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ITATROGDUCTION

In Dritish Columbla, the Porest Surveys snd Inven-
tory Division of the B, O, Vorest Service i# currently
undertaikting a complete inventory of all forost resources
within the province, “ith the ald of aerlel photographs
the work 13 now proceeding ot the rate of approximately
twenty~five niilicn acres per vesr, Becsuse af‘the in-
ereased attention to the establishment of forest managee
ment licenses and publle working circles, this inventory
is of wital importence to —mansgement planmning, An esgenw
tlal pert of this inventory is the compilation of net volw
umes of sorwereial standing timber, Among the meny verig-
bles affecting the net volumes of stanus, the determinae-
tlon of defest in standing trees is the most difficult.
pefect mey result from decay, insect damaze, or a variety
of othsy characteristics cauneing loss in volume, Of these,
cecay ls urobably the greatest contributor to the amount
of defect in trecss and stands,

At the prosent time there are two methods commonly
enployed In sllowing for defect in standing timber,

They aro:

1, Ddrect aporaisal of net volume in individuasl trees



or forest stands based on Pamillarity with the
apecles and conditions in a region by an ex=
nerlenced sstinabor.

2« The apvlication of an overall cull percentage

to the arﬁaa‘vgluéa estimotog.

Theas methods are sultable for intenslive surveys
of a limited ares but the problem is more complex when
planning en extensive provinelal inventory covering
millions of acres. In a survey of this anature 1t is
necessary to cover n wide range of forest types, alte
and ape classes before a proper svaluation of the forest
resources is possibles A fleld procedure desipgned to
cover all of these conditions must be broad encugh to
Include the esasentlial information and at the saume Tine
be apnlied easily in the fleld. It is Important to re=
member that in all forest inventory work the intensity
of examination rust be balanced ageinst the practlical
limitations of {ield work in order that the total Obe
jective nay bo completed. The guestlon of menpower 1s
aﬁéthar important consideretion. Xach year the Forest
Surveys and Inventory Division ouplorys spproximately
200 field men, most of whom have had very little forestry
trainins or experlence. After assigument to the regions
in which they will be working, they recelve Intensive

training in forest inventory proctices by an experienced



party ehiefs Pollowling the training, high standerds of
work are maintained during the lleld season by perlodic
checking, by both %hﬁ,yarty chief snd divisionsl suyer»
visors. With these points in mind, the need for simple
gtendardlized procedures 1Is obvious.

ts & basis for desling with defect the Unit of
Porest Pathology of the Dominlon 3clence Service pro=
pared a clagsification of obsorvable tree characliere
igtics whish,haé oroven of wvalus in previous workt as
indicators of pathological decay. In this systen in-
dividual trees are segregated into classes based on the
presence or sbaence of visible abnormalities which ine
dicate or serve as an entrance for deeay. IT was ex-
pected that the incidence of these abnormalitles occur=
ing in a stand night be used to establish the smount of
defect present in the sitande This systenm of tree classi-
fication has now been adonted ss an integral part of the
foreast inventory progrem for the purpose of appralsing
the general condition of Torest stands.

PURPOSE AND 3COVE OF STUDY

The provineial inventory wzs initiated In 1951 and
plannmed to extend over z period of filve years. The pure
nose of the project is to obtain e complete record of
all the foreat resources of the province. The facts

are presented on forest cover maps and tebulations of



wood volumes, Iilany of thé tinber types, especially the
overmature nlasaea; are subject to large volume laaaes
because of fungous decayss The extent of decay iz very
d1rricult to estimate in the stending timber, especially
by inexperienced fleld observors as previocuasly mentionad.
Included in the inventary‘prﬁjeat,thar$fares 1s a sub-
projest designed to éuppiy the meang of egtimating exw
tent of decey in all of the mejor types and subtypes
recogﬁiz&d in the typlng classiflcationss The fleld
work of this sub project consists »f two parts:

1, The spplication of the tree classification to
the standing timber on sample plotsy for the
purpose of appralsing its general condition.

2e Subsequent f@lling’an& bucking of all the

trecs on the plots anﬁ’m@&aurﬂmenﬁ of the
actual amount of defect in the sauple trecs,.

In order thet the method Of enalysis may be clearly
understood 1t will be necessary to include some detalls
of the work entalled in the alove procedures., The main
emvhasis will be placed on the tree classification syaw
tem end how it may be adapted to the problem of deter~
mining defect in standing tlmber.

ihe pur?asa of this study i1s to supplement the
work initiated by Browne, Foster and Thomas (4X6) vy

anslyzing actual fleld date and determining the sipgnifi-

-



cance of the tree classification system, The method of
study 1s & statlistleal analysls of data which has beun
provided by the Foreat Surveys and Inventory Division.
The specific objaetivga are:

1. 7o determine the significance of visible patho=
logical indicators in estimating decay in a
farest'atamd.

2. To determine the relative Importeance of each
bf the deflect olmssiflications, .

3+ To outline & method of analysis which umay be
adapted to further studies of thls nature.

ihe data for this thesis ls confined to one broad

spruce=~balsam foreat type of uniform age and slte. The
sawple. plots are located in the Crooked River area of
Central Pritish Columbia, Because of the lack of sny
previous work or information on thiskfaraaﬁ type the
results of this study must be accepted with the unders
standing that it represents only a smell contribution
to the wide and tmpertaht field of deecay in forest
atandse

REVIEW OF LITURATURE

ilany attempta have been made to determine the
presence and extent of decay in individual trees and
standss One of the first investigators to consider

visible malformations and injuries was Doyee (2}«

A
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After investigations of Douglas-Fir in Weshlngton and
Uregon he concluded thet scars, branch fans, dead limbsg,
barls and frost eraclks falled to provide rellable ine

dications of hldden defect. Spurophores and swollen

knots provided reliable Indicies to approximately 00

percont of the total decay in trees infected with Fomes
pini (2, ».89)e ie points out the longitudinal extent
and smount of decay which may be sxpected by the position
of these defects in the tree, After studying the defect
in knpelmann mprﬁca, lodgepole pina“and alpine fir,
Hornibrook (8, p. 08«17} developed &lﬁrccednrafrav
making reliable estimates in these apecies. His method
applies standard sceling deductions and Qoulaé apw
praisal of visible abnormelities in trees. Fér 20CU=
rata‘resulta such & method requlres experienced porw
sonnel and appears to be too detmiled for appllcation

to extenslve surveya.

