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A study began in 1988, assessing the influence of site preparation treatments
on plantation performance in the Northern Monashee variant of the Wet Cold
Engelmann Spruce-Subalpine Fir zone (ESSFwc2) in the Clearwater Forest District .
The study looked intensively at two areas located along the Otter Ck. road - near
Camp Six Ck. and Fowler Lake - and less intensively at slashburns conducted in the
ESSFwc2 variant throughout the Clearwater Forest District .

In the intensive study area, the effects of no slash treatment, low severity
spring slashburning, low and moderate severity fall slashburning, and mechanical
scarification, on planted tree seedling (Engelmann spruce, subalpine fir, and
lodgepole pine) survival and growth, understory vegetation growth, ecosystem
nutrient (N, P, S, K, Mg, Ca, Fe, and Cu) status, and soil temperature (at the forest
floor - mineral soil interface and at a depth of 5 cm in the mineral soil), were studied
for the first 3 years after site preparation . . Elsewhere, the effects of slashburning on
organic matter consumption and nutrients, were studied . All assessments were
done on an ecosystem-specific basis, focusing on subhygric and mesic ecosystems,
but not all treatments occurred, or all tree species were planted, in both ecosystems .

Characterization of the forests showed that the subhygric ecosystems
contained significantly more biomass, primarily due to a greater biomass of living
trees. The subhygric ecosystems also contained significantly more N, P, S, K, Mg,
and Ca than did the mesic ecosystems . The mineral soil contained most of the N,
the most important nutrient for plant nutrition in these ecosystems. It also
contained most of the S and Cu present, but generally only 10-40% of the totals for
the other nutrients .

In the intensive study area, site preparation treatment was found to affect
tree seedling survival and growth. Ecosystem had no significant effect on seedling
survival but burning and mechanical site preparation tended to increase survival of
spruce and pine seedlings . Spruce seedling survival varied dramatically with stock
type, being better for container seedlings planted in 1991, than for bare root
seedlings planted in 1990. Seedling growth tended to be best in the fall
slashburned areas and in mesic (than in subhygric) ecosystems . Pine seedlings
tended to exhibit the best growth, with spruce the worst . To attempt to explain
these differences in seedling performance, the effects of the treatments on plant
competition, soil nutrient status, and soil temperature were assessed .

The extent to which competing vegetation was reduced in subhygric
ecosystems, decreased in the order - mechanical > moderate severity burn_ spring
burn > low severity fall burn > untreated slash. In mesic ecosystems, the order was
- low severity fall burn > moderate severity fall > untreated slash . Vegetation
regrowth was rapid, however, and only 2 years after site preparation, shrub + herb
biomass in the plantations exceeded that in the undisturbed forest for most
treatments. Competing vegetation cover and height were studied in permanent
vegetation plots. The results for these plots were generally consistent with the
results of biomass analyses . The species composition of the competing vegetation
community was changed in different ways by the different trreatments, but there
was a uniform decline in mosses and in the four major shrub species -
Rhododendron alb rum, Menziesia ferruginea, Vaccinium membranaceum, and
Vaccinium ovatifolium - after all treatments, but only a low decline in the untreated
slash areas. In the burned areas, Epilobium angustifotium rapidly established and
increased .

Trends in competing vegetation did not always correspond to trends in
seedling performance, so it was concluded that competing vegetation may have
affected tree seedling survival and growth in some of the study plots, but other



Influences appear to be equally, if not more, important, confounding the competing
vegetation influences .

The effects of the treatments on ecosystem nutrient status were determined
from both a short term and a long term perspective . From the short term
perspective, soil N and P levels increased in the untreated slash areas, decreased in
the moderate severity fall burn areas, and possibly decreased in the other treated
areas . Since N and P are the key nutrients influencing tree growth, then soil
nutrient levels could not explain seedling performance . It was concluded that soil
nutrient status has had little effect on the differences in seedling performance
observed during the first 3 growing seasons .

The long term perspective involved an assessment of the impacts of timber
harvesting and site preparation on nutrient losses and the nutrient quantities
present in the ecosystems over long periods of time . This assessment indicated that
nutrient losses generally increased in the order - clearcutting only < clearcutting and
slashburning < clearcutting and mechanical scarification. The magnitudes of the
losses for a given treatment, were generally greater in subhygric than in mesic
ecosystems although, when expressed as a percentage of the undisturbed forest
ecosystem nutrient content, losses of the critical nutrient - N - were relatively greater
in the mesic ecosystem. Leaching losses through the soil were found to be relatively
minor compared to losses via other pathways . Slashburning losses to the
atmosphere were quite variable and depended on the amount of fuel consumed .
When considering all the slashburns studied, N losses to the atmosphere increased
by approximately 110 kg/ha for each cm of forest floor burned . When
slashburning, mesic ecosystems are more vulnerable to nutrient depletion than
subhygric ones . The most significant finding of the study is that the nitrogen cycle
within the study area forests is very tight with solution outputs balanced by inputs .
Disruption to the cycle by disturbance to the forests resulted in only relatively small
losses in solution. The only way the ecosystems currently can accumulate N,
appears to be through N fixation, which all published studies indicate is very low (<
1 kg/ha/yr) . To be sustainable, and not cause a decrease in the ecosystem's N
reserves, timber harvesting and site preparation would then have to cause no N
lossses which exceed 1 kg/ha/yr averaged over a rotation . Current clearcutting
operations without site preparation would then require rotation lengths of 280-380
years, unless additions of N occur .

When site preparation impacts are added to timber harvesting impacts, N
losses can become even more of a concern . Slashburning and mechanical removal
of organic matter increase N losses. However, such treatments tend to increase tree
seedling survival and growth, so a tradeoff becomes apparent . An appropriate
compromise might be to conduct slashburns which are only patchy (burning under
relatively high FFMC and low DMC conditions - > 80 and < 5, respectively, say) or to
conduct mechanical treatments on small spots where seedlings are to be planted .
Site preparation treatments which cause relatively large losses of organic matter and
nutrients should be avoided . Extensive mechanical scarification, such as that
applied in the Camp Six Ck . area, should definitely be avoided .

With respect to soil temperatures, all treatments in the Camp Six Ck . area
tended to increase growing season, and decrease doiinant season, temperatures in
relation to the undisturbed forest. Mechanical scarification caused the greatest
increase in growing season temperatures . At Fowler Lake, few significant
differences in soil temperatures were found between burned and untreated slash
areas. Assuming that higher growing season temperatures enhance tree seedling
performance, it was found that soil temperature may have been able to explain some
of the seedling performance results, but not all of them .

Other data collected during the study indicated that pine and spruce seedling
growth and spruce seedling survival may have been adversely affected by longer
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duration snowpacks. Furthermore, seedling growth in the mechanically treated area
was influenced by microtopographic position, generally being best on elevated areas
beside bulldozer tracks, and poorest in the depressions of the tracks .

In summary, the site preparation treatments studied did result in differences
in seedling performance, with performance generally being best in fall slashburned
areas. The reasons for performance differences were not clear . There were
indications that seedling stock type, competing vegetation, and soil temperature
influenced seedling performance, but snowpack duration and microtopography in
the mechanically treated area also affected seedling performance, confounding the
results. Given the nature of the study, it was not possible to quantify the influence
of each factor on seedling performance. However, seedling quality and stock type
could be more important factors than site preparation . Greater attention paid to this
aspect of regeneration could well improve plantation performance in the ESSF zone .
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1. INTRODUCTION

1

Information to guide reforestation decision-making is limited in high
elevation ecosystems, in part because timber harvesting began fairly recently in
these areas. However, a large percentage of future harvesting activities is
scheduled for the ESSF zone, making the need for information to guide decision
making essential. These higher elevation ecosystems pose particular regeneration
problems because of the limited growing season, low soil temperatures, and rapid
regrowth of competing vegetation on some sites (Sonntag et al. 1987). The ratio of
SR (Satifactorily Restocked) to NSR (Not Satifactorily Restocked) land in the wetter,
higher elevation ecosystems in central B .C. (including the ESSF and wetter SBS
subzones) has been about 1 :1, reflecting the limited success of current reforestation
practices (data from MOF Silviculture Branch, 1988). Mather (1987) has estimated
that, within the ESSF zone in the Kamloops Forest Region, 49% of all logged areas
have become NSR and only 5% of conifer plantations have become free growing .
Approximately 70,000 ha of such NSR land currently exists . She also found that
site preparation treatments had not been very successful . The risk of significant
losses in long-term productivity through the application of inappropriate treatments
is obviously a significant concern in these ecosystems .

Such concerns have prompted a number of studies on the effects of site
preparation on tree seedling performance in the ESSF zone of B .C. Most of these
studies have focussed on vegetation and seedling performance (e.g. Coates et al .
1991, Mitchell and Vyse 1993, Oswald and Brown 1993), and some have assessed
the influence of soil and climatic factors on vegetation (e.g. Coates et al. 1991, Hope
1989) . Relatively few studies, those by Hope (1989) and Oswald and Brown (1993)
being exceptions, have looked at slashburning as a site preparation treatment .

The two most important methods of post-harvesting site preparation are
slashburning and mechanical treatments . The present study is assessing the
effects of both types of treatments on plantation performance . The focus of the
study is on the factors (vegetation competition, ecosystem nutrient status, and soil
temperature) which influence perfoi mane, rather than on a comparison of different
operational treatments . The lack of information and studies on slashburning
effects on soil/vegetation in ESSF ecosystems in B .C. together with the importance
of slashburning in such ecosystems, justified the present study .

The present study is a joint study between E. Hamilton (B.C. Ministry of
Forests Research Branch) who is assessing the vegetation competition aspects, and
M. Feller, who is assessing the soil, nutrient and seedling perfoiniance aspects .

Specific objectives of the study are to determine -

1) the impact of different levels of mechanical disturbance and different burning
seventies and burning seasons on soil fertility and ecosystem nutrient,
particularly nitrogen, status ;

2)

	

the response of plant species that compete with conifer tree seedlings to
different slashburning seventies and levels of mechanical disturbance ;

3) the influence of ecosystem type on the effects of slashburning and
mechanical disturbance on ecosystem nutrient status, response of competing
vegetation, and growth of Engelmann spruce and subalpine fir seedlings .



The study is continuing in order to determine the longer term impacts. The
present report is for the first two seasons of growth of planted tree seedlings .

2.

	

HODS

The study is occurring in several areas within the ESSFwc2 biogeoclimatic
variant in the Clearwater Forest District and the ESSFmm subzone in the Robs on
Valley Forest District . These areas were clearcut during the 1988/89 to 1991/92
winters. All sites have been chosen in consultation with B .C. Ministry of Forests or
Weyerhaeuser company foresters .

One, area has been designated the intensive study area because most effort
has been put into it . It is within this area that tree seedling growth in response to
different site preparation treatments and environmental factors, is being assessed .
Elsewhere in the ESSF zone in the Clearwater and adjacent Robson Valley forest
districts, some slashburns have been studied . These slashburns are located in
what has been designated the extensive study area .

2.1

	

Intensive Study Area
2.1 .1

	

Field and laboratory methods

Within these ESSFwc2 subzone clearcuts, two major ecosystems can be
delineated - subhygric and mesic. Both ecosystems are subjected to slashburning
treatments, but the mesic ecosystem, due to its relatively shallow and rocky soils
and broken topography, is less likely to be subjected to mechanical site preparation
treatments. Consequently, the study involves slashburning on subhygric and mesic
ecosystems and mechanical site preparation on subhygric ecosystems . The
following treatments are being studied on experimental blocks, each 0 .5 - 3 ha in
size (with the number of replicates in parentheses) :

Subhy ric ecosystems-

1)

	

low severity spring (2), low severity autumn (3), moderate severity autumn
(3) slashburns .

2)

	

mechanical site disturbance (3) .
3)

	

no slash treatment for 1988/89 clearcuts (3), no slash treatment for
1989/90 clearcuts (1) .

Mesic ecosystems-

1)

	

low severity autumn (3), and moderate severity autumn (3) slashburns .
2)

	

no slash treatment for 1988/89 clearcuts (1) .

Replication has been less than the desired 3 per treatment as a result of
operational constraints, such as the absence of available mesic ecosystem areas
which could be feasibly left unburned. In addition, a 1990 slashburn jumped a
fireguard, burning several planned "no slash treatment" blocks .

The study was initiated in 1988 with clearcutting occurring during the
1988/89 winter. All treatments were scheduled to occur during 1989 . However,
an abnormally wet summer precluded the application of moderate severity
slashburns . All other treatments were completed, however. Consequently, to
complete the experimental design it was necessary to study additional slashburns
in 1990. As all 1989 treatment areas were planted with tree seedlings in spring

2
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1990, whereas the 1990 treatment areas were planted with seedlings in spring
1991, differences in climate from one year to the next may confound the results of
the study. By having untreated slash blocks in both 1989 and 1990 treatment
areas, the following comparisons were made :

Subhygric ecosystems
Low severity spring burn vs low severity fa11 burn (1989)
Moderate severity fall burn vs untreated (1990)
Low severity burn (spring and fall) vs untreated (1989)
Burned vs mechanically treated vs untreated (1989)

Mesic ecosystems
Low severity fa11 burn vs untreated (1989)
Moderate severity fall burn vs untreated (1990)

The 1989 treatment areas (Figure 1A) are located in two nearby cutblocks
close to km 30 on the Otter Creek road. The 1990 treatment areas are located in
two nearby cutblocks near Fowler Lake, off the Otter Creek road (Figure 1B)

Different burn seventies were achieved by burning under different Duff
Moisture Code (DMC) and Drought Code (DC) values of the Canadian Forest Fire
Weather Index System (Appendix 10) . These codes were calculated using data from
on-site fire weather stations . It had originally been hoped to include high severity
burns in the experimental design, but the relatively low DMC and DC values during
the 1989 and 1990 burning seasons prevented such burns from being achieved .
The mechanical treatment applied to 3 blocks in 1989 involved bulldozer clearing
and piling of slash .

