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ABSFRACT'“

' Representat1ve class dlameter (Dl) values for: dlameter'

" classes: 0-0.49, 0.5-0. 99 1.0-2.99, 3.0-4.99 and 5.0-6.99 .

L3

cm‘were estimated us1ng dlfferent methods: arithggtic class
‘ centre (ACC), average diameter (D) experimental quadratic'
mean dzameter (QMD) and graphlcal QMD methods for lodgepole

pine, Douglas f1r, whxte spruce and aspen 1n Jasper Natxonal
A e

.«?

Park, Alberta. Results show the graphlcal QMD values are a

: reasonable compromlse between the expensxve development of
Co
,experxmental OMD values and the low accuracy of values §rom

o
\

the other two methods T o B}

“

Specxflqa?rav1ty (G) values were determxned for the
above species based on the same size classes and f%r larger

material (7-17 cm) based on wood condition (sound or

)

,‘rotten). A T-test showed significant (95 percent level)
: \ ! .. [ (.

differences between sound and rotten G values of larger |
- o ' ! o / ~ . ;
,‘materlal ] ‘ LTy o | \g

Biomass regre551on equat1ons for total we1ght foliage

welght wood we1ght of df%meter classes 0-0. 49 and 0.5- 0 99
and (total) wood we1ght were developed for tree seedllngs o

(

'($3 m 1n he1ght) of the above four tree spec1es, for fxve
ommon shrubs (Canadlan buffalo berj¥

, ground junlper,V“

: Saskatoon berry, white meadowsweet and pr1ck1y rose) based'ﬁ:.

Qe
’

.on. basal d1ameter, and for two dwarf shrubs (common o
7bearberry and tw1n-flower) based on percent cover.
,Equat1ons of the allometr1c model were adopted to model the

dzstr1butlon of data for tree seedllngs, shrubs and one-

iv



. _\

‘specxes of dwarf shrub (thn flower) and apsecond degree

polynomlal regressxon equat1on Was chosen to mimic the

[

‘dxstrxbutlon of common bearberry data. Regressxon equatlons

‘were chosen based on thelr statlst1c5' r? (R ), SEE, F and t

il

ratios, and dxstrxbut1on of plotted residuals.
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1. INTRODUCTION, OBJECTIVES AND STUDY AREA

Fire“is.the key environmen£ai factor that initiates new
successjional sequences, controls the species compositién and
age structure of sedéréliplant c;mmunities, ahd produces
vegétation patterns upon which the animal compénenfs of the
ecosystem depend (Heinselman 1970). Fire has piayed an
important role” in the ecology of tﬂ;‘northern Roéky Mountain
forests where'the maintenance and survival of many plant
communities dépehd upon its occurrence (Habeck_and Mutch
1973; Tande 1977). These.relationships are confirmed by fire

history studies performed in the region by a number of

authors: Byrne{(1968),‘MacKenzie (1973), Heinselman (1975), |,

i

Tande (1977, 1979), Hawkes (1979) and White (1985).

The historical importance of fire and relatively old
age of fdres; communities located in Jasper National Park
justified and encouraged the initiation of scientific
studies leading to aﬁfire management plan for the park.
Forest fuel quantification represents one importantlstep in
the process of fire management planning, aﬂd fhe accuracy of

_biohaSs estimates will greatly influence our understanding

\
Il

of the potential fire behaviour of the standsj This in turn

should be reflected in the fire management pl n.

From a practical viewpoint, down and dead fuel weights

may be efflectively estimated through the'line intersect -

v

method (Van Wagner 1965, 1968, 1982). This téchhique is best

visualised as a strip sample of infinitesimal width along

-

-which fuel particles are measured or tallied by size-class



. (van Wagner 1982a). The weigut of other forest fuel
components, 5uch‘as tree seedlings,gshrubs and dwarf shrubs
may be more effectively estimated through

statlstxcally sound, locally-~developed, regression’equations
(Brown 1976, Brown and Marsden 1976).

Two physical properties of the wood particles: specific
graviti (G) and répresentative class diameter (Di) are used
in the dowu-and dead fuel weight calculations when using the
line intersedf“ﬁgzﬁgaf‘fhus, more accurate estimates uf
these physical atuributes should undeniably lead to more

)
accurate biomass estimate®. The same logic applies to such

forest fuels as tree seedl;ngs ($3 m in height), shrubs and
dwarf shrubs where statistically sound analogs representing
local conditions should generate reliable weight estimates.
The objectives of this study were: 1) to deveiop and
comparé represenfative size dismeﬁer (D) values by size
class for the four major tree specxes growing in the study
area, 2) to develoﬁ specific gravity (G) values by size
. class and copdition for down and dead material for those
&fsame species, ahd 3) to develop site specific régression‘
equat1ons which would predict the weight of the tree |
seedl1ngs (53 m in height)7 and shrubs based on some easxly

g
measurable and reliable independent variables.

»

]

The approximately 20,000 ha study area (Figure 1.1) is

located in the Montane Forest 2Zone which surrounds the
Jasper townsite (Jasper National Park, Alberta, Canada),

located at 52°6' and 53°2' N latitude and 117°5' and 118°4"

°

[—
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W longitude). Its complex topography and resulting aspect

and elevation gradients have a major influence on elements

. of the local climate such as temperature, piecipitation, .

relative humidity and wind regimes (Holland and Coen 1982).
These in turn impact on the fuel elements (Tande 1977). More
detailed informatién on the climate of-the study area is
available ffom.St fnger and LaJRoi i1970) and Janz and'Storr
(1977). | /

The study area is located in the Douglas-fir
(Pseudot stiga menziesil‘ (Mirb.) Franco) and lodgepole pine.
(Pinus contorta Loudon var. Jatjfolia Engelm.) seétiqn (M.é)
of the Montane Forest Region as described by Rowe (1972). At
this latitude, the Montane Forest Region extends from valley
bottom‘(approximately 1020 m) to about 1530 m (Lee 1976).
Within this éone, five forest cdmmunity types are
represented. These are: Douglas-fir, white spruce (Plcea.
glauca (Moench)'VDSS.var.‘aléebtfana (S. Brown) sarg.),
black spruce (Pfcea mariana (Mill.) BSP‘., aspen (Pbpuh)s
tremrfoides Michx.) and. lodgepole pine\types‘(Taude 1979).

This study‘wss berformed in. thé context of a broader

o]

'prOJect a1med at quantlfy1ng forest fuels in the study area.

Seventy four plots establlshed as part of thlS study were

+

‘{;proport1onally allocated to various vegetat1on types. Fuel

samples‘lncluded. (Figure '1.2) dQuff, down and-dead,fuels,
herbs and grasses,‘duarf shrubs, shrubs, tree seedlings. (<3

m in height), 11ve trees and snags. Samp11ng procedures werek_

'Moss. (1983) was the scientific authorlty consulted for all
common -and sc1ent1f1c plant names used in’ thlS thesis. '



1.2 Loéétibn of the plots'es;ablished,in the study’

Flguref



1@
based on a 30 m- 51de equ1lateral trlangle along ‘which the
/above fuels were quantxfled at predetermlned locatlons
| (Appendlx 1). Results from thrs project were used‘to moref
accurately quantify'such forest fuels as down and dead, tree
‘yseedlﬁngs shrubs and dwarf shrubs. | 1 -