In Tritish Columbia, Poster, Thomas and Browne (l)
conducted studles in the western hemlock (LTauge hotero~-
ohylla {Raf.) Sarg.), amabilis fir (ibles amabilis
(Dougl.) Torbes) forest tyve in the uyper Kitimat region.
The forest type studled was o deteriorating old growth
stend in which heavy losses fran decay were occurring
each year., In tallying the trees, the classifications

of resldual, suspect or dead were used to indloate the



general condlitlion of each trees Resldusl trees are de-
fined as all living treses which beer no visible signs
indlcatlive of deenys The suspect clesalfication ine
cludes all living treas'whiéh bear one or more abnoys
malitlies Indiecatlve of decay, Dsad trees are evident
by the lack of green follages It wos suppested that
troe tallles based on these threc classes might lead %o
the determination of average cull factors applicable o
each class, Turther Investigations showed that sporos
Phores, frost cracks, swollen knots, scars, dead tops,
rotten branches, forked férms end trunk Infections of
mistletos could be clrssed as abnormalities significunt
of decays Sporophores and swallan knots produced follow=
ing the development of decay are regsrded as reliasble
Indicators, The remaining sbnormolitios, however, do
not indlceote substentlal smounts of decsy in every 1lns
stances DBears and brolen tops of recent origln contain
very little decay compared to slmilap defects which have
been present for a longer perlod of times Characteria~
tics such as sxposed roots, desd branches, crapk or
burls were of minor sipgnificance in the study conducted
in the Upper Columbia Reglon., It 1s possible that these
classes may be valuable indicatora in other areas or in
other forest typess In extensive inventory work, how-
ever, it 1s desirable to maintain a uniform classiflcew

tion of indicatorss 48 work eonbinues certain modifica-
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tions mﬁy‘be eprlied in local ereas or revision of exlge
ting eclagses may be jﬁatifia&g

Turther studies have been ﬁnéert&kan in a veriety

of forest types and stand conditions to verify the re=
liability of the cleasificntion. Work has been conducte
ed in western hemlock and amebilis fir in the Titinmat
reglony hemlock in the Upper Columbia reglon and Enpele
mamn sprace and alpine Cir ln bthe Bolean Lake sren
(Kamloops Torest Digtriet)e The following is a swmary
of the lmportant fects established from those projects,

1, The clagsification does not atbtempt to desige
nate sound trecs or cull troes.

2¢ Hinimum cull losses of 50 percent ars to be
snticlpated in dend Lrecs.

3¢ “he clasaificatlion nrovides for the segregation
of trees into classes of high and low suscentie
bility to disease.

e The classification 1z of value in designating
tree cliases having more or less than averags
dafect.

5« Results derived for oche tree specles ars not
applicable to a different specles in the same
rerlon.

Ge Results aypesr to conflrm the reliability of

the al&ssifia&tian for the specles and in the
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reglon to which 1t hes been sppliedy Further
cxperience may indicate the need for modifica-
tion to mest verious conditions of lforest growth
and gband disturbsnce, hwowevery Lt socems possi-
ble to epply the classiflication in its present
form to mature coniferous standa throughout
Pritish Columiin, ﬁaviﬁimné, 1T necessary,
would become apparent followling the subssequent
examination of representative trees snd the
egtimation of oull fretoras appllesitle to the
spocifie reglon under consideratlions
The classificetlon is intended to supplement,; but
not replece, other pertinent variables such zs site, age
and dismeter. urther reductions in error are to be ane
ticipated through multiple correlations including these
latter variables,

CATHOLOGIC AL CLABSIFICATION OF THRES

in nature stands or stands approsching maturity it
would be an advantare to imow which classes of trees are
likely to contaln decay. On the basis of recent pathoe
logical studies by Postery Thomass and lprowne (1), living
trecs are elassilfied Into two braaé'grmuga which indlente
the presence or absence of oxternal signas of docays These

tree clogsificatlions are reflerred to as "Nesidusl” and

"Suspeet” and have bsen previously defined in the veview
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of literature, Yo clarify the relatlionship between
these two classificatlons and the presence of decay,
the f'ollowlng section of the field manual is of interest:
(2, "te IIL, Secy 35 Ds 3),

"Resldusl treea contsin only hidden defect whereas

Suspect trees coutaln hidden defect plus defect which 1s
indiceted by the presence of visible external signs.

- It 1s not implied that Residuzl trecs are entirely free

of decay, or that Suspect trees, as a clsss, are more
defective than Nesldual trees, due in part to thelr
associated defects which mey hove provided entrance for
wood rotting fungl, It 1is important to remenmber that
we are concerned with clasgses of trees, rather thon ine
dividual trees," , '

The elght suspect clsssificatlions which are used on

a province-wide bagls are clven hereunder with brief re-
marks about each,

1. Conks = sporophores or fruiting bodles zre the
most certain and reliabls indicators of
decay,

2, Swollen Knots « are asnalogous to conks as ine
dleators of deosy and usually result
from an sbortive conk.

3¢ 3cars - any wound which has hesled or any open

wound which shows weathered wood tissue,
L+ Torked Tree (Schoolmarm) or Ironounced Croolk =
includes forked trees and pronounced
orook appeardng in the merchanteble

portion of the truni,.
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‘rost Uracks = ususlly originate at the bese of

hhat
*

the tree and nay extend socveral feeb up
the truniz, They are common in aresas
which are subject to extremes ol temperw
ature,

e Mistletoe Trunk Infections = includes Infectlons
which sre confined to the merchantable
portion of tﬁe trunk, Iranch infecw~
tiona are excluded unless such infec~
tion has clearly extended to the trunk.

7. Lerge Rotten Lranches - includes large branches
which are broken off short and are
clearly rotten. Small dead branches
only one to two inches in diummeter
osecuring just below the live crown are
not 1ﬁcludedg

%; Decd or Hpoken Topa « broken tops which are
not of recent origin.

Tn the fleld sach livins tree 3,1 inches and larger
in diaﬁet@r at brenst helpght 1s olessified as belng resle
dual, suspect or dead., The pathologlesl defect indices
tors comprising the suspect class are the most luportant
factors influencing the presence and amount of decay in
a stand, By proper evsluation of these indlcators 1t is

'hopad thet the ineidence snd extent of decay may be
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asgsessed within practicel 1ix 1133 of necuracy.s

The 1llusteaiions of tha susvect Indlcators were
donsted by the Dominion Zclence Service snd are not
representative of the spruce-balssm forest Lype, They
were Included to i1llustrate typleal dofects as they are
ol:gerved in the flelds For & debtalled descrintion of the
method of tree clessifiection, tho Forest Surveys Telly
vanual {3) should be consulted.

TIELE PROCTDURE POR UECAY AHALYSIS PROJECT

“he provinclisl forest survey 1s belny conducted
with the aid of aerlal photographs h&éing an epproximnate
gcale of two Inches to the mile., Happing and coding of
the forest types are done Ly orews carefully trained for
the worke Yo freilitate the compilation and summary of
the dats the province is divided into Reglons snd Comparte
mentss 4 comparitment mey be 10,000 ascres or lerger in
size and several conpartients couprise & Reglons ALl
date within a compartment including productive and none
productive forest land are su;marized by an intricate
coding systems A prelimineyy working mep is printed fop
ecch compartment showlng the final acreare and doascripe
timm of eash type.