Although only one type of slashburn or one type of mechanical treatment
was applied to an entire experimental block, within each block there will be
variations in the severity of the treatment . These variations have been assessed in
more detail as described below .

The effects of treatments are being studied on -

a)

	

Crop tree seedlings -

The survival, condition, height, diameter growth, canopy dimensions, and
biomass increment of the seedlings planted in the experimental blocks are being
assessed. These measurements have been and will be made l, 2, 3, 5, and 10
growing seasons after treatment. In addition, the nutrient status of the seedlings
has been and will be assessed through chemical analysis of foliage and all other
seedling components (roots, stems, branches) 2, 3, 5, and 10 growing seasons after
treatment. This will be done through destructive sampling of seedlings . Biomass
increment of the seedlings will be determined by developing regression equations
relating seedling component (root, stem, branch, foliage) biomass to seedling height
and/or basal diameter using the destructively sampled seedlings, and measuring
the heights and/or basal diameters of the staked and numbered seedlings . These
equations will not be developed until after the 5th growing season sampling, due to
relatively small sample sizes .

The 1988/89 treatment areas were planted with Engelmann spruce,
subalpine fir and lodgepole pine seedlings during summer, 1990, and all 1989/90
treatment areas were planted with spruce and fir seedlings during summer, 1991 .



Figure 1 Location and layout of the research area .

A. Camp Six Ck. study area (treated 1989)
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Figure 1 - continued

B.

	

Fowler Lake study area (treated 1990)
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Research plots, approximately square, and usually containing 40-80 tree seedlings
per plot, were established for each tree species in each experimental block in which
the seedlings were planted. Seedlings were staked, numbered, and measured
shortly after planting. A total of 1520 spruce, 1345 fir, and 300 pine seedlings
have been measured. The numbers and stock types of the planted seedlings are
given in Table 1 .

The relationships between tree seedling survival and growth rates and level
of burning or mechanical disturbance impact were determined . Level of burning
impact was determined by measuring forest floor depth of burn in each of the
different burning treatments . Level of mechanical disturbance impact was
determined by measuring the depth of forest floor and mineral soil bulk density at
1, 2, and 3 years after treatment . Both the initial posttreatment values and their
rate of change with time were used to produce an index of the level of mechanical
disturbance .

b)

	

Other vegetation

The mode of establishment of plant species (seed vs . vegetative) was
determined by visual inspection and occasional destructive sampling . The percent
cover of all species, and height of selected species, were recorded in 3 m x 3 m
permanent vegetation plots, numbers of which are given in Table 2 . Data were
collected annually from the summer prior to harvesting (1988) up to the third post-
treatment growing season (1992) . No pretreatment or first year data were collected
in the mechanically treated plots . Data collection occured in late July or August .
Forest floor depth of burn was measured in each plot in the burned areas by using
12 depth of burn pins per plot .

Data on total herbs and total shrubs were not collected in the first and
second post-treatment years in some plots. The most common ommission was herb
height, which was missing from most of the subhygric plots and burned mesic plots
in 1990, and from all plots in 1991 . Shrub height was also missing from about half
the burned subhygric plots in 1990 and half of the subhygric spring burned plots
in 1991 . Percent cover was also not recorded for either shrubs or herbs in half the
subhygric spring burned plots. Missing values were estimated but cannot be
considered as reliable as data collected in the field .

Missing percent cover values were estimated by adding all values > 1 and
rounding down by 5 to 10 . Covers that totalled > 100 for a plot were entered as 99 .
A weighted average height estimate was arrived at by adding up the cover values of
the species, calculating the proportion of this total per species, multipying the
proportion by species height and summing the resulting values . This sum was
rounded down to the nearest 5 cm. If no height was recorded for a species in the
year being estimated, the height recorded for the pre-treatment data was used or
failing that, prior knowledge of the species concerned .

The GLM procedure in SAS was used to test the differences in mean cover
and height of total herbs and total shrubs among treatments within years .

The percent change in cover and height between pre-treatment and 1990 was
calculated because the variation in pre-treatment values among plots within
ecosystems precluded the use of absolute change . Percent change was calculated
as :

(1990 value-1988/89 value) x 100
1988/89 value

Correlation analysis was used to determine if there was a significant
relationship between forest floor depth of burn and percent change in herb and



Fable 1

	

Numbers and stock types of the tree seedlings planted in the intensive study area

Ecosystem/treatment

	

Number of seedlings

	

Planting date

	

Stock type
per plot

(number of plots)

Spruce Fir

	

Pine

	

Spruce

	

Fir

	

Pine

	

Spruce

	

Fir

	

Pine

a) Camp Six Ck.
1 . Subhvgric
Clearcut only

	

50 (3)

	

50 (3)

	

50 (1)

	

late July,

	

late July,

	

late July,
1990

	

1990

	

1990

	

bare root

	

container

	

container
low severity spring

	

50 (3)

	

50 (3)

	

50 (1)

	

late July,

	

late July,

	

late July,

	

2+0

	

2+0

	

1+0
slashburn

	

1990

	

1990

	

1990

	

(seedlot

	

BA313B

	

,• PSB313B
low severity autumn

	

50 (3)

	

50 (3)

	

50 (1)

	

late July,

	

late July,

	

late July,

	

2560

	

(seedlot

	

(seedlot
slashburn

	

1990

	

1990

	

1990

	

+ 4330)

	

2503)

	

25582)
mechanical

	

50 (3)

	

50 (3)

	

50 (1)

	

late July,

	

late July,

	

late July, .
1990

	

1990

	

1990

b) Fowler Lake,
1 . Subhvgric
Clearcut only

	

40 (1)

	

25 (1)

	

0

	

mid July,

	

early July,
moderate severity autumn

	

1991

	

1991
slashburn

	

60 (3)

	

60 (3)

	

0

	

mid July,

	

early July,
1991

	

1991
2. Mesic
moderate severity autumn

	

60 (3)

	

60 (3)

	

0

	

mid July,

	

early July,
slashburn

	

1991

	

1991

2. Mesic
Clearcut only

	

80 (1)

	

0

	

50 (1)

	

late May,

	

late July,

	

bare root
1990

	

1990

	

2+0
Low severity autumn

	

80 (1)

	

0

	

50 (1)

	

late May,

	

late July,

	

(seedlot 44021
slashburn

	

1990

	

1990

	

+ 4331) }

container
1+0
PSB313B
(seedlot
25582)

container

	

container

	

-
2+0

	

2+0
PSB313B

	

PSB313B
(seedlot

	

(seedlot

	

-
4329)

	

2496)



Table 2

	

Numbers of permanent vegetation plots in the six ecosystem /
treatment combinations sampled at the Camp Six Ck . study area .

8

Ecosystem / treatment Number of plots

1 . Subhv ric

Clearcut only 14
low severity spring slashb 2®
low severity aut

	

slashburn 15
mechanical 15

2. Mesic

Clearcut only 8
low severity autumn slashbum 10
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shrub cover and height, within treatment areas . The mean depth of burn per plot
was used in this analysis .

The percent cover and height of total shrubs and total herbs were also
recorded in plots located around the staked and numbered seedlings . Each of
these plots was circular with a seedling at the centre, and a diameter of 60 cm .
Analysis of variance, using SYSTAT (Wilkinson 1988) was used to determine the
influence of vegetation competition on the measured growth and survival of the
seedlings .

Plant biomass was estimated from destructive sampling of 1 m 2 plots (10 per
ecosystem/treatment combination) at the height of each of the first three post-
planting growing seasons . Biomass regression equations were developed which
relate biomass to cover (both measured and visually estimated crown cover) and
height. These equations have been developed for Menziesia ferruginea, Rhodo-
dendron albiftorum, Vaccinium membranaceum, and Vaccinium ovalifolium, using
data collected during 1988 for plants in forest areas and during 1990 and 1991 for
plants in open areas. Biomass will be further estimated at the height of the growing
season, 5 years after treatment.

c)

	

Ecosystem nutrient status -

The distribution of nutrients (N, P, S, K, Mg, Ca, Fe and Cu) within the
ecosystems was determined prior to harvesting, after harvesting and before site
preparation treatments, and again at 1, 2, and 3 years after the treatments . The
ecosystem nutrient balance was determined by comparing the annual input and
output solution fluxes and nutrient stores in soil and vegetation during treatment
and for the first, second, and third year after treatment. Soil nutrient availability
was determined during each of these years .

All measurements were made in each experimental block, in order to assess
the influence of ecosystem and treatment on ecosystem nutrient status. Tree
seedling growth and nutrient status will be related to soil nutrient content and
availability at 5 years after treatment, should funding be available .

Nutrient distribution - was determined for trees, other vegetation, decaying logs,
forest floor, and mineral soil based on estimates of the mass of each of these
components and nutrient concentrations within them . In the case of trees in the
mature forests, biomass estimates were made using regression equations relating
dbh to tree component (root, stembark, stemwood, dead branch, live branch,
foliage) biomass . These regression equations were developed from destructive
sampling of trees (Appendix 5) .

In the case of understory vegetation, biomass estimates for species and
species groups were made from destructive sampling of small plots as described
above .

In the case of decaying logs and slash, biomass estimates were made using
the line intersect method (van Wagner 1968) and three randomly located equilateral
triangles with 30 m or 20 m sides for each ecosystem/treatment replicate .

Forest floor mass was estimated from destructive sampling of small cores
and mineral soil mass (and bulk density) was estimated from measurements of the
quantity of the < 2 mm fraction in the surface 20 cm of mineral soil .
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Nutrient fluxes - Overland flow was not included as a flux because the gentle slopes
of the research blocks (<10%) and the abundance of small depressions and surface
organic matter even after treatments, together with on-site observations during
heavy rainfall events, suggested that extensive overland flow was negligible in all
areas except for the mechanically treated one . In the case of the latter, overland
flow in ruts left by the bulldozer did occur . However, this flow travelled only
relatively short distances - to depressions where it entered the soil .

All nutrient fluxes have been and will be determined on a water year (1
October - 30 September) basis, commencing October, 1988 . Quantification of all
the inputs and the outputs in the mature forest and during harvesting, site prepa-
ration, and early plantation growth will ultimately allow an assessment of the
overall nutrient balance during a rotation .

Precipitation was determined from measurements of precipitation quantity (on-site
weather station plus snow pack measurement) and concentrations of nutrients in
precipitation.

Nutrient accumulation in vegetation was determined by estimating the change with
time in the nutrient content of trees and understory vegetation, using estimates of
biomass and measurements of nutrient concentrations in this biomass .

Soil leaching was determined by estimating water fluxes through the soil and
chemically analyzing soil solutions obtained every 2-4 weeks using porous cup soil
water extractors whose extracting cups we
re located just below the rooting zone (20 cm) . Water fluxes were estimated from
measurements of a) precipitation, solar radiation, and air temperature which were
made continuously at an on-site weather station and b) throughfall in the mature
forest, which was measured using 10 throughfall collectors during the snow-free
period in 1992 . Each throughfall collector consisted of a 1 .5 m length of plastic
roof guttering (surface area 1770 cm2) which drained into an 11 L storage
container. The volume of water in the containers was measured every 2-3 weeks .
All the weather and throughfall measurements were used to calculate
evapotranspiration, on a weekly basis, using a form of the Penman - Monteith
equation, as described by McNaughton and Black (1973) and T.A. Black (Personal
communication; Soil Science Department University of B.C.) . The equation used is

ET

	

=

	

l

	

J [] 1 +gIs+y

where L = latent heat of vaporization of water
a = an empirical coefficient, assumed to be 0 .9 for subhygric

ecosystems and wet mesic ecosytems, or 0 .8 for dry mesic
ecosystems (cf. Spittlehouse and Black, 1981)

s = slope of the saturation water vapour pressure curve
y = psychrometric constant
RN = net radiation flux density
g = ratio of net interception loss rate to gross interception loss rate .

This was assumed to be 0.8 for the forest, 0 .2 for a vegetated
clearcut, and 0 .1 for a clearcut the first year after burning or
mechanical scariiication

I = gross interception loss rate (measured in this study as 20 - 35%
of gross precipitation)
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Having calculated evapotranspiration, as just described, water fluxes
through the soil were estimated by subtracting monthly evapotranspiration from
monthly precipitation .

In the calculation of soil water fluxes the following assumptions were made :
1 . Precipitation at the Camp Six Ck . area was the same as that at the Fowler
Lake area (The June through September 1990 precipitation was measured as 361
mm at Camp Six and 369 mm at Fowler Lake) .
2 .

	

All rain falling in October and November ran off through the soil in October
(no soil solution chemistry data were collected in November) .
3 . All snowmelt runoff occurred during the month of June (on site observations
suggested this was usually the case although some years, such as in 1992 and
1993, some runoff occurred in May as well .

