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Coarse woody debris in the southeastern
Canadian boreal forest: composition and load
variations in relation to stand replacement

C. Hély, Y. Bergeron, and M.D. Flannigan

Abstract: Quantities and structural characteristics of coarse woody debris (CWD) (logs and snags) were examined in
relation to stand age and composition in the Canadian mixedwood boreal forest. Forty-eight stands originating after fire
(from 32 to 236 years) were sampled on mesic clay deposits. The point-centered quadrant method was used to record
canopy composition and structure (living trees and snags). The line-intersect method was used to sample logs of all di
ameters. Total log load, mean snag density, and volume per stand were similar to other boreal stands. Linear and non
linear regressions showed that time since fire and canopy composition were significant descriptors for log load

changes, whereas time since fire was the only significant factor for snag changes. Coarse woody debris accumulation
models through time since fire were different from the U-shaped model because the first initial decrease from residual
pre-disturbance debris was missing, the involved species had rapid decay rates with no long-term accumulation, and the
succession occurred from species replacement through time.

Résumé: Les caractéristiques quantitatives et qualitatives des débris ligneux au sol et debout (CWD) ont été analysées
en relation avec I'age et la composition des peuplements de la forét boréale mixte canadienne. Quarante-huit peuple
ments agés de 32 a 236 ans, régénérés apres feu, ont été échantillonnés sur les argiles mésiques. La méthode du point
quadrant centré a été utilisée pour analyser la composition de la canopée et sa structure (arbres morts et vivants). La
méthode de la ligne d’'intersection a servi a échantillonner tous les débris ligneux couchés. La charge totale au sol, la
densité moyenne des chicots et leur volume par peuplement étaient similaires aux charges rencontrées dans différents
écosystemes boréaux. Des régressions linéaires et non linéaires ont montré que le temps depuis le dernier feu et la
composition de la canopée expliquaient significativement les changements temporels enregistrés par les débris au sol,
alors que seul le temps depuis le dernier feu intervenait significativement dans les changements concernant les chicots.
Les modeles d’accumulation des CWD dans le temps étaient différents du modeéle “en U” en raison de I'absence d'une
diminution de charge initiale, de taux de décomposition rapides des especes (responsables d’'une accumulation a court
terme), et de la succession par le remplacement des espéces dans le termps.

Introduction The availability of CWD in early stages of forest develop
ment is almost entirely dependent on individual stand history
pies et al. 1988), i.e., predisturbance- and disturbance-
enerated debris, and residual standing trees. Coarse woody
ebris within the accumulation stage is generated by the re
enerating stand, and CWD is related to the standing forest
tructure, stem growth and mortality (Harmon et al. 1986),
isturbance return interval, and decay rates. However, previ

Coarse woody debris (CWD), as standing dead tree
(snags) and fallen boles and branches (logs), contribute t;
the structure, microhabitat diversity, and nutrient cycling ofd
forests (Harmon et al. 1986; Lambert et al. 1980; Stauffer
and Best 1980). The functional importance of CWD depend
not only on their quantities but also on their size distribu d

tion, degree of decay, species, position (snags vs. logs), a s attempts relating standing tree structure (living basal

zpaual.arrapgwgnt.“(Ha.rgmn et al. 19.86)' (Ijn3|§t;ht O'Fto ttr:] rea) to CWD have often yielded poor results (Sturtevant et
ynamics o wilf guide managers in understanding €, = 1997- pyller and Liu 1991). Several studies of CWD

|mpacts_of current management regimes on the CWD cycl ithin forest chronosequences have described a general U-
and their consequences on biodiversity, stand health, an

S ) aped temporal pattern observed in northern hardwoods
ecosystem productivity (Harmon et al. 1987; Keddy and B . .
ormann and Likens 1994), wave-regenerated balsam fir
Drummond 1996; Lee et al. 1997; Sturtevant et al. 1997). EAbies balsamea(L.) Mill.) ()Lambert eg-]t al. 1980), and

Douglas-fir Pseudotsuga menziegMirb.) Franco) — west
ern hemlock Tsuga heterophyllgRaf.) Sarg.) forests (Agee
and Huff 1987; Spies et al. 1988). This temporal pattern
C. Hély! and Y. Bergeron. Groupe de recherche en écologie seems to characterize the dynamics of undisturbed forests
forestiere, Université du Québec a Montréal, C.P. 8888, (Lambert et al. 1980), naturally disturbed forests (Lee et al.
:AU(I:DCUIET::\?] igae:trg;a\gg(e;ia'\r?o;éii’ SQe(r:vi|_c|2CN3:)|:t8He?narll?)?g y 1997; Sturtevant et al. 1997; Tyrrell and Crow 1994), and
o : ' SY ‘managed forests that have been clearcut (Bormann and
Centre, 5320 122nd Street, Edmonton, AB T6H 3S5, C""n‘""da'Likeng 1994; Sturtevant et al. 1997). In generf’:tl, debris lev
1Corresponding author. e-mail d305454@er.ugam.ca els are high following the initial stand disturbance. Residual
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debris then declines over time, while there is a gradual-addimize bias in situations where logs are not randomly oriented and to
tional input from the regenerating stand. As stands maturecover the variation in CWD distribution (Van Wagner 1980). This

tree mortality increases, and contributes to the CWD reserdelineated sampling area was used to evaluate CWD composition
voir. Debris levels usually peak during a transitional stage a&nd loads and to analyze the living canopy composition (Appendix 1).
the even-aged stand senesces into a more uneven-aged struc .
ture. Finally, levels decline resulting in the reverse J-shape anopy composition

. AT We sampled canopy characteristics (tree species, diameter at
diameter distribution of uneven-aged forests (Harmon et al, o5t height (DBH), total height of trees, and status in the canopy

1986; Spies et _aI. 1988)- as dominant or subdominant tree) using the point-centered-quad
In the Canadian mixedwood boreal forest, the forest vegerant method (Mueller-Dombois and Ellenberg 1974; McRae et al.

tation is characterized by a gradual change in canopy specia979). Six points were set up along triangle edges and 48 trees
dominance following major disturbances such as fireswere recorded per stand: 24 dominant trees and 24 sub-dominant
(Bergeron and Dubuc 1989; Payette 1992; Roussopouldsees. The 48 distances between trees and the quadrant centers
1978). All tree species regenerate within a few years follow Were measured to calculate densities and basal areas per stand and
ing the fire, but the different growth rates create a successivBer species (McRae et al. 1979).

dominance in the canopy from shade-intolerant deciduou

species to shade-tolerant coniferous species. Paré a :
In the analyses, logs represent boles and branches, while snags

Bergeron (1995) have shown that the species I'epIacem(':":]el;present standing dead trees. The line-intersect method (Van Wag
and the occurrence of spruce budworm outbreaks affect thesr 1968, 1980) was used along each triangle side to sample logs.

