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THE FUid., COMPLEX IN 70-YKAR
ULD LODGEPOLE PINE STARDS OF
DIFFERSNT DERSITIZS

by
A. L, KIIL

INTRODUCTIOR

Forest fires burn in trees, shrubs, herbs, litter and moss
and cccasionally consume a portion of the underlying humus. The ine
tensity of combustion depends primarily on fuel welght, size, character
of the fuel bed, and moisture content, Thus any fuel rating system in
terms of fire behaviour must account for the relative importance of
these and other fuel variables which exert a signifiecant influence on the
fire. An estimate of wood fibre content of fusl is of wider interest to
students of forest preductivity and utilisation,

Fuel classification in North Amerieca during the past 4O years
has been based on estimates by experieneed observers of the fuel com-
plex in forest stands, The best known example of such a system is
iornby's (1935) division of forest areas "intc units accordins to their
characteristics respecting fire spread and difficulty of establishing
and holding control lines', Juch descritions do not provide a

quantitative measure of the amount or importance of each fuel variable,
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Muech of our knowledue about fuels is therefore incomplete and relative
in the sense that observers! sstimates of the fuel complex are only in-
cidentally related to fire behaviour,

A quantitative approach to fuel measuren=nt appears fensible
particularly where the forests nre comprised of relatively pure and
evenaged stands of fire origzin, In Alberta such stands are comron and
one appreach would be to examine stand-fuel relationships in stunds of
different densities on similar landforms with sinilar site and growth
conditions,

Fuel weight and size are major factors influencing rate of
combustion and perhaps the easiest to measure; hence the first step
will be to identify, measure and weigh individual fuel components com=-
prising the fuel complex, Previous studies of individual forest fuel
couiponents in terms of weigzht and size have been reported by la Mois
(1958), Fahnestoeck (1960), Mcarthur (1962), Muraro (1966) and Kiil (1967),
but no single study has adequately described the entire fuel complex,

The second phase of the fuels research program will attempt
to relate these and other variables in terns of their effect on fire be-
haviour, Finally the important fuel variables will be classified in
terms of available fual ener;y over a range of burning eonditions,

The usefulness of the proposed systam can bhe increased if it
cun be adapted for use with aerial phwtozraphs., Stand parameters such
ag crown cover, height, speclies and topographic features ineluding lande-

form, elevation, slope and aspect are all obtainable from aerial
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photozraphs, The feasability of classifying fuel wvariables on lar_e-
scale aerial photographs is the subject of a current research project,

The purpozes of this study are to:

l. investigate how atand density affects weisht-and-size distri-
bution, and density of aerial and ground fuel components on one site,
slope and exposure,

2, 3dentify the stand paramcters that can be used as predictors
of fuel weight-and-size distribution,

3. attempt to provide a practical method whereby weirht-and-size
distribution of the fuel complex can be estim:t: | from one or more stamd
parameters,

For purposas of this study, the fuel complex vias separated im .
aerial and ground surface fuels, Aerial fuels comprise ths entire stande
ing tree crop, including standing snags, while ground surface fuels in-
clude all other fuels within 6 feet of the forest floor, The latter
fgroup includes shrubs, herbs, conifer regeneration less than one inch in
diameter at breast height, forest floor litter, moss, and s, Crown
fuels are defined as all live and dead branchwood on standing trces
whereas slash comprises the crown :ind the ummerchantable portion of the
stem less than 4 inches in diameter, Fine fuels include all material
less than 3 inch in diameter, medium fuels range from } to 2 inches,
heavy fuels cover the range from 2 to 4L inches, and course fuels exceed
4 inches in diameter or depth,



LITERATURE REVIEA

Lodgepole Pine

In Alberta, lodgepole pine (Pirus contorta Uougl var,
latifolia ingelm,) occurs in the western portion of the province, in-
cluding the esaztern slope of the Rocky Mountains and the foothills
region, It occurs commonly in pure stands but also in mixtures with
other speecies, including Engelmann spruce (’icea encelmannii Parry),
white spruce (Piges glauca (iHoench) Voss), black spruce (P, mariana
(Mi11) BSP.), alpine fir (ibies lasiocarpa (ilook.) Nutt), trembling
aspen (Populus tremuloides Michx.,) and balsam poplar (P,balsamifers ).l

Exposed bedrock in the lodzepole pine area ranges irom the olde
est hard Precambrian to the youngest, soft Tertiary strata, Land {orms
and solls are typleally of glacial and glacio-fluvisl ori-in, with depth
of depositional material incressing progressively from the Subalpine to
the Low Foothills Uivision (Smithers, 1961). Soil profile development
varies from the typically grey wooded so0il of the low foothills, through
a podsolized grey wooded in the high foothills, to a brown or greay pode
soliec soil in the Subalpine Division, In west-central ilbert:. the tree
occurs in even-a;ed stands on s0ils of ,licizl t11l, coarss ravolly

alluvium, and lacustrine deposits (iuffy, 19¢2),

1Ca.mda, Department of Horthern ..fairs and National Resources,
Forestry Branch, Kative Trees of Canada, Bulletin 61, Fifth idition,
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Fire is the most important event in the development of lodge=
pole pine forests, The intensity of fire varies considerably, 2 fact
which greatly influences forcst composition (Horton, 1956). sometinmes
it takes the form of a lizht ground surfaece fire which will skip hap-
hazardly through a stand leaving some parts untouched, some ascarred in
varying degrees and others completely demuded, However, intense ground
surface and crown firesz are more usual in these regions, Thay sweep
quickly over an area, scorching and thereby killing most or all vegetation,

Trees in mature stands fruit prolifiecally and bear mostly sero-
tinoue cones (Crossley, 19562)., Cones which raemain closed do so because
of a resincus bonding material which seals the scales torether and forms
a vapour-resistant protective coating over the entire cone (Deaufait,
1960), Temperatures exceeding 113°F are reguired for melting this bonde
ing material and freeing the secales (Clements, 1910; Cameron, 1953),
Beaufait (1960) found that jJack pine (Pinus banksisna Lamb,)} cones re-
sponded consistently by opening in a range from 80 seconds at 2009 to
two seconds at 1300°F, The cones ignited in 60 seconds at 700%; in
only two seconds at 1300°F, Cones whieh irnited retained no wviable
seeds while unignited cones suffered but little reduction in the germ-~
inative capacity of their seeds, According to ileaufait, the results
suzcest that the high temperatures incurred in the crowns of standing
trees during prescribed burns will net impair the wiability of the
seeds in serotinous cones, but should aid in their dispersion, Yhile a
great seedflight directly follows a fire there is considerable evidence



that an appreciable amount of ssed remains in soemi-cpen cones to be
dissaminated periocdically for ssveral years afterward, according to
fluctuating weather conditions (Smithers, 1961), Regenerated pine
stands therefore usually have an age range of several years, thougch for
practical purposes they may be called g@ven-aged, Ths abundance of
stored seed which is fread and the ideal germinating conditions for pine
in recent burns account for the high density levels which often axist,

The usual course of stand succession proceeds from initial
stockin;; of pine to a spruce=fir climax, If an adequate sced supply is
avallable, the spruce will become established over a LOe=yeur period
following fire, or until the pine overstory becomcs so dense that
initial establishment of tuls spocies is precluded (lorton, 1550).