This the51s 1s presented in a journal paper format and
1s‘composed of four, chapters..Chapter 1 introduces the ~Scope
of the study Chapters 2 and 3 represent the body of ‘the
the51s, earh havxng its own 1ntroductlon, methods, results

and dxscu551on and Chapter 4 is a concludxng chapter whlch

sumnarxzes ‘all the materzal presented and d1§cussed.
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2 QUADRATIC MEAN DIAMETER ‘AND SPECIFIC GRAVI'!‘Y VALUES FOR
TREE SPEC(ES NATIVE TO JASPER NATIONAL Pl\-RKi )ALBERTA |
'1;.1 INTRODUCTION
Forest flre 1nten51ty (Byram 1959), and more recentlg
. termed frontal flre 1ntensxty (Alexander 1982) is, highly
_ influenced by the welght of the fuelbed. This concept is
best demonstrated by the followxng equatxon proposed by

Byram (1959)

. "1 = Hwr o | xh‘ B A Y
uhere: B : o - ‘ , ‘
v I =pfire intensity‘(kW/m;
' H = .fuel low heat of combustlgh (kJ/kg)
’ w'a wexght of fuel consumed per unzt area

L © (Kg/m*)
| r-= rate of spread (m/s) ‘.
Technlques for est;matlng down and dead fuel load1ngs
‘by countlng or measurlng down and dead roundwood fuel ‘
..partlcles along 11ne transects were flrst proposed by Warren'
‘and Olsen (1964) w1th further reflnements by Van Wagner
_(1965 1968 1982a) Brown (1971 1974) and Roussopoulos and
‘Johnson (1973) Results of the1r work suggest the welght of
:down and dead roundwood fuels can bearelatlvely ea51ly |

A

,v'determlned by measurzng or count1ng fuel partxcles by s1zev*‘h
class and solv1ng the follow1ng two equatlons azyiQesented
by MERae et al (1979) w1th some mod1f1ed symbo adopted .

from Van Wagner (1982a)



W = 0.1234xix(QMD)* xGxaxc = s [2)

NL : B

for woody fuels less than 7 cm in diameter and

W = 0.1234xZd* xGxaxc o : 3y

NL

for roundwood fuels equal to or greater than 7 cm in

’diameter “‘. -v. ; . o Y
| where:" o |
CWos -fnel‘léading,‘(ké/mz)
O.f234 = _a constant to cOnQert area'to'volume
n = | ‘:number of 1ntercepts per size class less than
' 7.0 cm in d1ameter - M;v' o ‘,.;‘\
(QMD); = squared quadrat1c mean, diameter, (cm?)
id’ = sum of squared dlameters for 1ntercepts 7 0
cm’ and greater in d1ameter, (cm? )
G = spec1fic gravxty of fuel sizé class, (g/cm )
‘a é..  | correct1on factor for non- hor1zontal angle of
?,:‘;,l f~f f"ffuel p1eces ‘,‘: “sfls‘vlg S : S
Jll‘cfé 'l;l-slqpe correction’ factor, (e =1 ¥ (?ercent
’ - slope/100) ) o ‘ “,‘-‘
1‘,& = 'number of fuel transects o ’
'.'ﬁ‘=fqi, .llength of the fuel transect ~(m )lt,»u'g;{h

PO

Nl";Informat1on pertalnlng to the quadratlc mean dlameter
‘(QMD) and the spec1f1c gravzty (G) for each s1ze class,,f
Jcondltlon and spec1es,of woody fuel 1s requ1red to solve
1‘these equat1ons. QMD ande values for varlous fuel spec1es

‘._and dlameter 51ze classes have been presented by a. number of
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authors (Brown 1972 Beaufait and Hardy 1973 Roussopoulos

1

and Johnson 1973, Broyn 1974, Brown and Roussopoulos 1974,
Brown and Marsden“1976 Bevxns 1978 Ryan and Plckford 1978
' Roussopoulos 1978, McRae et al. 1979 Sackett 1980 and McRae

’1982) These values were not approprlate for use 1n thxst
‘o
study because they:elther do not pertaxn to tree specxes

'"nat1ve to Jasper Natlonal Park or are not compatxble thh

Canadlan dlameter size classes or were developed for tree

coa

specles whlch were located on 51tes geographlcally dlstant

' and physlcally dlfferent from those found in the study area.

Therefore the prlmary objectlve of thlS study was .to .
locally determlne the QMD and G values of down and dead

roundwood fuel diameter classes (cm): 0-0. 49, 0 5-0. 99,

1.0-2.99, 3 0 4.99, 5.0-6.99 and G values for rotten and
sound down and dead fuels 2 7 cm in d1ameter for
Douglas fir,? lodgepole p1ne wh1te spruce and aspen

The fuel dlameter sxze classes used in thls study
:ﬂconform to those adopted 1n Ontarxo by the Canad1an Forestry
',Serv1ce (McRae et al 1979) and are dlfferent from d1ameter f

- 51ze classes used by the USDA Forest Serv1ce wh1ch are

\

‘10 -0.24 1nch 0 25-0. 99 1nch and 1. 0- 2 99 1nches (Brown

1974). . S

-——

‘ For pract1cal reasons, small down and dead roundwood

fuel partlcles (s 6. 99 cm) are generally ta111ed by d1ameter
.

'class rather than dlrectly measured in- the f1eld when us1ng

‘the 11ne 1ntersect method (McRae et al 1979) Th1s means a e

_——-——--——-—---_-—

' *Moss. (1983) was ‘the sc1ent1f1c authorlty conSulted for all
’\coq’on and 5c1ent1f1c plant names used 1n th1s the51s._ B

,.._'- ;
C e VR
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representative class diameter (Di) value must be chosen for
~each class. "
Theoretzcally, Di values would be better represented by

QMD values, obta1ned by solv;ng the equatxon presented by

Waugh (1952) ‘p‘ o | ;’ o L , .

C ' n 7 . . S L
‘QMD . =  Ed*/n S o le) 7
i=1 , o '

. where:

d = actual diameters ., 3 . _ _ ‘
) "“\ } i "‘ . ., A s m * “ : L ) Lt
©on = number of, fampleS" ; . ‘ L
rather than using arlthmetxc class .centre (ACC) or average
,dxameters (D) valueS‘ o ‘ 'g|‘lrﬁ“.

‘ where:

b= . - Id / o ' . I8} ¢
. ' 1= l oo ' " o . B

.sxnce d' 1s the property bexng summed (Van Wagner 1982§A

Thefratlonale—for u51ng quadratlc mean 1nstead of average

“dxameter is based on the fact that 1t better represents the
v

diameter of the cross sectxon of average area (Husch et a?

s

‘1972) '“, ,a\‘,‘\V” S “"_H7‘- P ./ S
A S T o o L e—

t

There are two dxfferent methods of estxmatxng QMD ﬂr
'values.,(l) experlmentally,-whxch 1nvolves the collectlon ofn
actual a1ameter measurements 1n thelfzeld for. each fuel |
dxameter s1ze class and sovang equat1on {4] or ‘ff“: ““';;

(2)graphxcally, where QMD s are estxmated us1ng the dlameter.ofrﬁ

o
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frequency dxstrlbutgon wthh 1s determlned from the data Y
recorded as part of lxne 1ntersect field samplxng procedures
(McRae et al. 1979) and. assumlng this frequency is modelled
* by a sxmple power functlons(Van Wagner 1982a, b)
The cost accuracy and versatllxty of the value used as
the representatlve clasc dxameter (Dl) varxes among methods ‘
used to determ1ne that value. Theoretlcally,‘the
experlmental method of estlmatlng QMD values ls the most
accurate, assumxng the . sample size 'is sufflcaently large
‘(Van Wagner 1982a). However 1t 1s the most expensxve due
to lncreased samplxng time requlred and is less versatxle
when these results are compared to graph1cally determxned .
. QMD (Van Wagner 1982b) values. The beneflts and llmxtatxons.
| of graphxcally determlnlng QMD values are thoroughly
dzscussed by Van Wagner (1982a, "b). . ‘
3 The second thlrd and fourth objectxves of thls study
were to determlne the percent dlfference in fuel volume |
'jest1mates whlch would result 1f experlmental ﬁ&D values were,"
replaced by: (Oz) graph1cal OMD values (0, ) average '
‘.f diameter (D) values, and (04) arlthmetzc class centre values .