In August 1988, ten extractors were installed in each of the subhygric and
mesic ecosystems in mature forests that were to be harvested . An additional 10
extractors were installed in mature forest in a subhygric ecosystem (control forest)
that will remain undisturbed for the duration of this study . Extractors were
removed from areas to be harvested prior to clearcutting, and replaced in these
areas in June, 1989 . Extractors were also placed in the spring (June) burned plots
immediately after burning . Extractors were again removed from the autumn-
burned plots prior to burning in August 1989, and replaced immediately following
treatment. An additional 10 extractors were installed in each of the subhygric and
mesic moderate severity burns and their untreated slash areas (i.e . an additional
40 extractors), prior to site preparation in 1990 . These extractors were removed
just prior to slashburning and replaced immediately after burning, except for 10
extractors in the subhygric untreated slash area, which was acciden tally burned .
Ten extractors were, thus, located in each of the following ecosystem/treatment
combinations, where they will remain for the first 3 post-treatment years (those in
the Camp Six Ck. treatment areas were removed in October, 1992 ; those in the
Fowler Lake treatment areas and Camp Six Ck . Control forest will be removed in
October, 1993) : control forest, subhygric/low severity spring burn, subhygric/low
severity autumn burn, subhygric/untreated 1988/89 slash, subhygric/mechanical
treatment, subhygric/moderate severity autumn burn, mesic/untreated 1989/90
slash, mesic/low severity autumn burn, mesic/moderate severity autumn burn,
and mesic/untreated 1988/89 slash (i.e . 100 extractors),

In addition to soil nutrient balances, the losses of nutrients in harvested logs
and to the atmosphere during the slashburns were also estimated . Losses in
harvested logs were determined by subtracting the nutrient content of woody
material present after harvesting from that present before harvesting . Losses to the
atmosphere during burns have been and will be estimated by subtracting from the
preburn values the post-burn nutrient quantities in slash, forest floor, and
vegetation . Comparison of these losses to nutrient quantities remaining after
burning and the subsequent ecosystem nutrient balances was done to assess the
significance of the losses .

Nutrient fluxes in soil solutions were calculated on a monthly basis for the
June - October period, assuming there was no soil water flow during the November
- May period . Nutrient fluxes were determined monthly by multiplying the
estimated soil water flux for a month by the average nutrient concentrations
measured that month in the soil solutions. The influence of the treatments on soil
solution nutrient fluxes was estimated by calculating the ratio of treated area
nutrient flux to control forest nutrient flux for each nutrient for each water year. It
was assumed that treatment effects were no longer significant during the fourth
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post-harvesting year and that the calculated ratios closely approximated those for
undisturbed forests . These ratios were then applied to the control forest flux for the
first 3 post-treatment years, to produce estimated fluxes in the absence of
treatment. In the case of P, because P04 concentrations in soil leachates were
negligible during 1990 and 1991 in the undisturbed forest, an alternative method
of estimating treament - induced P fluxes was used. This involved calculating
P04/Na soil leachate flux ratios for the 4th year post-treatment and applying these
ratios to the measured Na fluxes for each of the first 3 post-treatment years, to
estimate the P04 fluxes in the absence of disturbance . This method assumes that
Na fluxes are not influenced by the treaments. This is not entirely valid (cf.
Appendix 17) but the errors involved are relatively minor (likely <0 .5 kg/ha/yr) .
The estimated flux was subtracted from the measured flux to determine the flux
attributed to the treatment.

Clearcutting and slashburning in coastal B .C. have been found to generally
cause initial increases in nutrient concentrations in streams . These increases
decline until about 3 years after treatment when they are similar to pretreatment
concentrations. Thereafter, some declines in concentrations occurred (Feller and
Kimmins 1984) . This, together with an observed rapid decline In soil solution
nutrient concentrations in the present study area to levels similar to those of soil
solution in control forest 3 to 4 years post-treatment (Appendix 17) provides
support for the assumption that treatment effects were no longer significant in the
third post-treament year. In some cases, such as NO3 in mesic sites, soil solution
concentrations were still elevated during the 4th post-burning year (Appendix 17) .
In some cases, pretreatment ratios could be used, however. In other cases, if these
effects were still significant, however, the magnitude of the error in the estimated
soil solution nutrient fluxes would be relatively low (generally < 10 kg/ha for the
fourth year for all nutrients) .

Chemical analysis - All plant material samples were analyzed for total N, P, K, Mg,
Ca, Fe, and Cu after a Parkinson and Allen digestion (Parkinson and Allen 1975) .
Plant material samples were also analyzed for total S using a Fisher sulphur
analyzer and a Leco sulphur determinator .

All mineral soil samples were analyzed for total C using the loss on ignition
method, total N after a Kjeldahl digestion, mineralizable N using the anaerobic
incubation method, extractable P using a Bray extraction, extractable K, Mg, and
Ca using Morgan's method, extractable Fe and Cu using the DTPA method (Page
1982), pH in water, and total S using a Fisher sulphur analyzer and a Leco sulphur
determinator .

Precipitation and soil solutions were analyzed for organic N, NH4, and NO3
to give total N fluxes, P04 to give P fluxes, SO4 to give S fluxes, and K, Mg, Ca, Fe
and Cu to give these fluxes, as well as for pH and electrical conductivity . Nitrogen,
P, and S in solution were measured colorimetric ally using a Technicon CS 800
Instrument, while K, Mg, Ca, Fe and Cu were measured by atomic absorption
spectrophotometry. Organic N was determined using an alkaline persulphate
digestion method (D'Elia et al. 1977) .

d)

	

Soil temperature -

Post-treatment soil temperatures were measured by thermistors or
thermocouples placed at the mineral soil - forest floor interface, and at a depth of 5
cm in the mineral soil. Measurement locations were replicated 5 times in each of
the following ecosystem/treatment combinations :

	

subhygric/control forest,



2.1 .2

	

Data analysis

Correlation analysis, analysis of variance, t-tests, and regression analysis
were used to determine the significance of relationships between ecosystem,
treatment, vegetation response, tree seedling performance, soil nutrient levels, and
soil temperature. Analyses were conducted using either the GENLIN software on
the University of B .C. mainframe computer (for tree seedling survival and growth
tests, or SYSTAT on a desktop computer (all other tests) .

2.2

	

Extensive Study Area

Since the major research effort is occurring in a relatively small area within
the ESSFwc2 subzone, it was considered desirable to determine how representative
that area is of the ESSFwc2 subzone in general and how representative the
treatments being studied were of similar treatments elsewhere in this subzone .
This must be done if we wish to extrapolate with confidence our results from the
intensive study area . With this in mind, an additional 23 cutblocks in the
Clearwater Forest District, which were slashburned from 1989 through 1993, were
also studied . An additional cutblock in another wetter ESSF Subzone (the

Fmm Subzone) in the adjacent McBride Forest District was also being studied
as part of a related research project (Hamilton and Feller, 1989) . This cutblock was
also slashburned in 1989 and was also used for comparative purposes with the
Clearwater slashburns . Data from the cutblocks which were burned in 1993 have
not yet been fully analysed . Only some of the results from these burns are
presented in this report .

These additional slashburning treatment areas are not being studied as in-
tensively as the Camp Six study area . However, the following data have been ob-
tained from them -

1 .

	

Impacts of the slashburns on slash and forest floor consumption (all areas)
2.

	

Impacts of the slashburns on nutrient losses to the atmosphere (all areas)
3.

	

Soil nutrient content (23 of the areas)

All work described above, in this so-called extensive study area, has been
conducted using the same procedures described above for the intensive study area .
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subhygric/untreated 1988/89 slash, subhygric/low severity spring burn,
subhygric/low severity autumn burn, subhygric/moderate severity autumn burn,
subhygric/mechanical treatment, mesic/low severity autumn burn,
mesic/untreated 1988/89 slash, mesic/moderate severity autumn burn, and mesic
untreated 1989/90 slash . Thermistors and thermocouples were attached to
Campbell Scientific CR10 data loggers and measurements commenced in July 1990
for all situations, except for the moderate severity burns and the untreated
1989/90 slash, for which measurements commenced in June 1991 .

All temperature probes and data loggers were removed in October, 1993,
except for those in the control forest and subhygric untreated slash areas, which
are being used in another study of litter decomposition by Dr . C. Prescott of the
Universityty of B.C., Faculty of Forestry .



3. RESULTS AND DISCUSSION

3.1

	

Characterization of the Forests Studied - Intensive study area

The subhygric ecosystem forests contained an average of 199 spruce and
686 fir stems/ha. The mesic ecosystem forests had a greater density of trees - 267
spruce and 1425 fir sterns/ha (Appendix 1) . Approzimately 30-50% of the spruce
and 80% of the fir trees, however, were young trees < 20 cm in diameter (Fig . 2) .
The mesic forests contained a higher proportion of small dismeter stems (Fig. 2,
Appendix 2) .

3.1 .1

	

Biomass of the Forests

Biomass distribution in the forests is summarized in Table 3 . Tree biomass
is given in more detail in Appendix 5, understory biomass in Appendix 6, coarse
woody debris in Appendix 7, forest floor in Appendix 8, and mineral soil organic
matter in Appendix 9 . The subhygric ecosystems contained, on average,
approximately 1 .6 times as much organic matter as the mesic ecosystems, with
most of this difference due to the living trees and mineral soil organic matter
content (Table 3) . Comparing the average biomass of the forests in the intensive
study area with the average values for forests in both the extensive and intesive
areas, for those components where data were collected (understory, coarse woody
debris, forest floor, and mineral soil) indicates few major differences (Appendices 6-
9) . The only differences worthy of comment are associated with the mesic forests in
the intensive study area. These have slightly less coarse woody debris on the
ground than other mesic forests (3 .9 vs 6.0 kg/m2 , on average) and slightly greater
organic material in their mineral soils (9 .1 vs 6.6 kg/m2, on average), the latter
being statistically significant (P < 0 .05) .

The main conclusion from the biomass analysis is that the subhygric
ecosystems contain significantly greater amounts of organic material (P < 0 .05) .
This is primarily due to the significantly (P < 0 .05) greater biomass of living trees in
the subhygric ecosssems, and secondarily, to the significantly (P < 0 .05) greater
organic matter content of the mineral soil in the subhygric ecosystems .

3 .1 .2

	

Nutrient Status of the Forests

Nutrient content of the forests is summarized in Table 4 . Nutrient
concentrations are given for trees in Appendix 11, and nutrient contents are given
in more detail for trees in Appendix 12, understory in Appendix 13, coarse woody
debris in Appendix 14, forest floor in Appendix 15, and mineral soil in Appendix
16 .

There were no consistent trends in nutrient concentrations in trees, but
concentrations were usually lower in spruce than in fir trees (Appendix 11) . In the
subhygric ecosystems, the lower concentrations combined with lower biomass,
resulted in lower nutrient content in spruce than in fir trees (Appendix 12) . The
mesic ecosystems had higher spruce biomass than fir biomass . As a result the two
species generally had similar nutrient contents .

Understory nutrient content was relatively low compared to tree nutrient
content (Table 4) . Within the understory, mosses and lichens (collectively called
"moss") contained more nutrients than either shrubs or herbs, for all nutrients
except K and Mg (Appendix 13) .

With the exception of Cu, for which relatively low quantities, with potentially
high errors, were found, living vegetation contained more than 75% (and usually
more than 80%) of the aboveground nutrient content (Table 5) .

14
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Figure 2 Size class distribution of Engelmann spruce, subalpine fir, and standing

dead trees averaged over all the experimental blocks in each ecosystem
studied in the intensive study area .
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Figure 2 - continued
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Standard errors are in parentheses .
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Table 3

	

Uiomass distribution (kg/m2 ) in the forests in the study area . Results
are averages .

Component
Ecosystem

Subhygric Mesic

R®

Trees

	

- stemwood 26.90 (2.02) 15.31 (0.46)
- stembark 3 .22 (0.22) 1 .99 (0.05)
- live branches 4.84 (0.28) 2.99 (0.09)
- dead branches 0.64 (0.06) 0.36 (0.01)
- foliage 1 .96 (0.11) 1 .43 (0.04)
- TOTAL 37.55 (2.62) 22.09 (0.63)

Understory - shrubs 0.09 (0.02) 0.09 (0.00)
- herbs 0 .05 (0.01) 0.02 (0.00)
- mosses 0 .11 (0.01) 0.16 (0.03)
- TOTAL 0 .23 (0.02) 0.26 (0.03)

Living vegetation - TOTAL 37 .78 (2.62) 22.34 (0.63)

Standing dead trees 5 .78 (1 .30) 3.94 (0 .43)

Coarse woody debris 6 .25 (0.67) 3.91 (1 .25)

Dead material - TOTAL 12 .03 (1 .46) 7.85 (1 .32)

Aboveground - TOTAL 49.81 (3.00) 30.19 (1 .46)

E GRO

Forest floor 5.42 (1 .65) 4.33 (1.29)

Mineral soil 16.15 (0.71) 9.09 (0.47)

Tree roots 8.11 (0.19) 5.59 (0.16)

Understory roots 0.12 (0.02) 0.09 (0.01)

el® gr® d - TOT 29.80 (1 .81) 19.10 (1 .38)

Ecosystem - TOT 79.81 (3.50) 49.29 (2.01)



Standard errors are in parentheses . Quantities are totals for all components except for mineral soil P, K, Mg, Ca, Fe, and Cu, which are
extractable values .

00

Table 4 Average nutrient content (kg/ha) of the different components of the two major forest ecosystems studied in the
intensive study area .