“hile proximity to a sced source and favoursble seodbed caivlitions are
basic requirements for the initial establishmont of hoth spruce and fir,
the latter species ig nore tolerant and increases in sbundanse with
stand age, The spruce understory is initially suppressed, but in cone
trast to the pine it maintains a steady grovth rate and at 190 to 125
years becomes dominant, From this point on, spruce becomes increasingly
importent and pinc is on the decline, successionally spezking,

As with other species, diameter growth of lodgepole pine re-
sponds to changes in stand density (Smithers, 1957). Lominant hef;ht
of lodgepole pine lncreases with deereasing number of stems per acre
(smithers, 195¢). Cubic foot volume, average height and average dismeter
are all strongly influenced by the number of stems per scre regardlesa
of the physiographic site on which the stands occur, Daszl area appears

to be the one exception to this toniency, Thus, busal arez in miture
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fully - stocked stands shows definite indications that it is pre-
determined by the physiecal characteristics of the site. Typically, basal
area in fully-stocked stands increases rapidiy during the first 40 years
of stand development; culmination of this curve then takes place and
stand basal arez continues at a relatively uniform level consistent with
site quality (Meyer, 1938, Smithers, 1954).

The species composition of ground vegetation varies with site,
density of the pine canopy, and stand age (Hért.on, '1956). This would
seen %o conocur with the concept of the vegetational continuum, which en~
visages a contimially varying series of species 6courring on an environ-
mental gradient largely controlled by vs:etational interactions, In the
lodgepols pine community the most @ortant interaetion is suecession
which is primarily dependent on fire. Typical pine stands in a height
range of from 30 to 50 feet have ground vogetat.ion varying in density and
composition with the density of the tree cover (Cormaek, 1953). In
general, mosses are abundant and grasses scarce in dense standsj while
nOsses are searce Or absent and grasses, fireweed and other plants are
abundant in cpm stands, A mmertlv feature of the ground vegetation
is the thin, alnoat continuous wxierstory of low shrubs such as dry ground
cranberry (Vaccinium Vitis-ldau L.), dwarf blueberries (V. Caespitosum

Michx., V. oreophilum Rydb,) and grouseberry (V. scoparimm Leiburg).

Fuel Measurement

Available fuel and the surface area for absorption of radia-
tion are the two principal features of the forest for fire spread

(Anon, 1961). The mest important elements of a yuantitative picture of
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the fuel eomplex are (1) total weisht of fuel per unit area of groumd,
(2) the welght of the total mass within half an inen of a surfacs,

(3) total fuel wvolume per unit ground area and (4) the surface area of
the fuel per unit ground area, !lhile item (2) is based on the assumption
that fuels within half an inch of a surface are available for burning dur-
ing average conditions, the actual depth of burn will vary with different
burning conditions, A graphical description of the wvariation, with
height, of the mean distribution, in planes parallel tc the ground, of
fuel m2ss and surface area are also needed,

& quantitative approach to fuel measwremsnt was attempted by
Kittredge (1944) who used both imerican and European data to estimate
foliuge weight from the periodic annual growth or from tree diameter at
breast height, iscent studies have shown that croun weight cen be pre=
dicteu from stam diameter and crown length or total cicht of Lnviividual
trees (Ltoray et al., 1955; 'ahnestock, 1960; ‘iendel, 1960; Chandler,
19603 Young et al., 19¢.), Kiil (1967) developed crown weight and size
tables for lodgepole pine and white spruce bLuscd on sten diameter and
crown width of individuui (rees., » conveniant estimnte of slash weight
after clearcutting of lodgepole pine and white spruce stands is obtaine
able from slash weight-volume ratios for a ran;;c of tree and stand dia-
meters (Kiil, 1565; Muraro, 196€). .such quantitative measures of fuel
wveight and sive are useful to forest mansgere interested in the applica-
tion of fire for hazard reduction and seedhed preparation,

%While one or more of stem diameter, crown length and crown
width account for amuch of the variation in weight-and-sire distribution

of individual tree crowns, several attempts have been made to explore
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the relationships between sits and stand factors and fuel weight. Ex-
amples are found in La Mois® (1952) work with ground fuel components,
Mcarthurs' (1962) study of the rslationship betueen surface fuel quan-
tity, numbor of years since last burn and eanopy eover, and Brown's
(1965) study of individusl crown weights in a range of site quality and

DESCRIPTION OF STUDY AREA

The study area lies in the Upper Foothills Section (B, 19¢) of
the Boreal Forest Reglom (llowe, 1959), The town of Hinton is located in
the study area at approximately 53° 24' north latituds and 1170 37' west
longitude,

Fregquent fires have resulted in extensive stands of lodgepole
pine (Pinus contorta vougl var, latifolia Engelm.) which, with white spruce
(Picea glauca (Moench) Voss) and black spruce (P, mariana (Mi11)BSP.) form
much of the forest cover, particularly along the middle and top of slopes,
Trembling aspen (Fopulus tremuloides Michx.) and balsam poplar (P. balsam-
ifera L.) are represented at the lower elevations,

The lodgepele pine stands, owing to their fire origin are typie-
ally even-aged of variable density (Figure 1). White spruce is found in vary-
ing mmbers, becomin~ dominant as the stands approach a climax stage, Com-

mon understory species found under most stands include Cpilobium anrusti-

folium L., Rosa acicularis Lindl., Linnaea bhorealis L., Cornus eanadensis
L., Ledum groenlandigum Oeder, and Vaccinium spp..,l slnus orispa (it,)

1g. C. Cunningham, Forest Flora of Canada, Canada, Department of
Nortuern Affairs and Natiomal Resources, Forestry Branch Bulletim 121,
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Purzh may also be found in all stand densities but increases greatly in
abundance with decresasing stand density. feather nosses are abundant in
most stands, but tend to increase with increasin; stand density,

The study area is typified by high rounded hills reaching
6,000 feet in alevation ard desp valleys at 3,500 feet, The rivers
flow eastward in broad incised valleys. The bedrock is of Mesozolc and
late Palaezoic orijsin and 18 overlain by glacial drift of variable com-
position (liowe, 1959), [he mature soils are classified as podszolised
grey wooded or grey wooded asoils on 4 to 6 feet of glaeial till,

The climate of the study area has noderately warm summers and
relatively cold winters, Hean July tempcratures are 53,7°F at rdson nmxd
59.4%F at Jasper, with both stations about 50 miles from Hinton (Anon,
1964)e Mean January temperatures at the same two stations are 8,49F and
11,.5°F, respectively, The temperaturs rises rapilily from winter to summer
and falls equally rapidly to winter, The year may conveniently be dive
{ded into 5 months winter (November to March), 5 months sumnmer (May to
September) and spring (April) and autumn (October) each one month
(Kendrew and Currie, 1955).