aboveground biomass. As trees are the CWD producers, K| surficial woody pieces crossing the line were recorded in six
would be interesting to see if CWD accumulation throughdiameter size classes. Pieces less than 7 cm in diameter were re
time follows the same pattern as compared with the abovecorded within the five classes recommended by McRae et al.
ground biomass. Our objectives in this study were twofold.(1979) using different intersect-line lengths for each diameter
First, we wanted to document the CWD quantities, species§lass: class I, 0-0.49 cm on a 15 m long line; class II, 0.5-0.99 cm
composition, and distributions to determine the appropriat@n & 30-m line; class Ill, 1-2.99 cm on a 45-m line; class IV, 3—
CWD accumulation models for the Canadian mixedwood?-99 ¢m on a 60-m line; class V, 5-6.99 cm on a 75-m line. For
boreal forest. Secondly, we wanted to test the effect of stanﬁ‘ese classes, total number of woody pieces and species propor-

. . . . . lons were measured (Appendices 2 and 3).
composition and time since fire as potential factors that™\\." ecorded the species and diameter size (to the nearest

could simultaneously influence changes in CWD compo- 1 ¢m) of each item greater than 7 cm in diameter. These large
nents. Our hypothesis is that, in the southeastern Canadiggys constitute the sixth class. We did not use decay classes be-
boreal forest, temporal patterns will differ from the tradi- cause only logs on the litter (upper duff logs) were measured, and
tional U-shaped model because there is a species replacew showed different decay states. Moreover, the moss cover was
ment with time, and the involved species produce differentery infrequent in all stands, as reported previously by De

CWD loads that have rapid but different decay rates. Grandpré et al. (1993). The equation to calculate corrected fuel
loading per species and diameter size class (Van Wagner 1980) is

arse woody debris

Materials and methods 1] W= @ 3 d2ac

Study area description _ _ _ _ . )

The study area is located around Lake Duparquet (Bergeron é¥hereWis weight per unit ground area (t/haj;is specific gravity
al. 1995), located in the Clay Belt of northwestern Quebec(9/cnP); k is a constant with a value of 1.234 (see Van Wagner
(48°30N, 79°20W), a large physiographic region characterized 1980, p 3.);L is length of sample line (m)d is piece diameter at
by lacustrine clay deposits left by the proglacial lakes Barlow andntersection (cm)a is correction factor for nonhorizontal angle of
Ojibway (Vincent and Hardy 1977). The area surrounding Lakefuel pieces, and it has a value of 1.13 (see Brown 1974); caisd
Duparquet has forests that have never been commercially haplope correction factor (see McRae et al. 1979, Table 4) computed
vested. Lake Duparquet is situated at the southern limit of thdrom the tilt angle of each triangle side. Moreover
boreal forest in the Missinaibi-Cabonga section, which is charac[Z] g2 = n(d 2)
terized by an association of balsam fir, black spru¢dcéa Z - q
mariana (Mill). BSP), paper birch Betula papyriferaMarsh.),  \yhere n is number of intercepts per species and diameter size
white spruce Ricea glauca(Moench) Voss), and trembling aspen ¢|5ss andde? is squared quadratic-mean diameter enAs no
(Populus tremuloideMichx.) (Rowe 1972). The mean annual tem previous study focusing on CWD has been done in Quebec, we
perature is 0.6°C; mean annual precipitation is 822.7 mm; and,sed specific multiplication factor& from Ontario (McRae et al.
mean annual frost-free period is 64 days. However, freezing tem1979 Taples 2 and 3) for balsam fir, white birch, white spruce, and
peratures may occur throughout the year (Environment Canadﬁ\emb"ng aspen, with th& factor corresponding to

1993).
2
| 3] z=SKd9"a
Data collection L
Sampling design For white cedar, we used original quadratic-mean diameters and

Forty-eight stands initiated after lethal fires dating from 32 to particle specific gravities in Minnesota from Roussopoulos (1978).
236 years ago were selected on gently sloping mesic clay depositds quadratic-mean diameters and specific gravities were provided
Time of stand initiation has been determined in previous dendrofor the American diameter size classes, we used simple linear in
chronological studies (Bergeron 1991; Dansereau and Bergeraterpolations to calculate the corresponding quadratic diameters and
1993). Each stand was sampled with a 30-m-sided equilateral triargravities in our CWD diameter size classes. We then calculated
gle (McRae et al. 1979). The triangular layout was used to-mini multiplication factors for white cedar (see footnote of Appendix 3)
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Table 1. Canonical correspondence analysis results for species log loads and snag basal areas in relation to basal
areas of living canopy trees.

Total variance in

Axis 1 Axis 2 Axis 3 Axis 4 the CWD? data

Eigenvalues 0.303 0.164 0.052 0.036 1.38
Variance in the CWD data

Percent explained per axis 22 11.9 3.8 2.6

Cumulative percent explained 22 33.9 37.7 40.3 42.90
Pearson correlation between CWD and 0.846 0.828 0.527 0.512

basal area of the living trees
Monte Carlo test on correlatiomp) 0.01 0.01
CWD scores
Log load of balsam fir —-0.275 —-0.362
Log load of white birch -0.283 0.71
Log load of white spruce —0.386 —-0.305
Log load of trembling aspen 0.857 0.092
Log load of white cedar —-0.918 -0.13
BA of balsam fir snags -0.294 -0.197
BA of white birch snags -0.792 1.37
BA of white spruce snags -0.103 -1.181
BA of trembling aspen snags 0.888 -0.211
Correlation of time since fire with axes -0.672 —-0.596

CWD, coarse woody debris.

to compute the cedar log loads per diameter size class. Both OrEffects of time since the last fire and stand composition
tario and Minnesota are the nearest geographically and ecologi- We used multiple linear regression with the forward stepwise
cally relevant data sources for our study area. procedure (SAS Institute Inc. 1985) to test the significant effect of
Snags were sampled withinxsil m radius circles centered on time since fire and basal areas of living tree species on log and
the point-centered quadrants. Snag species, height, and diametersatag components. For each species we distinguished two canopy
the top were recorded (DBH if taller than 1.3 m). Densities, basalayers (BA and ba for basal area of dominant and dominated trees,
areas, and volumes of snags were calculated, but decay class wasspectively). This partitioning of the living basal areas is used to
not recorded as all snags were into an intermediate decay class thafpresent the canopy composition and its variability. If time is the

no longer had bark. only significant descriptor, it will then correspond to the real
change in CWD accumulation with time. Conversely, if living
Analyses basal areas are also descriptors of CWD accumulation changes,
then changes are the result of canopy composition changes through
Canonical correspondence analysis the successional process.