Component N P S K Mg Ca Fe

1) ubhy i
a Aboveground

Living Trees 666 (39 121 9 102 6 516 118 8 819 (40 22 5 2 1
Living vegetation total

	

705 (39 127 9 114 6 545 (7 122 8 833 (40 23 5 2 01
Standing dead trees

	

40 (15 4 2 8 (3) 31 (10 15 (5 82 (28 2 1 1 0
Coarse wood debris

	

54 (3 3 0 18 (1) 30 (5 13 (1 61 (9 2 0 0 0
Dead matena total

	

94 (15 7 2 26 3 61(11 28 5 143 (29 4 1 1 0
Aboveground total

	

799 (42) 134 (9) 140 (7) 606 (29) 150 (9) 976 (49) 27 (5) 3 (1)
b) Belowground

Forest floor 698 (66 71 6 85 (8 157 (16 61 6 380 41 114 9 1 0Mineral soil 3105 (328 19 1 351(18 89 (5 37 2 571 27 93 7 6 1
Tree roots 106 (19 14 1 18 (3 91 (7 13 2 113 2 7 3 0 0
Understory roots

	

10 (2 1 0 1 0 7 2 2 0 2 (0 1 0 0 0
Belowground total

	

3919 (335 105 6 455(20 344 (18 113 7 1066 (56 215(12 7 1
c) Ecosystem total

	

4718 (338) 239(11) 595(21) 950 (34) 263(11) 2042 (74) 242(13) 10 (1)
2) Mcsic
a) Aboveground

Living frees 414 (16 76 4 64 3 322 (12 72 3 520 (18 14 3 2 0
Understory 56 (4 4 1 8 1 26 (2 4 0 17 (1 1 0 0 0
Living vegetation total

	

470 (16 80 4 72 3 348 (12 76 3 537 (18 15 3 2 0
Standing dead trees.

	

33 6 3 (1 7 (1) 27 (4) 12 2 70 12 2 0 0 0
Coarse wood debns

	

34 3 2 (0 9 (1) 24 (3) 9 1 41 23 1 0 0 0
Dead material total

	

67 9 5 1 16 1 51 5 21 2 111 26 3 0 1 0
Aboveground total

	

537 (18) 85 (4) 88 (3) 399 (13) 97 (4) 648 (32) 18 (3) 3 (0)
b) Belowground

Forest floor 630 (54 59 6 73 (6 164 (15 63 6 261 (23 66 8 1 0
Mineral soil 1588 (199 13 1 174 (22 78 (6 33 1 253 (9 130 8 4 0
Tree roots 73 (9 9 2 12 (1 62 (4 9 1 79 (12 5 2 0 0
Understory roots

	

5 1 1 0 1 0 2 1 1 0 1 (0 0 0 0 0
Belowground total

	

2296 (206 82 6 260(23 306 (17 106 6 594 (32 201(11 5 0
c) Ecosystem total

	

2833 (207) 167 (7) 348(23) 705 (21) 203 (7) 1242 (45) 219(11) 8 (0)



Calculated from data in Table 4. Discrepancies in totals are due to rounding errors .

Table 5 Proportion of the total ecosystem biologically active nutrient content contained within different components of the
two major forest ecosystems studied in the intensive study area .

Component N P S K Mg Ca Fe Cu

a y
14 51 17 54 45 40 9 20

Aboveground
- Understory 1 2 2 3 2 1 0 0- Standing dead trees 1 2 1 3 5 4 1 10
- Coarse woody debris 1 1 3 3 5 3 1 0
Aboveground total 17 56 23 64 57 48 11 30

b) Belowg.round
-Forest floor 15 30 14 17 23 19 47 10
-Mineral soil 66 8 59 9 14 28 38 60
-Roots 2 6 4 10 6 6 3 0
Belowground total 83 44 77 36 43 52 89 70

2 Mesic
a Aboveground

-Living trees 15 46 18 46 36 42 6 25
- Understory 2 2 2 4 2 2 1 0
- Standing dead trees 1 2 2 4 6 6 1 10
- Coarse woody debris 1 1 3 3 4 3 1 0
Aboveground total 19 51 25 57 48 52 9 35

b) Belowground
- Forest floor 22 35 21 23 31 21 30 15-Mineral soil 56 8 50 11 16 20 59 50-Roots 3 6 4 9 5 6 2 0
Belowground total 81 49 75 43 52 48 91 65
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The mineral soil contained most of the Cu, N, and S present in the
ecosystems but generally only 10-40% of the totals for the other nutrients (Tables 4
and 5) . It should be pointed out, however, that soil N and S values refer to the total
quantities of these nutrients, while values for the other elements refer to available
forms only. Also, soil nutrient quantities depend markedly on the depth of soil
used in the analyses . A depth of 20 cm soil was used in the present study as this
was observed to be the depth of mineral soil containing most of the roots . The true
volume of mineral soil supplying nutrients to vegetation may differ from that
calculated using a 20 cm depth, but such a volume is extremely difficult to
determine. It is approximated using the 20 cm depth. If it is less than that
obtained from a 20 cm depth, then the mineral soil nutrient content would be less
than that estimated. Despite the uncertainties in soil nutrient contents, with
respect to the amounts available to vegetation, the mineral soil is clearly a major
store of N, the most important nutrient for plant nutrition. Dead woody material
contained only a relatively small proportion (2-11%) of the total ecosystem nutrient
content (Table 5) .

The subhygric ecosystems contained significantly more (P < 0 .05) N, P, S, K,
Mg, and Ca than did the mesic ecosystems (Table 4) with most of these differences
due to differences in the mineral soil for N and S . In the case of P, K, and Mg, the
differences were mainly due to differences in the nutrient content of living
vegetation. Ca differences were attributed almost equally to differences in living
vegetation and differences in belowground components .

Mineral soil N contents in the subhygric ecosystems were relatively high .
Those in some of the study sites, particularly those near Fowler Lake (FL-is and
FL-2S) (Appendices 15 and 16) were similar to those for soils supporting the most
productive Douglas-fir forests in B .C., and not much less than those for soils
supporting the most productive Engelmann spruce forests in southwestern B .C.
(Klinka et al. 1982) . However, the study area soils contain considerably less P, K,
Mg, and Ca than the soils supporting these most productive Douglas-fir and
Engelmann spruce forests .

For a given nutrient, the proportion of the ecosystem's nutrient content
found in the aboveground biomass was very similar for the two ecosystems (Table
5) . The proportion of the ecosystem nutrient content most vulnerable to loss from
harvesting and site preparation operations (aboveground plus forest floor) varied
from 32% for N in the subhygric ecosystem to 86% for P in both ecosystems . This
proportion was higher for the mesic ecosystem for all nutrients except K and P (the
same for both ecosystems) and Fe (lower for the mesic ecosystem) . This, combined
with the lower contents found in the mesic ecosystem, suggests that the mesic
ecosystems are more susceptible to degradation from nutrient losses resulting from
harvesting and/or site preparation operations .

Precipitation nutrient inputs to the forests in the intensive study area are
relatively low compared to inputs in southern coastal B.C. (Table 6) . They tend to
be lower than those found in most other areas of the world in which such inputs
have been measured (cf. Kimrnins et al. 1985 ) . This reflects the fact that most
other studies which have quantified precipitation nutrient inputs, have been
conducted in areas subjected to air pollution . Precipitation (both snow and rain) at
the study area has had a mean weighted electrical conductivity of 3 .8 µS/cm during
the course of the study (1988-92) . This is relatively close to that of distilled water
and substantially less than the values of 10-15 µS/cm found by M . Feller for
southwestern B.C. The precipitation has also been slightly acid (yearly mean pH
values have ranged from 4.8 to 5.4) suggesting that it is not entirely
uncontaminated, however .

Nutrient leaching through the mineral soil in the undisturbed forest has also
been relatively low, particularly for N and P, whose losses have been <1 .0 and <_ 0 .1



Table 6

	

Annual nutrient inputs in precipitation (kg/ha) at the Camp Six Ck. study area and in southern coastal
B.C.

•

	

Time periods are water years (1 October - 30 September) .
•

	

Unpublished data of M.C. Feller for six sites between Port Alberni and Nanaimo .
•

	

From Feller (1987) .

Precipitation
Area (time

	

Quantity
period)*

	

(mm)
K Mg Ca N03-N NH4-N Organic-N Total N P S

Camp Six (1988/89) 1440 0.2 0.1 0.6 0.3 0.1 0.2 0.6 0.0 1 .0
(1989/90) 1310 0.3 0.1 0.6 0.1 0.2 0.3 0.5 0.0 0.9
(1990/91) 1240 0.3 <0.05 0.6 0.1 0.4 0.3 0.8 0 .0 0.8
(1991/92) 1230 0.5 0.3 1 .0 0.2 0.2 0.2 0.4 0.0 1 .0
(1992/93) 1220 0.3 0.1 1 .5 0.1 0.1 0.2 0.4 <0.05 1.2

ave. (1988-93) 1290 0.3 0.1 0.9 0.2 0.2 0.2 0.6 <0.05 1.0

Central 1650- 0.6- 0.6- 1 .2- 0.1- 0.2- 1 .8- 2 .2- 0.0- 3.8-
Vancouver 2360 2.1 1 .3 3 .7 0 .2 0.3 4.5 5 .0 0.2 5.3
Island -range
for 6 sites**
(1 Aug. 1979 -
31 Jul 1981)

UBC Research
Forest at Haney***
(1 Oct. 1981 - 2020- 1 .3- 0.9- 1 .3- 2.7- 1 .5- 1 .6- 8.0- 0 .0 8.8-
30 Sep. 1985) 2960 2.2 1 .6 3.9 5.1 5.6 3 .9 11 .6 16 .0
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kg/ha/yr, respectively (Table 7) . The solution balance between precipitation inputs
and leaching outputs suggests a net loss of all the macronutrients, although the
differences between inputs and outputs for N and P are so small that, given the
precision in estimating them, it can only be concluded that inputs are
approximately in balance with outputs .

3.2

	

Impacts of slashb ing and mechanical site preparation

3.2.1

	

Effects on vegetation
3 .2.1 .1

	

Planted tree seedlings

Tree seedling survival after 3 years has varied from 57% for spruce in
untreated slash in the Camp Six Ck. area to 95% for subalpine fir in the low
severity fall burn on subhygric ecosystems in the Camp Six Ck. area (Table 8) .
Lack of replication of some treatment-species-ecosystem combinations prevented
some statistical tests being carrried out during analyses of variance, as represented
by NT in Table 8. Occasionally, ariances were not homogeneous, which also
renders the results of ANOVA suspect . The results are also sometimes complicated
by the presence of significant interactions . Despite these problems, however, it is
still possible to conclude the following :
1 .

	

Of the seedlings planted in 1990 (Camp Six area) spruce survival has been
relatively poor while fir survival has been best .
2.

	

Good survival of the spruce seedlings planted in 1991, both in the untreated
slash and burned areas, suggests that spruce survival does not have to be poor .
3 .

	

Ecosystem has had no significant effect on seedling survival .
4.

	

Burning and mechanical site preparation tended to increase survival of
spruce and pine seedlings but had little effect on that of fir seedlings .
5 . Although spruce survival has been best on the moderate impact fall burn
treatments, this is confounded by the fact that the spruce seedlings in these plots
were container stock from a different seedlot than the bare root stock planted in the
other treatment areas .

Tree seedling growth data suffer from some of the same problems as the
survival data. In addition, they may also be affected by the initial dimensions of
the seedlings - i.e. bigger seedlings initially may grow better . This latter potential
complication was tested for using covariance analysis . Out of 120 situations
tested, 93 exhibited statistically significant covariance (Table 9) . This is less than
the 110 statistically significant situations found for the second year growth data
(Friesen 1993) suggesting that, with increasing time, the initial seedling dimensions
are having less of an influence on seedling growth . However, it is still clear that,
after 3 years of growth, the surviving seedlings are still strongly influenced by their
initial size .

In considering the limitations just described, an interpretation of the data in
Tables 9a-9i leads to the following conclusions about tree seedling growth in the
intensive study area :

1 . In subhygric ecosystems, (Tables 9a-c) spruce has grown best in the
moderate severity burn area, followed by the low severity fall burn . Growth has
been poorest in the untreated slash . Subalpine fir, however, has generally grown
best in the fall slashburned areas . Treatment effects on pine growth are, after 3
years, less clear than on the other species although there was a tendency for pine
to grow best in the spring slashburn area .