Mean amual precipitation at lLdson is 20,85" and at Jasper
15,98", of which sbout 60 per cent falls during the 150-day growins season
(Anon, 1965) when mean daily temperatures exceed 42°F (.non, 1957),.
Periods of precipitation totalling less than 6,10 inch vary betwsen seasons,
ranging from 7 days in July and surust to 12 days in May; hence, rainles-

periods tend to be shortor in summer than in spring,
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Figure 1. Stereograms of all three stand densities,
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METHODS
Selection of Study Area

Sampling was restricted to lodgepole pine standa of fire origin
growing on land forms with similar site and growth eonditions, The
initial stages of the selection process consisted of a study of fire his-
tory, forest cover, site type and surficisl deposits maps,l ireas com-
sidered suitadle were inspected in the field to assess them in terms of
study cbjectives,

A 100-acre area supporting 70-year old lodgsepole pine stands
of different densities was selected for sampling and stratified into three
stand density classes on the basis of nusber of trees per acre, The three
classes contain about 300, 600 and 900 1live stems per acre and ares hence
refarred to as sparse, medium, and dense stands, respectively (Figure 1).
All three stands are on 7 per cent southerly axposures situated on the
upper half of a main slope at an alevation of /,,300 feet,

The main considerztions lsading to the selection of the sample
area weres

le The surficial dsposits in the sampling area are classified as
glacial till deposits to bedrock.? Several soil profiles were examined
in each stand density class and quantitatively characterized (Appendix I).
The soils within the sampling area were classifled as podzolised gray
woocded soils on glascial fiil, A typleal soil profile is sivown in Fijure 2

lobtained from Forestry Department, North <estern Pulp and Pow er
Limited, Hinton, Alberta,

2Based on surficial deposits map prepared by the Forestry ‘epart-
ment, North Western Pulp and Power Limited, Hinten, Alberta,
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and consists of an organic layer up to 9 inches in depth resting on top
of 5 feet of weathered till, Leaching is concentrated throughout the
top few inches of the mineral soil but occurs occasiovnally to a depth
of 12 inches,

26 All three stands are classified as growins on 5ite Cl-ss 3
with a productive capacity of from 21 to 45 coris per acre.l

3. Examination of stump remains, fire scars inresidual trees and
the humuse layer provided a reasonable picture of the former stand, Fire-
scarred residuals indicated that the former stand had been relatively
even-aged throughout the s mpling area, Also, there was a seemin-ly
greater abundance of charred logs buriad in the orranic layer in the
sparsely stocked stand than in the denser stands, The sparse stand is
nearest to the top of the slope whereas the stund on the other side of
the ridge is older and was apparently not affected by the same fire, The
inference made from the supporting evidence is that the species composi-
tion and distritution of the pre-fire stand, variable fire intensity, and
the composition of the organic material remaining after the fire were re-

sponsible for the variation in stand density on the study area,

bperimnental Design

To assess the effect of stand density on fuel weight- and- size
distribution and fuel density on one site, slope and exposure, the samp-

ling area was stratified into three stands supporting about 300, 600,

lgased on site class map prepared by the Forestry Department,
North western Pulp and Power Limited, Hinton, Alberta,
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and 900 stems per acre. A completely randomized hierarchial sampling de-
sign was used in each stand, and consisted of five cne-tenth acre plets
for aerial fuels and three 2 x 3 - foot subplots in each plot for ground
surface fuele., Altogether a total of 15 one-tenth acre plots and 45

2 x 3 - foot subplots was sampled,

Mensurational Data

The following mensurational data were measured and recorded on

each one~-tenth acre plot:

l, Diameter at breast heipght of all live and dead stunding steas
over one inch by one inch diameter classes,

2e #idth of all crowns to the nearest foot as represented by the
average of two measurememnts taken at ri-ht an’tles t> each other, Crown
width is defined as the average langth of at least tiwree of the longest
1live branches on each side of tha crown, A plumb=bob and tape were used
to obtain the measurcements,

3. Height of three lodgepole pine trees and three white spruce
trees by one inch diameter classes,

he Crown closure estimated by tluree observers to the nearest five
per cemt,

5 Average hsight from ground surface to lowest bridpe fuals esti
mated by three observers to the nearest six inches,

6, A count of all coniferocus regeneration less than one inch in
diameter breast height,

Te Aspect and per cent slope using compass and Hagn altimeter,
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8, A quantitative soil deseription, based on an excavated soil
pit (5 feet long and deep and 3 feet wide). Une pit was excavated in each

of the three stand density classes,

The sampling procedure on each 2 x 3 - foot subplot wans carried
out as follows:

l, Boundaries were established with the aid of a 2 x 3 - foot wooden
frame divided imto six one-foot s uares., A vertical cut was made at the
boundary of each subplot down to mineral soll and the adjacent or:ranic
material was roemoved,

<o The surfaee are: coversd by shrubs was estimated by three obe
servers to the nearest five per cent,

3. Average height of shrubs was measured to the nearest inech,

hLe The shrubs enclosed by the vertical plane of the subplot bounde
ary wore cut level with the top of the ' layer, ¢ollected and weighed to
the nearast 10 grams,

Se A representative sasple wag taken of the weished matoerial for
molsture content Jdetermination and oven-dried to constant weight in the
field laboratory for 24 to 36 hours at a little more than 2120F,

6, Steps 2, 3, 4 and 5 were repeated for each of 1) herbs, 2) twigs
less than 3 inch in diameter, 3) dead forest floor fuels over % inch in
diameter, 4) needle litter (L layer), 5) moss, and 6) humus (¥ and H
layers),

Te A record was nade of the main understory speciss,
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ANALYSIS OF DATA

The stand growth data were compiled and sunmmarized as follows:
1. Number of live trees and standing snags per acre for both species,
2. Basal area per acre for both specles,
3. Crown closure in per cent,
he Height-diameter curves for both species and all three stand
densities,
Se Crown width-diameter curves for lodgepole pine and all three
stand densities,
6. Total and merchantable stem wluaes for both species using volume
tables (Blyth, 1955; Anmom, 1962),
7. Herchantable volume in cords per acre estimated by multiplying
the basal area by the product of mean dominant height and the factor (0,05,
This method for volume estimation wus developed at Horth vestern iulp and
Power Limited, Hinton, Alberta,
8, Heinike's stand density index (Chapmun and Meyer, 1949).
9 Surface coverage of all ground fuels in per cent,
10, Height or dspth of all ground fuels in inches,

1. #oisture content of all ground fuals in per cemnt,

The following oven-dry fuel weight data were swuwerired for the
analysis:
l, Welght of branchwood, the ummerchantable portion of the stem
and slash, was compiled using fuel weight tables (Ki1l, 1967).
2, W%elight of slash fuels by three size-cl:asses, vir, (1) less than
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3 inch, (2) 4 inech to 2 inches and (3) ovar 2 inches in diameter vas
estimated from unpublished data (Appendices I1 A and IX B),

3. keight of the merchantable portion of the stem was ecalculated
by multiplying stem volume by its specific gravity (anon, 1951),.