Canonical correspondence analysis (CCA) (Ter Braak 1987—
1992) was used to analyze the distribution of the 48 stands accorqResults
ing to species log loads and species snag basal areas. Basal area of

living trees (dominant and subdominant trees) are the active dec\wpD characteristics for the 48 stands sampled

scriptive variables, while time since fire was included in the analy Appendix 1 presents the characteristics of stands sampled
sis as a passive variable (Jongman et al. 1987) to evaluate t%

degree of association between this variable and the two first eano r C.WD components, V\:jh”e Appendlcdes 2 a_nd 3 report_ on
ical axes. Further, Monte Carlo permutation tests (Ter Braak 1987-09S I ter”?s. of counts, diameters, and Species composmqn.
1992) were performed on the two first canonical axes to investi DENSity of living trees per stand varied from 437 stems/ha in
gate the statistical significance of the impact variables on axes. @ 236-year-old white cedar stand to 3422 stems/ha in a pure
80-year-old aspen stand. The aspen stand also had the larg
Covariance analysis est living tree basal area (125.6/ma); the old white cedar
The pathway types found in the CCA have been analyzedstand had the lowest living tree basal area (15%ha). To
through a covariance analysis (SAS Institute Inc. 1985). This-analtal log load per stand varied from 17.8 to 111.5 t/ha (mean
ysis was conducted on total log loads with time since fire as the51.1 t/ha). Snag density varied from 0 to 7000 stems/ha, cor

continuous variable and the pathway type (birch or aspen) as clagesponding with 0-108 #ha in basal area and from 0 to
sification variable. Because a positive effect for both variables was;gg n#/ha in snag volume.

found, the covariance analysis was extended to all CWD cempo

nents. The 236-year-old coniferous stands were not included aﬁnalysis for multivariate potential factors
they were the same for both pathways. Results of the CCA, reported in Table 1 and Fig. 1, show
Effect of time since the last fire that 42.9% of the initial variance in the CWD data set can be

Nonlinear regressions (SAS Institute Inc. 1985) were computeXPl@ined by the basal area of living trees in the canopy
to study the potential effect of time since fire on log loads (total (33.8% on the two first axes; see Table 1). Monte Carlo tests
per stand, per diameter size classes, and per species) and on si&PW that the two first canonical axes are good linear cembi
volumes (total per stand and per species). nations of these descriptive variables. The upper graph
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Fig. 1. Canonical correspondence analysis on coarse woody debris characteristics (species log loads and snag basal areas) in relation ti
basal areas of living canopy species. Arrows on the upper graph represent vectors for living basal areas of species (dom., dominant
trees; sub., sub-dominant trees). On the main graph the numbers in the ellipses are the mean stand age. The symbols of stand scores
are as follows: {\) aspen standsY) birch stands;[(J) conifer stands. Shaded symbols represent mixed stands (based on coniferous

basal area between 25 and 74% of total stand). Arrow directions on the main graph symbolize the successional pathway trends.

1 9 axis2

dom. birch

sub. birch

sub. fir

dom. spruc b
time since fire sub. aspen
15 \ i axis 1
. -1 -0. )
axis 2 05 4om. aspen

dom.|fir

sub. cedar

-0.5 =
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Fig. 2. Results of the covariance analysis conducted on the natural logarithms of total log loads with time since the last fire-as contin
uous variable and successional pathway (a, trembling aspen; b, white birch) as classification variable.

5
b L
4.5 4 a b a In (total log load of birch stands) =
E} b L. b 3.6986 + 0.0029 x time
é 4 - bb & In (total log load of aspen stands) =
2 b - § 33442+ 0.0029 x time
=1y]
o b ba
= 35 3
<
g & ]
~ a
= 3 4
a
2.5

1 1 T T 1
0 50 100 150 200 250
Time since the last fire (years)

shows the descriptive basal areas with time since fire as pagears after fire, but they increase up to 100 years. In stands
sive variable (Fig. 1). On the main graph, birch and aspemlder than 120 years, log loads tend to slightly decrease be
stands are segregated according to the first axis, and thdgre increasing again in the late stages. These two different
present two successional pathways (the two arrow direcpatterns among log class loads associated to the proportions
tions). These two patterns converge at the end of the succesf fine and coarse debris loads imply that total log loads
sion (after 200 years since fire) towards coniferous standgFig. 4) fit a different pattern from the above ones, with a
The upper graph shows that all trembling aspen, tall whitegeneral load increasing with time. Among the species, only
birch, and white cedar are the best represented variables dealsam fir and trembling aspen log loads had significant
fining the two axes. These living basal areas are well corretrends through time (Fig. 4). Aspen log loads decreased with
lated with both the basal area of snags and the log loads dfme, whereas fir log loads increased through time. White
their respective species (see scores in Table 1). Finally, timbirch log loads remained high over the entire period, while
since fire is well correlated with canonical axes (Table 1)white spruce log loads were consistently the lowest. White
and it is related positively with the dominating coniferous cedar log loads increased significantly in stands older than
basal areas and negatively with the trembling aspen basal a200 years.

eas and the subdominant conifer basal areas. Among snags, the only significant relationships between
The covariance analysis on total log load (Fig. 2) showsvolumes and time since fire were for the total snag and bal
that birch and aspen stands have the same slope paramesam fir snag volumes (Fig. 5). In both cases, volumes in
but significantly different intercepts. Log loads in birch creased with time. Volumes of trembling aspen snags present
stands tend to be heavier than in aspen stands. This analysidJ-shaped pattern from 30 to 170 years and then disappear
supports the existence of two successional pathways showvafter 200 years. Some birch snags are present in young and
by the CCA. However, covariance analyses carried out owery old stands and show no particular trend. White spruce
each CWD component showed that time since fire was thend white cedar did not have a sufficient number of stands
most significant factor (not shown). For these reasons, wevith snags.
have chosen to only consider time since fire as a significant

factor, and we have analyzed the 48 stands together. . . . .
Effects of time since the last fire and stand composition

Results for logs and snags (Tables 2 and 3, respectively)
Effects of time since the last fire show different behaviours of CWD in relation to time since
The first five diameter size classes of logs present thdire and canopy basal areas. Log loads of classes V and VI,
same general trend in relation to time since fire (Fig. 3),white spruce, and white cedar are not reported in Table 2 as
with a U-shaped curve prolonged by a plateau or a decreashey did not show significant linear relationships with time
in the very late successional stages. All these fine debris levor basal areas. However, basal areas and time since fire are
els tend to be variable but quite high 30 years following thesignificant descriptors in four of the eight significant models
fire. Log loads decrease with stand age to a low at 80-12(QTable 2). Basal areas are the only significant descriptors in
years. An accumulation period follows then for a 100-yearthree models, whereas time since fire is the only significant
period and then plateaus or decreases again at late stagdsscriptor for the class | log load. This implies that changes
However, the cumulative five class loads represent on-aveliin the log accumulation (total and species log loads) atre in
age 43 + 18% (mean = SD) of total log load. The class Vifluenced both by the effect of time since fire and by the
load presents a significantly different pattern through timechange in canopy species dominance, reflecting successional
since fire (Fig. 3): coarse debris levels are the lowest 3(process. Moreover, the species composition effect is as
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Fig. 3. Changes in log loads by diameter size class with time since the lasnfire48; critical R2(47’ 0.05)= 0.081. Equations for log
load through time are as follows: ck$ = —0.000 003% + 0.0026% — 0.1442 + 7.1656 R? = 0.387;p = 0.0001); class Il =