In determining the sresas which are to be sampled
for volume and decay work, the supervisory starl glve

first considerstion to the amount of information required
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for varlous specles and types, Uslng the prellminary
working maps ol sre s which heve been previously mapped
and summarlzed they plan the project in detall. Fleld
crews are supplied with duplicata aerial photographs and
2ll availleble information on the area before procseding
with the field work.

In the fleld the location of sample plots for ine
tensive analysis of volume and decay may be determined
by three nethodsy

{a) Dy using existing inventary 3&m@1@ plota,

{v) By random selectlon of somple plots,

(e) 2y m@ah&ﬁiaallselﬁeﬁian of sanmple plots,

Whenever poasible, exlsting invertory sample plots
are used for volume and decey worlt, In many caszes these
rlots are not suiteble because they are inaccessible or
they are not representative of the forest type,far‘whiah
information 13 requireds If a gample 1s locsted by a
random or selection method 1t is marited on an aerial
photogrrph. The compass courss and dlstance is then
plotted on a map and a crew sent oubt to establish the
sample in the fleld. If future examination of the plot
is desired it may be relocated easlily by referring to the
seriael vhotograph and the compass and tally sheets which
contrein all the detalls of the ssmple. The samples used

in this thesis were mechanically sclected ag belng ree



presentative of a mature spruce-balsam fﬂreﬁt typa*

After locating the sam_.le on the ground with the
ald of a hand compass and chain, & sample-center is
established by tagging & tree with four aluminum foil
markers. ach sample consists of four circular plots
lald out at right angles, and at a dlstance of two
chains, I'rom the sample center. ILach of the four plots
has a plot center and all trees, 31" Dy . He ané
lerger are measured within é specified radius of tha
plot center. In determining ﬁhé,plot size the povernw
Ing factor 1s the réqairaman% of apﬁr@ximataly one
hundred trees for each sample . All ﬁreea are identie
fled by numbered paper tuzs stepled to the tree.

- PRELIMINARY CLASSIPICATION OF TREES

Illustration 5 1s a typicel field sheet containing
the information which is recorded for each plot, Sus=
pect trees have one oy mbra cheusk mariks In tha,noluwna
hesded by "Pathologleal Remarls" where defects are obe
served. E#ary tree within the plot is viewed from all
sldes and carefully appralsed for defect indleators.

While each ylah 1s not permanent it is possible to
ldentify the plot centers and trees two to three yesars
alter establishment. The aluminum tags on the sample
center tree should remaln for several years to ald in ro-

locoting the sample if & resurvey is desired.
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AMALYSIZ OF TEFRCY

After the sample plot location has been deternined
and the preliminary tree classification has been come
pleted, all trees, 5.,1" D. !+ H, and larger, arc felled
and bucked Into gectlons in order that actunl decayed
portions mey be observeﬁg  Intermediate buociking of lags ,
i1s sometimes necessary to facilitate the 1ongituﬁinal
mensurenent of decay, the following table 1llustrates .

the specificatlons for buckings

Table 1
Specifications ¥or Bucking Trees
D. ¥'s H, Range |Maximum Log Length | Maximum Top D Is B.
©.1-11,0 inches 8 feet 1140 inches
11,1 inches and 14 feot 340 inches
larger

CLABSIVICATION AND IEASUDEVENT OF DECAY

The classifiecation and measurement of decay in the
field 1s conducted under the supervigion of a graduate
forester. Since this is ono of the most lmportant as-
pects of the work it is essentiel that the crews be
well trained and a reaponsible person plsced in charge.
Fleld crews make 1o attempt to clazsify the defect
acecording to the-type of decay prevalent in the stand,
Recopgnition of the type of decay is diffieult when no

sporophores are present and in the inciplent atepe 1t



nay be necessary to run o culture test for poslitive
ldentification., This requires the services of a tralne
ed pathologist and is not readily adapted té extensive
survey worke

In the interest of being practical and conslstent
in fleld work, decay is elassified as elther white rot
or brown rot, The white rots are those which decompoae
21l components of the wéad including the lignin, The
wood is reduced tv & stringy, flbrous or spongy muss or
in some cases to white pockets or streaks, The affect-
ed wood is usually white but may be yellowlsh or light
brown, White rots are described as: |

K&)4 White pocket rote

‘(b) White stringy rot.

{c¢) wWhite spongy rot.

(d) ‘hite ring rot.

Ppown rots attack chiefly the cellulose leaving
the lirnin nmore or less intact and roducing the wood to
& brown carbonacecus mess. J1he wood has a dry burnt
appearancs which sugrests the term, "dry vrot.” IUrown
rots are described ans: H

{(a) Frown pocket rotb.

(1) Drown stringy rot.

{¢) Erown spongy rot.

{¢) Drown ring rot.



{o) brown cublecel rot.

Drown cubical éeeaya‘are thé wost common of the
brown rots, Decays are further classified as elther
"heart rot" or "sap rot" aecording to the type of wood
infecteds Heart rot ig by far the more common in liv=
in; treos while sap rots occur more fregquently in dead
trees. |

Decay measurcments in trses include both the ine
eiplient and a&vaneaé stages.‘ The inclipient stage is the
“@ggt dirfieult to recognize and messure. It 1is generally
indicated by & change in colour énd later by a,ganaral’
softening of the affected wood, ihen tested by a knife
or an axe 1t usuelly has a punky or brashy texture, The
advanced stage visibly changes appearance, structure and
strength pﬁoyerti@a of the wood. It may result finelly
in a crumbly mass to complete hollowing of the infected
part of the tree.
| NMameters of rot are meesured to the nearest inch
and lengths to the nearest fﬂﬂta In sompubting the volume
of decay the defectlve portions ere regardsd as c¢ylinders
or cones. Uhe diameter and length of the decay 1s equal
to the average of the observed measurements of the defect.

The totrl tree volumes end decay volumes for the date
used in this thesis were compiled in cuhble feet by use

of the 3malisn Formula,
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DESCRIPTION OF DATA

The baslec data for this thesis are talken from sample

plots established in the Spruce-falsam (Plecea glauca

(ioeneh) Voss), (Ables lasliocarpa (look.) Wutt.) forest
type of the North Central Interlor of Pritish Columbia.
This forest type represents one of the princlipal t;mber
rogserves of the province with»an;ﬁatim&tad totel mepe
chantable stand in excess of thirty~three billion board
feet (li, pe7)s The two main subetypes in this forest
aret (a) a climsex type, unsven aged and characterized
by a heavy stand of advenced growth occurring as an
understory and, (b) a more or lesss oven-aged type with
& lock of advanced growth, contalning resnanta of the
original decicuous nurse crop, This sﬁudy denls with
tiie latter type. The ages throughout this forest type
vary from 75 to 230 years. The majorlty of the trees
are wlthin the 121-1L0 year cge claaa;’ The approximate
helpht of the forest type is 100 feet and the averaze
dismeter from 1l té 20 inches.