Table 7

	

Nutrient quantities (kg/ha) leached through the soil below the rooting zone in solution in the Clearwater study
area plots. Data are for water years (October 1 - September 30)

Plot/year K Mg Ca NH4-N N03-N organic-N total-N P S04-S
Camp Six Ck area
Undisturbed Forest

1988/89 6.5 4.8 23.9 0.2 0.0 0.3 0.5 0.0 4.2
1989/90 6.2 4.7 21 .8 0.0 0.0 0.3 0.3 0.1 3.1
1990/91 6.2 3.7 21 .1 0.1 0.2 0.2 0.5 0.0 3.6
1991/92 5.1 4.3 23 .7 0.5 0.2 0.4 1.1 0.2 3.5
1992/93 5.3 4.8 17.7 0.1 0.0 0.3 0.4 0.0 2.1

Subhygric clearcut only (CS1-3)

5.7 1 .7 5.9 0.3 0.2 0.2 0.7 0.0 5.81988/89
1989/90 7.4 1 .9 5.3 0.2 0.7 0.2 1.1 0.1 4.8
1990/91 3.5 1 .0 3.7 1.1 0.6 0.2 1.9 0.0 4.1
1991/92 4.3 1 .0 4.2 0.1 0.2 0.2 0.5 0.0 2.1

Subhygric low severity

1988/89

spring slashburn (CS4)

prebum 3.6 2.5 8.8 0.9 0.0 0.4 1.3 0.0 5.2
postbum 4.0 1 .1 3.3 0.1 0.1 0.1 0.3 0.2 2.4

1989/90 16.7 4.1 12.4 0.0 2.4 0.3 2.7 0.1 8.1
1990/91 8.9 1 .8 7.4 0.7 1.6 0.3 2.6 0.1 5.1
1991/92 2.9 1 .2 5.6 0.1 0.2 0.2 0.5 0.1 2.7

Subhygric low severity

1988/89

fall slashburn (CS1-3)

5.7 1 .7 5.9 0.3 0.2 0.2 0.7 0.0 5.8
1989/90 18.3 2.4 7.5 0.2 1.2 0.3 1 .7 0.2 7.2
1990/91 15.3 1.6 6.1 0.0 1.5 0.1 1 .6 0.1 4.7
1991/92 4.2 1.1 3.5 0.1 0.3 0.2 0.6 0.1 2.3

Subhygric mechanical

1988/89

(CS1-3)

7.8 2.2 8.0 0.8 0.3 0.4 1 .5 0.0 6.6
1989/90 10.0 3.3 12.5 2.1 0.2 1.1 3.4 0.2 4.2
1990/91 11 .6 2.5 10.9 0.9 0.8 0.3 2.0 0.0 3.5
1991/92 4.3 1 .5 7.2 0.1 0.2 0.3 0.6 0.0 2.1



Table 7- continued

P101/year K Mg Ca NH4-N N03-N organic-N total-N P S04-S
Mesic clearcut only (CS6)

1988/89 22.4 2.5 4.1 0.5 0.1 0.3 0.9 0.8 5.2
1989/90 21 .9 2.6 3.6 1.1 0.1 0.2 1 .4 1.4 3.2
1990/91 21 .2 2.2 6.0 0.3 0.5 0.2 1 .0 1.0 7.4
1991/92 22.8 4.7 10.4 1.9 3.2 0.4 5.5 0.9 6.2

Mesic low severity fall slashburn (CS6)

1988/89 22.4 2.5 4.1 0.5 0.1 0.3 0.9 0.8 5.2
1989/90 48 .2 3.2 3.8 5.1 0.1 0.5 6.1 4.5 5.3
1990/91 26.0 4.2 7.6 1.0 2.8 0.2 4.0 1.8 5.7
1991/92 18 .5 3.9 5.8 0.2 0.7 0.2 1.1 0.8 4.3

Fowler Lake area
Subhygric moderate severity slashburn

1989/90 21 .1 4.8 9.2 0.2 0.2 0.2 0.6 0.0 0.4
1990/91 47.3 15.0 42.3 0.3 2.2 0.6 3.1 0.7 16.7
1991/92 17.2 3.8 21.0 0.0 1.0 0.6 1 .6 0.4 1 .0
1992/93 9.4 2.7 8.8 0.0 0.3 0.4 0.7 0.1 0.9

Mesic clearcut only

1990/91 3.8 1.2 6.5 0.3 0.7 1.0 2.0 0.0 3.1
1991/92 1 .0 1.1 7.3 0.0 0.3 0.6 0.9 0.0 1.0
1992/93 4.8 1.3 4.5 0.1 0.0 0.3 0.4 0.0 1.6

Mesic moderate severity burn

1989/90 14.3 4.5 7.8 0.5 0.3 0.4 1.2 0.0 0.4
1990/91 40.6 7.6 73.8 0.1 5.6 0.6 6.3 1.4 6.3
1991/92 39.5 7.2 37.4 0.5 6.0 0.5 7.0 0.5 1.3
1992/93 7.4 3.3 14.7 1.3 0.4 0.5 2.2 0.3 2.1
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untreated slash (CS)

	

82 5
spring bum

	

73 5

	

63 5

	

59(6)b
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94 5
mechanical

	

91 5
moderate fall bum

	

95 5

61 5 b 57 (6)bb

	

no2.
81 5 ab 81 6 ab

	

no. 3ab

	

ab
95 5 a 94 6 a

Si . interactions

	

NT

	

NT

	

NT
Bartlett's test

	

H

	

NH

	

H

2.

	

Subalpine fir - subhygric ecosystems

treatment
untreated slash (CS)
spring bum
low seventy fall bum
mechanical
moderate fall bum

si

	

. interactions
Bartlett's test

replicate
no. 1

3 .

	

Three species - subhygric ecosystems - Camp Six area

species (S)
Engelmann spruce
subalpine fir
lodgepole pine

si

	

. interactions
Bartlett's test

3 ab 80 2 b 77(4
94 (1)a 90 (1)a 87 (2) a
91

	

spring burn

none

	

SxT none
H

	

H

	

NH

4.

	

Three species - low severity fall burn

species
Engelmann spruce
subalpine fir
lodgeole pine

si . interactions

	

none

	

none SxE
Bartlett's test

	

H

	

H

	

H

treatment (T)
85 (1 )b 70 (1)c 66 (2)b

	

untreated slash

)ab

	

low severity
fall bum
mechanical

94(1

	

85 4 b 84 4 b

95 (2

	

35 6 b 84 6 b

874 724 684
844 734 734
914 804

	

764

NT NT

	

NT
H

	

H

	

H

85 (2)b 75 (l)b 73 (2)b
95(2)a 88(1)a 87(a
93 2 ab 84 (l )a 79 2 ab

replicate (R)
no. 1

	

88 (1) 77 l b

	

752()
no. 2 89 (2) 80 1ab 77 (2)
no. 3

	

93 2 84 1 a

	

81 22

none TxR

	

none
H

	

H

	

H

95 2

	

92 4

	

90 1 a

96 (3

	

88 5)

	

807 1)b

none

	

none

	

none
H

	

H

	

H

Table 3 Mean values of percent survival at the end of the first 3 growing seasons of Engelma n spruce, subalpine 1r,
and lodgepole pine seedlings, for different situations in the intensive study area, and results of the analys - of
variance. Standard errors are given in parentheses .

Parameter Year 1 Year 2 Year 3 Parameter Year 1 Year 2 Year 3 Parameter Year 1 Year 2 Year 3
to

	

Engel n spruce - subhygric ecosystems

none
H

SxT, TxR none
H H

ecosystem replicate
subhygric
mesic 95 (2) 89 (6) 88 (1

no. 1

none
H

none
H

SxE
H

no. 3

replicate
91 3 88 3 86 3 no. 1 912 892 882
95 3 89 3 87 3 no. 2
97 3 93 3 93 3 no. 3 95 2 92 2 981 2
93 3 89 3 85 3
96 3 96 3 94 3

NT NT NT NT NT NT
NH H H H H H



Table 8

	

ntinued

S.

	

Engelmann spruce and subalpine fir moderate severity burn, Fowler Lake area

species

	

ecosystem

Engelmann spruce

	

96 (1)

	

95 (2) 91(1)

	

subhygric

	

96 (1) 96 (2)

	

94 (1
subalpine fir

	

97 (1)

	

97 (2) 94 (1)

	

mesic

	

97 (1) 96 (2)

	

91 (1

signif. interactions

	

none

	

none none
Bartlett'stest

	

H

	

H

	

H

6.

species
Engelmann spruce
subalpine fir

none none

	

none
H H

	

H

Engelmann spruce and subalpine fir subhygric ecosystems Fowler Lake area

treatment
96

(
(2)

)

	

9
954

(
(2)

) 94
94

(
(0)

)

	

moderate fall
untreated lh 958

(
(1)

) 96
95

(
(0)

)

	

9 (O)a
93
6
(O)b

95 220930
bum

signif. interactions

	

NT

	

NT

	

NT

	

NT NT

	

NT
Bartlett's test

	

H

	

H

	

H

	

H

	

H

	

NH

7.

	

Engelmann spruce - mesic ecosystems

treatment
untreated slash (CS) 95 92 78
low severity fall bum 92 92 92
moderate fall bum

	

96(1)

	

94(1) 93(1)

Statistical tests not carried out due to lack of replication

8 .

	

Lodgepole pine

treatment
untreated slash

	

78 (3)

	

64 (6) 55 (4)
spring bum

	

88

	

70

	

70
low seventy fall burn 95(1)

	

89(4) 88(6)
mechanical

	

98

	

88

	

84

Statistical tests not carried out due to lack of replication

none

	

none

	

none
H

	

H

	

H

Values in a given column for a given situation with a different superscript are significantly different at p<0 .05 . When
superscripts are not given, no significant differences were found . Results are from the Scheffe multiple range test .
H - variances are homogeneous, NH - variances are not homogeneous. NT - not tested .

ecosystem
subhygric 90 ( 8) 80 (12) 75 (18
mesic 86(14)73(18) 71(18

replicate
961 962 901no. 1

no.2 981 972 961
no.3 961 962 921



Table 9a Mean values of third year growth parameters for Engelmann spruce in subhygric ecosystems subjected to
different slash treatments, and the results of the covariance analysis . Standard errors are given in
parentheses .

A) treatment (T)

untreated slash (CS)
spring bum
low severity fall bum
moderate fall bum
mechanical

signif. interactions
covariance
Bartlett's test

B) replicate (R)

replicate 1
replicate 2
replicate 3

signif. interactions
covariance
Bartlett's test

Values in a given column for either A or B with a different superscript, are significantly different at p<0 .05 . Results are
from the Scheffe multiple range test .
* (NS) = initial values of the parameter significantly (do not significantly) affect the year 3 values at p< 0 .05.
Bartlett's test indicates lithe variances are homogeneous . H = homogeneous, NH = not homogeneous .

ht .
(cm)

ht, inc .
(cm)

basal diem .
(mm)

basal diem .
inc.(mm)

canopy vol.
(cm3)

canopy vol. inc .
(cm3)

20.1 (0.8)c 4.3 (0.6)c 4.7 (0.2)c 0.5 (0.2)b 1847 (766)c 1239 (743)c
21 .7 (0.8)bc 6.4 (0.6)bc 5.6 (0.2)b 1 .6 (0.2)a 3328 (754)bc 2732 (731)bc
24.4 (0.7)b 8.8 (0.5)b 6.1 (0.1)b 1 .9 (0.1)a 5541 (646)b 4903(627)b
32.1 (0.6)a 13.2 (0.5)a 6.9 (0.1)a 2.0 (0.1)a 13597 (545)a 12527 (529)a
21 .2 (0.7)c 5.6 (0.6)c 5.5 (0.2)b 1 .5 (0.2)a 3555 (692)bc 2885 (671)bc

TxR TxR
NS

TxR
*

TxR none
*

none
*

NH NH NH NH NH NH

25 .1 (0.5)a 8.2 (0.4)a 6.0 (0.1)a 1 .7 (0.1)a 6931 (527)a 6106 (511)a
24.7 (0.5)a 8.9 (0.4)a 6.0 (0.1)a 1 .7 (0.1)a 6761 (515)a 6120 (499)a
25 .3 (0.5)a 8.3 (0.4)a 5.9 (0.l)a 1 .5 (0.1)a 6334 (505)a 5516 (490)a

TxR

H

TxR
NS
NH

TxR

H

TxR

H

none

H

none

H



Table 9b Mean values of third year growth parameters for subalpine fir in subhygric ecosystems subjected to
different slash treatments and the results of the covariance analysis . Standard errors are given in
parentheses.

ht .

	

ht. inc.

	

basal diam.

	

basal diam.

	

canopy vol. canopy vol. inc.
(cm)

	

(cm)

	

(mm)

	

inc. (mm)

	

(cm3)

	

(cm3)

A) treatment (T)

untreated slash (CS)
spring bum
low severity fall burn
moderate fall burn
mechanical

signif. interactions
covariance
Bartlett's test

B) replicate (R)

replicate 1
replicate 2
replicate 3

signif. interactions
covariance
Bartlett's test

Values in a given column for either A or B with a different superscript, are significantly different at p<0 .05. Results are
from the Scheffe multiple range test .
*, NS, H, NH are defined in Table 9a .

22.9 (0.6)a 10.1 (0.6)b 5.7 (0.3)b 1 .9 (0.3)b 4688 (449)c 4301 (497)c
20.1 (0.6)b 7.4 (0.6)c 6.3 (0.3)ab 2.3 (0.3)ab 4591 (495)c 4216 (493)c
23.3 (0.6)a 10.4 (0.6)b 7.3 (0.3)a 3 .6 (0.3)a 7812 (481)b 7383 (478)b
24.8 (0.5)a 14.9 (0.5)a 6.4 (0.3)ab 2.6 (0.3)ab 10305 (436)a 10050 (434)a
19.1 (0.6)b 6.6 (0.6)c 6.4 (0.3)ab 2.6 (0.3)ab 4369 (499)c 3937 (497)c

TxR TxR TxR none TxR TxR
* * NS * * *
H H H H NH NH

22.9 (0.4)a 10.4 (0.4)a 6.5 (0.3)ab 2.7 (0.3)a 6956 (375)ab 6600 (373) x `
21 .1 (0.4)b 8.7 (0.4)b 5.9 (0.3)b 2.2 (0.3)a 5711 (375)b 5327 (373)*
22.6 (0.4)a 11 .3 (0.4)a 6.8 (0.2)a 3 .0 (0.2)a 7100 (367)a 6730 (365) x`

TxR TxR TxR none TxR TxR
* * NS * * *
H H H H H H



Table 9c

Treatment

untreated slash
low severity fall burn
spring burn
mechanical

signif. interactions
covariance
Bartlett's test

Mean values of third year growth parameters for lodgepole pine seedlings in subhygric ecosystems
subjected to different site preparation treatments, and results of the covariance analysis . Standard errors
are given in parentheses .

