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itih Colribi, the Porot :urvey md Irven-

ioi f the 0. oreot. rvie i cur.kontly

co1ete Inventory of all forest reaouree8
rovthe. ..±th te id of erIc1 pbotorrphs

th -'orc is no woceed1n t the rate of aoroxb1Rtely
teAty-f1Vo ti I lIon aor'i per Beesuo of te in-
øresoc tt:tjon to the eotQbi!shJ?ent of forest ane

ub1ic woiIn: oiroloa, ti Inventory
t;e to :an ;eent p1.nn.tn.:. iri e

of thIs invontr Is the com4,tation of net vol-
tnIn- timber. Aen t .iny vans-

f otin. ti net. v]t of 5tnc, the uc ter.tnn-
ait Ir i.t.iiIn.:. tre- Izi. tb -.ost cAifflCUit.

.suit fr; cceay, 1neot rrLçe, or variety
of t1i C rpcterist.1c c In loss in volume4 Of heo,
cecj Lbb1y the vto t Qonributor to the amount
oI c.efect in tre ni stvnth4

there are two thods coionly
Ploycd In i.10-in;. tn detect Ir tmdtri tb

They

l iirect roisol of net viume in individtnl tr



to the cross vo].umo estL

These rethods are 3uitable for' 'tensivo surveys

Of r lir;itod qr'en but the probler i more coiplox then

planninr n e;:te 1ve provincial tnve:torj covorin
riitlllons of cros. L a survey of this nature is
xiessFry to cover wide r'r. .forost t:fOs, to

e ola;sa bo\Dre a evaluat.Lori of the forest

reourcos is oasible. A field procethiro doatgnod to

cover nil of tco cond1tion must be hrod enough to
include the osential Information nd

be a::liod oasily ifl to f'told.
e:cr tiat In nil forest inventorr vork th intensIty

of oxar.intL:'r. it t:c retI
litatons of f!old work In order that thc Lott1 ob-
joctive ay be copleted. The quct1on of impower

anotor I r'orttnt con31dert.on. r tLie :1orest

',urve::s nd Invento DIvision opios .ppro:dti
200 fi.eld ;,cn, .:io t of thori h.ve hd very little
train i op - 'cronco. fter r ir nt to e

In w.cn ey wIil be ior:ing, they receive inten$ivO

3C tLo
Liportet Lo

tralnlnç: In forost Lvmtory prcct.iccs ezperi encod

fo o3t ottds hied n fn'iil1ar1ty wit
cioi rnd cJ:ition5 tn a ro

naed ottor.
hc viicptjon ovornil cull iont:o



c iiC f. Foi1ow1n the trathinç, hi'h stardrh of
work are tatntairiod dur1n; te f:ieid son bi: ;erlodie

tz the urty cd.of ana c1vIia1 iper

v1sor. with t!iee in :ilnd, tTiO n;ed for sinp

stnncardized p oere3 Is obvIous.
ro, deal.n: wit

est Pntho1oy of the )oin1on 3oioe ervico pro-
rod c1asif1ctic,ri of obsorib1e tree acter-
tics wtIch hd proven of v1uo In prevIous work as

Indicators of p9tho1o11ca1 dcc In this srstei
dIvid1 trees are se;poated into classes based on the
presonco or nsence of vIsIble abnorialIttos which in-
d1crte or 3erve s an ontr.nco fozt Li; s ox-

pected tint the incidence o t.ose abnor:ialItio occur-

I be ucC: to cstlih the nourit Of

fact rosont tic -Lh1 s:s
cation hr3 now io..ted a; an intea1 part

puroe of apinIs
'-c:ier1 ondltion of 1o' :t tiids.

-1

d'c p ovincI.1 invontor initiated in I91 anti
planned to OXt;nd over )erIod of five yrs. Thc

t i o obt2 complete record

911 the foot resources of the provir:ce. The facts

are re ttd on foost cover ps and tabu1ation of

forost inventr?r ro

t the Jnit of

3



wood volurios, any of the tthbor types, ospeci.illy the
ovox'iature oLssos, are suboot lnre voluro lossoo
becas

by inexperienced field obt3ervors as previous

Included in the inventorr project therefore, i a sub-

project desinod to supply the moans of estIatin; ex-
tent of decay in all of th rajor tipos and subtypes
rocortz.d in the typIng olssifiaatIons. The field
work of this sub project consists of two parts:

Tho cp1ication of the tree classification to
the sta:dtn timber on ple plots, for the
purpose of priin 1t3 ;oneral condition,
:3uLsequcnt follin gnd bucking of all the
treez on the plota and o urerxn' of the
actual .aount of defect in the 5E1lO trees.

In cwdor that the aothod of analysis nay be clearly
rstood t will :o eco3sazj to inclu1s sotie dotalls

worL entailed In the eve procedures. The

emphasis will b placed on the tree clssif1catIon
tern and how it nav bo adapted to the problem of dote
minInc defect in standn" timber.

-he purpose of this study 13 to supplement the
ork Initintod by !3rowne, Toster and Thomas (tX() by

anlyzin actual floid date and dotorrilning the signifi-

'unrous deca:

to ostinate in the st nd

.4

very

nber, oocia1ly
ient loned,

Ic extent o .o C



cameo of th tree elaasification system. :$ho tho of

study is a statistical tinalyals of data which be.n

provided by the 1'orest Surveys and mv ory Division.
The specific objectives are:

To determine the siCniflcanoe of visible patho
logical indicators in osttmntin decay in a
forest stands
To dotersthe the relative importance of each

of the defect olassifi tions.
To outlme a method of maisis which uay be
adapted to further studios of thIs nabur

The dat for tiis t.±ej..g Is confined to one broaL

sPruceba1 forest typo of uniform ago and site. The

art 'lo 1os arc loeaed in the r000d ivor oa of
Central Colunbia. 3o3ause of the lack of ny

previous wor? or infoiiatton on this forest type the
results of this study must be accepted with the under
standing that i represents only a small contribution
to the wide and iniportant ficl of decay in forest
stands.