HETHOD OF ARALYSI3

Prelliuninary work in emamining the data wes essene
tinlly to determine 1if th@ra‘wara péééibiﬁ»aaaoalatiéna
of deeay with factors such os ape and dimmeter., Work

by Prowne, Foster end Thomes (L, p.2l) in relating age
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to decsy sghowed thet in smsbllis fir the ineidence of
measurable anounts of Jecay increased from zero percent
st age c¢lass 135 Lo LU0 percent at age 425, They also
roport that diameter may have some useful epplications
in deeny estimnting, The aupliection of this lstter
princinle in overmaoture stands requires verification
by further sampling, Initisl exsmination of the data
indicated the range of avorage dlameters and azes of the
stgnﬁa Involved wevé 20 narreow as to preclude the use of
these factors in the present pva}aat;

Following thls preliminsry work it was decided to
analyze the revidual end suspect classifieations to
deternmine toelr significance and reliability in estimate
ing deeay in individusl trees and stends, 'The study 1s
limitec to the ayrucﬁ and bals am data only. Although
minor voluses of Louglas-fir, lodgepole pine, aspsn and
bireh are present, they do not constitute a part of the
naln stend and are of wminor concern,

In tabuﬁating the data Lt wes found that of the
elght pathologlical elasaiflicentlions used In the fleld,
enly five were prosent in sufliclent number to be used
in the ansnlysis, The ¢ype snd frequency of delccts
ware found to be siwilar Tor the spruce snd balsam,

The susvect defects in order of freguency of cscurrence

are}



1. 3ears.

2. Dead Tops,

3¢ Torked Trees,

iy Frost Crack.

5. Swollen Xnota. |

0f the remalning threc classificationa, conks are
a vositive indication of the presence of decaye In
older stands the Inclusion of this indicator 1s very
important, however, ns only one aporophore was recoprdsw
8d,; this defect wos amiﬁﬁad.' Similerly mistletoe and
rotien branches could not be included In the analysis
- for lack of suffleclent ceases, ;

“hen each defect 18 recorded in the fleld 1t is
checked off in the column of the fleld sheet which
refers to its position on}the traa; three positions
were recognizedy the lower, mlddle and upper third of
the treey From the preliminary tebulation of data it
was noticed that In ench of the flve classifications,
wlth the exception of broken topa, the greatest number
of defects occurred on the lower one third of the tres.
inis may be partially expleined by the unrestricted
view of thls section of the tree which facilitates &
poslitive identificatlon of the indicetors. 7The posle
tion of the defect in the tree wrs not considered in

this study but 1t may be of importance as far 88 volw
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ume of deeay 1z concerned,

The anclyses which follow cover only the following
pathological indicator classes: Resldusl, 3wollen Inots,
Sears, Forked Trees, Frost Cracik, and Dead or Broken
Tope,

freliminary Anslyses

Prom genersl Inspections of the computed fleld
tally sheots several important facts were established:

1. Some of the troes possessing cveflect indicators
proved Lo be entirely tound after being felled
and bucked,

2e Some of the residual tress on the other hand
were found to contaln some defect when felled
and busked, |

3, Some of the classificatlons seemed to be mors
reliable as indicastors then others,

4. There was some evidence that those indicators
moat reliable for one species might be of
uinor aimmificancs for another sgecles,

In order to zaln a clearer insight into these
generel observetions swmaries of the tree dats were
made as in Teble 2, which show the number of trees ine
Fected in e-sch of the defect e¢lasses, A summary was
made {or sech speclies, spruce and balsam, and elso

another wilch combined both specles,
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TABLE 2
CXT 3QUARE TESTS OF 3U3PECT CLASSIPICATIONS
IR e = e e
(4) Spruce
Defect X ¥, Total
Swollen knots™ 2 G 11 .18
Scars 52 &4 112 b o
Foprized stem 10 15 25 W40 Results of Test
Prost crack i3 2 15 U7 X2 = 29,90 sisni-
Broken tops 723 36 .33 ficant at
Total Sy 10§ 153 .43 G.01 level
{B) Balsam
Defect x ¥ ‘ Tssgl 4}
Swollen imots® 1 5 & .16 2
Scars 39 39 78 «50 Results of Test
Forked sten }.!};3 3 13 <T7 }:2 = 7.l not
Prost crack 8 7 15 «53 sisnificant
Brolen tops 11 45 17  ah at the 0,05
Total 5% 6G 129 . level
(C) Spruce and Balsen Deta Combined
Defect x K § Total P
3wollen inostis 3 1 17 .17 »
Scars g1 9g 196 .&% Regults of Test
Porked stem 20 18 38 .85 X2 = 15,17 sizni-~
Frogt craek 21 i 38 70 ficant at the
Broken tops 18 2¢ L7 38 .01 level
Total 1537 IEG 322 478
Definition of Symbols:
X T number of infected of trecs

7 = number of ¢
fotal = x y
P ® proportion =

rees not infacted

-

_ %4

*When aeparated by species the total
the swollen xnots group is
values of less than § when
puted in the Ch
test sueh ag
besn ignored.

i-3quare test,
bains nade herse,

number of trees in
so small as to result in
exvected values sre com-
but for an asporoximate
the limitation has
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To detervine 1f ¢ifferentliel siimificances existed
among the eleasses, Chie=Squere teats were sopplled to the
sumeries,s VYor the spruce deta the ChleSquare value
weg sipnificant at the 0,01 level, implying thet thé
clagss proportions were not » homogeneocus group of
v-lues, For the balgem dote Chlwdquore wis not sige
nificant at the 0,08 level, but for the two apscles
conbined Chi-fguare wos g:-ain significant at the 0,01
ievel, Prom these anclyses there 1s resgon to belleve
that some of the indlcator claszes are of greater lmpor-
tance than othersy at lesst co far as spruce ls concern=~
ods Tt 13 also of interest to note the small propops
tion of trees with swollen knots thnt were not infected
in both the a»vruce and balsecm deta, and the relatively
loarpe proportion for fpost cracks, especially spruce,

The latter test of the combined data Lllustrates
the nesd for testing individual species rather than
combined data, A hizsh simmiflcance in spruce has off=
get o low sigmificance in balsem and the effect of the
test of combined deta does not give n true evaluation
of the speciese. For this ressgon fupther work was ro-
stricted to the anslysls ol individual specles,