Values in a given column with a different superscript, are significantly different at p<0 .05. Results are from the
Scheffe multiple range test. *, NS, H, and NH are defined in Table 9a.

ht .
(cm)

ht. inc .
(cm)

basal diam,
(mm)

basal diam .
inc.(mm)

canopy vol. canopy vol, inc .
(cm3)

	

(cm3)

30.2 (1 .8)a 8.6 (1.7)a 5 .5 (0 .3)c 2.1 (0 .4)b 5735 (2223)b 3369 (2146)a
35.5 (1.3)ab 11 .7 (1 .2)a 8 .3 (0 .3)a 4.9 (0 .3)a 14753 (1671)a 9285 (1613)a
28.5 (1 .5)b 10.3 (1 .4)a 6.9 (0.3)b 4.0 (0 .3)a 6488 (1863)b 4117 (1799)a
29.7 (1 .4)b 8.4 (1.3)a 7.1 (0.3)b 3.0 (0.3)a 10257 (1749)ab 5974 (1689)a

none none none none none none
* NS NS * * NS
H H NH NH H H



Table 9d

	

Mean values of third year growth parameters for all species in subhygric ecosystems subjected to the four
Camp Six treatments and results of the covariance analysis . Standard errors are given in parentheses .

ht.

	

ht, inc .

	

basal diam .

	

basal diam .

	

canopy vol. canopy vol. inc .
(cm)

	

(cm)

	

(cm)

	

inc. (mm)

	

(mm)

	

(cm3)

A) species (S)

spruce
fir
pine

signif. interactions
covariance
Bartlett's test

B) treatment (T)

untreated slash (CS)
spring burn
low severity fall burn
mechanical

signif. interactions
covariance
Bartlett's test

C) replicate (R)

replicate 1
replicate 2
replicate 3

signif. interactions
covariance
Bartlett's test

Values in a given column for either A, B, or C with a different superscript, are significantly different at p<z0 .05. Results
are from the Scheffe multiple range test .
*, NS, H, and NH are defined in Table 9a .

22.0 (0.3)b 6.5 (0.3)b 5.5 (0.2)b 1.4 (0.2)c 3629 (271)c 3011 (264)b
21 .4 (0.3)b 8.7 (0.3)a 6.5 (0.1)a 2.6 (0.1)b 5441 (236)b 5019 (230)a
31 .3 (0.6)a 9.7 (0.6)a 7.1 (0.3)a 4.0 (0.3)a 10106 (487)a 6287 (475)a

none
*

SxT
*

none
*

SxR
*

SxT
*

none
NS

H

22.9 (0.4)b

H

7 .9 (0.4)b

H

5 .3 (0.2)c

H

1 .4 (0.2)c

NH

3794 (348)'

NH

3052 (339)b
22.1 (0.4)bc 7.2 (0.4)b 6.1 (0.2)bc 2,2 (0 .2)b 4757 (356)b 3823 (347)b
25.3 (0.4)a 10.0 (0.4)a 7.0 (0.2)a 3.2 (0.2)a 7843 (310)a 6682 (302)a
21 .3 (0.4)c 6.6 (0.4)b 6.2 (0.2)b 2.4 (0.2)bc 4768 (326)b 3780 (317)b

TxR
*

SxT, TxR
*

TxR
*

TxR
*

SxT, TxR
*

TxR
NS

H

23 .1 (0.4)a

H H

6.2 (0.2)a

H

2.3 (0.2)a

H H

4475 (300)a8.0 (0.4)ab 5408 (308)a
22.9 (0.4)a 7.3 (0.4)b 6.0 (0.2)a 2.3 (0.2)a 5666 (314)a 4682 (306)a
23.1 (0.3)a 8.5 (0.3)a 6.4 (0.2)a 2.4 (0.2)a 5254 (274)a 4266 (267)a

TxR
*

TxR
*

TxR
*

SxR, TxR
*

TxR
*

TxR
NS

H H H H NH H



Table 9e

	

Mean values of third year growth parameters for Engelmann spruce in mesic ecosystems subjected to
different treatments and the results of the covariance analysis . Standard errors are given in parentheses .

A) treatment

untreated slash
low severity fall burn
moderate fall burn

signif. interactions
covariance
Bartlett's test

B) replicate

replicate 1
replicate 2
replicate 3

signif. interactions
covariance
Bartlett's test

Values in a given column for either A or B with a different superscript, are significantly different at p<0 .05. Results are
from the Scheffe multiple range test.
*, NS, H, NH are defined in Table 9a . NT = not tested .

ht.
(cm)

ht. inc . basal diam . basal diam .
inc. (mm)

canopy vol. canopy vol. inc .
(cm) (mm) (cm3) (cm3)

22.9 (1 .6)b 5.3 (1 .5)b 5.4 (0.4)b 1 .1 (0.4)b 3713 (1710)b 3068 (1688)b
28.4 (1 .5)a 9.6 (1 .4)b 7.6 (0.3)a 3 .3 (0.4)a 12486 (1599)a 11892 (1578)a
29.5 (0.8)a 15 .4 (0.7)a 7.9 (0.2)a 3 .6 (0.2)a 11821 (859)a 11226 (848)a

NT NT NT NT NT NT
* NS NS
NH NH H H NH NH

26.6 (0.9)b 12.9 (0.8)a 7.4 (0.2)b 3 .1 (0.2)ab 10102 (944)a 9569 (932)a
29.6 (1.3)ab 13 .9 (1 .2)a 7.0 (0.3)ab 2.4 (0.3)b 11705 (1427)a 11148 (1409)a
31 .2 (1.4)a 10.8 (1 .3)a 8.1 (0.3)a 3 .9 (0.3)a 10982 (1496)a 10136 (1477)a

NT NT NT NT NT NT
* NS NS
H H H H H H



Table 9f

	

Mean values of third year growth parameters for lodgepole pine in mesic ecosystems subjected to different
slash treatments . Standard errors are given in parentheses .

Treatment

untreated slash (CS)
low severity fall burn

signif. interactions
covariance
Bartlett's test

Values in a given column with a different superscript, are significantly different at p<0 .05 . Results are from the
Scheffe multiple range test .

NT, *, NS, H and NH are defined in Tables 9a and 9e .

ht,
(cm)

ht. inc .
(cm)

basal diam .
(mm)

basal diam .
inc. (mm)

canopy vol.
(cm)

canopy vol. inc .
(cm3)

29.6 (1 .6)b 6.9 (1.8)b 6.5 (0.7)b 2.6 (0.7)b 6576 (2446)b 5369 (2443)b
35 .9 (1 .3)a 11 .8 (1.5)a 10.9 (0.5)a 8.1 (0.6)a 22727 (2033)a 21384 (2030)a

NT NT NT NT NT NT
NS * NS * NS NS
NH NH NH H H H



Values in a given column for either A, B, or C with a different superscript, are significantly different at p<0 .05. Results
are from the Scheffe multiple range test .
NT, *, NS, H, and NH are defined in Tables 9a and 9e .

Table 9g

	

Mean values of third year growth parameters for all species in both ecosystems on the low severity fall
burn treatment and results of the covariance analysis . Standard errors are given in parentheses .

ht.
(cm)

ht. inc .
(cm)

basal diam .
(cm)

basal diam .
inc.(mm)

canopy vol.
(cm3)

canopy vol. inc .
(cm3)

A) species (S)

spruce 25 .0 (0.5)b 9.0 (0.5)b 6.4 (0.3)b 2.2 (0.3)c 6853 (683)b 6119 (664)c
fir 23 .6 (0.6)b 10.6 (0.6)ab 7 .8 (0.3)a 4.1 (0.3)b 9151 (801)b 9033 (778)b
pine 35 .4 (0.8)a 12.1 (0.8)a 8 .9 (0.4)a 5 .9 (0.5)a 17333 (1046)a 13577 (1016)a

signif, interactions SxR none SxR SxR none none
covariance * * NS * * *
Bartlett's test NH NH H H NH NH

B) ecosystem

subhygric 25 .9 (0.5)b 9.7 (0.5)a 7.0 (0.3)b 3 .3 (0.3)b 8353 (605)b 7144 (588)b
mesic 30 .1 (1 .2)a 12.0 (1 .2)a 9.0 (0.6)a 5 .1 (0.6)a 15746 (1507)a 14616 (1464)a

signif. interactions NT NT NT NT NT NT
covariance * * NS * * *
Bartlett's test NH NH H H NH NH

C) replicate (R)

replicate 1 25.5 (0.6)b 9.2 (0.6)b 6.9 (0.3)a 3.2 (0.3)a 9406 (756)ab 8418 (734)ab
replicate 2 29.6 (0.8)a 12.2 (0.8)a 7.9 (0.4)a 4.4 (0.4)a 12575 (1026)a 11522 (996)a
replicate 3 27.0 (0.7)b 10.5 (0.7)ab 7.9 (0.4)a 3.8 (0.4)a 9249 (857)b 7702 (833)b

signif. interactions SxR none SxR SxR none none
covariance * * NS * * *
Bartlett's test NH NH H H NH NH



Table 9h Mean values of third year growth parameters for Engelmann spruce and subalpine fix° seedlings in
subhygric ecosystems, on the two Fowler lake treatments and results of the covariance analysis .
Standard errors are given in parentheses .

A) species (S)
spruce
fir

signif. interactions
covariance
Bartlett's test

B) treatment (T)

moderate fall burn
untreated slash (t'L.)

signif. interactions
covariance
Bartlett's test

C) replicate (R)

replicate 1
replicate 2
replicate 3

signif. interactions
covariance
Bartlett's test

Values in a given column for either A, B, or C with a different superscript, are significantly different at p<0.05. Results
are from the Scheffe multiple range test .
*, NS, H, NH, are defined in Table 9a .

ht.
(cm)

ht. inc .
(cm)

basal diam .
(cm)

basal diam .
inc. (mm)

canopy vol .
(mm)

canopy vol. inc .
(cm3)

32.1 (0.6)a 13.0 (0.5)a 6.8 (0.1)a 1 .9 (0.1)b 12937 (710)a 11886 (694)a
24.2 (0.6)b 14.2(0.5)a 6.2(0.1)b 2.4(0.1)a 9378(738)b 9117 (721)a

SxR SxR
NS

none none none
*

none
**

NH

28.8 (0.5)a

H

14.0 (0.4)a

NH

6.7 (0.1)a

NH

2.3 (0.1)a

H

12205 (567)a

H

11498 (554)a
25.5 (1 .3)b 11 .3 (1 .1)b 5.3 (0.2)' 1 .2 (0.2)b 5686 (1481)' 5216 (1448)'

none
*

none
NS

none
*

none
*

none
*

none
*

H

29.5 (0.7)a

H

13 .6 (0.6)a

NH

6.8 (0.1)a

NH

2.3 (0.1)a

NH NH

11458 (821)a12274 (839)a
25.6 (0.9)b 13 .1 (0.7)a 5.9 (0.2)b 1 .7 (0.2)b 8791 (991)b 8361 (969)a
29.2 (0.9)a 14.0 (0.7)a 6.6 (0.2)a 2 .4 (0.2)a 12051 (991)ab 11360 (968)a

SxR
*

SxR
NS

none
*

none
*

none
*

none
*

H H H H H H



Values in a given column for either A, B, or C with a different superscript, are significantly different at p<0.05. Results
are from the Scheffe multiple range test .
*, NS, H, and NH are defined in Table 9a .

Table 9i

	

Mean values of third year growth parameters for Engelmann spruce and subalpine fir in both ecosystems
subjected to moderate severity fall burns, and results of the covariance analysis . Standard errors are
given in parenthesis .

ht .
(cm)

ht. inc .
(cm)

basal diam .
(cm)

basal diam .
inc. (mm)

canopy vol .
(mm)

canopy vol . inc .
(cm3)

A) species (S)

spruce 31 .2 (0.5)a 14.2 (0.4)b 7.4 (0.l)a 2.8 (0.1)a 12867 (582)a 12011(573)a
fir 26.5 (0.5)b 16.3 (0.4)a 6.9 (0.1)b 3.0 (0.1)a 12188 (576)a 11925(567)a

signif. interactions SxE SxR none SxE, SxR SxE SxE
covariance * NS * * * *
Bartlett's test NH H NH NH NH H

B) ecosystem (E)

subhygric 28.4 (0.5)a 14.0 (0.4)b 6.6 (0.1)b 2.3 (0.1)b 11945 (574)a 11286 (564)a
mesic 29.3 (0.5)a 16.5 (0.4)a 7.7 (0.1)a 3.5 (0.1)a 13125 (585)a 12675 (575)a

signif. interactions SxE, ExR none ExR SxE SxE, ExR SxE, ExR
covariance * NS * * * *
Bartlett's test H H H H H H

C) replicate (R)

replicate 1 28.7 (0.6)a 15.2 (0.5)a 7.3 (0.1)a 2.9 (0.1)ab 12384 (710)a 11780 (699)a
replicate 2 28.1 (0.6)a 15.7 (0.5)a 7.0 (0.1)a 2.6 (0.1)b 12646 (703)a 12208 (691)a
replicate 3 29.6 (0.6)a 14.9 (0.5)a 7.3 (0.1)a 3.1 (0.1)a 12538 (715)a 11907 (703)a

signif. interactions ExR SxR ExR SxR ExR ExR
covariance * NS * * * *
Bartlett's test H H NH H H H
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When all species are considered together (Tables 9d and 9h) the fall
slashburns tended to provide for the best growth in comparison to the other
treatments at Camp Six Ck., and the untreated slash at Fowler Lake .
2.