flVL OF LIT.LJACURb

Many attempts have been made to detormno the

presence and extent of decay in individual trees an
stands. One of the tiret tnvestitora to consider

ble r'rnlformatjons nd tnurtes was ?oyce
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percent of
(2,

and amount of doca' which 1iay bQ expected by the position
of these defects in the tree4 After studying the defect
in : ellTtann Spruce, lodepole pine and alpIne fit',
iornibook (3, p.l.O3Ll7) developed a trocedure foil
making reliable estimates Ln those apecioe, His aethod

applies standard scaling deductions and ocular ap
pratsa3. of vIsible bnori.litIos in trees. For cccu

rate results such a method ro;uires oxei'ienced por
sonnel and appears to b toQ cioti.led for application
to extensive surveys.

tn british olumbia, øster, Toii and Browne (1)

conducted studies in the westo.n ienleck (T3ujn hotøro
phyl (Raf.)

(Dow;l.) 7or:'ca) fore3t tye In the uper Kitirnt re;ion.
The forest typo tudiod was ' detorioratinr, old rowth

stand In wioh hc&vy lo3es fror decay were occurring
each year. tn tallying the treos, the classifications
ofrosidual, 8uspect or dead were used to indicate the

total dca in trees lnfccted with
lie points out the longitudinal o;:tont

), waLilja

7

After i3west tions of Douglas- !ir in washington nd
Qre.on ie concluded thst scare, brancli dead U

anc. frost cracis failed to provide reliable th*
dit,ionj of hidden defee orophcires snd swollen

knots providod reliable indicies to approxthtol.r CO



enera1 coidIt:Lo of ouch tree, fleiduil troe' arc de
fIned a all liv1n, tre.3s wh:Lt bear no vialbie sins
i:cat1v of door Th8 i'oet c1aifietLon ifl
eludes 'tll ltvin trees ihich bear one or mare abnor
1l.t1e3 Ln(i CiV dcc . e trec are evideit

bp the lac of reen folIos It 3 si'ested t t
tree tallies oed on these three classes mht lead to
the Qotc1inton of vcro cull fact-r ciltcble to
each cisso urthor iriveti'ations showed that sporo
phores, frost crric.k, swollen knots, scars, dead tops,
rotten branches, forked forms rnd trunk infections of
nistletoe coulC. Lo ci sod. 's lItio sinific;nt
of decaj. porophores and. wollen imots prodiced f ol

in.; the veloprit of j are re(;&rdod rs ro1ib1e
indi3tor. hc riainir2f abnor1tio, hovivor, do
not indicate ubtantial enomts of deea'r in every Ln
at.mce, 3cars broken tops of recent oriir. entain
very littlo docay oonpar to sLailar defects v;hich hwc
boon present for a loncor pertod. of tire. Charaetoris

tics such as exposed rot, dead branches, crook or
buns were of rrthior sinificnnoe in he study conducted
in the Upper Colunia eion. It is possible that these
olaes may be valuable indicators in other areas Or in
other foro3t types. In extensive inventory work, how
ever, It t desIrable to rniIntain uiforn claseifIca
tiori of IndIcators. J.s w,rk continues cortin modifIca

8



tion may bc liec2 in

t1n c1es nej he jutificC.
irther tudte8 iIaV hen undortkn
.czt types

bility of the clis:tf1. cn.tio.. pork hr

fl western hen2loek and inbi1t fir tn the it
n, 1cmlock in t;he r' Colum.ia ror:ton nd

]fl T'rucø pine fr in the T:olc;n La area
(a1ooa .orut istrtet) The fo1lowin; i r

of the import.nt feets eta.i13hcd frot thozo proJects.
e ci flcatioi does zot .ttemit to es1

nete sound trees or cull trees.

stand condItions to verify the r

2. '1ntn'L. CUL loie

v rio ty

cent re to be
ticLatd ..n .ord t'ecs.

he ci ssific'it1on provides foz the segroation
o:r trees into cias3o3 of hirh and lo zicept

bility tD diee,
The Cl ification is of value in desicr:ati

cl:ses havin- j'C or lcs than vergo
act.

!eu].ts derived for oa tree 'ecie ro not
ap2].ioablo to different spectes in thO same

n.

flesuits a pear to oofirm the reliability of
the olsssifiation for the speciez and in thø
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Lon to wi.ich I as been nppiiod, iurthor
cxercico y inc3iotto te need toz rodifica
t!on to .ieet var OU9 cndlltions of fore3t rrowth

't 3tan I,turL-:ce, 3iowovo it;

Lie to p1 to c1r s3icioatioxl In I t iaert
forr La raturo ciflIfOf3U t;heouhout

Lt13 LOILZL1t.ifle vLztona, if necos.ary,
wo1 f011Q.YIn tho uboqta1t
exLnt.ion of roronthtvo troo3 tn1 the
etI tiO of U iretor3 a:.2liorlo to the
specIfIc regiofl under conteration

ho cis fIction t intencod to suppl8ment, but
ot rap].ce, other pertinent v.riab1o8 tch s SIte, ae

tmQ. ci etar. urthor De&10t10z13 in error arc to be an
ticijn ted uuitiplo oorre1iton8 ine1udin thoac

latter vithlo,
V

fl t'o ttnth or strn,d approchin atLuity it
would bc n o3vantae to -;now vhieh clasoa of troa are

likely to ecmtath decsty. )n th bai$ of recent pitho*
lo:ical tudio by iotr, oruts ni :.rowne (L), livi;
tro 'c cltfie Into tirio brood oup i;.ich Intcte
the cr or 1erco of xtcriil icn of decay, ?he3O

tree cirs ficrtin arc rferrod to s "iesiduel" and
uoct" arid have bo previoualy defined in the review
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F 1F 2. Su3peet Indicator3

1. Sporopho'es.

Trunk iflfCCtiOA Of Dwarf Mistlotoo
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of literature, To clarify the relationohip between
those two ola33ificatløna and the presence of decay,
the following soction of the field nanual La of intezost:
(2, :t. III, ;ec. 3, p, 3),

"Reidul trees oontin only ;iddon defect wIcroas
Suapec trees co'ta1n hidden defect plus defect which is
indicated by the preonce of viib10 external signs.
It is not implied that fleziduol trees nra entirely free
of decay, or that $uspect trees, as a class, aru more
defectIve than flesIdual trees, due in part to their
associated defots which may hr.ve provided entrance for
wood rotting fun.i. It is 1mportan1 to reieibcr that
v:e are concerned with e1assc of trees, rather than ifl
dividual trees."