Rerre-gion Analysis

ihe »receding summaries end tests indlecate a re=
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latively wide variation among the proportions of treeas
sctually infected in the five defect classes. The proe
portiona of infected treex in syru@a vary from 0,18 to
0.87 and in balsam from 0,16 to 0.77. From this it
would follow that differential effects mizht be expecte
ad among the clesses on the amount of defect in a tree
or stand when expressed on & volume basis. In order
to evaluste the effect of each classification in terms
of volume some form of regression snslysis gseemed to
be in order, |

Some previous attempis have been made by the
Dominion Laboratory of Yorest Fathology to develop a
formule for predlicting decay in Qtﬁnds by mesns of
readl 1y messureable stand stetliastics, Xnuanalyzing
hemlock data a multiple repgression esquation was develope
ed expressing percentage of decay Iin a stand in terms
of aga; slte Index and the proportion by volume of sugw
pect trees. Thls method wos not used in mnelyzing the
spruce~balsan dats beceause of the lack of #ariati&n
within the stesnd variables, It wss also necessary to
consider a m&t&oﬂ which would teat the significance of
each of the defect classes and determine thelr relative
importrnee ln predicting stand decay.

After completing the preliminery Chie3quare tests

and with the above points in mind it wass declded to seek
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the adviee of the Stetistleal Service of the Aprioule
tural Zxperimental Btatlion. The method sugrested was
the fitting of constants by the method of lénat squAres.
Thils method may be used to vrediet dooay in individual
trees or stonds and 1t is not necesgary to summsrize
the date on an acre basis.

Yo understand the method of analysis it will be

- necessary to illustrate the procedure by o working exe

anples, The oversll results are based on obgervatlions
from 37 balsem trees end 46T spruce trees, =ll of which
were D,1" D, 7. Hg or largor, |

Table 3 Lllustrates the form ﬁaaﬁ in sumarizing
the baslc date for balsan, Iere, each tree recorded
on the sample dlots ls reviewed in order and recorded
scoording to o clagsification code nusber as defined
under Table 3. Thus tree number one is & reslidual tree
and possesses no decsy indicaiors, Tree number three
poagesses scars only, munmber ten possesses scers end
frost crecls, After completion of this summery for the
347 balsam trses, & count is made of the trees in each
claasification group, and also in esch snd every cone |
bination of groups as desipnated In Table . lerein
n designates the count on number of trees and the
numerals following indicate the classifications A

single numersl indleates n sinpgle classification and
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multiols mpsernls indloate sombinstlons ﬁf‘ﬁlﬁﬁﬁ&fiaa-
tionge  he mosults o thsge counts sro presented in
Tebles O and & for belawms ond spruce pospootlvelye It
should Lo noted that 1l the aaﬁ%&n@%ﬁa&a involving
nusber ong olessification {residusl Srocg) are noro,
alnos such o tewee L3 Tres Ypow pll ﬁ&f&&h indloatora.

I teblea U oand O the sum of the dosay porcontares
for theo teees in each of the nlx beslc clazsliflontlions
spe rogorded in the ¥ solumi.

Tho unpor poption of tables five ond alx ls teraed
the "a" matrize It peprosenis o stenderd fopw of Droe
sentotlon of the normal observatlionsl squatlons regquired
to establisl e mepgrosgion equatlon expresalng percentojs

of decpy in terma of the iz slessiflontiong rocornizeds

“he lower portion of the ssmo tablos le torowed the
Fa® antels ond poovesonts the second stege In the solus
tlon of the vormnl equetlons scoording o the Doolittle
mobhod of Uatrix inversion {1, ppe L7203} fﬁ&&ﬁﬁv
dotolia in conputation of ﬂ%&kvﬁﬁfﬁ&ﬁi@m voelllclionts
(b conatonts), sum of guusrog duo 0 regregulony and
the meltlsle corpvelatlon soefflclents spe abown Ly the

following beple egquetions:



"a" matrix

x1 x2
202 0
25
"ol matplx
0049505 0
~OLLLTHE

TARLE 5
S/TUCE DATA

Caleulation of "a"

33 =l x5

&) 0 0
8 3 0
180 2l 1
55 1
9

0 0 (b

-4 0012366 ~,6§1§011 »0006370
0062563 =, 00211091 -, 0001577
019394 5-, 0010615

.1115372

and "o" matrices

xb

5

2

I

1

57

0

-+ 0029902
~+ 0023456
= 0001407
-, 0018156

.018383560

.
5G481
13.38

151,60
39.06

he37
36.15

Check
256481
tl.38
338460
126406
16.37
12715

1.0000010
+999999h.
1,0000027
«9999991
9999996
«9999982



"o mobelx

121

el
&

o
17

HBobe < ¥ values
eodad Tor cone=

?@Wiéﬁﬁun

Y1 = }.3%.,3!{)*3

Ve = 18{}.2 oboe

Mo matrlx

0082505

&

> st &
TALIan D

THAY TN 5

‘.?f BINGE

T OAYA

Coleulation of "a" snd "¢ notrices

%3 =y
0 0
G o
152 15
Lo
) 0

L0503021 =,0019592 0013610

L0072725 =~.0022592
0267227

° &

L3

by

O

- 003133
-l 0022812
- 000367h

LO2h3202

b %] & 4
) = -8

13

et

O
- 0015002
-, DOLLE3L
- 00012396

- 0030023

ppe
K
o

14463
14,02

[ Ve
:’3 3 ii - j‘:}%’

75,02

oy c«’

li;u, Pt

 1.00000h5

«9999999
1.000002
1.000001
1.0000029
1.0000011

1%
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(a) <Caleulatlon of the b3 constant for spruce fron

i the nntrizses of YalLle &,

b oz Sjeijgj {z decoded)s
| B (0x50041) 4+ («.0012306x133.0) + {.0062563x
151640) + (<. 002091x390,0) + (=, 0001577x -
43e7) + (=0 00230862301, 5)
= 71913

() Celeulation of Sum of Squares for Ll constant
Spruce « Talles £ and T. Swm of Squores of Tle=
gresslon on the 190 yariate, adjusted for all

aobthior voristea,

£
8§ - =

= 1598
{e) Caleulation of Resression Sum of Squeres Spruce =
tables 5 and 7.

53 Repre ¥ S1bypy

7

- (24812x568,1) + (1,9967x133.8)
(7e1913x1525.0) + (3.1000x390.0)
(3433073, 7) + (2, 7209x361,5)
15,701

g

(@) Caleulation of ultirle Uorrelation Cosfficlent

spruce < Lable T.