	

In mesic ecosystems (Tables 9e and 9i), no mechanical site preparation
treatments were conducted . However, growth was consistently better in burned
than in untreated slash areas for both spruce and pine seedlings at Camp Six Ck. .
3. Comparing ecosystems (Tables 9g and 9i), there was a tendency for growth to
be better in mesic than in subhygric ones. This tendency was expressed more
strongly at Camp Six Ck. . At Fowler Lake there were significant species x
ecosystem interactions in that spruce height and canopy volume were greatest in
subhygric ecosystems while those of fir were greatest in mesic ones . The basal
diameter increments of both species were greatest in mesic ecosystems . Canopy
volume increments for fir were greatest in mesic ecosystems while those of spruce
were unaffected by ecosystem .
4. Comparing the 3 species (Tables 9d, 9g, and 9i), spruce has generally
exhibited the worst growth at Camp Six Ck ., while its growth increments at Fowler
Lake have been generally similar to those of fir, although its height increment has
been slightly less than that of fir . At Camp Six Ck., pine has exhibited the best
growth in all growth parameters . This conclusion is not altered by the species x
treatment interactions .

Thus, differences in seedling performance in the intensive study area have
occurred. The question now is - how can these differences be explained . The most
important factors contributing to these differences are considered to be - a) seedling
quality, b) plant competition, c) soil nutrient status, and d) soil temperature . The
influence of the last 3 of these factors on seedling performance will be assessed by
considering firstly the effects of the different treatments and ecosystems on these
factors, then integrating all these effects to relate them to seedling performance .
The influence of the first factor is asssessed in qualitative terms .

3.2.1.2

	

Seedling quality and planting technique

Both seedling quality and planting technique can influence subsequent
seedling performance. In this respect, the Camp Six Ck. plots were all planted by
the same planting crew and the spruce seedlings came from 4 different seedlots,
although all were bare root (Table 1) . The Fowler Lake plots were planted by
different crews and their fir seedlings were from a different seedlot, grown at a
different time, than the fir seedlings planted at Camp Six Ck . The spruce seedlings
planted at Fowler Lake were not only from a different seedlot grown at a different
time, but were also of a different stock type (container) than the spruce seedlings
planted at Camp Six Ck. (bare root) .

(Quantitative assessments of the effects of planting technique on seedling
performance were not made so the influence of this factor on the seedling
performance results is unknown. However, since the same planting crew was used
for all the Camp Six Ck. plots and another for all the Fowler Lake plots, planting
technique should not be a confounding factor when data from plots in an area are
compared to data from other plots in the same area (e.g. Table 8, comparisons 3, 4,
5, 6,and 8, Table 9c, d, f, g, h, and i) . However, it may be a confounding factor
when Camp Six Ck. results are compared to Fowler Lake results .

Stock type has been found to influence seedling performance in B.C., with a
general trend of better survival and growth for bigger seedlings at the time of
planting (e.g. Mc

	

1985, Todd 1989) . This trend was also found in the
covariance analysis of tree seedling growth in the present study, as discussed in



section 3 .2.1 .1 above. In the case of spruce, the seedlings planted at Fowler Lake
were larger than those planted at Camp Six Ck. (Table 10) . In addition, the Fowler
Lake spruce seedlings were container stock whereas those at Camp Six Ck. were
bare root stock . As a result, seedling performance in the two areas can probably
not be compared on a treatment basis . It can only be concluded that the larger
Fowler Lake spruce seedlings performed better than those planted at Camp
Six Ck., d that this better performance may have been related to the site
preparation treatments (Moderate severity fall burn at Fowler Lake vs the other
treatments at Camp Six Ck.) . Consequently, no conclusions can be made about the
effects of burn severity on spruce seedling growth.

In the case of fir, the Camp Six Ck, seedlings were initially larger than those
planted at Fowler Lake (Table 10) . The generally better height and canopy volume
growth in the burned plots at Fowler Lake, together with the generally better
seedling growth in the fall burned, than in all the other treatment, areas, does
suggest that fall slashburning resulted in better growth of fir seedlings than did
the other treatments and that stock type differences did not confound a broad
treatment effect . However, because of potential, but unquantified, differences in
stock quality and planting technique, again no conclusions can be made about the
effects of burn severity on fir seedling growth .

3.2.1 .3

	

Competing vegetation
3.2.1 .3.1 Competing vegetation biomass

The biomass of competing vegetation at the height of the growing season
both preharvesting and during the first three years after site preparation is
summarized in Table 11 . More detailed data are given in Appendix 18. All burning
and the mechanical site preparation treatments reduced this biomass initially, but,
by the third year post treatment, competing vegetation biomass exceeded the
pretreatment values in 5 of the 8 treatments, and was close to the pretreatment
value in another (the mechanical) treatment. The apparent marked reduction in
biomass for the low severity fall burn on a mesic site is largely due to the large
decrease in moss biomass, which was relatively high (75% of total biomass)
Initially. The subhygric ecosystem data suggest that the extent to which competing
vegetation was reduced, decreased in the order - mechanical > moderate severity
burn . spring burn > low severity fall burn > untreated slash . For the mesic
ecosystem, the order was - low severity fall burn > moderate severity fall burn >
untreated slash .

If we ignore mosses and consider just the shrub and herb component of the
vegetation - the component which has usually been considered in studies of
vegetation that competes with tree seedlings (e.g. Coates et al . 1991, Walstad and
Much 1987), the data indicate similar trends for the subhygric ecosystem, with the
extent to which competing vegetation was reduced, decreasing in the order -
mechanical > moderate impact fall burn = spring burn > low impact fall burn
untreated slash (Figure 3) . For the mesic ecosystem, the trend is identical to that
for total vegetation biomass (cf. Figure 3 and Table 11)

Figure 3 indicates that, only 2 years after site preparation, shrub and herb
biomass exceeded that in the undisturbed forest for all treatments except the
mechanical treatment in the subhygric ecosystem and the low severity fall burn in
the mesic ecosystem. However, compared to no slash treatment, all treatments,
with the exception of the low severity fall burn in the subhygric ecosystem, have
reduced the competing vegetation for the first 3 post treatment years .

Compared to the subhygric ecosystem and the results of other studies (e.g.
Feller 1994), the moderate impact burn in the mesic ecosystem was expected to
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Table 10 Initial dimensions of tree seedlings planted in the Camp Six Ck . and
Fowler Lake study plots . Mean values are followed by standard
deviations in parentheses .

For each species and each parameter the Camp Six Ck . value is significantly different
(P < 0.05) from the Fowler Lake value .

Area Parameter

height (cm) basal diameter (mm) canopy volume
(cm3)

Engehnann spruce

Camp Six Ck. 15.6 (1 .7) 4.1 (0.4) 629.7 (254.1)

Fowler Lake 18.9 (6.3) 4.9 (1 .1) 1072.2 (959.5)

Subalpine fir

Camp Six Ck. 12.7 (1.3) 3 .8 (0.3) 405.6 (89.6)

Fowler Lake 9.9 (2.7) 3.7 (0.9) 256.1 (155.2)



Table 11

	

Above ground biomass of non-tree vegetation in the intensive study area plots, at the height of the first three post-treatment
growing seasons . Standard errors are given in parentheses .

t ent

/Vegetation
Group

Subhygric Mesic

Unburned
(CS)

Spring

Burn

Low Severity

Fall Burn

Moderate
Severity
Fall Burn

Mechanically

Scarified

Unburned (CS) Low Severity Moderate
Severity
Fall BurnFall Burn

1) Pretreatment
shrubs 117 (78) 117

	

(78) 117

	

(78) 86

	

(21) 117

	

(78) 107 (10) 107

	

(10) 75

	

(12)
herbs 38 (3) 38

	

(3) 38

	

(3) 40

	

(6) 38

	

(3) 8 (0) 8

	

(0) 15

	

(3)
moss 61 (14) 61

	

(14) 61

	

(14) 171

	

(32) 61

	

(14) 344 (70) 344

	

(70) 67

	

(14)
Total 216 (78) 216

	

(78) 216

	

(78) 297

	

(38) 216

	

(78) 459 (79) 459

	

(71) 157

	

(18)

2) First Year Post Treatment
(24) 10

	

(3) 1

	

(1) 1

	

(1) 9

	

(6) 102 (11) 5

	

(1) 3

	

(0)shrubs 108
herbs 74 (9) 48

	

(8) 74

	

(13) 40

	

(3) 37

	

(5) 20 (2) 13

	

(4) 30

	

(3)
moss 66 (19) 0

	

(0) 0

	

(0) 0

	

(0) 0

	

(0) 301 (70) 0

	

(0) 0

	

(0)
Total 248 (44) 58

	

(3) 74

	

(11) 41

	

(3) 45

	

(8) 423 (71) 18

	

(5) 33

	

(3)

3) Second Year Post Treatment
31

	

(11) 21

	

(5) 12

	

(5) 16

	

(8) 135 (22) 27

	

(6) 21

	

(5)shrubs 124 (9)
herbs 126 (17) 157

	

(35) 228

	

(39) 140

	

(27) 91

	

(11) 60 (10) 69

	

(10) 84

	

(17)
moss 57 (29) 0

	

(0) 0

	

(0) 24

	

(8) 7

	

(4) 315 (88) 0

	

(0) 28

	

(24)
Total 307 (68) 188

	

(26) 249 (25) 176

	

(19) 114

	

(18) 510 (120) 96

	

(7) 133

	

(21)

4) Third Year Post Treatment
(39) 48

	

(8) 36

	

(8) 17

	

(7) 30

	

(11) 170 (56) 58

	

(28) 38

	

(7)shrubs 150
herbs 171 (16) 199

	

(28) 301

	

(39) 201

	

(22) 149

	

(16) 64 (10) 112

	

(22) 122

	

(11)
moss 60 (29) 11

	

(15) 0

	

(0) 34

	

(8) 25

	

(12) 320 (82) 18

	

(13) 48

	

(13)
Total 381 (45) 258

	

(30) 337

	

(24) 252 (20) 204 (26) 554 (127) 188

	

(57) 208 (22)



Figure 3 Biomass of shrubs and herbs at the height of the growing season in the
intensive study area plots, expressed as a percentage of the
preharvesting value, for the preharvesting (PRETRT) and first 3 years
post site preparation period .
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reduce vegetation to a greater extent than the low impact burn in that ecosystem .
That this did not happen might be attributed to the two burns being conducted in
ecosystems that differed somewhat. The two areas had different pretreatment
vegetation - the low severity burn area having a substantially greater moss
biomass. Observations suggested that the low severity burn area was on the drier
side of mesic while the moderate severity burn was on the moister side. These
observations included the greater abundance of Rubus pedatus and Pieur-ozium
schreberi in the low severity burn area, the presence of Athyrium filixfemina in the
moderate severity burn area, and the location of the study plots on more
pronounced ridge tops in the low severity burn area (cf. Lloyd et al. 1990). As fire
impacts on vegetation are expected to be greater in drier than in moister
ecosystems and as the moderate impact burn consumed only 16% of the forest floor
while the low impact burn consumed 23% (Appendix 25), the results shown in
Figure 3 are not surprising .

Treatment impacts on competing vegetation were also studied in the
permanent vegetation plots . Results from these plots are in general agreement with
the biomass results just discussed . Thus, shrub and herb cover and height
decreased from preharvesting to first year post site preparation on all of the
treatments studied except for herb cover and height on the untreated slash plots,
which generally increased (Figure 4) . This is consistent with the biomass trends for
these treatments, where a similar decline was noted, again except for herbs on the
untreated slash plots, which increased after harvesting. Shrub and herb biomass
generally increased progressively from the first to the third year post site
preparation. This trend is not so clear in the cover and height, for which one
sometimes increased while the other decreased . Cover of both herbs and shrubs
generally increased for all treatments from the first to the second year, but
decreased for most treatments from the second to the third year (Figure 4) . Shrub
height tended to decrease from the second to the third year for the untreated slash
plots, while it either increased or decreased slightly for the other treatments . Herb
height also either increased or decreased slightly from the second to the third year
(Figure 4) .

The cover and height data for a given ecosystem are again consistent with the
biomass data in that, for the first 3 years post site preparation, shrub values were
lower in the slash treatment than in the no-slash treatment areas, while for the
herbs, this was not the case for the second and third years .

In order to be comparable after treatment, there should have been no
significant differences before treatment in either the mean cover or the height of
herbs or shrubs among the treatment areas within ecosystems . There were no
significant differences in height of either herbs or shrubs, or in cover of shrubs
within both ecosystems, or of herb cover within the mesic ecosystem (Table 11) . In
the subhygric ecosystem, herb cover was significantly lower in the untreated slash
plots than in either of the burned areas . The mesic burned plots had considerably
more shrub cover than all other areas, but this difference was not significant within
the mesic ecosystem .

In 1990, the first year after site preparation, herb and shrub cover and shrub
height were significantly lower in the burned than in the unburned plots within
both ecosystems (Table 12) . Shrub cover and height remained significantly higher
in the unburned than the burned areas of both ecosystems in 1991 and 1992 .
Herb cover was also significantly higher in unburned than in burned plots of both
ecosystems in 1991, and remained so in the subhygric spring burned plots in
1992. In both of the fall burned areas, however, herb cover exceeded that of the
untreated slash in 1992 .

Herb height was similar among burned and unburned plots within both
ecosystems in 1990. Herb height was significantly higher in the burned plots than



Figure 4

	

Shrub and herb cover and height in the permanent vegetation
plots preharvesting and for the first 3 years post site preparation .
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Figure 4 - continued
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Table 12

	

Mean cover and height values for total herbs and shrubs by ecosystem,
treatment and year in the Camp Six Ck . area permanent vegetation plots .

Vegetation Parameter

	

Year

	

Ecosystem/Treatment

Subhygric

	

Mesic

Year 0 = preharvesting
Year 1,2,3 = first, second, and third years post site preparation .

For a given year and a given vegetation parameter, values with different superscripts are
significantly different at P < 0 .05 .