The eIpht suspect classifications which are used on
a provthce-tide basis are -,iven hereunder with brief ro
marks about each,

1, Con-s - sorophoros or fruitln bodies 'n's the
oat certain and reliable indicators of

decay.

wø11on Knots are analogous to conks as 1n
caters of decay and usuaili result

from an abortive conk.

5nJ WOcnd which has holed or any open

wound which shows weathered wood tls

r'd Tree ( cool rpi) or ronotnco ;roo

inc1u'es forhed trecs and 'eonouncd
crook- appearing in the merchantable

portion of the trunk.



i1ure 3, 3uapect Indic'tora

3. ian1 Frost Crack.
L, 3choo1arn or Forked T

13



ie tree and rny extend cvora1 feet up

the trun:. The7 are coon in areas
whtch are subject to oxtre'tea of toaier
a ture

::it1otoe run Tnfeetjns - include3 infectiOns
which are conftned to the riorchantable

portion of the trunk. ranch inf

tions are excluded unle3s such infec-
tion ha clerrly extended to the trun

iot;en branches - ineldes lar!:e brRrlohes

eks 1Uii oi te at the bce ot

hoped timt t.he incidence azd extent of decay may be

in ter at !.jreat hel cl3sif1ed ns beinr rest-
dual, $uspoct or toad. Th petliolo $c1 ifet nd1ca-
torz comDriiLn the u3pect c1is are the most inportant
ftc tore thfluencth preeenoo and aount of decay in

a stnrd. o.,er cvrluation of thc3e indicators it is

wheh are rokcn off short tmd are
clearly rotten. 11 dead branches

only one to two inches in diaueter
oocurin just below the live crown

not included.

d or Tops broken tops which are

of recent origin.
in the Dach livn tree 3.1 inches and larer



pure I. 3upeet Indleator3

oon To:



C3f3(4 1n pract11 1iits of ruracy.

r!lethod of

pi'oducttve

7ero .in1uc.o to t13trte

ee c1siftcrtiori,
innwz1 (3) s:1 be con3uited.

i )C1 OR EC?' i..L3iS ROJ.;CT

The provincial forec rvcr binc: conducted
with the aid of aeri]. photoraph hav.Lru, nn pproxiiato
sc&le o two ince to tho rti,
the forojt types .re dcre orew orefu11y trined for
the work. .o foi1itte ti co41atLon and suirj of
the ciita the province ft !1vidd into eg.ioris and Coipart

tents. \ oL:irtnont be 10,000 ore or laroi' in
aize and eve]. co; tnts eoipri3e a Roion. All
dat ith1fl a cipnrtnent inciudin productive tind non

n intricte
COin? prcli..thr:' worth ucp t 'ririted ror
e.ch corpartrent owin the ftnl aoree and. d;crip
tim of e:

In et ithth the woh re to 'iplod

ic)l dufects ic

Orc't .;urvo al1

are

for vo1nne and decay work, th uporviiorr taf give
first conidor'tion to the aiount of ir4foiaatton required

ustrt1ona u3:)oot indicora iiere
donC;od tho To:aon cicrice vice ar tro not
repro sc.nt tivo of the nruc eb1 fore t

orrvod i the fbi orr.deba11ed do ion tie



in thi3 t.teSi3 wo x'e nochanienily selected as bein.

17

for varlou8 oc1e i types. UsI:'. the prellnlnnry
worn: rps of re s which hrve boon previously ippod
and su'artzed they plan the rojet in detail. .ield
cre:s o 'up lied with dupltcte aerial p-otorpris nd

all avrtilable 1nforratton on the area bofore procoedi:ii:
wIth the fiold work.

In the fiold the locatior of 1e plots 0x' th

ten3ive ara1; sis of voluo and deoa y 'a dotortnod
by three nothods:

() USifl. existin. inventory sample plots.
randon selection of saipio plots.
mechanloal selection of siplo plots.

i1onev9r pO331 1o, cxistln- lnvmi r:r 1 plots
are used for volurie and doc work, in many caea these
plots ci not uitble because they are iacessible or
they are not representative of 4-1 forest type for wh
inforntion ii required. It a 3amplo is located by a
randori or soleetion method it is mar:ed on (ifl &3Orit?l

photo r ph. coipas course nd distance is then
plotted on i ap nd a crew sent out to ostnblish the
sample in 1ha .iold. If future examination of the plot
is desired y be re1octed ely by re.ferrin to the
aerItl thoto:raph and the coia and tally sheets which
eontin all the dotat a of the sanpie. 0 saples used



presantativc of a nature spruc bal f.rest type.
fter looatin the San le on the rund with the

aid of a hand compass and chain, a sample-center l
established by tagtn a tree with four aluxainun toil
11ar]:ers. bach siiple consists of four circular plots
laid out at riii anles, md t u distance of
chnin, from the sa.:ip1e center. ach of the four plots
hs a t center and all trees, 3.1" P. . Ii. and
larcr sre ne.-surod within a specified radius of the
plot ccter. In doteriinin the plot size the cevern
in fcor is ha recuiremon :praxiit toly one
hundred tree3 for each sample fl1 trees are Identi.'