-0.000 001* + 0.000%% —0.0598 + 3.7074 R? = 0.484;p = 0.0001); class lll = —-0.000 002 + 0.001@? —0.1444 + 10.5044 R? =
0.271;p = 0.0028); class IV = —0.000 0G# + 0.0016? —0.1969 + 10.1109 R? = 0.245;p = 0.0058); class V = —0.000 0G2 +
0.0016% — 0.1893 + 9.8683 R? = 0.219;p = 0.0119); class VI = —0.000 003t¥ — 0.017@ + 2.33Q (R?> = 0.175;p = 0.0360).
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important as time (see Table 2 for outcome order entriethe mean snag volume per stand increases from 140 to
from the forward stepwise selection). 143 mi/ha, corresponding with a slight decrease of mean
Conversely, time is always the first variable selected forsnag basal area from 22 to 19’/im and a mean density
shags (Table 3), with four cases where it is the only signifi dropping from 1570 to 830 shags/ha. These values fit better
cant variable. Even in models where basal areas are part td those of other studies. Moreover, snag density and basal
significant descriptors, only one species basal area 4s inarea may reflect some processes such as self-thinning and
cluded. This implies that changes in snag components (sp@atural disturbance effects. Indeed, the maximum density of
cies composition, density, basal area, and volume) ar6900 snags/ha (all diameters included) was recorded in the
almost only influenced by time since fire. youngest aspen stands, where trees are undergoing self-
thinning (snag basal area is only 17/hm). However, only
one of these stands recorded a snag larger than 10 cm in
DBH. In mixed and conifer stands, snag densities higher
than 3000 stems/ha represent mostly balsam firs killed dur
ecosystems ing the last and most severe spruce budworm outbreak
The presented snag Components (mean volume 14%[‘@]1‘] (Bergeron et al. 1995, Morin et al. 1993) Insects may have
mean density 1570 stems/ha) are at the upper limit of rangedso fed on sub-dominant trees (from 5 to 10 cm in DBH)
found to date in boreal forests (Lee et al. 1997; Linder et alduring the maximum defoliation period.
1997; Schimmel and Granstrom 1997; Sturtevant et al. Comparisons between log characteristics found in our study
1997). If we only focus on snags larger than 10 cm in DBH,area (mean log load 51 t/ha) and other boreal ecosystems

Discussion

Comparisons of CWD characteristics with other boreal
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Fig. 4. Changes in the total and species log loads with time since the lasnfie48; critical R2(47, 0.05= 0.081. Residual

homoscedasticity was not accepted for white birch, white spruce, and white cedar log loads. Equations for log load through time are as
follows: all speciesy = 11.96%276 (R = 0.139;p = 0.0091); balsam firy = 0.2725% — 2.565%% + 6.0221 R? = 0.636;p = 0.0001);

trembling aspeny = 0.0003% — 0.208@ + 33.3853 R? = 0.241;p = 0.0004).
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showed (Hély 2000) differences with deciduous stands irbasal areas show that logs reflect the stand dynamics
Alberta (109-124 rfiha; Lee et al. 1997) and mixedwood through the successional process: the dominant deciduous
boreal stands in New Brunswick (7—20 t/ha; Freedman et alspecies die and deciduous stands are replaced by mixed and
1996). It is likely that the drier climate in Alberta creates aconifer stands in later successional stages (Bergeron and
less favourable environment for decomposer fungi. ThisDubuc 1989). Other studies have recorded poor correlation
would slow down bole decay rate and result in a greater logpetween the stand basal area and log composition (Muller
accumulation. Conversely, in New Brunswick, the moisterand Liu 1991; Sturtevant et al. 1997), but species composi
climate has inverse effects, and it favours log decay. Moretion of CWD reflected the species composition of the stand
over, Freedman et al. (1996), by sampling only logs greateing forest (Muller and Liu 1991). In our study, log loads
than 5 cm in diameter, have not taken into account small direspond almost immediately to the canopy species replace
ameter log loads that comprise up to 43% of the total load irment by a rapid change in their species composition. This

our study area. rapid change can be explained by the rapid replacement of

the dominant canopy species that is also the largest log pro
Stand composition and time since the last fire as ducer at that time. Paré and Bergeron (1995) have shown
descriptors of the change in the CWD accumulation that total aboveground biomass closely corresponds to the

The analyses have shown that time since fire and stanttembling aspen biomass, and when this species is replaced
canopy composition are two significant descriptive factors inby conifer species, the total aboveground biomass decreases
CWD changes. However, while logs are influenced by bothin the same way. Moreover, the involved species are known
factors, snags are mainly influenced by time since fire.  to have rapid decay rates (Alban and Pastor 1993; Lambert

The high correlation between species log loads and livinget al. 1980). The log load at a given time corresponds

© 2000 NRC Canada



Hély et al. 681

Fig. 5. Changes in snag characteristics with time since the lastrire.48 when not mentioned,; critic:RZ(M’ 0.05= 0.081. Residual
homoscedasticity was not accepted for trembling aspen, white birch, white spruce, and white cedar snag volumes. Equations for snag
volume through time are as follows: all specigs= 20.184 x 164, (R = 0.253;p = 0.0006;n = 43); balsam firy = 0.0042 —

0.419 + 9.778 R = 0.461;p = 0.0001).
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closely to the present load (input and decay likely in equilib ume is low but still dominated by deciduous species. After
rium) and also to the actual canopy composition. It seemd50 years, overmature aspen die and constitute high shag in
that there is no long-term accumulation process. puts. Conifer species, mostly balsam fir, finally replace de
Conversely, the snags component changes are, when thé{duous species in the canopy, and produce at that time, the
exist, mainly influenced by time since fire, and to a lessedargest snag volumes particularly from outbreaks. These in
extent by the canopy composition changes. Snags, becau#1sic and extrinsic events created,.wnhln a short time pe
they are standing, are drier and less exposed to decomposei®d, large amounts of snags, standing for a long time after
would have a slower decay rate than logs. Thus, snags cdhe disturbance event. Moreover, we also have to consider
then remain standing for a long time, even though their spethe relationship between the timing of the sampling period
cies no longer dominates the living stand canopy. This exand spruce budworm outbreak events. If CWD were -sam
plains why snag composition does not fit the actual livingPled 25-30 years ago, the last spruce budworm outbreak
tree canopy composition, but that it is instead related tdvould not have occurred yet, and the balsam fir CWD (logs
stand age and to its history. Snags reflect the transition fror@nd snags) would have been less important. Additionally, if
deciduous towards conifer dominance occurring during sucVe were to sample CWD 20 years from now with no spruce
cession (Bergeron and Dubuc 1989): the percentage of conpudworm outbreaks ocurring, the balsam fir snags would
fer snags (mainly represented by balsam fir) increases withave fallen and so would be less important.
time, whereas trembling aspen, which is the most prolific
deciduous snhag producer, has a shag density that varies wi@WD accumulation models in the southern boreal
time. After fire, shade-intolerant species such as tremblindorest
aspen dominate the stand canopy and the snag compartmeniCoarse woody debris accumulation models in the mixed
from self-thinning. From 50 to 120 years after fire, snag vol wood boreal forest (Figs. 3-5) are different from other CWD
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Table 2. Significant multiple regressions for the log load components.