e

(ACC)
,2.2:uz'mons R

All sample stands of the representat1ve spegges were
selected w1th the a1d of (1) aerlal photographs (A23238 44
to 46 52 and 53 102 and 103 A232401 to- 4 16 to. 23 1973, -

avallable from Energy, M1nes and Rgsources (EMR) Ottawa,

K ' . P ¥ o . 2
P . , . 1w
- . . -
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and’ ‘ to ‘a lesser extent the stand orxgln map of the

Athal sca r;ver valley around JaSper townsite, Jasper
10

f .
Natlone Bark‘ Alberta (Tande 1977 1979). °

i - r

Randomly located ~and orlented llne transects were

establlshed in five dlfferent pure stands of Douglas flr,

; 1

, lodgepole pine, whxte»spruce, and aspen. For each of these
\ ' . . | : : .

four tree species the first 20 down and dead roundwood fuel

oo

partlcles encountered along the transect line for each of

the flve diameter classes (Table 2.1) per stand were
: . ‘ K
meaSured to the nearest mm uslng calxpers A total of

’

. approxzmately 100 samples per diameter class per specxes

Y

{
were reEorded Exper1mental QMD and’ average (D) values for

each diameter’ ‘class by species vere determzned from these
: ) o
field data, using equations (4) and (5) respectively
Graphxcal QMD values wfre determxned using the dlameter

3
r

frequencyﬂd1str1but1on data which were collected as axt of

ilxne transect sampl1ng procedure (Delisle 1983)’ 15}64 plots

of lodgepole plne,nfour plots of Douglas-fir and three plots
of aspen. The procedures descrlbed in Van Wagner (1982a, b)
were followed. Sampllng 11ne lengths varied by fuel diameter

size class (Table 2 1) and conformed to gu1de11nes descrlbed
A

by McRae et al. (1979) L1ne transects were not established

- — . o = — -

’Delisle, G. 1983 Forest fuels quantification in-the
Montane forest surroundlng Jasper townsiteé, Jasper National
Park, Canada. Study proposal. Unpublzshed document., ,

\ |
Yo o
‘.’ o

N4
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Table 2.1 Line lengths used for sampling down and dead
roundwood diameter size class fuels.

’

Diameter class Line lengths

Size class {(cm) , , {m)
1 0.0 -~ 0.49 s
2 0.5 - 0.99 30
3 1.0 ~ 2.99 45

4 3.0 - 4.99 60

5 5.0 - 6.99 75
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in pure white spruce stands located in the study area

because these stands are usually found on flood plains which
are frequently contaminated wlth roundwood materlal from

other specxes. Therefore, the QMD values for white spruce Jn—_
- Jasper National Park were not determlned using the graphical

T

method.

Both the experimental QMD data collection and G sample
collection were done simultaneously along the same line
transects. A portlon of wood was collected from every third
noundwood particle sampled as part of the experimental QMD

“sampling design. These subsamples of wood were used to
determine the specific gravity (G) of wood species by size
class. A total of 30 G samples"pen diameter class (1-5) were
collected for each spec1es. Materxal egual to or larger than
7 cm up to 17 cm diameter was. stratlfled by wood qual1ty \
status (sound or rotten) and an’ approx;mately three cm thick
disk sample was collected Approx1mately fxve wood samples
were collected ﬁor every two cm class, per species, by - wood
quality statu$; for a total of about 25 samples for 'both
sound and rotten material within the diameter class 7-17 cm.

Spec1fic gravity for small (0 6.99 cm) and large (7-17
;cm) d1ameter mater1al was estlmated based on oven dry volume
obta1ned by water immersion us1ng the Amer1can Soc1ety For

"Testing and Materials method D2395 65T, Mode 11 (Anon.
11968) .

Assuming a randomly oriented~population consisting of

horizontal pieces of circular cross-section, wood volumes
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(m*/ha) have been calculated using a basic equation

presented by Van Waéner (1968):

V = (n? /8L);d‘ (6]
'_}here:_ | : |
V = volume per unit area (m> /ha)
\ d = pieceAdiamgter at’ intersection (cm)
L = length of sample line (m)

This equation has been modified to accomodate the class

diameter tally'system proposed by Van Wagner (1968):

V = (n* /8L) (niDi?) - 7]
where:

ni = is the number of intersections in diameter

class |

Di = reprgsentative class diameéer (Van Wagner :

1982a, b) | |

Comparison of Di values obtained from différent methods
_would be mean1ngless since representatxée class (Di) values
are developed only to provide better fuel quant1f1catxon
‘est1mates, where Di values have to be squared (eQﬁation
[7]) Results from comparisons on the ba51s of wood welght
would have been identical, since G is common to ‘one size
Llass regardless of the Di values used to“palcqlate W, usiné '
tﬁe equation: | |

"W = (Gr? /BL)E(niDi?) D 18]

‘e
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where:
W = weight per unit ‘ground area o~
G = density in units of weight per unit volume (Van

Wagner 1982a)

eTherefo;e percent difference‘based dp wood volume (ml
/ha) was calculated for the graphical versus the
‘experimental QMD method as well as for arithmetic class':
centre (ACC) values and average diametec (D) versus the
‘exper imental QMD method. T-tests vere perfermed o determine
the statistical differeace between sound and rotten specific
gravity values for combined material 7-17 cm ln diameter.

e

2.3 RESULTS ¢

2.3.1 Representative class‘diameter (pi) |
The arlthmetic'class centre (ACCl, ave;ageidiametef

(D), experimental and graphical QMb (with associated

adjustea frequency and slope,(Vah Wagnef 1982b) Values~have
been developed for the four most common tree spec1es nat1ve
bto the study area, based on dive d1ameter classes rang1ng |
from 0 to 6.99 cm (Table 2.2).‘Ave:age diam ter (D) values
are consiS£ently‘smaller thahfthe experimenc lfQﬁD valueS'
fcrlall fcur tree.species and.all fuel-diamefer’size

classes. No such b1as is apparent from the comparlson of

'arxthmetlc class centre (ACC) w1th experlmental OMD (values)

.as p051t1ve as well as negatlve d1fferences do occur (Table._

[ 4

2.2).

vt
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The 1ncrease‘1n standard error of the’ mean’ (Sx) values
assocxated thh D and experzmental QMD's reflects the wxder
~diameter ranges from size class 1 topb The SX associated
wzth exper1mental QMD has' been calculated from squared
d1ameters as opposed to or1glnal d1ameter data in the case
of D resultxng in apprec;ableldlfferences. Statlstlcal
comparisons between.ﬁ and experimental-?MD's-would however .