TABLE 7

SPRUCE DATA

Sumiary of Regression Coefficients and Sums of
Squares Due to Regression Terms

37

Indiecstor Reg. coeff, 3unm of

class {% decay) squares
i-{Residual) | 2;312&— 1593%%
2={3wollen Knots) l.%?%?‘ 43
3-(3cars) 7.4913 3970™°
Li={3choolmare) 3.01660 619%
S={Progst Crack) 3.3367 100
S-{Dead or Broken Top) 2.7109 390

Total 3. 3. 87,351

Repression 3, S. 15,701

Error H. 3. (32) z;g§§& « 155 (461 d.f.).
gl .

P (32) = 598 (.05)
= 1037 (.01}
(rR2) = 0.180

-
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cols used in the above equations are de~

lowsi

conastant for residual treocs.
summatlon of.

TOW.

colunm.

“{} " matrm'
¥ value (% Decay) from "e" mstrix.
maltiple corrclotion eoelficient,

rosalon cosfficlents outained from solution

of the observation equations, the sums of squares due

to the respe

significance

ctive regression constants, and tests of

are contalned in Table 7 for the spruce

speciegs The bests nerein indicate that the b2, bY

and b coelfficients are not sipnificantly different

from Z2erd.

Jjustiflied,

In othor wordss the percentape of decey

indiented by sach of these factors may have occurred by

charce and thelr inclusion in tho analysis is not

The spruce dabta wes recalculated by slinminate

ing the x2 factor (Tebles & and 9) and recaleulated for

the third time by deleting the x2 and x5 varisbles.
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x3

32193

NG

TASLE 8

SPRUCE DATA

O

i x5

0
- (01 386

.31?33937 = 0017937

.1115273

xb6

0
- 0024388
- 3002581
- GCL7692
0186197

39

Recalculation of "e¢" Hatrix by Deleting x2 (Swollen Knots).

- Gunmary of Regression Coefficients snd Sums of 3guares
Due to Represaion Terms (After Deleting x2)

lﬁﬁiéatsf

slass

e 0 PO 1 it i 5L

feg. Coeff.
{3 decay)

Sum of
squares

S wm——

l-{Residual
3~{Scars)
L={3choolmarm)

S=(Frost Orack

)

b-{Dead or Erak&3~Tb§}

Regression 3. 3.

brror H. 5.
};’ 3

{s2)
(s2)

R2

= 15,551

= 155
= 555
= 1037

2

175

2.8124
7.5511
345407
3.3234

2.7048

{i%ég. étf«v }

(<05}
(.01)

1598%%
9163%%
6,87
99

3353




TABLE 10

SFRUCE DATA
Rscalculation of "e¢” Hatrix by Deleting x2 (Swollen

Knots) and x5 {Frost Crack).

xl x3 xh xb
<OOUS505 G o s
0062191 -.0025363 -.0024405

«0193110 -, 0002866
0185916

TABLE 11

Summary of Regression Coefficients and Sums of Squarea
Due to Hegression Terma (after Deleting x2 and x5)

S i i iieer, SIS v omeor e s SR S

Inéiéatsr é&g; caégg; Sum af’
class {#» decay ] squares
l-{Residual) 2.8124 - 1598%¢
3-(Scars) 7.5552 sz
i=(3choolmarn) 3.5942 o bhg¥
6-(Dead or Broken Top) - 2.9091 | bLs

Regression 8., 8. = 15,507

Error . 5. (82) = 155 (463 d.r.)
(82) = 0.173




L1

The Minsl results (Yable 11) indlecate that the bl and
b3 coelfinlents ore aigﬁific\nt et the one percont level
end the bl cosfficient is algnificant at the Tlve perw
cent levels “lthoush the BE coefficlent {broien tops)
did not nrove zlgniflcont thls fsctor wos retained bew
cause it wos larpger then would be szpected by chanco,
The square of the mudltliple correlstion cosfficlent lop
spruce in the first analvsio was 0,180 Thia wns rew
duced to 24170 in tho second snd third analyses. ~his
meang thet 18 percent of the varlation in the date ney
e explained by the factors under conglderations Tor a
vetter correclotion, other foctors Influencing the pree
gence of Jecay must be considerod in tho analysise

Table 12 1ls a gwmuary of the rogults of the flrst
analrals of the balaem deta, 11 vorlables are sipnle

fieant at the one percent level wlth the exception of

z2 (gwollen imobts) which was not algnificant within ¢
prescribed limitas Tho balaenm data were recalculated
by omitting the x2 vorlable with the peault that there
was very llttle change in the values of the remoining
constants (Table 11), 4Yhe square of the multiple core
relation coefflclent wes 04310 in the first analysis

1 04339 In the UInal ealoulatlon.

The values for the b coustsndg in each casze ro=-

fers to the percentoge of decay which may be axpastmd



TABLE 12

BALSAK DATA

Sumzary of Regression Coefficients and Sums of
Squares Due to Regression Terms

“wigéicatar Reg. ;;:;f:MMWWWMQ;;%;fN“wwm%mw
class (% decay ) squares
1-(Reaidual) 12.1182 17,769%%
2=(Swollen Knots) 3.4355 196
3=(3cars) 12,5265 21,233%%
L={3chooclmarn) 17.2811 PR
5-{Froast Craek) Ge5966 3, 756%%
f=(Dead or Broken Top) $e2217 $3,387%%
Total 3. 3. 210,878
Regresslon 3, 3. 71,619
Error i, 3. (s9) = 139,255 = 408
341
(R?) = 0,340
P (s82) 579 (.05)

= 1
= 2746 (.01)




TABLE 13
aggsam DATA

Fecaleulation of "e¥ ﬁatfix by bel

SOUTR080 - CORE1ES

0206980

eting %2 {Swollen Knots),

%5 x5

o 0
“ 0023878 =, 0015458
- 0002967 - U041987
« 0241364 - LO3LO10
«DRB0L4T

TABLE 14

Jumntary of Hegression (oeffic
Pue to Repression Terme

fents and 3ume of Squares

{after Delebting x2)

Swn of

Ihdiaatér' o ﬁég, Coefl,
glass { decay) Bquares
1-{Hesidual) 12,1182 17, 769
3w {Scars) | 12,5300 21,8105
4~ (Schoolmarm) 12,2035 5y BT0uu
5= (¥prost Crack) 0, 7880 By G4 Burte
S={Dead or Proken Top) G 0209 | Sy 476
Total S. 5. 210,878
Hogression 5, 3, 71,408

Soeppenay TS i
?}a 1‘01" g wig




in assselstlion with anch de foct. Having determlned
thess valusas 1t 1a now possible to determine the per=
cent deecay for an individusl tree by spplying the follow=

eeeee

{n) fervession Sguetion to Predlet Deeay im a Single

Ine foponilas
Trote
T R bAXL+t RO+ eesn 4+ NG

Tere X1 ® 0 when troe 18 suapect.