Variable Total Class | Class Il Class llI Class IV In(fir) (Bir&v (Aspen?®

p 0.0004 0.0003 0.0001 0.0010 0.0280 0.0001 0.0001 0.0001
Multiple R 0.5430 0.5030 0.6850 0.5140 0.3170 0.8820 0.7078 0.8370
R? 0.2640 0.2360 0.4690 0.2320 0.1010 0.7770 0.5010 0.7010
Intercept 0.0000 2.2370 1.6110 5.2040 3.3691 0.0000 1.3071 3.6940
Time 0.1303 (2)  0.0110 (1) 0.0061 (1) 0.0151 (1) —0.0099 (2)
BA fir

BA birch 0.2103 (1)  -0.1267 (4)
BA spruce —0.0827 (2)

BA aspen -0.0197 (2) 0.0413 (1)
BA cedar

ba fir 5.3814 (1) -0.0869 (3) 0.1674 (2) 0.3716 (3)
ba birch 0.4195 (2)

ba spruce

ba aspen 0.1875 (1) 0.1608 (1)

ba cedar

Note: Only the significant parameters are given. Values in parentheses give the order in which the variables entered tipe onedsl. model
probability; BA, basal area of dominant trees; ba, basal area of subdominant trees.

Table 3. Significant multiple regressions for the snag components.

Conifer
Variable (Stand vol9® (Stand BAY-S snags (%) In(fir dens.) In(fir BA) (Fir vol9® In(aspen dens.)
p 0.0015 0.0068 0.0001 0.0001 0.0001 0.0001 0.0001
Multiple R 0.4447 0.3858 0.6162 0.6756 0.7080 0.7114 0.6940
R? 0.1977 0.1489 0.3797 0.4564 0.5018 0.5061 0.4816
Intercept 0.0000 1.8548 0.0000 0.0000 0.0000 -4.297 7.8627
Time 0.0445 (1) 0.0136 (1) 0.3005 (1)  0.0333 (1) 0.0156 (1) 0.7990 (1)  —0.0259 (1)
BA fir
BA birch —2.3327 (2) —0.2468 (2)
BA spruce
BA aspen
BA cedar
ba fir
ba birch
ba spruce
ba aspen
ba cedar —0.5436 (2)

Note: Only the significant parameters are given. Values in parentheses give the order in which the variables entered tipe ovedsl. model
probability; BA, basal area of dominant trees; ba, basal area of subdominant trees; vol., voftina; (dens., density (stems/ha).

accumulation models (Agee and Huff 1987; Bormann andire residual debris. The absence of large pre-fire CWD can
Likens 1994; Harmon et al. 1986; Spies et al. 1988;be explained by the faster decay rate of burned pieces a few
Sturtevant et al. 1997). As we have seen above, the key fagears after fire (Harmon et al. 1986) and by the absence of
tors explaining these differences (for total or species loadslarge-diameter trees in pre-fire stands. Indeed, even in old
are the species replacement occurring during successi®tands, conifers that dominate stands are much smaller trees
(Bergeron and Dubuc 1989), differences in species produand snag producers than deciduous species (Paré and
tivity (Paré and Bergeron 1995), rapid decay rates (LamberBergeron 1995). The log pattern of trembling aspen through
et al. 1980; Harmon et al. 1986), and disturbances such asme found and discussed in our study shows the same trend
cyclic spruce budworm outbreaks killing mature balsam firsas the aboveground biomass found by Paré and Bergeron
and favouring white birch and (or) balsam fir regeneration(1995) in the same study area and also as the trembling as
(Kneeshaw and Bergeron 1998). The CWD models in oupen snags in western Canada found by Lee et al. (1997).
study do not show the high initial post-fire CWD load-re This pattern is characterized by a first load increase until
sulting from the fire event, as in the traditional U-shapedstand maturity, followed by a period of load decrease during
model (Agee and Huff 1987; Bormann and Likens 1994;the late successional stages. It resembles the aboveground
Spies et al. 1988; Sturtevant et al. 1997). The initial load ativing biomass of forest stands presented by Peet (1981),
30 years is composed of small-diameter pieces (that woultho assigned this accumulation pattern to boreal stands such
not have withstood the fire event) and not from pre-fire oras feathermoss — black spruce stands with very thick organic
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layer. In our case, the period of load decrease is not-a deReferences

crease in the successive cohort productivity because of less

favorable abiotic conditions but to the species replacemerftgee, J.K., and Huff, M.H. 1987. Fuel succession in a western
with a resulting decrease in the abundance of trembling as hemlock/Douglas-fir forest. Can. J. For. RaS: 697-704.

pen (Bergeron and Dubuc 1989; Paré and Bergeron 1995fIban, D.H., and Pastor, J. 1993. Decomposition of aspen, spruce,
Aspen and birch have no difference in decay rates, but white and pine boles on two sites in Minnesota. Can. J. For. R&s.
birch log accumulation is significantly higher than trembling 1744-1749. _ _ _

aspen (same trend in Fig. 2). Moreover, the birch trendergeron, Y. 1991. The influence .of |sland and mainland lakeshore
through time is more variable (nonsignificant trend in Fig. 4) landscapes on boreal forest fire regimes. Ecolodd, 1980~
than for aspen logs. This variability difference may come 1992. o

from the distinct life-history patterns of these species: whiteBergeron. Y., and Dubuc, M. 1989. Succession in the southern part
birch is a long-lived species with one postfire cohort that_ °f the Canadian boreal forest. Vegetatiotg; 51-63. .
can stand more than 200 years (Frelich and Lorimer 19915€rgeron, Y., Leduc, A., Morin, H., and Joyal, C. 1995. Balsam fir
Dansereau and Bergeron 1993) and create logs and Snagsmortallty following the last spruce pudworm outbreak in nerth
along the entire succession, whereas the mean life-span fvestern Quebec, C".’m' J. For. ReS: 1375-1384. .
trembling aspen is 80 years in eastern North America (Hosi ormann, F.H., and Likens, G.E. 1994. Pattern and process in a

forested ecosystem. Springer-Verlag, New York.

1979); aspen regenerates through successive cohorts Ovehr%wn J.K. 1974. Handbook for inventorying downed woody-ma

comparable perlod._ Thus, aspen produc_es high ep'SOQ'C terial. USDA For. Serv. Gen. Tech. Rep. No. INT-16.

a”?‘?“”ts of CWD (Fig. 5 f_or snags). _Th_e birch pattern 'Va”d)ansereau, P., and Bergeron, Y. 1993. Fire history in the southern
ability could also be ex_plalned by pe”Od'C openings of stan boreal forest of northern Québec. Can. J. For. R&8.25-32.
canopy from balsam fir death during spruce b.waorm' out De Grandpré, L., Gagnon, D., and Bergeron, Y. 1993. Changes in
breaks' Large gaps are favourable to white b_'rCh regenera .o understory of Canadian southern boreal forest after fire. J.
tion (Kneeshaw and Bergeron 1998). For white cedar, this Veg. Sci.4: 803-810.

study would have required a longer time window to record &pyironment Canada 1993. Canadian climate normals 1961-90.
significant trend, as this shade-tolerant species only begins canadian Climate Program, Atmospheric Environment Service,
to regenerate in the late stages (Bergeron and Dubuc 1989). enyironment Canada, Downsview, Ont.