l

be'meaningless since they,dasdwellnas‘their associated'
stathStics, originated from the same 'data set. |

| Percent.difference in wood volume estimates using'ACC
V‘D and’ graphical QMD ; as compared to experlmental QMD s as
representatlve class dlameter (D1) values were estimated
_(Table 2. 3) Based onkcost and. accuracy, the general d
conclus1on is for the graph1cal QMD (Table 2. 3, column 15)
to be the best compromlse, followed by D wh1ch shows a
con51stent b1as when compared to experlmental QMD whlch is’
assumed to be the best est1mator of Di (Van Wagner 1982a)
'.There 1s no- blologlcal reason why ACC should prec1sely
represent D1 values and th1s 1s con§1rmed by the relat1vely
| h1gh d1fferences observed when ACC and experzmental QMD ”-~'
'method results are compared (Table 2 3 column 13) |
alz 3 2 Specxfxc grav1ty (G) “dd 7v~r_ e 'rbﬁylﬁ_):~
Spec1f1c grav1ty (G) values per 51ze class of small
Qdown and dead roundwood fuels ranglng from 0 to 6 99 cm 1n

diameter for lodgepole p1ne Douglas f1r, aspen and wh1te

spruce were’ developed (Table 2 4) Comblned G values (7 17

v.b.b, ...; / .
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”cm in d1ameter) for sound and for rotten large down and dead

‘roundwood fuels have been obtaxned from we1ghed specxflc

N f

grav1ty averages distributed between flve size classes
_specifically: 7p8.9, 9~10.9,‘11—12 9 ‘13 14 9 and 15716l9‘
(Table 2.4). | |

‘The overall'tendency,is‘for the smaller size classes‘to‘
"‘dlsplay hlgher G values as compared to the larger size |
classes in the’ range of 7 to ]7 cm. Specxfxc gravxty (G)
values for rotten wood are consxstently lower when compared
“to sound wood values for all four tree specles The. standardl
error of the mean (Sx) assoc1ated w1th the rotten wood G

values are . generally hzgher than the Sx assoc1ated w1th '

- k

‘ sound wood samples for lodgepole p1ne, Douglas f1r aspen
and white spruce. 3 b’f "}~ | | | o

| A T- test performed on the comblned large d1ameter (7 17
3 cm) values for sound versus rotten materlals reveals hlghlx

s

s1gn1f1cant d1fferences at- t 01 for all four spec1es.

2.4 DISCUSSTION ..

-
-

2. 4 1 Representatxve.class dxameter (Dz) o ‘
, T Fuel: volumes calculated from graph1ca1 QMD (Table 2. 3 jF:‘
r,lcolumn 15) d1ffer from 41 'to 24 80 percent (1n absolute' :
"value) based on 51ze class and spec1es.,The range of
lupercent dlfference 1n wood volume observed between spec1esl
l:for comb1ned s1ze classes 1 5 calculated uszng graphlcal

versus exper1mental QMD values, varled from 2 17 to 4 81

"\:*-;'. . : : o . s



‘VComparable results vere shown by Van Wagner (1982b) where

‘the difference between wood volumes ranged from 0 1 to 21 7.

percent and the total percent difference per spec1es for

'

“comblned size class varled by 4.8 percent. Table 2.5 shows a
’ .
comparlson of results

Potentlal fire 1nten51ty (kw/m) was determlned for each

"‘size class representatlve of the average‘of all lodgepolex«

.fpine stands sampled'by solVing equatiOn‘[l] The low heat of
| combustlon (H) value of 18, 460 kJ/kg, was selected based on

,10 percent fuel moxsture content as suggested by Van Wagner .

(1972 and 1973) and Alb1n1 (1976). The rate of spread was
:arbltrarlly set to 0 5 m per second (Table 2 6) The average
'wexghus for these plots was calculated using equation [8]

- and’ data from Tables 2 3 and 2.4.

t The 13 3 percent d1fference in fuel we1ght est1mat10n

= of 51ze class 3 due to QMD methods used resulted in a°

‘d1fference ‘in f1re 1nten51ty of 96. 92 kW/m or .64 m in- flame

‘ 'flength (Table 2. 6) . But these theoret1ca1 dlfferences 1n

f1re 1nten51ty taken at the level of .one s1ze class may be
'umlsleadzng, however,,s1nce they may not accurately represent;**
_ natural forest fuel s1tuat1ons, in wh1ch fuel 51ze classes

:are 1nterm1ngled The fact that wood part1c1es are

. : { .
1nterm1ngled affects volume to area ratlo and mo1sture of

.

Hfthe fuel bed composed of all 51ze classes, thus reflectlng

hon the overall potent1a1 f1re behav1or._.‘

. ;
L - ---—_——-—--—- .

;“‘Flaﬁe length est1mated from equat1on- I 259 833 (L)’Q"
,‘d(Alexander 1982) . , <

[
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Table 2.5 . Wood volumes‘in five diametéfjciasbeé from a
- line intersect sample in conifer slash (van
- Wagner 1982b).> B S '

r
'

. Wood Voiume, m®/ha
‘ o S

- ‘ : Difference -

] : ' From | ~+ From L -
Size ) Experimental . graphical o
class o oMD . . QMD' . ..t ‘Percent ' -

PR | .8 o 128 o aigls
‘3 l A" 3 ‘H.3.7&, '““.4,50 ‘_ ‘ 42i.%
I 3 7.95“‘ - 7.99 - 0.1
5 . ": : ‘f 6.49- . Q#EZ o }“;2‘6

’

Total o 20.78 . _21.78 .l

*Table 2.5 is a correétion of Table .2 in Van Wagner 1982b
(personal commuriication with theé author 1%/1/85). -

e . C ‘\\ :

\
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Av age wexghts and potent1a1 fire Antensxtxes
caldulated from exper1mental and graphical QMD's
‘for an average lodgepole pxne plot. T

Average weight (kg/m ) Fire 1nten51ty (kw/ﬁ)
per lodgepole. p;ne plot obtained from I = Hwr

based on o (Byram 1959) based on
Size‘ Exper1mental Graph1cal éxpenimentalvG:apﬁicél
class . QMD . . QMD - QﬂD ;. QMD
T 1 & e (N TR T98.75 8097
2 f\, B . '023ov‘, f".0243 "’ 212.29 . 224.29
3 0793 L 0688 . 731.94 1635.02
e 385 .   .1366v 1250.66  1260.82

5 . 138 1444 1327.27 1333.81

AN




For that reason, wood volumes developed from dxfferent;

QMD values are more effect1vely compared based on mean value

et

' locally developed experlmental QMD estlmates s1nce bot

vgenerated from the same expen51vely derlved fleld data.

,per specles 1nstead of 51ze~class value Dxfferences smaller

than five percent would occur 1f %ifphlcally 1nstead of

expe?umental OMD values were used to calculate\total wood

‘ volumes based on comblned size classes 1 to 8 (Table 2.3).

As 1n the case of the prev1ous comparzson the percent ’

error obtalned when wood volumes obtalned from average

‘dlameter (D) estimates as opposed to experxmental QMD values

has a tendency to d1m1n1sh from size class one to srze class

flve for, the same specles Thxs in turn leads to errors in

flre potent1a1 est1mates. In this case, the sign affectxng

the percent .error 1s always the same, suggestzn;’a negat1ve
b1as. Thls is due to the fact that in the quadrat}c mean

[

method the dlameters are squared thus,ng1ngvmore’we1ght to

lthe larger values.

