-growth types of the fog belt of the coasta.lregion of the Northwest. 
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