1ocntin' the saiplo

fled b numered paper
'n CL3SIFICP2i)N

tplod to the treo,

1htle each plot Is
idotify th

or establIshment. The aluminum ta;s on the aple
center tree

TRE.S

Illustration is a typical field sheet containing
the infornation which is recorded for e .oh plot. Sus

pect trees have one or more chock marks in the oolumns
headed by 'PatholoE.1csl Hemarts where dsfoctj are ob.'
served. ivcry tree wIthin the plot is vieied train nU
sides arid carofully appraised for defect indicators.

at porm:mont it is possible to
plot centers nd trees two to three years

:-..oLlld remain for sovorl years to aid in ro.'

rosurvoy is desired..
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Aftop the zarip10 plot location has been deteruinod
and the preli.cilnary tree classification 1as been com-
pleted, all trees, 1). H. 1a' or, are felled
and huckód into sections in order that actual deoned
porti)ris riy be observed. Intertiedito buokLn of lo;s
i somotL.ies ssary to facilitao th lonitudina1
ensureriont of decay. ..he fo1loinr table illustrotos

speelficattons for Lucking.

Pee if I

)

20

The classification and noasureriont of decay in the
bid i corductod under the supervision of a rduato

forester. 3tnce this Is one of the sO3t important a
pects of the vor it is essentIal that the crews bc
well trained and a responsible person pl900d in charL;e.
Field crews make r.o attept- to ela:sifr the defect
ccordth to the type f decay preValent In the stand

Reconttion of the typo of decay is difficult when no
sporophores ro present nd in the incipient stage it

0. , L. aj:e aximuni Log Length Maxiuut Top 0, i B.

r:,1_il,o Inchcs 6 feet IkO inches
11.1 inches andlcrer 16 feet 3.0 inches



iny be no3ery to run eulture test Thr po3ltiV
tcentificPtLon. .his requIres the srviccs of a traIn.
ed ptholo 1st au i not roaly aci2ptd to otes1ve

i work,

In the interest of boin praoticnl nd consistent

in field work, decay iz clssifiod as eitbor white rot
or brown rot, thtto rote tro tho3o which deoorni.030

all corronents of the wood includth the lijin. The

wood Is red'cod to a strinry, ftbrou.s or spongy is or
In some ea to white pocct or stre*ks. The nffoat

od wood is usua11 whIte n be yellowish or 11ht

brown. ThIte rots are docr.thed a:
.It& pocket rot.

ito stringy rot.
uto spongy

(a) ;hite rini' rot.
Prown rots attack chie:rly the cellulose

the lir'nin more or loss intact nd roducin the wood to

(e)

al)po nzancO

rowr

a brown carbonaceous mmss.

rats are doscribed
owi pocket rot,

rowri strinr rot.

lovI

tor, "dry rot," brown

dry burnThe wood k



ae L1O at c oion of the

brown rots. iecays are ftu'ti classified 3 eitiAer

"heart rot' or 'sap rQi accortin. to he t;ipe of wood

infected. ewt rot is b far the more coon In liv
in trcs while sap rote oc..ur roro troquer.tly in dead

and len

of cecay

or cOno3.

rovm cubical docys

cy mourc.ents s include both the !.n

cipient ad 2.dvancod stau. .fhe thG1pint 5tz3 g the

rost difficult to rocognze and neisure. it is generally
indicated by change in colour and ltr by a ror3.
softenthc: of the affected wood. 'ion tested by a 2.rnif o

or an axe it usually has a punk or brashy texture. The

advanced sta;o visibly charcs apearance, structure nd
strenth properties of the wood. It iiay result fthlly
in a crumbly to ooinlete hollowint of the infected
part of the tree.

Diaietors of rot are ietsured to the neaxeat inch
to the nearest foo tn coriputin; the volume

h defective portions irc roard.ed s clindors
o rUaiiotcr d lon'th of the decay Is equl

to the avora;e of the observed xieaaureents of the defect.
The total tree voluitcs d decay volumes for the data

used in til i thesis wore compiled in cu Ic feet b use

of the ma1Ian ormula,



dimete prom lL to 20 irlc'le

J:.C; )F ()i .U&LY

0 deteriine if there were possible isociatton3

of decay with factors such 's age and diameter. work

by rowne, oter nd ¶homas .., p.2k.) in re1atin age

The basic data for thii thesis ar ;acen from .iaple

plots established in the . rue ralsam (Picea laica
( .enei) Voss), (AIio 1aiocar2 (:oo.) iutt.) forest
y-o of the orth Jentr.i Interioi of ritith ColuiUia.

s forot type rcpre.ontg one of the principal tibor
rosorvo of the provinco with an estiieted total xier-
chanteble stan.d in excess of thirtthree billion board
feet (I., p.7). ho two rnith subtype3 in this forest
are: (r) eli.tiax type, uneven aed md chartcterized
by a hovy stand of advanced rrcwth oocurrtn as an
nerstory and, (b) iiore or even- ac;ed trpo with

a lack of Adv.nced groith, contzirdn r nrits of the
orICInal doiJ.uou nrso crop. ThIs a!udy doRia wIth

the latter type. ?ho aces throuchou.t this forest type
vari fron 7 to 230 years. ihe majority of the trees
are withIn the 12l.'lC) year o class. The approxi'iate

helit of' the forest po is 100 feet and the aver

li'Itary work iinIn the data was esen



to de.j a
aurh1e ount
aj.e cl 15 to 1G :'cent

?.)ort t. ;t (i1 Etcr

in ceaf
princ1e in ovoratLtre tanthi vri
by f:rtep m:lirg, Snitial ex1rution

ted tho rai,e of vra drieter and of t!e
P1ci invoiv2y' 0 ca to proeluc

ti ..netor !n t. prt project4
Foil tL in1nry work decL.;od to

analyze th 'n :sect ci iificationc to
deterin t;eir si;n1fric lethilit: in eIt
in eay in iricitvidu l trea The Study i
li1flttH. to ti XC) nd bali, am thta nly, U.tnouJ1