A recently discovered mesic forest dominated by white cefreedman, B., Zelazny, V., Beaudette, D., Fleming, T., Flemming,
dar and regenerated at least 400 years ago after a fire had as, Forbes, G., Gerrow, J.S., Johnson, G., and Woodley, S. 1996.
total log load of 29 t/ha. Balsam fir, white cedar, and white  Bjodiversity implications of changes in the quantity of dead or-
birch were responsible for 18, 8, and 3 t/ha, respectively. ganic matter in managed forests. Environ. R&v238-265.

This suggests that mixed stands can be maintained for a lorgrelich, L.E., and Lorimer, C.G. 1991. Natural disturbance regimes
time (high variability of old stand composition also shown in hemlock—-hardwood forests of the Upper Great Lakes region.
by the CCA) and that high balsam fir log load was probably Ecol. Monogr.61: 145-164.

created by the last spruce budworm outbreak. However, bedarmon, M.E., Franklin, J.F., Swanson, F.J., Sollins, P., Gregory,
cause of the longevity of white cedar, it produces only small S.V., Lattin, J.D., Anderson, N.H., Cline, S.P., Aumen, N.G.,
log loads even in 236-year-old stands. White spruce seems Sedell, J.R., Lienkaemper, G.W., Cromack, K., Jr., and
the least active species in the successional replacement pro Cummins, K.W. 1986. Ecology of coarse woody debris in-tem
cess, with a low abundance of living trees and few logs and perate ecosystems. Adv. Ecol. Res. No. 15. pp. 133-302.
snags. This could explain why there was no significant trenddarmon, M.E., Cromack, H., Jr., and Smith, B. 1987. Coarse
over time for this species. Finally, balsam fir accumulates woody debris in mixed-conifer forest, Sequoia National Park,
CWD during the entire succession. The trend seems to be California. Can. J. For. Red7. 1265-1272.

dependent on both disturbance and decay rate. Because tHély, C. 2000. Influence de la végétation et du climat dans le
outbreak periods seem to be as long as the decay rate, thecomportement des incendies en forét boréale mixte canadienne.

log pattern should stay stable over the long term, until an Ph.D. thesis, Université du Québec a Montréal, Montréal.
other fire occurs. Hosie, R.C. 1979. Native trees of Canada. 8th ed. Fitzhenry and

Whiteside Ltd., Toronto, Ont.
Jongman, R.H.G., Ter Braak, C.J.F., and Can Tongeren, O.F.R.
Acknowledgments 1987. Data analysis in community and landscape ecology.

. . Pudoc, Wageningen, the Netherlands.
This research was funded by the Natural Sciences and Erl’(eddy, P.A., and Drummond, C.G. 1996. Ecological properties for

gineering Research Council of Canada (NSERC), the-Que ¢ evaluation, management, and restoration of temperate-decid
bec Ministry of Education (Fonds pour la formation de yous forest ecosystems. Ecol. Apfl. 748-762.

chercheurs et l'aide a la recherche), and the Network okneeshaw, D., and Bergeron, Y. 1998. Canopy gap characteristics
Centres of Excellence in Sustainable Forest Management. and tree replacement in the southeastern boreal forest. Ecology,
We thank Samuel Alleaume, Catherine Boudreault, and Marie- 79: 783—794.

Helene Longpré for assistance in the field; Thuy Nguyen|ampert, R.L., Lang, G.E., and Reiners, W.A. 1980. Loss of mass
Daniel Gagnon, and two anonymous reviewers for valuable and chemical change in decaying boles of a subalpine balsam fir
comments on an earlier version of this manuscript; and Pa forest. Ecology61; 1460-1473.

tricia Wood and Brenda Laishley for linguistic amelioration. Lee, P.C., Crites, S., Nietfeld, M., Van Nguyen, H., and Stelfox,
We thank the members of the Groupe de recherche en J.B. 1997. Characteristics and origins of deadwood material in
écologie forestiere and Northern Forestry Centre staff in Ed aspen-dominated boreal forests. Ecol. Appl691-701.

monton for their help. Linder, P., Elfving, B., and Zackrisson, O. 1997. Stand structure

© 2000 NRC Canada



684 Can. J. For. Res. Vol. 30, 2000

and successional trends in virgin boreal forest reserves in SweRowe, J.S. 1972. Forest regions of Canada. Environment Canada,
den. For. Ecol. Manageé8: 17-33. Ottawa, Ont. Publ. No. 1300.
McRae, D.J., Alexander, M.E., and Stocks, B.J. 1979. MeasureSAS Institute Inc. 1985. SAS user’s guide: statistics, version 6 edi
ment and description of fuels and fire behaviour on prescribed tion. SAS Institute Inc., Cary, N.C.
burns: a handbook. Can. For. Serv. Great Lakes For. Cent. InfSchimmel, J., and Granstrom, A. 1997. Fuel succession and fire
Rep. No. O-X-287. behavior in the Swedish boreal forest. Can. J. For. R¥s.
Morin, H., Laprise, D., and Bergeron, Y. 1993. Chronology of 1207-1216.
spruce budworm outbreaks near Lake Duparquet, Abitibi regionSpies, T.A., Franklin, J.F., and Thomas, T.B. 1988. Coarse woody

Quebec. Can. J. For. Re&3: 1497-1506. debris in Douglas-fir forests of western Oregon and Washington.
Mueller-Dombois, D., and Ellenberg, H. 1974. Aims and methods Ecology, 69: 1689-1702.
of vegetation ecology. Wiley, New York. Stauffer, D.F., and Best, L.B. 1980. Habitat selection by birds-of ri

Muller, R.N., and Liu, Y. 1991. Coarse woody debris in an old- parian communities: evaluating effect of habitat alteration. J.
growth deciduous forest on the Cumberland plateau, southeast Wildl. Manage.44: 1-15.
ern Kentucky. Can. J. For. Re81l: 1567-1572. Sturtevant, B.R., Bissonette, J.A., Long, J.M., and Roberts, D.W.
Paré, D., and Bergeron, Y. 1995. Above-ground biomass accumula 1997. Coarse woody debris as a function of age, stand structure,
tion along a 230-year chronosequence in the southern portion of and disturbance in boreal Newfoundland. Ecol. Agpl702—712.
the Canadian boreal forest. J. Ec88: 1001-1007. Ter Braak, C.J.F. 1987-1992. CANOCO—a FORTRAN program
Payette, S. 1992. Fire as controlling process in the Northern Amer for canonical community ordination. Microcomputer Power,
ican boreal forestin A systems analysis of the global boreal Ithaca, N.Y.
forest. Edited byH.H. Shugart, R. Leemans, and G.B. Bonan. Tyrrell, L.E., and Crow, T.R. 1994. Dynamics of dead wood in old-
Cambridge University Press, New York. pp. 144-169. growth hemlock—hardwood forests of northern Wisconsin and
Peet, R.K. 1981. Changes in biomass and production during sec northern Michigan. Can. J. For. Re®4: 1672-1683.
ondary forest successiom Forest succession: concepts and ap Van Wagner, C.E. 1968. The line intersect method in forest fuel
plication. Edited byD.C. West, H.H. Shugart, and D.B. Botkin. sampling. For. Scil4: 20-26.
Springer-Verlag, New York. pp. 325-338. Van Wagner, C.E. 1980. Practical aspects of the line intersect method.
Roussopoulos, P.J. 1978. An appraisal of upland forest fuels and Can. For. Serv. Petawawa Natl. For. Inst. Inf. Rep. No. PI-X-12.
potential fire behavior for a portion of the boundary waters ca-Vincent, J.S., and Hardy, L. 1977. L’évolution et I'extension des
noe area. Ph.D. thesis, Department of Forestry, Michigan State lacs glaciaires Barlow et Ojibway en territoire québecois. Geogr.
University, East Lansing. Phys. Quat31: 357-372.