Results suggest u51ng exper1mental QMD values 1nstead
<o

of D would reduce wood volume b1ases by 3 29 to 5. 15 percentnl

.vfor comblned small 51ze classes and by as much as’ 9 84 .

e o

| percent for a 51ngle 51ze class (Table 2. 3) Brown and

'RoUssopoulos (1974) have observed d1fferences as h1gh as 16 N

'3

percent But there 1s no apparentsadvantage 1n us1ng D over

, \Further experlmental QMD s better represent the natural

"‘51tuat1on over D Thlsrwas recognlzed and adopted by severalhl'”

’ ‘

‘7'authors (Van Wagner 1968 Husch et al 1972 Brown 1974
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'Browu and Rbussopoulos?1974,rBevins 1978( Ryan and Pickford

B : ‘
1§98, sackett 1980).  * o o

! . N ! . ! ' 1) ' L]
Percent difference in wood volume estimates resulting
. ‘ ”

,when arithmetic class centre (ACC) values were used asrclass
d@ameter when compared to experxmental QMD are quxte
. substantxal Some values are as high as. 46.1§ ‘percent
‘(aspen) for one size class (0- 0 49 cm) and 10.64 éercene
(Douglas-fir) for.combined small size classesm(Table 2.3)s
Fahnestdbk (1977)‘no£ed the same.problem when diaheterfclass
mid~points were used and suggested that arbjurary values
might be more approprxate as class diaﬁeter. Modified
mld Sgant diameters ef 0.125,,0. S; and 1.5 inches for the
0-0.25, 0.25~1,0, and 1.0-3.0 inch size classes were used by
;Pickford'et él.'(1§77)‘and were found to be the best
approkiﬁators of class diameter based on a large sample ‘
i | o Y
size. - o ’ e T
Composite QMD values are available for the Canadian4
(McRae'et al. 1979) as well as for the American (Brown 1974,
Anderson 1978{ size classes. There are, however, a numbefrAéag

— A ' \

reasons restr1cting their usage. First; combxned values of.

.

QMD only approxlmate the representat1ve class d1a~ﬁter of a
(lv

size class forKaAspec1es. Second, eompos1te QOMD values
Apubllshed in Brown (1974) are averages of non—slash and
slash fue%ﬁl Comp051te 'OMD values in McRae et al. (1?35) are
strlctly related to slash fuels whereas the Jasper study
pertaxns to a natural fuel s1tuatzon. ‘Third, the composite

values from these two stud1es .were developed from several

-
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species not native to Jaéper. Fourth, only the McRae et al.

1979 size classes are common to those of the Jasper study.

»

And finally, because the geographic location from which

,composite QMD's were developed is so‘ﬁistant from Jasper,

genetic varxatxon in plants of the same species qould cause
dxﬁference in QMD estlmates This last point is partxcularly
1m§§rtant and is emphasxzed in a study by Ryan and Pickford
(1978), where locally developed QMD s are known to have |
reduced thg bfas in predicted fuel loadings b; 4 to' 57
percent.

OMD or specific grav1ty values generated from slash
vefsus natural fuel sxtuatlon 'should, for the same species
sampled in stands of the same regiona be different, as
recogniied by Brown (1974). Tﬁis‘is'due to the fact that
fresh slash material is generally covered with bark which
contrasts with the generally bark-less naturally fallen
small (<7 cm in dxameter) down and dead materxal These
dxfferences should gradually dxsappear as bark de;aches from
slash material with tife.

2.4.2 $pecific gravity
Several 6f the- factors limiting the use and comparison

of representative class diameters between different studies,

‘also apply to speciffc grévity'(G) data. Specific gravity

data are expen51ve to produce and are only published in a

- few papers. Most spec1f1c gravity values are only compatlble

with tie American diameter-class system (Brown 1972,
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A

A

Beaufait and Hardy 1973, Ryan and Pickford 1978, Sackett -
1980). Composite G values are available (Brown 1974, McRae *.\
et al. 1979), but, as }h the case of composite QMP values
there are a ﬁumber of reasons for not using them in tﬁe
context of Jasoer fuel study. 'The best and only serious
alternative to accdrate G values per size class per species
and condition is to locally develop the values. In fact, it
might be necessary in order to obtain realistic fuel loading
estimates since differences in'predicted load{ng caused by
use.of local determination of specific gravity ranged from 2
to 44 percent in a study. performed in the Blue Mountains of
Oregon (Ryan and Pickford 1978).

Specific gravity values developed for size classes 1 to
S of the four tree species selected for this project were
| obeained from a minimum sample size of about 30, Resulﬁs'
suggesting larger speciﬁéc gravity values for smaller size
classes as compared to higher size classes (Table 2, 4) may
be attrxbuted to the largLr proportlon of .dense heartwood
contained in smaller woody material. | '

Because of the relatlvely small sample size of about 25
for the combined (7-17 cm) larger mater1al, a T test was |
used to establlsh 1fvd1fferences:between sound and rotten
values’were‘significant for all.species‘sampIed. Significant
differences at 95 percent confidence.level have been found
betweeh sound‘and rotten material oflail'four species. A’

larger var1at1on would probably have resulted 1f the

specxfxc grav1ty ‘of all punky samples collected could have

~
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beeo sﬂccessfully estimated through laboratory orocedures.
The yer§ punky ﬁaterial has low speaific gravity values but
was dxffgcolt to process uszng\the laboratory procedures
described: earlxer |

The larger SX values associated with rotten versus
sound materlal (Table 2 4) are probably due to the wider
range of spefxfxc grav1ty values whxch could qqgi;iy as

rotten as*%ompared to sound. Both determinations re based
g \

on subjecfive\qugements.
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3. BIOMASS REGRESSION EQUATIONS FOR COMMON SHRUBS AND TREE

‘SEEDLIN?SlhATIVE TO JASPER NATIONAL PARK, ALBERTA

3,1'1n7nobucmron\ o o f“j R B
Live‘plant‘blomass‘is potentxal fuel” (B?own‘and bavis

1973) whzch may contrxbute to the total heat output spreadf‘

rate, and re51stance to control of a w1ldland flre..Shrub ‘

and tree seedlxng blomass is 1mportant because of the amount

of organlc mater1al by welght and volume 1t contrlbutes to
the total fuel loading of a stand In addltlon, ‘these plantsd
contr1bute to the vert1cal layer1ng of thenfuelbed This
th1rd d1mens1on d1rectly affects “the crownlng potent1al of
the stand because these shorter plants act as "ladder fuels"
(Brown and Dav1s 1973 Pyne 1984) Also, the natural‘ |
d1sp051t1on of dead follage,,tw1gs and bark flakes are
1ntercepted or collect on these standlng plants,‘thus

“reduc1ng the decaylng process and creat1ng a more cont1nuousw‘
*and: well aerated fuelbed ThlS phenomenon 1s partlcularly .

” 1mportant at the forest floor level where th1ck stands of
common bearberry (Aﬁctostaphylos uva-ursi (L ) Spreng ) or.

| tw1n flower (Llnnaea borealis L.‘var.,amenicana (Forbes)
Rehd ) are present (Muraro 1964 Lawson 1972 Fahnestock

1976 and Alexander 1978)