Le weight of each ground fuel component was calculated using the
formulas Oven-dry weisht = green weight

1l ¢+ percentace of moisture
100

5 deight of each ground fuel component per acre-inch was calou-

lated on the basis of the followins formula:
fuel weight per acre x 100

percentage of surface coverace x Jdepth or height in inches

Analyses of variance were performed to determine if there were
any significant differences in weirhts of aerial and ground surface fuel
components between and within stand densities, ‘hen differences were
significant, the new Duncan's multiple range test was applied to deteraine
whether the individual differences were significant (Steel and Torrie,
1960), Bartlett's test of homogeneity of variances was applied to deter-
mine whether the variances were from the same population (Snedecor, 1956:
P. 286),

To utilize the supplemsntary information about the three stands,
regression analysis was applied where analysis of variance indiecated that
differences between means vere significant, scatter diaprams viere pre-
pared to discover if there were strai-htline relatiomships bLictween the
independent variables (stand faetors) and the depoident variables (fuel
weight expressions), Combinations of indepeandent and dependent variables

exhibiting straightline relstionships and uniform vari . .ces were subjected
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to recression analysis, Coefficisnts of correlation and detormination
and standard errors of estimate were determined for each regression

ouation and used to select the best estimator of the dependent variable,

stand Description

The distribution of live stems and standing snags by plots is
ziven in Figure 3, The pine-spruce ratio increased »ith increasing stand
density as did the proportion of standing snaga., Dominant heirht and
crown closure in the sparse, medium, ani dense stands averared 59, 56,
and 57 feet, and 41, 49, and 56 per cent, respectively,

The diameter distribution varied with stand density, the range
of diameters decreasing with increasing density (Fipure 4), The dis-
trivution of number of stens per acre, basal area, and stem volume all
showed incressing proportions in larser dismeter classes with decreasing
stand density, The dense stand had the ocutward appearance of baing wall
stocked and this was reflected by the scarcity of shrubs,

The relationships of height and crown width to diameter breast
height are given in Figures 5 and 6, In the diameter range from 1l to 8
inches, height increased with increasing stand density. The seemingly
contradictory increase in height of dominants with decreasing stand
density is explained by the fact that all dominants were selected independe
ently of tree diameter, Thus, mean domin.nt hei:ht in the sparse stand

was based on larger trees than in the dense stand, Crovn width increased
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exponentially with tree diameter but a logaritimic transformation of
crown widths equalized the variances, Additional deseriptive data for

all 15 plots are given in Table 1,

Aerial Fuels

The treatment means in oven-dry tons per acre for various
fuel components increased with increasing stand density (Table 2), Ledge-
pole pine comprises about nine-tenths of the weight of branchwood and
the standing tree crop in all three stands, The proportional weight of
branchwood to the standing tree erop decreased from 33 to 20 per cent
with increasing stand density. In addition to the standing tree crop,
snags contributed 0,6, 1.9, and 4.9 tons per acre to the fuel complex in
each of the sparse, medium and dense stands, A summary of aerial fuel
welght data is given in Appendices III A, III B and III C,

Analysis of variance was used to test for differences in oven-
dry weights of fuel components between the three stand densities, The
starred F values in Table 3 show that there were significant differences
in fuel weight (in terms of the ummerchantable stem, slash, and the
standing tree crop) between stand densities, but not in branchwood weight.
The F value for the standing tree crop was 13,19, significant at the 1%
level, The significant F values indicate that all three stands do not
belong to a population with a common mean but they do not indicate which

differences may be considered statistically significant,



STHNY DaTA FOR ALL 19 PLOTS

TABLE 1

Number of tens per Acre la8al Area per .cre | Volume per iere Reineke's
Stand
stand | ilot | Live | itanding| fotsl | Live | | | Total | Merch, Density | Grown
vensity | Mo, [ items | unags | stems | stems| %0 | 9%l | yolie | Volume Index | Closure
Noe Moo [oe | Buelbly | Bu.ofbe| Bafty| cusi't, cords per sent
Sparse 1l 450 P4 <10 68 5 73 1715 23 88 34
y; 10 0 310 60 ¢ 60 1252 13 73 33
3 230 p. 1) 250 52 9 61 1080 13 82 KO
b 350 50 LOO 75 9 84 1607 20 118 43
5 240 0 240 79 0 79 1629 a 129 54
Hedium 11 490 50 560 93 6 99 2035 1 1130 b5
12 £70 160 1030 150 | 12 163 3363 38 33 58
13 470 90 560 21 9 100 1934 3 185 L2
1 | 450 90 560 | 106 | 11 07 | Ao 3l 206 43
15 6.0 60 740 137 5 142 3026 36 7z 56
vense 6 750 260 1010 129 20 149 301 34 272 51
7 | 1240 240 pURRY 163 | 16 179 3225 ¥ 357 (X]
) %0 Li0 130 136 | 30 166 3081 33 202 L9
9 790 260 1050 140 | 2 161 3322 L2 312 €5
10 80 540 1420 3 | A 174 3279 33 313 50

.v'.'.



TABLE 2

TREATMENT MEARS POR ABRIAL FURL COMPONSENTS

Lodgepole Pine Intire Stand
utand Unmerch, | Hereh, | Gtanding Unmerch, | Merch, | itanding
vensity| Hranehwood stem Stem | Tree Crop Branchwood Stem Stem [Tree Crop
Tons per icre
Sparse 8.1 1.0 17.2 %.3 9.9 106 18,2 29.7
vense Y 607 3303 l&?oz n02 707 3309 t;;os

14
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ANALYSIS OF VARIANCE:

TABLE 3
ABRIAL FULs ON STARD oo 010X

e —— — e ee——
source of Hranchwood Umerchantable
Variation d.f. (1ba) Stem (1bs) Slash (1bs) Table F
Lodgepole Fine
MY I NS ¥ NS F
R i
stand density 2 73,711 0.92 [1,647,383 42,29 79384,015 17,77 3.89 (.05)
Lrror 12 1‘3(?,330 3‘&,112 13‘0.171 6093 (.('}1)
Total 14
ntire tand
Mo F M3 I M, F
'L #H
otand density 2 10,86 0,70 1,752,559 29,97 2,777,71¢ 9.51 3.89 (,05)
rror 12 | 146,440 (1,18 292,012 6493 (.01)
rotul 14




Duncan®s new multiple ranze test was used to discover all
eignificant differences in weight (in terws of the ummerchantable
stem, slash, and the standiing tree crop) between stand densities,(Table L).
Signifiecant differences ware shown to exist for most fuel weight ex-
pressicns between all stand demsities but not for slash weight Letween
sparse and medium and medium and dense stands. The differences for
slash weight jJust missed being significant at the 5% level, indicating
that an increase of 300 stems per acre is on the verge of muking a real
difference in slash weight,

TABLE &

CRITICAL DIFFERENCES BETWEEN TREATMUNT MBANS FOR AKiHIAL FUELS

Stand Entire Entire Standing
Density Pine | Stand Pine | Stand Tree Crop
Sparse vs medium 7 4 #¥# S# NS 1 4
Sparse vs dense #3 ## ## A ¥9
Medium vs dense ## ## # NS g