minor vIu -t'ir, ].odoole pine n nd

birch pr.nt, th o not notituto rt of tho
ifl t1( T1G rt of inOr OOflC1

In tabu' tho dati c found that of the
eLht cia fictiona usfLd In the field,
only fIve ;o prosent ifl suCic1ent number to be used

th Q.ahiii; fIr tho tnctcence of

Ti

y incriaed frori zero eront
11 -);; T.ey io

vlictiunc
at ter

I e ' U on

The type rici frequency of doe
i.Llar for the .truce nio b

Th': out.. .ect co!oto in order of frec.onoy of 000urioce

of the data



Dead Tops,

I'orked Trees.

rest crack.
3wollen nots,
he pr'i

a positive indic&tion of th presence of decay.

older str.ds te 11usion of this indicator is vor
tniport'r. however, s only one sporophore was rocord

ed, this defect w a omited0 3iriu1irl mistletoe nd
rot ton bracos could not be include2. In the analysis
for lck of sufficient c

when each defect is reordd In the field it i
eked off in the column of the field ahoet which

refers to Its position on the tree. Three positions

were recognIzed, the lower, riidcie tnd upper third of
the tree, Frai the prelininar tabulatIon of date it

noticed that ifl ech of the five classifications,
Ii the cxc on of bro'en tops, the ;reatot nuier

of dofoct ocur'ed on the lower one third. of the tree.
Thi partially epithod by the unrejtricted
viov o' this sootlon of the tree whIch facilitates a
positive deritif o1 the indicators. The

tion of the defect in the tree w not considered in
this study but it may be of importance as far e.s vol



unrn of eo

mly:e whtclx follow cover only the Thllowthg
1riicator clrxsea: fle3tdu1, cwo].ien

rs, ¶ees, Frogt Cra:, and )e or Broken

TpL

r'r

1'ror eneral thpectiun of te coiaputtd field
telly seets aeverl iport&rit fota 'vero ostablihed:

roes po esing..efect indicators
provi to be entrciy ind ttr b
ind huk

orie of ti roeidusl tzr-s on the other hand
were foun3 trrin 3r.e cefect when felled
iri buc:e 0

oro of tho Clifio!It1Cn8 eemod to be nore

relib1e as tnd1cctor tn othirs4
T1::.ore w evidence thot t. oze inLicators
ot rela!io for one species i;it be of

miner iificano for another ;eciei
order to :11 c:Lerr it- into the8e

;ener1 a rv-t1ons iir1 tree Uat re
4

. siow the nufor of trees I
n c-oh of t:e cfct yry w

nde for ch ccie, z.ruee rd blsn, d elso
notho:' iIa cobinc both



Defeøt
wo11en nots
c ar

Pored stei
?rot crao
Broty tOp3

) t al

() 3a13am
I efe c t

wo1lon kot
C a.ra

Fork o
FrQzt Cra&:
Bro'er1 to 11

o tal

[)fec t
wo].len kn:

3cars
s te!

to

C

10
0

39 39

7

x

2 C

29
T5 3T?

BTL 2

ot &l

Tot1
1

19

Results of ic3t
97 1'r1-fj.ut at

c,.cii level

:77

7

DefInItIon o ybois:
rbep of thfectoä of treanbe uf roe3 not infectedTotal x y* proportion

i;te Separaod by the tot&1 number of trees Inthe wo1len nats group is so sia11 as to reslt Inva1c. of less then when exected vaies arc cr-pte .n th C i-quai te3t, b.t for sn aproxjratest sueb. as beIn,; ade ho'e, te lirdtatiori asbo inorod.

27

R*1t of
* 7,; riot

S iflit1CØflt
at ttio C.(;
level

Results of $est
L;.lJ' s.i:ri
ficant at the
.G1 level

(C) uee ind I3a1sa )at, Cobiried

(A) r ...ce



The procedin rirIe nnd te;3t3 indicate a

28

.fere::til s1ni.rienes existed
on dr Ci-.r tests were .pp11cd to tht

or t.a sprieo ta the (hi-:qure vl.e
w inVicrnt rt the 0,01 level, ui1:jinr, that the
d1ss proportions re nct hoo;eneous ;roup of
r lues, -or the iiszn hI-qrrc : s not 3iS
ntfIcnt nt the 0,0! lcvul, . t ror the two sjedio
cc bncc. 3hi .awre w v1n i Jicant vt the 0,01
level, ;or tao Ires tcr Is rep.c'n to be1ove
thc&t orie of the ndicr.tor c1asse ro of Creter iiipor
tRnee tn ot'rs, t t far r s crcex'n-
od, t is 10 of intoret to note the ::i11 propor-
tion oc troci ñth woiien 1.rtot that :ore not Infected
in both the sruce nd brl3rm ditta, and the relatively
1*rgo roportIon for frost crack3, especial1r spruce,

The 1atto st of the eobined data il1ustratc
the need for testing lnd!vidua species rtiier thRn
coth1red dth. A hth si:nIfct1ncc In spruce hs o

set 1oi e tn talscia nd the effect of the
test of coñIred dta does not i.tve r true evaluation
or the species. For this reason further woc was re-
stricted to an.1rsIS of 1dividwi1 species.