© 2000 NRC Canada



Hély et al.

Appendix 1

Table Al. Characteristics of sampled stands.

685

Time since  Total living Total living Deciduous Total log  Total basal Total volume  Total snag

Stand last fire density basal area living basal load area of of snags density
No. (years) (stems/ha) (m?/ha) area (%) (t/ha) snags (ha)  (m%ha) (stems/ha)
p0301 32 2382 51.27 100 27.70 17.41 81.57 6897
p0302 32 1978 42.80 100 22.60 3.58 25.26 2122
p0303 32 1234 35.33 100 26.20 7.15 125.13 531
b0551 52 1072 39.41 70 35.40 13.80 42.45 1592
b0552 52 1478 18.98 96 43.61 15.59 28.84 1061
p0551 52 1055 22.43 93 27.59 8.46 17.26 1592
p0552 52 1901 37.53 96 26.96 2.67 5.60 531
b0801 80 2309 64.94 77 111.51 2.87 8.41 1592
b0802 80 1139 45.06 72 70.02 6.69 62.59 1061
p0801 80 3422 125.57 93 89.22 0.00 0.00 0
p0802 80 2823 60.49 92 17.80 9.81 18.40 1061
b1201 126 1702 31.81 81 51.10 55.85 294.63 4244
b1202 126 1581 25.91 74 26.02 0.00 0.00 0
b1203 126 2168 21.20 81 51.90 9.60 63.87 1061
b1204 126 1057 25.80 52 95.58 0.00 0.00 0
p1201 126 1205 47.73 92 29.76 14.84 15.59 1061
p1202 126 1265 35.81 71 24.05 3251 32.51 1061
p1203 126 753 44.08 81 64.86 16.92 74.01 2122
p1204 126 632 54.67 78 31.37 0.00 0.00 0
p1205 126 712 70.96 91 65.35 2.28 10.27 531
b1701 173 1065 15.50 36 69.76 8.76 83.22 531
b1702 173 878 22.83 78 67.86 0.00 0.00 0
b1703 173 1650 29.57 29 35.64 15.52 97.78 531
pl701 173 1160 31.40 68 56.75 5.90 19.18 1061
p1702 173 1646 26.69 78 68.14 41.50 254.53 1592
pl703 173 861 32.36 77 36.10 25.20 251.14 1592
pl704 173 825 64.38 85 60.99 7.64 32.09 1592
p1705 173 1800 39.50 84 82.56 107.89 708.50 3183
p1706 173 1111 47.09 96 41.20 7.89 34.72 1592
pl707 173 748 31.66 95 46.60 74.93 569.44 3183
pl1708 173 627 32.14 68 42.42 35.06 358.35 2653
pl709 173 1430 57.41 82 56.96 70.82 540.57 1592
pl710 173 1045 50.90 93 39.63 23.95 196.38 1592
b2101 236 444 30.44 59 70.49 84.39 485.84 3714
b2102 236 673 37.74 65 54.90 11.90 29.75 531
b2103 236 775 22.98 49 103.42 19.75 147.10 1061
b2104 236 1084 24.06 59 108.31 25.43 149.18 1592
p2101 236 906 52.66 54 44.49 10.17 70.15 1061
p2102 236 570 37.15 56 41.13 22.68 123.98 1592
p2103 236 1002 68.88 70 46.40 6.86 37.76 1592
s2101 236 999 23.30 21 46.89 47.87 380.60 3714
s2102 236 961 26.30 18 34.85 14.31 64.39 1592
t2101 236 820 36.33 34 47.23 33.49 159.09 2122
t2102 236 578 68.12 22 41.98 20.99 185.40 1592
t2103 236 1086 15.10 0 44.68 26.43 179.36 2122
t2104 236 1288 33.03 7 47.97 33.78 340.29 2122
t2105 236 437 43.58 11 26.77 10.97 67.47 1061
t2106 236 1136 37.33 10 52.24 21.55 272.63 1061
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Appendix 2

Table A2. Characteristics of sampled logs: number of woody counts per class for the first five diameter size classes, and sum of
square diameters per species for the sixth diameter size class.