NS not significant

# significant at .05 level

§+ significant at ,01 level

One of the assumptions underlying the analysis of varizance is
that the experimental error must have a comwon variance. 7o test the

hypothesis that all variances are from ths same population, Bartlett's
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test of homogeneity of variances was applisd and in all cases the
calculated Chi-scusre value was less than the tabular value at the
5% level. Thus, the hypothesis of homogeneous variances was accepted,

The distribution of slash weight and weight of the standing
tres crop by diameter eclasses is shown in Figure 7. This relation-
ship showed increasing proportions in larger diameter classes with de-
creasing stand density. The slash welght-standing tree crop ratio de-
creases with increasing tree diameter, For example, a 3 inch tree is
left as slash following a clearcutting operation whereas only about
25 per cent of a 9 inch tree becomes slash,

The demonstration of significant diffsrances in fuel weight
between stand densities prompted a further analysis of data to faecilitate
selection of fuel welght and stand factors suitsble for the construction
of prediction sjuations., Data were first examined graphieally for
straightline relationships between fuel welznt exprsssions (in terms of
slash fuel components, the standing tree crop and the sntire fuel complex)
and stand factors (in terms of mmber of stams per acre, basal area,
cubic foot volume and Reinike's stand density index)., Combinations of
independent and dependent wvariables exhibitinz straizhtline relation-
ships and a high degree of correlation were subjscted to regression
analysis,

Regults of thes graphical examination and regression analysis
showed that basal area gave the most precise estimate of fuel weight.
Strajghtline relationships were also evident between some fuel weight
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Figure 7 The distribution of slash weight and weight
of the standing tree crop by diameter classes

for the three stands.



30.

expressions and either number of stems per agre, cubiec foot volume or
iHeinike's stand density index, Bm;ner, basal area was Judged to be a
nore convenient measure for fuel weight prediction purposes because it
was eesier to measure in the field and can he estimated from aerial
photographs, The general eguation used for predicting weight of fuel
components iss
Y=abdbX,
where ¥ = predicted value of the
dependent variasble,
K = observed value of basal aresa
in square feet per acre,

a and b = constants,

The relationships between selectoed fuel weight expressions
and basal area are shown in Figure 8, All correlztions were sisnificant
at the 5% level for fuel weight predietion purposes., i linear equation
adequately describes the relationship between the fuel weight expressions
and stand factors over the stanxi density range sampled, but it is recog-
nized that the relationship may well become curvilinear beyond the range
of data. Also, an unknown amournt of error aexists in all aerial fuel
weight equations because these weights were calculated from fuel weight
tables and are therefore not actual weigiis,

Crown closure correlated sufficiently well with basal area
( r = 0.83) to be useful for basal area prediction purposes (Figure 9).
While the standard error of estimute is relatively hirh (21.1 sq. ft.)

the precision of the estimate can probably be increasad -7ith additional
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uuplhig. Since erown closure is based on crown width measurements of
individual tree crowns one source of error is the possibility of over-

lap within the crown canopy,

Ground Surface Fuels

Trestmnent means in oven-dry tons per acres are given in Table
5 and plot summaries are listed in Appendices I11I A, I1I B and IIX 'c.
weight of all ground surfaes fuel components, less humus, averages
‘3.91;. '5.13 and 7.19 tons per aere, or 16, 21 and 27 per cent of the
weight of all ground surface fuels in the asparse, medium, and dense
stands, Welght of minor vegetation (in terms of herbs and shrubs) de-
creased with increasing stand density whersas welght of moss increased
with inereasing stand density,

TABLE 5
TREATMENT HEANS FOR GROUND SUAFACE FUILS

W

Other Foreat
INoor Litter A1l
Ground
Stand He=ile | leas than| over Humus | Surface

UVensity | shrubs | lierbs | Litter| 3 inch } inch | Moss | (F&H) | Fuals

Tons per Acre

Sparse | 1.63 | 0.63| 1.18 | 0.09 0.08 |0.33| 21.05| 24.99
Medium | 0.07 | 0.82| 1.44 | 0.9 0.51 | 2,10 20,08 25.22
Dense 0,07 | 05| 1.07 | 0.46 2,99 |2.15] 20.25| 27.40
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Analysis of variance was used to test for significant differ-
ences in even—-dry weights of selected ground surface fuel components
(Table 6), Four fuel groups were analysed, viz., (1) minor vegetation
(in terms of herbs and shrubs), (2) moss, (3) forest floor litter, and
(4) forest floor litter, insluding moss, starred F values siww signif-
icant differences for ainor vegetation, wmoss and forest floor litter, in-
cluding moss, between stand densitiss, but not for forest floor litter,
The variation between plots within densities was significant for forest
'floor litter and forest floor litter, inclwiing moss,. ‘

Vuncan's new multiple range test was applied to test for
significant differences in weights between stand densities and the re-
sults are presented in Table 7. 3ignificant difierences were found to
axist for minor vegetation and noss between sparse and medium and sparse
and dense stands and for forest floor litter, including moss, between
all stand densities,

The demonstration of significant differences in weichts of
some ground surface fuels between stand densities led to a further
analysis of data to facilitats selection of stand factors for prediction
purposes, The data were first eximined graphically for straightline
relationships between ground surfaice fuel weights and stand factors
(in terms of basal area per acre and crown closure)., Combinations of
independent and dependent variables exhibiting straightline relation-

ships and a high degree of correlation were subjected to regresaion

analysis,
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ANALYSIS OF VARIANCEs

GROUND FUML wniiHIG ON STANG OhUITY

Source of Minor Forest Floor Forest Floor
Variation d.f, Vegetation Hoss Litter Litter, inel, Mose
M5 ¥ tlo F MS 4 MS F
i # L

Stand density 2 198,860 £,89 251,286 7.1 637,759 2,97 1,455,228 11,5
Plots within # A

densities 12 26,674 1,19 35433 1,00 564,238 2,63 792,456 6,20
aubplots within

plots within

densities 30 22,345 35,335 24,532 175, 543
Total bly

7 significant at .05 level,
## significant at .01 level,

e
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TABLE 7

CRITICAL DIFyBHERCES BETWEEN TREATMENT
HEARS FOR GROUND SURFACE FUELS

W

Stand ¥inor Forest Floor
PDensity Vegetation Moss Litter, incl, Hoss
Sperse vs medium 7if # i
Sparse vs dense &4 14 #2
Hedium vs dense NS NS v

B8 not signifiecam
## significamt at .01l level

In general, correlations between ground surface fuels and
stand factors were too weak for prediction purpeoses, with two exceptiors,
Welight of minor vepetation and weight of forest floor litter, including
moss, are significantly correlated with basal area per acre (Figure 10).
Basal area per acre was also sufficilently well correlated with moss
weight per acre (r = 0,53) and weight of all ground fuels, less hunus
per acre (r = 0.35) to be potentially useful in weight prediection,

The density of groumxi surface fuels was eomputed from volume
and weight of each fuel component and axpressed in terms of welght per
acre - inch (Table 8). The volume of eaech cumponent was determined from
average height and depth and contains both solid material ani void space,
.8 expected, needle litter was the most compacted rround surface fuel,
followed by moss, herbs, and shrubs in order of dscreasing compactness.
The inmus layer (F and H layers eombined) is more than twice as dense
as any other ground surface fuel component but it is of little impor-

tanee in terms of fire spread. Welght per acre - inch values for
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for other ground surface fusls, such as dead logs, wers not computed
because n0 known method was availsble whershy their volume could be con-
veniently ostimated, A summary of height or depth and percentage sur-
face coverage for ground surface fuels by plots is presented in
Appendiges IV A and IV B,