3) t1 W13i3



lativciy wIde variation non; the proort1ons of trees
actually thcctcd in the five defect clsssos. The pro'

portions of infected troe: in spruce vary frGtn 0.13 to

O.(7 nd in b1sam froxx 0.16 to 0.77. rorn thia it
would follow that differenttql effects r.it.ht be expeet
anonj the claes on th amount of defect in a tree
or stand when expressed on a volurc basis. Zn order

to evaluate the effect of each clsifieatton in terrn
of volume soue form of re'rossion anslysia seemed to
be in order,

;Ouo prevLous atte;pts hnVO boon mtdo by the

Dominion L oretory of Yorost atholoy to develop a
forr1uls for precictin doey in stnci by noana of

reidily isuresb1e stanti sttisttcs, In enalyzinr,

hemlock data ;u1tiple 0 5LatiOfl was develop

ed exressth:, porcentaio oi decay in a stand in terms
of age, site index nd the proportion by vole of sua
poet trees. This !nethod wa not used in ana rzini the
sprueebalsam data bocruse of the lack of variation
within the stand variarles, it w also ncsssary to
consider a method which v;ould tot the ainificance Of
each of the defect ela83e3 determine their relative
import'nco in predicttnj stand decay.

After complotin the prolidnary Chi"Squaro tests
and with the above points in xLnd it wa decided to seek

29



the .cvtce o the tatitici1 rv1cc of the !.:ricu1*
tLr?1 o tI ttIor0 ho rethod su cted i s
the fitttrr of eot

ud to rediet dcoaj in individual
tr'OEZ or StC.nd5 XId It 13 not necoasary to 3uirLzo
the dt on an acre ba

LO undertnd. the riothod of e lrsi3 it will be
nocesrr to illustrat proedare by r we ex

amrlo, Lhe Ovrrfl re3ults are Lasod on ob;.;ervt'.tions

froi'i 3147 Lilsaxi tr end ruoe troos, fl of which
were ;,1t or nor.

blo 3 il1ustrat;e tbe ra used tn tr.tzin

the .ctc datii 'or ba1si0 crc, each troc recorded

the method of lo:s qur8.

posaessoJ as only, nuir ton po3scsses 5Cr$ e
frost crncze. ftcr completion of this suw Or the

3)7 b1i tro.s, a court is ma of the trCo3 In och
clsftce.tion nd also in each end every oo

o doi ruied. ifl Table . ieroin
r1 oatnates the count on nib&r of trees and the
nuncrals fo11oiin11 indicate the clossifictton. A

inj10 numor3l iit a In10 oli,tItion

on thc

under

and poon

sFri1C

to

bl 3

i.ctj 1r cviewd In order and. recorded

c if.LQatton code ntiibcr ts af1ned

Thus tree number one Is rosIual tree
no doc . tn31oLors. roe number three
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x6

1,1 b2 b3
Residual) (Swollen) (scars) (hooiri) (Frost) (Dead or )

ots ) (Crnck) (1roItori Top)

xl

Foriti Used in 3unarizing Gbservtion Data

Y

)ecay)

x2 x3 x1 x6 Y

n12 n13 nhJ. nl nlC (s)Y].

n23 n2L. n25 n26 (S)2

3 n3. n3 n36

n14. nL r'46

n6 (s)Y6
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a i Li.

'1eu1tIor of "iY 'IC" atric3

x. x5 x6 Y Cheek

0 0 0 !1.i1 25C3i
3 0 5 13.38 33
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55 1 14.
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:uce, -

C.,

osiort on
a

constant for pruoe fri:

CO(1Cd

) + (-.00i23l(x13
rr' f.a

13.7)+ (.0023t(

1on of of Jciros for LI oni

C,?ct.t1.nt1on of 'yressio..

I) + (I.9%7x133.$)

.0) + (3.:l..1Ox3O

7) + (2,7109x3

for 1

.rGs ;prUCf.3
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(Re3lthAal)

2-(woi1en icots
3-(cars)
t- ( coo1iiarri)

(Frost Crack)

(Dead or Broken

rot

(32

= 1037 .01)

L.1ôO

:ary at Reres3jon Coofiicients d Bis ot
Jqarc3 Duo t Regre33 ton Tens

87, 3S].

701

1 .967

7.4.913
hAtç.J*M'.

.33,??

7109

; i(U

19

10rj

390



O,1rO

The rwoi

c,n3tant for idui tree a.
u.rt1on of.

I

L2 tr

value ( nocay) frox '& zatrixo
nu1.;ip10 corrclr tion 000rf.eient.

.iofl oefi ic1ent otarc i roi solution
oorvata.on u.ation, .Le of zquare ue

to the repoctive ozesion conabant3, ind tests of
at gn if i.e .c c cntiinc] in Tab1 7 for the spruce

apecIea. tta herein Indicate that the b2,
srnd '6 coefficients 0 ot 3i;:r.1fionti:r d.fferent
frr: zero. OtLlor JO:d3, the porce tu Of d$Cy
1ndic.ted by tCh of the ctors iay hrvo oceuired by

chr.co nd ti.eir inclusion tn the analyala is not
justt:iod. The spruce thtn vr' s recalculated by eliainat

the x2 factor (Trb10 3 and 9) id ea1culated t
the thid tirto by doltin the x2 and .ic5 varitbles.

ovo eqwtiona are de

38
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Thdjcator
O1a
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x
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ary of Regression Coot
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15,507
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TABI 10

.. r, ,--- i1'jLb ih
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TABLF 11

x6

0

-.. CO24C5

0193110 .0002366
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'b2

I now r.o'ibl to dtermno tho
c o ng tho follow

31Ofl qv to ct :oea ;lnr'lo

Yt : b.t'1+ + 1+

o tIOt) IS i,3p!)Ct.

br. tr t3 r3th1i.
'en tioo does not h.vo swollon

r:en rso doi invo swolion lcnot3.