} A X1 2 ) whon btree ia rogidusl.

Y2 B 0 when trec doss not have swollen
Yrioba.

¥2 % 1 when trse does have swollen lmots.

»

.

»

F 3 - .

¥ % 0 when troo doss not have 2 dead or
broksn bop.

%6 2 1 when tree doss have a dead or broken

t@p .

+4
o
H

- percant decay for an lndlvidual tree, L,
b2 sees Y ape constants ez deternined Lew
ToOre.

Uaing the balsem dete sg an exnople Lmﬁ farmula mey
be applied Ly substltuting the finel values of the b cone

stents, Uince swollen lmots dld not prove significant the

b2 constant 1o omitted.  The equation then becomest



S b1+ bI+bh +uT +uh

e
("P‘
£

"

04 12,%h+ 12420+ 9,75 + 9433

»

This agu&ﬁian refers to the percent decay In =2
single bals~sm tree which has the four significant vie
sibtle suspect charrcteristics. The -1 aanﬁtant-in this
case 1a zero becpuse 1t 1is not & residual trese. Tadble
12 surmarizes the percectage of decay agsoclated with
enah defsoct ond conbinations of defect, It wlll be obe
gerved in Teble 12 that some of the congbants are lower
than the bl value., &n asswmptlon may be made that treos
having a suspect charoscteristie would be exnected to
heve at least the saue percentape of decay as residual
trecs or posalibly more, lgwar value may bLe partly
attributed to the fact, thst in the analyvsla, the suge
pact defect classes are influenced by the coubinations
with other defects. If troes having only one suspect
charrotorlatic were considered in the anaslysls, then
the resulting values for the suspoct constants wpulﬁ
be hicher,

The conflidonce iimita nay be walaﬁl&teé for each
defect class or combinations of defects. It must be
anmmhmglized at this point however, that the conlidence

imits do not hold for Individusl trees beocause the

frequency of distributlon of percent decay in trees is



rredicted Deeay for Individusl 3pruce

TABLE 15

and Balsam Treocs

LW

(o

Fd
2

A, 3Sprace Dats
Ro, of
trees rath. % Decay
(n) defect ()
202 kl 2.1
% iz
5 li 34
: e
23{, 36 10,46
)-3- i«%»é 6,50
5L
Bs Balsan Data
Ho. of .
trecs Path, % Decay
{n) defect (Y)
121 1 12.12
Lo by 12.20
Ly 5 9.75
43 b 5433
15 3l 24.Th
17 35 ??‘<?
1y 36 21,87
3 45 21.9%
8 ith ﬁl*$3
7 56 15,00
1 345 e 449
1 356 31,62
& L56 31,28
— 356 L3.82
66




not nomwl, Por larre stends of trees the confldence
1imits should be matisgfretory oz normallity is approache
od,

Tho peprcant deeay for » stand ond the confldence
1li%s mny be predlcted when the sample conalsts of
100 trass or more., The following squationa epply:

{a) Tepression Iguation to Vredisct Stand Decay.

Y = 3(r there 1 & 3(n)
N
2 1 [nl¥l+ n2¥2 +seee + n23456¥23456]
I

=1 _nl&l+—n2b2-F;».‘ﬂ-n83&§é{32+b3+b&+b§+b$}]

= 1 [nibil+ (n2+n23+n2l+n25+n26+e s v e+n23456)

| b2+ (n3+esse)bi+ sens {Ju

¥ 2 percent decay Tor the stnnd, Yt ¥ percent decay
Por an individual tree, S5 S surmation of, n ¥ number
of trees ln an indieator clngs, ¥ # 35(n) = total num~
ter of troes, Y1 = percent decay in residual trees
only, Y2 # percent decay in trees having swollen
imots see* ¥6 ® percont decay in trees having dead or
broken tops, nl¥l 2 number of residusl trees multi-
plied by the percentage of decay, nzfé 2 numver of
trees having swollen hmots multiplied by theo percent=-
are of decay s++sn23,856 # number of trees having a

coubination of swollen knots, scars, foriked stem,

L7



(s
"

[ nibl+ (n3+n3l+n3S +n36+n3i5 + n56 + n3L56)b3)

PABLE 16

Equation to Fredict Stand Descsy for Balsam

+{nl+ n3l +nls +nlb + n3S5 + nli56 + n3L56 )by +
(ns+ n'gf;' + nlS + n56 + 1S + n356 + niif4 4 1356 )65

(121112422 + (200)12.51 + (67)12.20 + (73)9.75 +

+(nb + n36 + nlih + n56 + n356 + nli56 + n3L556)bb

[(73)9.33 V |

.m%.%] = 13.27



k9
frost crack ~nd dead or broken top, bLl, b2 sesebl 8
regression constants.

() wquetion te Determine the Confidence Limits for

the Percentape of Decav in & Stand,

: ang, o, an e hang |
L 2 *?3 jun~iﬁli+-2maninjuij there 1 <T }

i

+ 2 [ER k. 2 ” ) ;
tbs [nlC, 1+ 50,, + nZC,, + 200,04

il
hid

'anlnBClB“'"!‘ gm .(wr,

DuThG
L ® tonfldence limit, ¢ % tabular value from Heh
{able, s ® error mean square, N 2 totel nuber of
trocs (Table 12}, ny ® nuaber of resldual trees,
nq), * nwaber of trees having sears and schoolmarm,
Cyp ® value from "c" matrix In row 1 column 1, Cop ®
velue from "o matrix in vow & colummn &, 38 ® double
summatlion of, 5 ® gunmation ﬁfg ;

The waluas of the final constants were applled to
the formulas to prsdict the percent decay and gonfidence
linits In both spruce and balsem atends. The {inal re-
sults indleate that the percent decay in spruce ls
He2h Y 1,11 percent. “he percent decay in bolsam is
13.27X1.98, iPecause of the low values of the multiple
correlation coefficlentz it must be concluded that there
are other factors which have an importent influence on
the presonce of decays Inclusion of these unknown face

tors would result in greater sccuracy of prediction for



50

TABLE 17

Caloulation of Confidence Limits on Psrcent
Decasy for Balsan

= *ts |n?1011+ n23633+ n24CLl + nC50855+ n26Ch6 +

Zte
2n3uC3l+ 2035035+ 2n 36036 + 2nli50LS + 2nibCLb
+2n56056 ;
= tts [(121)9(.00826L5)+ (206)2(.0072069) + (67)2
(.0266920) + (73)2(,0241364)+ (73)2(.0250447)
+2(200) (67 Jr s 0022113+ 2(200) (73 )4 0023875)
+2(200)(73)¢ . 0015459+ 2(67 ) (73)F.0002967)
+2(67)(T3)6., 0041967+ 2(73) (73 ). 0031010
= X1.97 ( /108 ﬁ
aéa Hed) / 539,976
w +t1.97X20.2
i}?g@gé, ' X 23.237
= 139,791

Y

i

;—*ﬁﬁz_‘?ﬁ

1,989

"



percent decay in & forest stond.
Tables 16 and 17 1illustrete the procedure in cele
culating deseay and confidence linits for balsan.