TABLE 8

OVEN-DRY FUEL WEIGHTS PER ACRE-INCH FOR UELECTED
GROUND SURFACE FUEKLS

Stand Noedle
Density Shrube Herds Litter ¥oas

Tons per Acre - inch

Sparse 0.08 0.18 2,07 no data

Medium 0.12 0.25 2.681 1.60

Dense 0.12 0.25 2.91 1.90
Average | 0,10 © 0e23 2.60 1.75

APPLICATION GF RESULTS

The findings of this study provide a breakdown ef the fuel
complex in 70-year old even-aged lodgepole pine stands of fire erigin
on one sit‘; slope, and exposure, Weight-and-size distribution and
density of several fuel components can be estimated in such stands
growing on similar sites and under similar growing conditions, Addi-
tional work is recuired to assess the effect of different sites, stand
densities and ages on fuel variables,
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In the 1ight of this study, basal area appears to be the only
field measurement required for estimating weight-and-size distribution
of most fuel components. This can be determined from either a plotless
crulse or from temporary sample plots., %hen a prism tally is used only
the number of trees included in the sweep need be recorded but a cruise
wilizing temporsry sample plots would necessitste the tally of all
trees by diameter classes. If weigit of some ground surface fuel com-
ponents is to be sstimuted from weight per acre~inch values in Table 8,
fuel depth or height in inches and percentage surface coverage need be
known,

Hesults of_ field tests conducted in lodgepole pine stands
growing on sites and under growing conditions similar to thoss in this
study suggest t!?nt. the prediction equations in Figures 8 and 10 cive re-
liable estimates of fuel wgigtat-and—aizo_ distribution, _ Basal area per
acre values from three of fifteen randn};r located one~tenth acre plots
were entered in the squations &n Figures 8 and 10 and the predicted fuel
weights in Table 9 wers obtained, The measured and predicted weight
values comparse fawvoursably for most fuel componsnts, It should be noted
that the thres plots reprosent a basal area range from 134.4 square
feet per acre to 1.7.5 square feet per acre; hence adaitional sampling
i3 reguired to test the usefulness of the prediction equations beyond
this range of basal ares values,

Welght of several ground surface fuel compouents can be
estimated from per acre-inch values in Table &, For exaaple, the aver-

age depth and surface coverage of moss in a 70-year old lodgepole pine



TABLE 9

Cubiradlio  OF MBASURED AND FILUICTuD FU.M. 4BI0HTS PER ACRBE

e s e ——— e e e ——
Basal :rva in Square Feet per Acre
1344 137.9 14745
Heasured Predicted Heasured Predicted Measured | Pradicted
Fuel Tons per Acre
Slash
less than '*® 7ok 7.9 5.9 8,0 7.6 Ce3
to 2% 3.2 2.9 207 209 208 3.0
2 to L N 6.9 8,0 72 7.8 7.9
TOtal f)l&ﬂh 11000 17.8 18.6 18.2 130: 1902
“tanlin: Tree Crop 50,0 5043 4346 ) N 52,1 5ol
iiinor Vegetation 1, 0.7 0.5 0.6 046 Ge5
Forest Iloer Litter,
incl. Hoss 5-9 he? 608 lh‘l- Be5 1407
All Ground surface Fuels 2501 2602 2508 2602 29-7 2603
intire ruel Gomplcx 75.1 7607 7&0‘& 7708 8.8 El,1

*of
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stand of fire origin was 2,7 inchss and 80 percent, respectively. From
Table 8, an acre-inch of moss in a dense stand weighs 1.0 tons. The
estimated weight of mose is 1.90 x 2.7 x 0,30 = 4,1 tons per acre. This
figure compares favourably with the measured value of 3.9 tons per acres,
using the sampling technigus established in this study. The values in
Table & are presented for interim use until additional field testing to
determine the effects of different sites and stand densities on fuel
weight is coupleted,

The relationship between crown closure and basal area appears
useful for fuel weight predietion in eonjunction with aerial photegraphs
(Figure 9). Field data is not available to test the precision of the
prediction egquation, but it is possible that the relationship may break
down beyond the range of stand densities sampled., Crown closure should
therefore not be used as a predictor of basal area per acre for stands
ocutside the study area,

fleliable estimstes of fuel Muho distribution are
important in a number of applicstions. For exemple, the methods used
in this study may be used to develop a preliminary fuel classifieation
for similar lodgzepole pine stands in terms of weight-and-size distribu-
tion. It could be based on availasble heat energy for different combina-
tions of fuel and weather conditions, Byram (1957) has listed the four
basic fuel faotors related to energy as (1) combustion period,

(2) eritical burn out time, (3) available fuesl energy, and (4) total

fuel energy. If the combustion period of s fuel is less thmn the eritical
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burn out time the fuels will have an available fuel energy eyual to their
total fuel energy. While considsrable work will be needed to detarmine
the relationship between these factors and fire bshaviowr, the prineiple
appears feasible and warrants further study,

The development of an objective fuel classifieation would
clear the way for a new approach to forest fire :ianter rating, To make
the system workable it would be necessary to establish the available

fuel eneryy lovels for sach major fuel complex over a range of weather
conditions and to convert these values imto a meaningful fire danger

rating scale, The system would be based on fuel eneryy and the same
fire danger index in two widely separated areas, but with ths same avail-
able fuel, would represent a similar burning potential,

A knowledge of the amount of slash expected following logring
is valuable to the forest manager interested in the application of fire
for hasard reduction and seedbed preparation, In Albezta, the slash
left from pulpwood operations is usurlly commrised of branchwood and
the umerchantable portion of the stem less than four inches in diameter,
Branchwood welght was found to increase slightly with inereasing stand
density (Tabie 2), whereas the weight of the unmerchantable portion of
the stem increased nearly five-fold over the sume density ranie;
hence, the increase in slash weight with increasing st-nd density is
primarily a function of the number of stems per unit area., As expected,
the slash welght-standing tres crop weisht ratie decreases with in-
creasing stand density (Figure 7). A breakdown of slash inte size~
classes shows that the weight of fine end heavy fuels increeses with
stand density whersas medium fuels do not vary importantly in the same
density range (¥igure 8).
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In & wider sense, fuel weight-and-size distribution data
would also be useful in determining productivity levels of forest stands,
with the advent of full tree utilization it would appear that weight,
rather than volume, has a wider application for measuring yleld, bDe-
signers of pulpwood progcessins and handling equipment utilize factual
informat ion on weighte of trees and their componeats (Keen, 1963).