0 when tree doa not hwc . dead or

1irok top.

won tree c1os avo d

tap.
:)ec&n (1OC/ 1OI 1:c:LU:

tirrs r or'::::d

:ir an e;: pie 12'e for J_
v1us of the U con

. ...ano 3WOli0fl
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bi+

: O+l2.1+l2,2O+).75+9,3

qutLon or t3 th rcent decay

c 1c tko ich 3 the four 31f"nlfioant vi

sflle 3uect creterit1cs. e :1 constnt in this
ese t. zo boczse it iz not a resitiwil Ots 12b10

12arizs the pere te o deo:' - socatod with
t' 'cet o defect. It wtll

served tn Thhle 12 thiit 3O 0 CC3t2mt3 aze lower

th th bi vaiuo. rt ption ri' he ae that treoa

.vi.ri' a 3uipect c rctoratic would bo expected to
he at st th saae perce:'t of decay as residual
trees or os5l iore, 1owr value 1e atly
attruted to i)ie ct, in ho 1 ti ia

poet def 35o are inrluenco h o:il:1nat1ons

with cthr doct. If troos hivLr only one saspe

h n !)IO c33.derC. in ralrsi, then
t:o rosultin due the s .oct on nt would

be hiher.
The co .fidonoe ltmitc ;e ceuiated o

doect e1rl3; o:' coft.a tions of c1ofct.
O11Zd !t )OVCr ti the COf1(CO
lTri1t o riot hoi. 'or in:tv1'u1 trees )OO1LO t
rrecuerj of '.itributton or percent docaj in tracs is
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202
160
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2L
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L.
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tre)3

(n)

121
1 2

140
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15
17
1L.

3
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I
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rredicted Decay for IndIv3da1 3prUC
and alswn Treca

3prce Data

ath.
d43fect.

36

? a t i,
cle feet

35

3L5
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4._1'0
7. 75
9.33

22.29
71.7
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34.!49
31.62
31
t3.32

8 Data



not 'or!1, 1.r tr)d; o' trees to ror!.denee
1:,'tt3 ::Ti1 bC.9' t!irf'

ec,

citr 3td nc': the clJonco
1I'.It be e!Ictod ien the ri1e conist of

100 tr o' o. roiiown equtIon pp1y:

(a)

l2+ (n3-*

i : perccnt doc

1on quL1on to rrod:tot tqn Teoa

..[horo T * 3(n)

[nri1 +- n22 +-. . .

+ (n2+n23tn2+n2$1-n2

9.vithil trco, S 3ur-Ltion

of trec In inIc.o? e1r23,
ber of troe 1 pocont oo In esidua1 trees

on1i, Y2 ,crccnt decy in troe hwth swollen
ot percent cectiy in trees }nvin dod or

broken tops, nlYl number of re'idul trees nu1tt
plIed b the peroente of decay, n22 nurnbr of

trees hni.th swollen nots iiultiplied by the percon

o of decay ...n2Jh6 nurer of trees hein a
conbthtton of swollen mots, scars, forhed steri

(}b6

.nd, Yt percit decay
numbor

t&l nu-

17



+ (n + ri3L. + + n35 + ni6 + ri3L56 )bi4. +

(n+ n3+uL-i x6 +n3L+n356i 5A+ r3L,.6)bS

+ (n6 + n36 + nL6 n5( + n3S6 + m56 + n3L56 )b6

(121)12.12 + (2OO)12.SL + (67)12.

(73)9.33

T,thL; 16

1!qUati On to Stand Deea for a1a&n

1. E613.76} = 13.27

( 73).7 +



tnt'° i:u-

JO

> T OZO.tL

$OJ-pzjUO'JUO:

'pU13. 0 U,:ua9c1 JOTO4

4crhu;jt: .toxao

.9U8(J OUOtt r
t

UURtOO UO;atO
* 9q..*'tq 'douQo4xq lO ?u.O)JQci,j

uciJO &otkrnoBTtOT)TflC'IO

C3JJO tZOTtOUi 'OO JO OOUOøh O4

uo ooueitJuutxotTJ u'AJ.IOOJ 4OtO
ppniotzoo 3qooijJooc ucozoo

JOf1VIOtJOSflO9

ciuS.OGP uood rtr,ce'xød

T OOThXCIEtrr°P-°t
4.ZtTUiJ'puvpui oriXc ioq uirrt

OOUGPTJUC)O puTQO)otTpo4d o CinIcJ otj
O!4 poddu oto4U1?t2OtuuTJ ojooq.

'o um'jo UOT4LirtE

oqnop :UVInO3 C1 MCI UX XtUutOIJ OttiflA

T' :
too'rptt?U32trpe1zOtt

'oeZ prpp2O4 Jo zriiritzIt.*(tn:)



- 7 ( Lo?3)
L4t,)

n'1C1i+ n23C33 + n2cz -1- nC55+ n26C%6 -1-

n34.C3LH- 2r3C35+ 2n36C34 + 2niSCiS -'- 2nLi6CL6

+2n6C6

(121 )2(40032614$)-i- (200)2(.CC72069)± (67)2

(.o24E52O)+ (73)2(.211i36)±(73)2(.o2oLa,7)

#-2(2OC)((7)(i.s.U.221L3)+2(2OO)(73)(_.23376)

2((7)(73)(-.00O2967)

+ 2(67) (73X-.0031O1O

79:)< 2.237
.66

TA3L 17

CaleAlatIon of Gonf1denc- Lir1jt8 on roent
Dec: for 3i].sai

39.97

23,237



percont decny tfl P fore it sttnd.
TRbio l( .rid 17 ti1t'rte the proccdtre !.r

cuiat.: dec nd conf1(o'ce Ii it8 for
,L.: L1

- fATI !S

eforo the final results of the na 518

stated it 13 r.ocosarr to clr1f7 the .p1icr.tion nd
11itations of the data which were under consideration
and to interpret observatt'n which bock evident.