,f\everal authors have pub11shed regressxon equat1ons or‘”

tables wh1ch pred1ct the oven dry wezght of stand1ng l1ve'

and dead blomass from eas;ly obta;ned 1ndependent varlablesr”h

such as basal dlameter, helght canopy or ground cover l\‘
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(percent) or dlameter at Ereast helght (dbh) (Telfer 1969
V'and 1972, Bentley, Seegrlst and Blakeman 1970, Brown 1976
-h Brown and Marsden 1976( Edwards 1976, Ohmann ‘Grlgal and
o Brander 1976, Grlgal and Ohmann 1977 Roussopoulos and yiﬁél
: Loomls 1979 Martzn Frew1ng and McClanahan 1981 Ohmann‘ |
Grlgal and Rogers 1981 Olson and Martxn 1981 Agee 1983)
But most of these relat10nsh1ps are for plant spec1es not'
natlve to: the study area or the data were obtaxned from
specles growlng on 51tes geographlcally dxstant fr,m~the
study area. Add1t10nally, most analogs were not developed to
pred1ct the welght of fuel components for. use w1th fuel S1ze!
\‘classes recognized g% most forestry agencies in Canadar
Therefore, as part of the forest fuel quant1f1cat10n ’
study (Dellsle 1983) relatlonshxps Between various
1ndependent varlables and oven- dry welght were developed for
four spec1es of tree seedllngs (<3 m 1n hexght) lodgepole
p1ne (Plnus contonta Loudon var. Iatifolfa Engelm ), ‘, |
Douglas~f1r (Pseudotsuga menziesfl (erb ) Franco), wh1te‘p”
spruce (Plcea glauca (Moench) Voss var. aIDentiana (S |
Brown) Sarg ) and aspen (Pbpulus tPemquides M1chx ) f1ve“f\
spec1es of¢shrubs. Canadlan buffalo berry (Shephendla ) o
canadensls (L ) Nutt ) ground Junlper (dUnIpenus communjs w -
. L), Saskatoon- -berry” (Amelanchlen alnifol la Nute.), white' o
meadowsweet (SplPaea Iucrda Dougl ) and pr1ckly rose (Rosa o

R R f;‘ﬁ - o . .
sDellsle G. 1983 Forest fuels quant1f1catxon in' the o
Montane forest surroundzng Jasper ' townsite, Jasper- Natlonal »',=
- Park, Canada‘\sgudy proposal. Unpubllshed .report, } o
‘Moss (1983) ‘is the scientific authority consulted for all

common and sczent1f1c plant names used 1n th;s the81s.

",I.‘
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IaCIcularls andl ); and two- species of dwarf shrubs. c0mmon"
! . . .

bearberry and tw1n flower

3.2 METHODS

’\3 2.1 Shrubs and tree seedlxngs (S3 m in height) S
Randomly located and orlented ‘two- meter ‘wide transect

11nes of d1fferent lengths were establlshed in f1ve"
d1ﬁferent stands for each spec1es. Informat1on perta1n1ng to
elected shrubs and tree seedling stems- basal d1ameter | |
‘(cm) he1ght (cm), and dbh (cm) (when” appllcable) was
collected Once measured all aerlal portlons of shrub and
tree seedllng stems were collected An attempt was made. to
collect data from the smallest ‘to. the largest 1nd1v1dual of‘
_each spec1es, with two samples per 0.10 cm basal dlameter
1ncrement. This resulted 1n d1fferent sample 51zes by
spec1es. f‘ 7,;‘,j| : ‘, \ ,~t' .‘J I ‘5 o
o Laboratory work cons1sted of separatlng fol1age from -
j wood and further stratlfylng woody mater1al 1nto approprlate
151ze classe5° (s1ze class 1 (0 0. 49 cm), 51ze class 2

‘)(0 50 0. 99 cm) s1ze class 3 (1= 1. .49 cm), 51ze class 4
‘»(4\32/1 99 cm) s1ze class 5, (2 00 2 99 cm)f451ze class 6
”(3 00 4. 99 and s1ze class 7 (5 00 7. 00 cm)) Woody mater1al
: and folxage were subsequently oven-drled for a per1od of 24 o

hours at 100 C (Ponto 1972) and then wezghed to nearest 0. 1

B " R TN 1
P’ K BN
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' 3.2.2 Dwarf shrubs a .

, Randomly located plots (30 x 60 cm) used to sample
» commpn bearberry and twlneflavor were established in the
study area as part of the Jasper forest fuels quant1f1catxon

study (Dellsle 1983) ’ The percent cover (: 1%) and hexght

A

(2 0. 5 cm) of the dwarf shrub specxes was v1sually est1mated

for each plot. L1ve and dead shrub materlal (leaves and—

LS

stems) located above the forest floor and contaxned in a
| vertlcal prOJect1on of the sampllng frame was collected
" oven-— dr1ed for 24 hours at 100°C and welghed to +0 g.
Oven-dried welghts of the dlfferent sxze classes, of
total wood (total of all 51ze classes) folxage and of total

stem (wood and fol1age) were used to develop basal diameter
‘ E

(d) dbh (when&ava1lable) .and hezght (h) regressxon

equatlons for medlum shrubs and tree seedllngs. Oven- drxed
- b1omass of dwarf shrub materlal were used to develop

regre551on equatlons based on' percent cover and he1ght
o _ - QL ‘
r &7

- 3.3 RESULTS

-

. . , ) .
' R . . y o v ' . . '
, NN L o N PR '

o 3 3. 1 Shrubs and tree seedllngs (53 m 1n hexght)
e Regre551on equatlons descrlblng the relatlonsh1ps

'between the log of the basal stem dlameter (d) and the
Vf,dependent var1ables (total we1ght fol1age we1ght,‘wood

,}f‘we1ght and wood welghts of srze classes one and two (when,'
."Dellsle, . 1983, Forest fuels quant1f1cat1on in ‘the
. Montane. forest surroundlng Jaspér townsite, Jasper: Nat1onal
’Park Canaoa.,Study proposal Unpubllshed report. ‘ .
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applxcable), were deVeloped for tree seedllngs and shrubs

based on oven- drxed collected samples (Table 3. 1 and- 3.2).
hCurves for the regressxon equations presented in Table 3.2

,representxng the data dlstr1but10n for the fuels components‘v‘
' 4 (

by spec1es, and plotted on the same scale are shown in
Fzgures 3.1 to 3 9 Regress1on curves w1th data poxnts for N

every fuel component of the tree seedllngs and shrubs have
e ‘ . [ ‘r-i!. . '

also been produced (See Appendlx 1I1).

'+ Among the varxables~ basal dlameter (d), dbh and helght

‘_(h) log (d) had the h1ghest correlat1on with’ log (w) for‘az

all wexght components for all Spec1es of ‘tree seedllngs and

‘shrubs. Dxameter at breast hexght (dbh) was not con51dered
as an 1ndependent varlable since it only applled to larger

,stems. Helght (h) was also dlsregarded as a varlable because

1t is: not ar truly 1ndependent var1able when used 1n .
conjunctzon w1th basal dlameter.,Covarlance analyszs‘

conflrmed that only a small 1ncrease 1n precl51on was galned

ery us1ng log (h) as a second 1ndependent varlable."

- tests conducted on 1ntercept (d) and: slope (b) were

Ay

xpresented 1n Table 3 2 These equatzons all exhlblted a

- h1ghly s1gn1f1cant F ratao, thus 'verlfy1ng of the sound .

relat1onsh1p between dependent and 1ndependent varlables."“

Although T and F tests related to the regresszon'

w

‘out to be hlghly 51gn1f1cant,‘1t was rejected on the ba81s

of a surprls1ngly low r"and h1gh SEE values.' | '

(,-.-(

‘ found s1gn1f1cant to the 99 percent level for all equatlons B

“equat1on developed for szze class 2 of lodgepole p1ne turned 1;
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) . . 2 “ ‘ ,‘-",_.“..,.-.- . “ .‘ -
Since‘no'size‘class 2 white'meadowsweet and prickly'

rose materlal was sampled wexght of sxze class 1

-‘equlvalent to wood wezght (Table 3. 2)

I

’. 3.3. 2 Dwarf ~shrubs E
| Hexght was rejected as an 1ndependent varxable for both
 twin- flower and common bearberry spec1es Thxs was done for
two reasons. flrst helght measurement is very subjectlve |
,‘depend;ng on how the plant lays on the forest floor and:
second because the helght varlatlons among dwarf shrub
plots are rather small ThlS observatlon agrees with that

'reported by Alexander (1978)