DISCUSSION

The results of the study demonstrated that weight-and-size
distribution of the fuel complex in lodgepole pine stands varies with
stand density but the relative magnitude of that effect is not the same

for individual fuel ecomponents, The preliminary stratifieation of
stands was made en the basis of mmber of stams per aecre but differ-
ences are also deseribed in terms of basal area, cubic foot volume,
and Reinike's stand density index,

To fulfill the assumptions underlyinz the analysis of vari-
ance, namely that (1) treatment and enviromsental effects are auditive,
and (2) experimental errors are random, independently and normally dis-
tributed about zero mean and with a comuon variance, all pleots and sub-
plots wvere assigned to stand densities at random, Ths need for ran-
domization is swmmarized by Coehran and Cox (1957) in the following
statement:

Randomization is somewhat analeyous to insurance, in that it 1s a
precaution axainst disturbances that may or may not occur and that

may or may not be serfous if they do occur, It is zenerally ad-
visable to take the trouble to randomize aven when it is not
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expected that there will be any sericus Lias from failure to
randomize, The experimenter is thus protected azainst unusual
events that upset nis expectstions,

Experience suggests that if the above procedure is adhered
to, the failures in the assumptions are not sufficiently great to inval-
idate the technigque., At the sams tLtime it slwuld be pointed out that
significance levels must be considered approximate rather than exaet.
One of the most serious effects on the validity of siznificance levels
arises when the error variance is not common over all observations, The
probability of Type I error was assessed by Bartlett's test of homo-
geneity of variances and the error variances wore shown to be oonstant
at the 5% level, Type II error could not be determined but decreases
with an increass in sample size,

Seatter diagrams of fuel weight expressions against stand
density indicators led to the assumption of linear regression. Sven when
the relationship exhibited a survilinear tendengy within the range of
stand density indicators involved, the straightline was chosen as an
approximation because of computational ease., Ko tranasformation of data
was carried out becsuse the variances had already been shown to be homo-
geneous, Further study is needed to demonstrate the true relationship
over a wider range of stand densities and to make the testing of hypo-
theses mors exact,

Another source of error may have been introduced by using
fuel weight tables, rather than actual weight measuwrements, to determine
weight of aerial fuel componemts (Kiil, 1967). The tables are based on
actual fuel weights taiken within a 20-mile radiuws of the study area, but
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represent a range of site and stami density conditions. 4an indiecation
of the accuragy of these tables is provided by results of two field
tests., 7The first test was conducted on a one-tenth acre plot supporting
a 90-year old ledgercle pine stand growing on a dry site. Basal area
was 145 square feet per aare and height of dominants was 55 feet, All
75 trees on the plot were felled and weighed and actual oven-dry weight
of slash and the entire standing crop was 18,7 and 57,7 tons per acre,
rsspectively, These flzures campare favourably with predicted values of
17.1 and 53,8 tons per acre for the same fuel components and support the
comparisons in Table 9, The results of ths second test sre based on
actual slash weight from the thirteen largest trees on Plot 5, The
actual oven-dry weight was 2678 pounds whereas application of the fuel
weight tables gave 2552 pounds. These findings support the theory that
wolght of slash fuel components of individual trees of a given diameter
and crown width elass is indepenient of stand density. Jaskerville (1965)
noted that five~-inch dominants in & 5,000-stea per acre stand appear to
be identical to five-ineh intermsdiate or suppressed trees in a 700-sten
per acre stand and suggested that this is logical since the present size
of a tree represents the integrated sffects of all competition to this
point in its life,

Basal area is strongly corrslated with age and physiographie
site guality (Smithers, 1956), but there is no correlation betwsen number
of trees per acre and basal area in fully stocked stands (Duffy, 1964).

According to Vesina {1964), basal area is a more useful expression of
stand density than the single wvariable of number of trees for crown
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closure and growth predietion. In understocked stands, basal ares appears
tc be a useful expression of density., The inference drawn from the re-
dationship between basal ar«a and fuel weight is that basal arca may be
used in a range of site and stand ace comiitions, particularly if the
number of trees constitutin-~ full stockinr is known, hile it is expected
that basal area-fuel weight ratios will not vary significantly between
sites, further work will be required to establish the actual relationships.
The finding that the weight of the standing tree crop increases
with increasing stand density (Figure 8) is in agreesent with Baskerville's
(1965) 'findlmzs from a study of dry matter prusiuction in balsam fir stands

over a range of 700 to 5,000 steas per acre. He sugrested that the relation-

ship of production to stand demsity might be explained by (1) a variation
in site ani production merely indicating site differences, (2) the stamd
not yet fully occupying the site in which case production is greatest in
the stands which come closest to full occupancy, and (3) the stands have
in faet reached full cceupancy and there are physiologieal phenomsna
which operats to increase efficlency even winile the stands get tiphter,
With reference to the present study, the latier two explanations appear
useful in assessing the relatiorship between fuel wei it and stand dens-
ity. The considerations are relevant to the present study because a
better understanding of the relationship between production and stand
density would undoubtedly faciiitate assessment of the fusl complex in

terns of weight-and-size distrimution and spatisl arrancement of fudl

components.
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The mumber of standing snazs was found to increase with in-
creasing stand density (Table 1) and this tendenay appears to roflect the
level of oecupancy of the aite, Tiiey are an important source of cured
fuel, purticularly in terms of spotting and crowning. For exaaple,
residence time of prescribed burns in slash msy be related to the number
or quantity of felled snags in the fuelbed, Or a combination of number
of snags and a deoreass in the distance between ground surface fuels and
the lowast dead branciawood may be directly related to crowning potentisl
in forest stands,

The evidence from this study sugzests that weight of some
ground surface fuels can be estimated from basal area per acre (Pigure 10)
or from mesasuremente of fuel depth or height and percentage surface cover-
age (Table 8). It is legical to conclude that the accumulation of dead
ground surface fuels, includinz litter and humus, 1s a function of stand
production and rate of decay to this poimt in its 1life. However, the
anount of minor vegetation and to some extent, moss, preobably reflocts
the current occupanecy of the site rather than the cumulated effects of
competition ovar the full life-span of the stand, The problem of mmbers
of or:zanisms utilizing space and the relationship betwsen specles which
utilize the same food and space is discussed by Zimmerman (1960) for
aquatic bestles but the principle may be applicable in studies of minor
vegatation under forest canopiles,
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SUMMARY AND CORCLUULIONS

A field study was carried out in west-central Alberta to investi-
gate the fuel complex in 70-year old, even-aged lodgepole pine stands of
fire origin on one site, slope, and exposure. The stands on the study
area were stratified on the basis of 300, 600, and 900 stems per acre and
referred to as sparse, medium, and dense stands, 4 complstely random-
ized hierarchial sampling design was used in each stand density class and
consisted of five one-tenth acre plots for aerial fuels and three 2 x 3-
foot subplots in esch plot for ground surface fuels,

The purpose of the sampling was to detsrmine which stand factors
were related to differences in weight-and-size distribution and damsity of
fuel components., Stand and fuel data were collected for each plot and sub-
plot and summarized for stand description and fuel weight-and-size pre-
dietion purpeses. inalysis of variance was used to determine whether
stand density affected the fuel ccmplex in terms of weight-and-size dis-
tri:but.ion. Seatter diagrams were used to assess the relationship between
stand factors and expressions of fuel weight-and-sisze distribution. The
relationships exhibiting straightline tendencies were subjected to re-
gression analysis., Some applications of study results are discussed,

The main finiings of this study are:

1. Weizht of most aerial fusl components increases with increasing
stand density (Tables 3 and 4, Figure 8) for lodgspole pine stands sampled
in this study,

2, No correlation between stand density and weight of all ground

surface fuels was found, but the weight of individual ground surface fuel
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couponents increases or decreases with stand density {Tsbles 6 and 7,
FPigure 10).