The romits of this study tre sufficient to wrrnt
sottth up an equation to predict percent decay for this
pruoe*ba1snri forest type within the lixriits of aoourcy

Civen. i:t should be checked with further data fr the

se 2orest type for ver1ftcation, It is understood
t}it the re3ulta are confined to tho two species under
consider- tion &id do not noces8ari1 apply to other

spec Los.

in pin the equation for prodictinç, decay In
forest tids the su;r1e should consist of 100 trees
Or 'or nil 'Ich ruct be 1' or 1ror in dia
reter, The foxuul predicUn dec3y In tndiv.idul
trcs in this stznx very low accuracy because the

distribution of decay in individu2l trees is not norl.
or this reason the equtton for prediotinC dooay in in

dtvidul troe3 for those data &ould not be used.



)f thc usnoct cLiifIctions used in the
nr1ysis the swollen knocls deserves specivl oon
sIdertLon. 3incc nol1on did riot :)rovo sIan

rlcant th any to3t i.; is posiblo thtt there l.a a riis
understd.in in classifyLm; thIs defeat in th fold.
It is pointed out in the f.Lold mnual that swollen knots
are na1 ous to conki and should bc pooitive indicators
of dOcOT ron I.:er3Dflai ot,orvatiOn in the field, the

writor would oon3ider thIs ofct on of the iost dIff
cult to asss. liold su rvtora should omhasIze arid
clnrIfj tho importtnce of thi3 dofoot o that corizistent
recorcitria arc posth1o. It is a valuable doca indI

cator If roor1y c1asifid. 'urtior tUdiOS of thIs

turo in other spoces will aid in ter:itnIn the

relatIonshIp bt1woen th defcts and posiibly justify
elintnation of' cert'In cisos. Na 00T101U310fl3 of' this

sort re :osi1.b1e froi the resu1t of this li:itod s

or this partIcular forot tj.;o the çerc ta; ot

decay ifl s:rucc ± 1.11 oroent, he pe.'cortao
Of Leca: rz bL'ii is 13.27±1,93 porcont ILO rultiplo

core1atIon coefficIents for oth 3pccioa uro ].o.
Furtier consl3.eratlon of to and inclusion of other

patholoric do Cec oulc thprove th aocuraej of pi'o

it ion, bettor orroitIon be ex,ccted in older



the provinc I ru invontorj
ou1d matcr1all' id in th '1na1 oyalua tion of the

forest ro3ouroo ritlsh Di.ufl1ia.

or studies of Lh13 nature

tri whcr c11 e1 oio,1ca1 defect classes ae
praient and fict factor,

In xth thc ruo bIsar the scars wore
the nst hith1 3inLfirtnt dofect. The na ority of

scn wrre recordei n the iowe third of the tree,
tio rcb1w 'o'ot t7e in tii zo ton i

oror.Iiy 10 cc] b a 3eleotion iitern it 5.3 imortmt
:L1v1cuitu1i' that d.Ir'e scarring the strd5.r

tros bcket to a rntnizurn.
hO metod of itatisto I ana1iais ay be rc;tiy

ada. ted rd i reco: cnded ror use in further gtudios
of this nturo. 3eoaiso of the tiportnoe nd scope ot
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ror

eru o pibols usoc in .orkin Dita

BoCro1flCoefficients

bi
b2

bt.

b6

trix observation matrix

square.

percent confidence limit.
- sum of squares.

summation of.

multiple correlation coefficient squared.
d.f. derecs of freed.

ificant at the one percent ein1f1canoe level.
nift cant t the five percent ificnoo level.

?atholoi cal
T)ofect

esidual

wollen nots
cars

S oiioolm i'm

rost Crack

i)oad or Lroken TO

inatrtx inverse of the observation nn.trix,
(2) - error mean square.

tabular value of F multiplied b the error mean



PU DIZ

SUpp1e.cntary Thforrat1on to Pleid E'nlly 3heet

To facilitate undvstmdth.r ot the field tall7 sioet,
(Ft..re th folij1yr abhreyjatjo are def1nd:

3. Jorreconding to tree tag nwnber
- icIt f the tree in feet
- Diaeter i3reajt eIçht

Tree C1a3

R - Residtl
-

- Dead kotonttal

I)ead 'oleas
S. - 3tard }lent
C, C. C.rowr Claa1fjcat2or

Thtal o' t.e tre deterthed by
court pi3 oorrect,jor factor taken fro

wnp hoiRht curveø.
t, 1t. - £1etht
roa Vol.. - :o38 vojwe incubic feet corputed

tro tie Smai1; for;ru1a aplted to
felled nd bc ed lo

Decay Vol., - Decay volLwe if preerit
c &b 10 feet



ecay Deoa; vo1u rassod orcontage

of the gross voltnne

atholoia1 Rexs Classification of sspeot
trc's. Check mark2 indicate the tz'o
'ias one or r;ore of the oatholoUcal defoot
1istec inier the patholoioal rear. s ey

Code Ker - Forest Type apiru. Code Classification
e.. 1953 Cdc L3A1-1S-2L- 314...

6184-52-7- 3

CDdez' idonttfieat1, number

jor type classIfication
I - Code sheet no. 1 for Coder 5t.3

o .Descr.tpt Ion -

Lmiture type
r '..
2 ruce

bC ye&r old
3) - - 37½ in heigbt

- 3toek. G1a* (over 1OtJ stocked)
3eoordar Type

6 - eeid Volume

l3L - Lodcpobo tne, Asuon

- l - 12 year 0i
7 - - 9 in height
3 - 3tociir C1asj 3 (over 31 trers er acre

ze 13" nd reate



.I' rDIX

orip4; ton

The tield satp1e were located in the Lake

area in the Fort George Porest Dlntriot. a foUowin

a ete rio en

sumzary

Roion

ic1ded as
Co!parthent

nwnbor

rcterence to the basie aaip1e date
3sp1e Photo reference

69 10 1 s.C. 1169:106

69 110 7 B.C. 1170: 8i.

69 lOS 2 B.C. 1170: i.0

69 1034 3.0. 1169:

69 10 3.0. 1169: 7u

69 109 ,' ,17r..

69 110 1170: 30

69 110 B.C. 1170: Ui.

69 103A B.C. 1169: 77