Relat1onsh1ps between cover (percent) and we1ght (t/ha)

'¢for dwarf shrub spec1es were establlshed through regressxon

a

‘analy51s, based on' 230 fwin- flower and 210 common bearberry
“'randomly located plots (30 x 60 cm) A power functlon
‘(ar1thmet1c model) was used ‘to model the d1str1butxon of
f}tw1n flower data (Flgure 3 10) and ‘a. second degree"_: “
-l polynomlal equatlon was used to model the d1str1but10n of
‘J'common béarberry data (Flgure 3 11) As for shrub and tree h,,i
~'segélgm§ regress1on equatlons,.the tw1n flower regress1on :
kiequat1on 1ntercept was corrected for logar1thmet1c b1as .
Jgaccord1ng to Baskerv1lle (1972) An F rat1o s1gn1f1cantvat
.gthe 99 percent level for both equat1ons presented 1n Table
[’3 3 empha51zes the va11d1ty of the relat1onsh1p between

idependent and 1ndependent var1ab1es. A T~test conducted on {

slopes (b) of dwarf shrubs regre551on equat1ons was hlghly"
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Table 3.3% Regression equations for estimating weight of
-dwarf shrub species based on cover.

a

. 56

Common Bearberry . E

Weight (t/ha) = 0.0532 (% cover' ~ 0.000162 (% cover)?

0.836

R? =
SRR SEE = 0.3088
! - F = 528.59

Twin-flower
Log (weight) (t/ha) = ~1.79 + 1.05,log (% cover)
£t = 0.626

SEE = 0.3132
F = 382.28
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\
significant, thus aliowing the rejection of the hyponhesis
of b=0. A T- test conducted on the 1ntercept (a) of the
Ccommon bearberry regression equation was found to be
non~significant. For that reason, the .intercept value was
discarded, thus forcing the intercept nhrough the origin
(Fiéufe 3.11). Since the T-test conducted on the jntercept
(a) of the twln flower regress1on equation was found highly
to be significant, it was retained in the equatxon (Table

3-3)- ’ . ‘ I \

3.4 DISCUSSION

heY

3.4.1 Shrubs and tree seedlings, (<3 m in height)
Plotted tree seedling and shrub data by weight over
basal stem diameter.of various ¢omp0nents (Appendix i),

revealed that the power function was well su1ted to model

A
[

the dlstrxbutxon (Zar 1968). The llnear form of thei‘
allometric model (log yi = log a + b log xi + log 61) was
used to predlct component oven- dried welght (y) in g from
‘basal stem dlameter values (x) cm, Wlth an error of e, in
order to generate statxstlcs related to the regression |
equetlons. ) ’
Transform;t1on of estimates from a logar1thm1c equation
.back to arlthmetlc unxts may not be done d1rectly w1thout
;ntroduc1ng a b1§§ result1ng in a- systematzc .

under est1mat1o§ of weight (Zar 1968). A d1rect

transformat1on based on ant1log transformat1on fails to
y

-
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account for the skewness of the distribution in arithmetic

units, thus yielding the median rather than the mean value

\

of y for a given x (Baskerville 1972). This was rectified by

adjusting the intercept using the following equation:

(a + MSR/2) )
<10 ‘ ‘ - (11
where: | Iq
a = intercept
- MSR = mean square residual

? = adjusted intercept (Baskerville 1972)
Although ovenfdried weights for tree seedling and shrub

stems were determined for every component by size-class,

ronly regression equations representing the first size
i \

classes were considered, and this for both statistical and

practical reasons. Statistical justification is based on the -

facts that'the'general trend in regression eqUations from

s1ze class 1 to 7 is: d1minlsh1ng sample s1ze (n) (Table

"3.1), poorer d15tr1but10n of re51duals, 1ncrea51ng standard

error of the estimate (SEE) d1m1n15h1ng coef£1c1ent of -

determination values (r? ) and decreasing F stat1st1c and T

values related to 1ntercept and slope to the po1nt where
they become non sign1f1cant (Table 3.4 and ;ppendxx 111).
Slnce l1ve tree seedl1ng and shrub mater1a1 larger than one
cm in dlameter would rarely be consumed durlng even high
1nten51ty f1res (personal commun1catlon from Z. Chrosciewicz

20/3/86) there was no practical reason for developlng'
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Table 3,4 Statistics related to tree seedling and shrubs
regression equation's which have been re)ected
" Species - Size . n r? SEE F
class .
Lodgepole 2" .76 0.463 0.3750  63.7169
pine 3 62 0.057 0.2538 3.6181
4 48 0.004 0.2978 . 0.1621
.5 39 0.327 1 0..2895  17.9475
6 9 0.646 0.1726  12.7898
Douglas- 3 '63 10.557 0.1913  76.8033
fir 4 52 0.453 0.2272  41.4651
5 42 0.639 0.2517  70.7946
6 16 0.724 0.3735  36.7240
7 3. 0.600 0.5715 1.5006
White 3. 64 0.131 0.2519 9.3643
spruce - 4 51, 0.228 0.2678  14.4393
\ 5 40 0.637 . 0.2541 66.8080°
6 14 0.816" 0.2862  53.3248
Trembling 3 0.258 0.1041" .3475
aspen ‘ ‘ ‘
Canadian 3 36 0.414 0.3073  23.9894
buf falo- 4 19 0.071 0.2752 - 1.3062
berry 5 12 0.037 0.2593 - 0.3827
Groufid 3 20 0.109 0.3275  2:2022
"juniper 4 10 . 0.101 0.2314 0.8950
‘ 5 2 - S -



-statistically sound regression equations of the general

form: log yi = log a + b log xi + log ei for size class 3.
Y . t LY

and larger.

-

Trends in Figures 3.1 to 3.?‘suggest the distribution
of bionass in a stem is related more to the fact that the
‘species has needle-like leaves’instead of broad leaves than
if the spec1es belonged to the tree seedling as opposed to
the shrub category. Follage weight of white spruce (Flgure
3.3) and common ground Jpnmpqr (Fxgure 3.6) have almost as
h1gh as wood welght which should be taken into ’
‘con51derat10n‘when deal1ng w1th flre behavxor potential

The hlgh biomass value of size class 2 as compared to
51ze class 1 and folzage dlsplayed by aspen (Flgure 3.4) and
Saskatoon- berry (F1gure 3.7)° suggest that animal - predatxon

may occur, thUS reducing the 1mportance of bzomass from size -

,class 1 as compared to 51ze class 2 In fact small branches

-\ i

| and twigs of both of these specxes are known to be qu1te
nutr1t1ous,lsupply1ng ungulates w1th n1trogen not found in
cured grass, dur1ng the winter months.f Aspen'regre551on.
"equations presented in'Table 3. 2'should"be'used with care
'however,‘s1nce the relat1vely small data set (n = 19) only
,represents a small range of basal dlameters, namely 0 17 to
1.0 cm (Table 3.1). The qestrlcted sampl1ng range of 11ve
.stems (con51dered for samp11ng) reflects the low occurrence -

- of aspen seedl;ngs 2 1l cm in dlameter whlch is probably

caused by an1mal utlllzatlon.

L)

' ‘Personal communxcat1on Hlth Gary Trott1er from the Canadlan °
W1ld11fe Servzce. ~ . S : ‘
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-

wlthout predation, curves perta1n1ng to aspen (Fxgure
'3 4) and Saskatoon (Flgure 3. 7) would probably follow the |
trends observed in the blomass curves for Canadian
buffalo-berrv (Figure 3‘5) whlch llke white meadowsweet
‘(F1gure 3.8) and prickly rose (Flgure 3.9) are rarely used

by ungulates in thxs study area.