3, .eight-and-size distribution of many aerial and ground surface
fuel compouents may be eonvenlently predict=d from basal area per acre
(Figures 8 and 10), The linear rerression ejuations are hased on a small
number of samples in a relatively small ranze of stand densities (300 to
900 stems per aere) but the results of s limited rumber of field tests
suggest that the predicted values are fairly indiecative of actual fuel
conditions (Table 9),

be Basal area per agre can be predicted from crown closure, This
relationship, substantiated by additional sampling, could be used in con-
Junction with aerial photographs to estimate weight of fuel components,

5 nelght of some ground surface fuel components may be conven-
iently deteruined using weight per acre-inch valuse in Table 8, Fusel
depth or helght and percentage surface coverae nsed to be measured or
estimated in the field but this can be done in conjunction with basal area
determination, Thes weight per acre-inch values in Tsble Z should prove of
value in asssssing the relative compactness of round fuel componemts,

6, The relationship between dismeter at broast height and crown
width does not wvary importantly betwesn stand densities in the range of
300 te 9CO stems per aere (Fizure 6),

7. No correlation between basal area and hmmus weicht was found in
this study probably because the rate of accumulstion of dead ground sur-
face fuels is similar in all three stands., It is suggested that althouzh
needle fall increases with increasing stand density, production of litter
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from minor vegetation decreases wit: increasins stand density. Further-
more, it is speculated that more humus was left on the ground by the fire
in the sparse than in the denser stands,
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APPENDIX X
301l Profile Description for all Three Stands,

Hoisture Regime 1, dry,

T .
Stand Density
Horizon Itea
Jparse Medium Dense
irranie L Jepth Au i 1v
material | Humus Depth
(v & H layers) 3 KU 4"
e
horizon | Jepth <" L 3
Texture sandy loam sandy 1oam sandy losm
Colour dark grey to arc cray 0 dark rrey to
reddish brown reddish brown reddish brown
Leathered | Depth 35" Lo L2n
11l to | Texture sandy loam, pebiles | sandy loam, pebhles sandy loam, pehbles
sedroek | Colour Ysllow brown yallow brown ysllow irown

*qs
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APPENDIX ITI A
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Figure Il. Size distribution of slash fuel
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AFCENDIX IIT A
Fuel :eirht ilata

sparse Density (300 trees per acre)

me—— e e
lot Ne,
Fual 1 2 3 &
Tons per iare
serial
Branehwood 9.50 75 633 9.65
Unmereh, stem
less than 4" 1.30 1,50 1.32 2.0
Jlash (all material
less than 4%) 10690 7637 9465 11..%
Live steuwood 22,00 1t ) 13,70 22.%7
uvtanding snags 114 0 2ol T o3l
Ground surface
olirubs 00l 0.70 4.10 1.35
Herve Uo% 00 55 UOB“ 0081
Jead bra:c. .wusd
less than 4" 0 0,10 0.17 0.10
over i® 0 0 0 0
Needle litter 0.90 1066 lo” 0.‘53
Hose l.ké 2.60 0092 ?.10
Humus 27.03 17,62 1t .84 25,4¢

*89



APPHENDIX IXI B
Fuel lieight Data
Medium Density (600 stems per acre)

“lot HNo,
Fual 11 12 13 1 15
Tons per scre
Aer
tiranchwood te93 11.98 £a01 9¢3k4 11,74
Unmerch, stem
less than 4" 3,92 7.01 1,03 3.85 549
s}ash (all material
less than 4") 17,65 14,99 12,54 13,41 17.23
Live stemwood 20,11 43,35 25405 91,75 40,68
.;t,anding snage le4i3 2.31 1,95 9076 0.92
ground surfage
Shrubs 0,31 0 0 0 0.01
Herbs '\;077 0087 0088 ‘)055 0.96
Jead branchwood
less than " 0 0.32 0.17 04627 11920
over A" 2,55 0 0 0.02 0
Needle litter 1.35 0469 2.79 1.65 0,69
Koss 0 1.67 0 0 0
Humus 2724 2028 19,06 14.85 14,98

*65
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Fuel Weight Data

Dense Stand (900 stems ner acrs)

— e e e — e —— — — — ——
Plet No,
Fuel 6 7 & 9 10
Tons per icre
Aerj._g
sranchwood 10.11 12,34 9067 13 . 56 10.41
Unmerch, stem
less thun 4" £e5 10,23 7.5 6ei3d 7.76
vlash (all material ’
less than l‘") Lo o 30 g etie 1"0":‘5 ‘0037 lo}”
Live stenwood 39,03 L3475 3 edsld 43009 11,95
ustanding snage Le)7 370 it} 392 573
Uround vurfacs
whrubs 0.10 0,01 0,10 0.03 023
hierbs (146G (37 0,33 0.49 033
Vead branchwood
less than 3" 11603 0657 0455 0ok’ .78
cver ;" 0 0 G.Ja” 0 66
Neadle litter V18 TA 1,00 0.69 1.62 1..€
Hoss 1033 1050 ?037 3055 1.’6
tumus 30,42 18.99 R 14,50 10




APP:NDIX IV a

fuel JUepth and Height iata

(averages of 3 sub-plots per nlot)

1]

vt hier Forest

Ne:dle | Floor ! itter
Ilot Mo, | Herbs shrubs | Litter | less than v Voss
Inches
1l 7.0 227 1.0 - -
2 LeB 32,0 1.7 - PeN
3 1‘07 6800 1.3 - -
[5 307 29.0 C".i_‘: - -
5 Le3 el 0.7 - -
6 7.7 603 003 - -
7 ‘0-.3 107 C‘.S - 2ot}
8 LeoO Ge3 2o 1.0 23
9 20? -’-}oo 007 0.5 20’0
10 2.5 2162 1.2 1.8 1.;
o0 8.0 e - 20
ﬁ ZOU - l.o 003 203
13 503 - 1.3 0.2 1.3
14 3.5 1.3 O.t 0. 2.5
15 5.7 200 0.5 007 302

61,



Vieaddis IV o3

surface

sovery,e vata

(averagzes of 3 5= 1oLz per niot)

gtiher "orest

Heedle Floor Fuels
Plot ..o, Herbhs Shrubs Litter | lzss than 1" 0S8
per cent

1 ao 14 se - -

by 65 35 62 - -

3 >3 87 77 - -

4 66 39 33 - -

5 &3 39 57 - -
6 78 9 23 - 83
7 72 1 L7 - 63
8 62 6 30 8 75
9 5€ 6 LO 10 65
10 01 23 62 17 35
11 53 12 52 - L3
12 73 - 35 7 67
13 67 - 60 L3
14 < - 35 10 65
15 8z 2 <7 19 77

62,
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