Stand No. of wood pieces Sum of square diameters per species in class VI
No. Class | Class I Class llI Class IV Class V Fir Birch Spruce Aspen Cedar
p0301 285 157 132 50 32 0 0 0 890 0
p0302 705 228 127 26 13 0 0 0 537 0
p0303 850 372 208 36 8 0 0 0 289 0
b0551 385 114 85 19 11 1312 1762 0 0 0
b0552 580 195 102 15 11 0 3014 0 204 0
p0551 345 129 78 37 28 59 146 0 1284 0
p0552 565 210 121 24 18 0 50 0 1638 0
b0801 940 145 94 21 18 535 5628 0 8909 0
b0802 705 183 87 30 16 1351 263 0 7488 848
p0801 220 111 65 16 13 1716 1624 0 11202 0
p0802 315 96 79 12 21 0 282 0 587 0
b1201 545 154 133 13 14 1008 3599 0 0 0
b1202 605 142 97 10 18 1329 483 0 0 0
b1203 890 220 88 13 9 2236 2350 149 1029 0
b1204 960 205 133 25 11 2089 7879 0 0 231
pl201 315 134 86 24 14 1288 145 0 1875 0
pl202 390 133 74 20 5 240 132 139 2045 0
p1203 695 193 135 17 9 1009 420 0 8309 0
pl204 345 137 85 12 14 1263 860 0 999 0
p1205 595 172 73 30 9 1924 659 533 6446 0
b1701 1080 198 101 17 27 3314 456 1389 3863 0
b1702 1035 217 97 49 22 2590 3220 149 576 0
b1703 1470 230 120 33 15 1802 420 0 0 0
pl701 1060 245 124 19 13 5221 1024 0 400 250
pl702 800 238 140 32 29 5111 243 0 3605 0
pl703 865 138 80 17 15 2337 0 0 1741 317
pl704 770 237 111 33 26 2550 636 1001 3255 0
pl705 710 176 127 38 28 3675 594 0 7441 0
pl706 860 304 161 44 23 1683 0 0 1228 388
pl707 990 264 85 36 31 1903 0 0 2814 0
pl708 800 235 116 28 22 2113 365 916 793 0
pl709 1420 277 114 47 25 1623 1011 77 2874 0
pl710 1020 259 111 32 19 2097 803 0 345 0
b2101 730 258 107 35 67 1565 2819 773 0 168
b2102 1760 266 151 28 12 4563 86 0 0 1368
b2103 740 206 163 20 20 6480 3622 0 0 5716
b2104 690 161 89 17 14 689 3214 1156 0 1399
p2101 1470 319 155 27 16 3206 135 0 625 106
p2102 940 143 89 12 6 2877 189 1146 1024 0
p2103 1400 313 137 15 11 3680 703 0 586 135
s2101 1165 330 142 34 28 4638 0 0 0 0
s2102 1270 224 104 20 13 2639 0 0 0 1174
12101 1125 247 126 13 7 2559 0 2614 0 811
12102 900 202 129 17 14 2876 1138 0 0 541
12103 1475 337 153 6 14 4193 59 502 0 279
12104 2020 329 164 31 12 4495 0 0 0 178
t2105 1065 192 106 15 4 1140 650 0 625 291
t2106 1345 221 152 28 17 4622 1076 0 0 67
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Appendix 3
Table A3. Species percentages of sampled logs for the different diameter classes.
stand Percentage in class | Percentage in class Il Percentage in classes IlI-V
No. Fir Birch Spruce Aspen Cedar Fir Birch Spruce Aspen Cedar Fir Birch Spruce Aspen Cedar
p0301 O 0 0 1 0 0 0 0 1 0 0 0 0 1 0
p0302 O 0.2 0 0.8 0 0 0.2 0 0.8 0 0 0.2 0 0.8 0
p0303 O 0 0 1 0 0 0 0 1 0 0 0 0 1 0
b0551 0.1 0.9 0 0 0 04 0.6 0 0 0 04 0.6 0 0 0
b0552 0 1 0 0 0 0 0.9 0 0.1 0 0 1 0 0 0
p0551 0 0.2 0 0.8 0 0 0.2 0 0.8 0 0 0.2 0 0.8 0
p0552 O 0 0 1 0 0 0.1 0 0.9 0 0 0 0 1 0
b0801 0.3 0.7 0 0 0 0.2 0.8 0 0 0 0.2 05 0 0.3 0
b0802 0.2 0.7 0 0.1 0 0.2 0.7 0 0.1 0 0.2 0.7 0 0.1 0
p0801 0.1 0.1 0 0.8 0 0.1 0.1 0 0.8 0 0.1 0.1 0 0.8 0
p0802 0.2 O 0 0.8 0 02 O 0 0.8 0 02 O 0 0.8 0
b1201 0.6 0.4 0 0 0 06 04 0 0 0 06 04 0 0 0
b1202 05 05 0 0 0 05 05 0 0 0 04 0.6 0 0 0
b1203 0.3 0.7 0 0 0 0.3 0.7 0 0 0 04 0.6 0 0 0
b1204 0.6 0.3 0 0 0.1 05 04 0 0 0.1 04 0.6 0 0 0
pl201 03 O 0 0.7 0 03 O 0 0.7 0 04 O 0 0.6 0
pl202 0.3 0.2 0 0.5 0 0.3 0.2 0 0.5 0 0.3 0.2 0 0.5 0
pl203 05 O 0 0.5 0 05 0 0 0.5 0 05 O 0 0.5 0
pl204 0.2 0.3 0 0.5 0 02 O 0 0.8 0 02 O 0 0.8 0
pl205 0.1 0.1 0 0.6 0.2 03 O 0 0.7 0 0.2 0.1 0 0.6 0.1
b1701 0.6 0.4 0 0 0 05 05 0 0 0 05 05 0 0 0
b1702 05 05 0 0 0 06 04 0 0 0 06 04 0 0 0
b1703 0.7 0.2 0 0.1 0 0.7 0.3 0 0 0 06 04 0 0 0
pl701 03 O 0 0.7 0 04 O 0 0.6 0 04 O 0 0.6 0
pl702 05 O 0 0.5 0 06 O 0 0.4 0 05 O 0 0.5 0
pl703 08 O 0 0.2 0 05 0 0 0.5 0 05 O 0 0.5 0
pl704 03 O 0 0.7 0 06 O 0 0.4 0 05 0 0 0.5 0
pl705 03 O 0 0.7 0 04 O 0 0.6 0 03 O 0 0.7 0
pl706 03 O 0 0.7 0 04 O 0 0.6 0 04 O 0 0.6 0
pl707 05 O 0 0.4 0.1 08 0 0 0.2 0 08 O 0 0.2 0
pl708 04 O 0 0.6 0 03 O 0.1 0.6 0 06 O 0 0.4 0
pl709 0.6 0.2 0 0.2 0 07 O 0 0.3 0 06 0.1 0 0.3 0
pl710 03 O 0 0.7 0 05 0 0 0.5 0 04 O 0 0.6 0
b2101 0.1 0.9 0 0 0 04 0.6 0 0 0 06 04 0 0 0
b2102 0.5 0.2 0. 0 0.1 04 0.3 0 0 0.3 04 0.3 0 0 0.3
b2103 0.6 0.4 0 0 0 05 0.5 0 0 0 09 01 0 0 0
b2104 0.2 0.7 0 0 0.1 06 04 0 0 0 04 0.6 0 0 0
p2101 0.7 O 0 0.3 0 06 O 0 0.3 0.1 05 0 0 0.4 0.1
p2102 0.2 0.6 0. 0.1 0 0.1 0.7 0.1 0.1 0 05 0.2 0.1 0.2 0
p2103 0.6 0.1 0 0.1 0.2 0.7 0.1 0 0.1 0.1 06 0.1 0 0.2 0.1
s2101 0.7 0.1 0 0.2 0 09 O 0 0.1 0 1 0 0 0 0
s2102 0.7 0.1 0 0 0.2 05 0.2 0 0 0.3 09 O 0 0 0.1
t2101 0.2 0.3 0 0 0.5 0.3 0.3 0.1 0 0.3 04 0.1 0 0 0.5
2102 03 O 0 0.1 0.6 05 0 0 0.1 0.4 05 0.1 0 0.1 0.3
2103 0.7 0.2 0 0 0.1 08 0.1 0 0 0.1 08 0 0 0 0.2
t2104 06 0.1 0 0 0.3 0.7 0.1 0 0 0.2 0.6 0.2 0 0 0.2
t2105 0.1 O 0 0 0.9 0.8 0.1 0 0 0.1 09 01 0 0 0
t2106 0.8 0.1 0 0 0.1 08 O 0 0 0.2 09 O 0 0 0.1
Note: The calculated multiplication factors for white cedar are as follows:sclas 0.0002; class Il = 0.0020; class Ill = 0.0047; class IV = 0.0141;

clas V = 0.0113; class VI = 0.0004.
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