TINAL REMARKS AND LIMITATIONS.

“gfore the final pesults of the snalysis may Ve
stated 1t is necessary to clopify the apullication and
limitatlions of the data which were under consideration
and to interprel 0bservatimn&yﬁhiah baaémakevidentq

“he results of this study are gufflclent to werrant
setting up sn oguation to predict percent decay for thls
spruce~balgsn forest type within the limits of accuracy
given, It should be checied with further data from the
same forest type for verifications It is understood
that the results are confined to the two species ﬁnﬂar
conaider~tion and do not necessarily apply to other
specles,.

in applying the eguation for predicting decay In
foreat stands tho sample should consglst of 100 troes
or morey all of which must be %,1" or lerger in dla~
meters The formals for predleting decey in indlvidual
tress in this stond has a very low accuracy because the
distribution of decay in individusl trees i1s not normels
Yor thls resson the eguation for predleting decay in Ine

dividual trees for these data should not bes uged.
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3 ell The susnect clagsliflications used in the
snalysls the swollen knots class deserves spaciasl cone
sideration, 3Since swollen lmots dld not prove signi-
fileant in any test Lt 1s vosalible that there 1s a migw
undaerstending in clegaifying this defect in the lelds
It is pointed ocut in the fleld manual that aswollen knots
are snalagous to conks and should be poslitive indicators
of decevs Trom personal observation in the fleld the
wrilter wéulﬁ consider thls defeet one of the most diffie
cult to assesss Fleld supervisors should emphasize and
clapify the importence of thls defect so that consistent
re&orﬁinga are possibles It 1ls a valuable deocay indie
entor If proporly classiflied, iupther studies of this
nature in other species ﬁill ald in datarminiﬁg the
relationship between the defects and posalbly Justifly
elimination of certain clrnsses, No conelusions of thilas
sort 2re vogaible fpom the regults of this llmlted study.

COHNCLIIBIONS

For this particular foreat btype the percentage of
decay in spruce is 5.2+ 1,11 percent, The psrcontage
of decay in balsam is 13.275:l¢98 percents The multiple
correlation coefficients Tor bLoth species are low, K
Further consideratlion of age, site and inclusion of other
nathologleal defects should improve the accuracy of pre-

dietions A botter corrslistlon may be expoected ln older



stonds where all elpght pathologleal defect clesses are
present and are ia a gionificent factor,

In beth the soruce snd the belsam the sears were
the riogt hiphly sirnificant defects The najority of
sanrs were recordsed on the lower third of tho treeé,
Since the sﬁrﬂcewhalaam foroat type in this r@gicn is
genorally logred by & gelsctlion system it is important
sllviculturally that dameps by scarring the standing
treca be kept to a minimum.

The method of sbtatisticsrl anelysis may be readlly
edapted and ls rocounended for use in further studlies
of thia natures Besause of the importance and scope of
the provinelsl inventory further studies of this nature
would materislly aid in the final evaluation of the

forest regources of Urlitish Columbla,
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AYPENDIX I

Legend of Symbols Used In Working Data

Regreaszlion
Coefficlents

bl
b2
b3

bb

"a" matpix - obgervation matrix.

hod N

-

Pathologleal
Defact

- Residual

Swollen Enots
3ears
Schoolmarm

Fpost Cragk

Dead or Uproken Top

"o materix = inverse of the observatlion matrix,

Ervor }, 5S¢ {82) = error mean square,

55

F (82) « tabular valus of F multiplied by the error mesn

SQUAYE.

95% L = 95 percent confidence limiti

Se 8¢ = sum of squares,

S - gumation of.

R2 « multiple correlation coefficlent squared.

A fy » degﬁees of freadorm,

“iw glenificant at the one percent significance level,

% w girnificant at the flve percent significance level.
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AVPENDIX 13
Supplenentary Information to Pleld Telly 3heet

To facilitate understanding of the field tally sheet,
(Pizore S) the following abbreviations are dsfined:
KO, - Gorresponding to tree tag number
b, - Height of the tree in feet
Deded, - Diaveter Breast Height
Tree Class,
R -« Residual
3 « 3uspsot
Pp - Dead Potential
Pu ~ Demd Uscless
3s Ee = 3tand Element
Ce Co =~ Crown Classification
Aze - Total age of the tre: determined by stunmp
count plus correction factor taken from age-
stump height curves,
3t, Hit. =~ Stump Height
Gross Vol, - Gross volums in cuble feet - computed
| Trom the Smalia% formula applied to
felled and buakéd laga.v |
Dscay Vol, - Decay volume if present messured in

cuble feet



% Decay - Decay volume expressed as & percontage
of the gross volume
Patholozlcal Remarks - Classification of suspect
trees, Checit marks Indicate the tree
has one or more of the pathologzlcal defects
listed under the pathologloal remarks key
Code Key ~ Forest Type Mapping Code Classification

e.%e 1953 Code Key - 5u3ﬁ1~1~5.2n.3u,
be18l~52-7=3

543 - Coder identification number
A = lajor typa‘cxussirinatian
1 - Code sheet no., 1 for Coder 543
Tyve Easariptian‘m Hain Type
1 - Immature type
S = Spruce
2l =~ 51-10C year old
34 ~ 574 - 875' in height
5 = Bhoeking Clasa 5 (over 100¥ stocked)
Ssoondary Type
& - Secondary Volume
134 - Lodgepole Fine, Aspen type
52 - 81 - 120 yaar old
7 =~ 6481 - 951 4n height
3 = Stoeking Claess 3 (over 31 trens per acre

of a sige 13" and greater)



AVPENDIX 111
Deseription of Sample References

The field samples were located in the Summit Lalke
ares in the Fort Gacrgs Porest District, The following

summary 1s included ams a roference to the basie sample data.

Region Compartment Sample Photo reference

number nuxbey nuwsber number
69 105 1 B.C, 1169:106
69 110 7 B.C., 1170: 8y
69 105 2 I&.é. 1170 4O
69 103A 3 B.C. 1169: 79
&G 1034 2 BeCs 1169 70
69 109 1 B.C. 1170: 31
69 110 135 B.C, 11?0: 30
69 110¢ 1 B.C, 1170: 81
69 1034 1 B.C, 1169: T7