3.4.2 Dwarf ‘shrubs

- Differences in growth forms in one spec1es of dwarf
-shrub, . common bearberry grow1ng in geograph1cally distant-
areas have been ‘noted and are reflected in the dlfference of:
the components of the second degree polynomlal equatlon used‘:
in both: Brown and Marsden (1976), and Alexander (1978). This

prov1ded addxtlonal Justxflcatlon for local development of

" sonwy

-

two common dwarf shrub species, 1n the study area (Table .

3. 3) | |

The allometric curve wh1ch models the dlstr1but10n of
ltw1n floweﬁ'data should be used‘wlth ‘caution, sxnce only two‘
percent of the sample p01nts exceed cover values of 30
.percent The confldence 11m1t of the curve over 30 percent
Tvcover becomes too wlde to- encourage the use of th1s curve
- for cover values exceed1ng th1s poznt. Thxs op1n1on 1s ” |
shared by Ohmann et al. 1981 The relatzvely low r’ value -
due to the rather large var1at1ons around Y réflects the ”dh"u
.rd1ff1cu1ty assoczated Wlth tw1n flower cover sampllng 5

Because oﬁ 1ts grow1ng hab1t whlch tends to form thlckT '

stands, commen bearberib was an eas1er shrub to sample than«,

~~..;
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twln—fldwer; This is'reflected in the smaller variation

above and below ¢ (F1gure 3. 11) as well as in. ‘the

o stat1st1cal parameters assoc1ated w1th the regressxon

vequat;on (Table 3. 3). In this caSe, data support the .

regression 11ne up to a\percent cover of 80 percent.

-
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,d1ameter for roundwood dlameter 51ze classes. 0 0-0, 49 Ccm,

Further, QMD s. calculated from the graph1cal method is an .

4 CONCLUSION AND RECOMMENDATIONS

' Y
Accurate fuel loadlng est1mates wxll lead to better

‘ predlctlon of potentlal forest fxre 1nten51ty These

estxmates are’ hlghly 1nfuenced by spec1f1c gravxty and o"‘ﬁ-”
representat1ve class dlameter (D1) values whlch are requ1redi;'

.to solve ex1st1ng equations’ when usxng the 11ne 1ntersect‘

method Results of thls study show the quadratxc mean | T

diameter (QMD) best estlmates the representatlve class

‘.0 50 99 cm 1 0 2 99 cm, 3 0 4. 99 cm, and 5 0 6 99 cm.

‘-acceptable alternatlve to ‘the more common standard of
-‘determ1n1ng the QMD uslng actual dlameter measurement Also‘»\

"1t 1s far cheaper«to calculate QMD s u51ng the graphlcal

’

._methodﬁwhen compared to the experzmental approach

fD1fferences between the most commonly reported methods of
ﬁdeterm1n1ng D1 s are analyzed and dlscussed for lodgepole
p1ne, Douglas f;r, wh1te spruce, and aspen.u-;gffsyfl fd?]1‘~'-

Spec1f1c graV1ty values were determ1ned for ‘the: f1ve l"

N -/.‘

*-'roundwood dlameter sxze classes, plus roundwood >7cm 1n

*

. seedllngs (<3 m 1n ht) Canadlan buffalo-berry, ground

H] d1ameter by soundness (Rotten and Sound) for the four tree

& » e S
specxes ment1oned above These values agree w1th prev1ouslyh;,uj.w

pub11shed data but are spec1f1c to: trees sampled in Jasper
Nat1onal Park wfﬁ'a,tjh:]t“flhgcf,ﬁ”[pfm}',;,j,fﬁ"féfyl}‘ﬁhgﬁgt
Blomass regress1on equatlons were developed for B

lodgepole p1ne, Douglas f1r, whlte spruce, aspen tree gf{lfbl‘

..( .

'la%éﬂcigi;%;fﬁ:p,fifﬂiila:;’;ibj;fgti
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b4jun1per;‘saskatoon berry, wh1te meadowsweet prxckly rose,‘
‘and two dwarf shrubs (common bearberry and tw1n flower)
These speczes are common 'in Jasper Natxonal Park “the study

N area. Equatlons were developed that would pred1ct follage
hwelght total stem we1ght ahd roundwood fuel Welghts by the

. l
© five 51ze classes ment1oned above for the four tree spec1es“

o and taller shrubs also listed. ‘The logarlthmlc‘j
transforma ion of the model Y ; ax cons1stently prov1ded
‘\the best e: txmate of blomass we1ghts for all tree seedl1ngs
and. shrubs, except common bearberry,'when basal dlameter or“
lln the case\of tw1n flower percent cover are used as: the
1ndependentlvar1ables (b) The R? for these relat10nsh1ps
‘3ranged from 570 to’ 986 and all were h1ghly sxgn1f1cant The
d accuracy of th1s model d1m1nlshed w1th an 1ncrease i -
,proundwood size: classes due to. (1) an apparent change in :
;seedling form and 1n some cases a shortage of samples. For“
ifcommon bearberry, the second degree b1onom1al model with’
E?percent cover as the 1ndependen\\war1able produced a good

. est1mate of b1omass (R’—d836)

LI
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APPENDIX I - SAMPLING DESIGN FOR THE JASPER FUEﬁ

QUANTIFICATION STUDY

A) First field season
B) Second field season
/
i S
g ‘ ) /
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I Crown fuels IRREET . ¥ S S ‘:v

° A Standlng live trees .© Tree .count 1nszde triangle
(>3 m in hezght) - ~'and 10 plots usxng ‘the PCQ ‘
’ ' ‘H%methods.
e Bg‘ Standzng dead trees »Tree count 1nsxde tr1angle.‘
@, 7 :y(>3.m in height) 7. ‘ o ‘ -

f:é. Surface fuels = ’ ‘
o ‘ A Stand1ng\11ve seed11ngs 4 X 1 8 m radxus plot
(>3 m in hezght)

‘?LC B}L_ Shrubs “‘”gﬁ'4 x 1. 0 m radxus plot
.© '®.C.. Herbs, grasses and ' '6°x.4(30 x 60 cm) relat1ve
... dwarf shrubs K = g‘estlmate‘fﬁ'

XVD;HrDowned and dead fuels ~ Line 1ntersect method "

3. Ground fuels

_® - puff pth. _‘“7 o 7,‘10 x 4 duff‘aepth subép1ots,"

3 black and whlte and 3 d
 ‘color stereopa1rs LT

4 a Photo-pomt _
) A) Samplxng desxgn" 1983 f1eld season‘- Plot #1}— #37

—— -




Croﬁn‘fuels‘

K.A;;‘Standlng live seedlxngs 10 x. .8'm ‘radius plot

v, ‘ ‘ ‘ ’ .
X v | 1)

W

A. Standing live’ grees-“ Tree count inside triangle
(>3 m 1n hexght) .. -and 10, plots usxng the PCQ

: ?.ffmethods

B. Stand1ng dead trees -  Tree count inside tr1angleb-

(>3 m in. %elght)
Surface fuels

4

* (*3 m.in height)

B. Shrubs : ' 10 x 0 m rad1us plot
“C. . Herbs, 'grasses and T 10 . x 4 (30 x 60.cm) . .
. dwarf shrubs : frelative estimate plots
D. Downed and dead fuels - Line xntersect method
Ground fuels = : '
.Duff depth _ - 10 x 4 duff depth sub plots
Photo poxnt S 7 1’black and wh1te :
' B stereopaxr

xle) Samplxng desxgn'i 1984 fleld szason - Plot #38‘- #74
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