44

Untreated
Slash

Spring
Bum

Low Severity
Fall Bum

Mechanical Untreated
Slash

Low Severity
Fall Bum

Shrub Cover (%) 0 SOb 53ab 49b 54ab 70a
1 42a 7b 12b 38a 4b
2 54a 15bc 21b 7c 54a l7bc
3 37a 6bc 14bc 3c 39a 16b

Shrub Height (cm) 0 107a 109a 93a 108a 115a
1 78a 17b 24b - 88a 18b
2 76a 30b 32b 34b 76a 26b
3 64a 31cd 34cd 24cd 49b 20d

Herb Cover (%) 0 47b 63a 64a 33b 38b
1 70a 24c 39b - 38b 16c
2 82a 69a 79a 53b 53b 41b
3 66a 55b 73a 49bc 38c 43c

Herb Height (cm) 0 31a 26a 28a 13b 12b
1 34a 23bc 27ab - 13c 13c
2 39a 43a 43a 31b 14d 23c
3 39b 41b 52a 38b 18c 21c
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the unburned plots in the mesic area in 1991 and in the subhygric fall burned area
in 1992. The lack of consistent patterns of herb height over time may result from
error introduced by having to estimate this variable in so many plots .

In the burned areas of both ecosystems, cover and height of both herbs and
shrubs dropped in the first year after treatment, then increased in subsequent
years (Figure 4, Table 12) . Herb cover exceeded pre-treatment levels by 1991 or
1992 except in the subhygric spring burned plots where it was still similar to pre-
treatment levels in 1992 (Figure 4) . The establishment and rapid increase in
Epilobium angusttifoiium in the burned areas probably accounts for these results .
There was little change in herb height between the pre-treatment and 1990 periods,
but by 1991 herbs appeared to have reached a maximum height that was almost
double the pre-treatment values . Shrub cover and height both showed a much
greater reduction than did herbs in 1990 . Cover and height of shrubs increased
slightly over time, but were still substantially below pre-treatment levels in 1992 in
both ecosystems .

Herb cover and height increased modestly over time from pre-treatment
levels in the untreated slash plots of both ecosystems (Figure 4, Table 12), possibly
because of increased light levels . Shrubs in unburned plots decreased steadily in
both cover and height from pre-treatment levels to 1992, also in both ecosystems
(Figure 4). The decrease in shrub height may be due to snow press but the
decrease in shrub cover in burned areas is not easily explained .

Mechanically treated plots had significantly lower herb and shrub cover and
height than unburned slash plots in both ecosystems except for herb height which
was similar in 1992 . Shrub cover and height were slightly lower in mechanically
treated than in burned plots. Burned plots generally had higher herb cover and
height than did mechanically treated plots in both years . The four variables were
similar in the two sampling years in the mechanically treated plots .

3.2 .1 .3 .2 Changes in species composition
All four of the major shrub species (Appendix 19, Figure 5) that occurred in

both mesic and subhygric areas, decreased sharply after burning and gradually in
the untreated slash plots . Sambucus racemosa and Ribes spp. increased after
burning and in the subhygric untreated slash plots. The former species was not
present before harvesting except in the subhygric untreated slash area and likely
established primarily from seed buried on the site .

All of the major herb species in both mesic and subhygric plots continued to
be present after burning (Appendix 19, Figure 5) . In the mesic plots no herb
species disappeared after burning, but two minor species appeared . A few minor
herbs were not found after burning in the subhygric plots . Several, including
species of Epilobium, Carex and various grasses, were found only after burning .
Epilobium angustt;folium, which was present only in the subhygric untreated slash
area before disturbance, established and increased greatly in cover in the subhygric
burned areas and modestly in the mesic burned area . Spring burning resulted in
severe decreases in some species which were either unaffected or increased after
fall burning .

An important change in species composition on the burned areas was the
loss of mosses which showed little recovery by 1992 (e.g . Table 11) . In the
unburned areas moss cover also declined substanti ally, although this is not
suggested to the same extent by the biomass data (Table 11) . Within the Camp Six
Ck. study area, the response of different species to burning is summarized in Table
13 .

The effect of mechanical treatment on species composition cannot be
assessed because of the lack of pre-treatment and 1990 data. However, the most
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Figure 5 Mean cover of the most common species of shrubs and herbs at the height of the
growing season preharvesting and during the first three years after site
preparation, as found in the permanent vegetation plots in the Camp Six Ck.
study area.
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Figure 5 - continued
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membranaceum, VACCOVA = Vaccinium oval folium

Herbs

	

ARNICOR = Arnica cordfolic, ATHYFIL = Athyriumfdix femin0. CLINUNI = Cltntonta unflora,
EPILANG = EpLIobium angustlfolium, GYMNDRY = Gymnocarptum dryopteris, RUBUPED =
Rubes pedatus, STREROS = Streptopus roseus, TIARUNI = Ttarella unifohata, VALESIT =
Valerians sitchensis, VERAVIR = Veratrum utride
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Table 13

	

Response of understory species to burning, based on observations
made in the Camp Six Ck. Intensive study area .

Decreasers
Intolerant
stiff clubmoss
heart-leaved twayblade
forest mosses

Low°tolerance
false azalea
white-flowered rhododendron
black huckleberry
oval-leaved blueberry
five-leaved bramble

Moderate tolerance
lady fern
black gooseberry
oak fern
clasping twistedstalk
Queen's cup

High tolerance
Sitka valerian
rosy twistedstalk
three-leaved foamflower
Brewer's mitrewort

Invaders
fireweed
red elderberry
sedge
thistle
red raspberry

Greasers
small-flowered woodrush
Indian hellebore
fireweed

(Lycopodium annotinum)
(Listera cordata)

(Menziesia ferruginea)
(Rhododendron albiflorum)
(Vaccinium membranaceum)
(Vaccinium ovalifolium)
(Rubus pedatus)

(Athyriumfilixfemina)
(Ribes lacustre)
(Gymnocarpium dryopteris)
(Streptopus amplexifolius)
(Clintonia uniflora,)

(Valerians sitchensis)
(Streptopus roseus)
(Tiarella trifoliate)
(Mitella breweri)

(Epilobium angustifolium)
(Sambucus racemosa)
(Carex spp.)
(Cirsium spp .)
(Rubus idaeus)

(Luzula parviflora)
(Veratrum viride)
(Epilobium angustifolium)
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abundant species of herbs and shrubs in the other subhygric areas were also
relatively abundant in the mechanically treated area .

3.2.1.3.3 The effect of forest floor depth of burn (DOB} on vegetation
The overall mean DOB for each ecosystem/treatment seems to have been a

more important indicator of vegetation change than the individual plot DOB's. The
greatest percent change in herb cover occurred in the subhygric spring burned
plots, which also had the highest DOB (Table 14) . There was little change in herb
height in any of the treatment areas . The only positive change was herb height in
the mesic area. The mesic low severity fall burned plots had the highest mean
percent change in both cover and height of shrubs, where the lowest DOB occurred .
The lowest percent change for both herbs and shrubs occurred in the subhygric low
severity burn area .

Within the subhygric area, there was a greater percent change (reduction) in
cover and height in the spring burned plots than the fall burned plots, which may
have been because a) the plants were more vulnerable to fire in the spring, b) there
was a higher DOB in the spring burn indicating a more severe impact, or c) a
combination of these two factors . The greater percent change observed in the
mesic fall burn than in the subhygric fall burn may have been because the plants
were more stressed and vulnerable to fire damage in the drier mesic ecosystem,
despite the lower DOB .

The relationship between depth of burn and percent change was significant
only for herb cover in the mesic plots (r=0.69, p=0 .04) and the subhygric spring
burned plots (r=-0 .58, p=0.01) (Appendix 20) . By the second year after burning,
there appears to be no relationship between DOB and either cover or height on any
of the burned areas (p<_0 .05) .

The results from the permanent vegetation plots can be summarized as
follows :

1) Herb and shrub cover and shrub height were reduced by burning in
the first year post-burning, but herb height was not affected . The differences
between pretreatment and first year post treatment values were much greater for
shrubs than for herbs .

2) In the burned areas, herb cover and height had recovered or exceeded
pretreatment levels, but shrub cover and height showed only a slight recovery, by
the third year post treatment .

3) While herb cover and height showed some increase over the post
treatment years in the untreated slash plots, shrub cover and height both
decreased in these plots .

4. The most important changes in species composition were the
establishment and rapid increase in Epilobium angustifolium after burning, and the
loss of moss species and cover in both burned and unburned plots .

5) Within the subhygric area, the spring burn resulted in a greater
percent reduction of herbs and shrubs and had a greater depth of burn than did
the fall burn. However, it is not possible to determine whether this was because the
plants were more vulnerable to fire or the depth of burn was higher in the spring .

6)

	

The mesic fall burn showed a greater percent reduction in herb and
shrub cover than did the subhygric fall burn, despite having a lower depth of burn .

7) Depth of burn did not show a consistent relationship with percent
change in herb and shrub cover and height in the burned areas, and by the second
year after burning showed no relationship at all .



Table 14 Forest floor depth of burn statistics and mean percent change
(year 1 postburn vs . preburn) in herbs and shrubs, by ecosystem
and season of burning, as determined from measurements in the
permanent vegetation plots in the Camp Six Ck . area .
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Ecosystem/Burning Treatment

Subhygric Mesic

Fall Spring Fall

Depth of Burn Statistics (cm)

Mean 1 .2 0.6 0.3
Standard deviation 1.3 0.9 0.5
Standard error 0.1 0.1 0.0
Maximum 7.2 5.0 2.3
Minimum 0.0 0.0 0.0
Number of DOB pins used 222 168 112
Number of plots 19 14 9
Percent of pins exibiting 0 cm DOB 15 46 51

Mean Percent Change in Vegetation

Herb Cover -62 -38 -57
Herb Height -2 -4 +11
Shrub Cover -87 -75 -95
Shrub Height -83 -74 -85
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3 .2.1 .4

	

The influence of competing vegetation on tree seedling performance
After 2-3 growing seasons, shrub + herb biomass in the intensive study area

plots decreased in the following order - subhygric low severity fall burn >_ subhygric
untreated slash > subhygric spring burn > mesic untreated slash > subhygric
moderate severity burn > subhygric mechanical > mesic low severity fall burn >
mesic moderate severity fall burn .

Spruce survival was best in moderate severity fall burn areas and worst in
subhygric untreated slash and spring burn areas. Fir survival was unaffected by
treatment, while pine survival was best in mechanical and low severity fall burn
areas and poorest in the untreated slash. The competing vegetation biomass data
can not, in general, explain all these results, although they are consisted with some
of the trends in seedling survival. Thus, in subhygric ecosystems, spruce survival
was better in the moderate severity burn areas than in the untreated slash and
spring burn areas, paralleling trends in competing vegetation biomass (less in the
moderate severity burn areas) . Likewise, pine survival was better in the mesic low
severity fall burn area than in the untreated slash area, paralleling the trend in
competing vegetation biomass .

With respect to seedling growth - in subhygric ecosystems, spruce growth
tended to be best in the moderate severity burn area and poorest in the untreated
slash area, whereas pine growth tended to be poorest in the untreated slash area .
In mesic ecosystems, spruce growth tended to be best in moderate severity fall burn
areas and poorest in untreated slash, while pine growth was better in the low
severity fall burn area and poorer in the untreated slash. Competing vegetation
biomass trends were generally the inverse of these seedling growth trends,
suggesting that competing vegetation has had some influence on spruce and pine
seedling growth. This is reinforced by the fact that the trends in basal diameter
and basal diameter increment all followed the spruce and pine growth trends just
described, whereas sometimes some of the other growth parameters did not follow
the general trends . ®f all tree seedling growth parameters, stem diameter is
considered the one which best reflects the influence of plant competition (e.g.
Coates et al. 1991, Helgerson et al. 1991). However, competing vegetation biomass
in subhygric ecosystems was lowest on the mechanically treated area, which also
had relatively low spruce seedling growth . This is inconsistent with competing
vegetation suppressing seedling growth .

In the case of fir growth in subhygric ecosystems, the treatments did not
produce consistent trends in that height and canopy volume tended to be greatest
in the moderate severity fall burn areas and least in the mechanical and spring
burn areas, while diameter was greatest in the low severity fall burn areas and least
in the untreated slash. These results are not consistent with the competing
vegetation biomass data.

Thus, vegetation biomass data suggests that competing vegetation did not
appear to influence the survival or growth of fir seedlings, but may have had some
influence on spruce and pine seedling survival and growth .

The influence of competing vegetation on seedling growth and survival was
also assessed by applying t tests and regression analysis to the percent cover of
competing vegetation around each tree seedling, the influence on seedling growth
being determined using only living tree seedlings .

With respect to seedling survival, t tests of the average competing vegetation
percent cover around dead seedlings versus that around living seedlings, indicated
that, of the 22 species-ecosystem-site preparation treatment combinations present
in the study (Table 1) only 2 had statistically significant (P<0 .05) differences in
vegetation cover between dead and living seedlings. These were spruce seedlings
in low severity fall burn subhygric ecosystem plots and pine seedlings in the
mechanical treatment subhygric ecosystem plots, where cover was greater for the
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surviving trees. This was found for both herb and total (herb + shrub) percent
cover. Consequently, the individual tree seedling data suggest that competing
vegetation had no influence on fir survival and probably no influence as well on
spruce and pine seedling survival .

With respect to seedling growth, regression analysis of each of the 6 third
year seedling growth parameters as a function of either herb or total percent cover,
indicated that, again of the 22 species-ecosystem-site preparation treatment
combinations present in the study, significant regression equations could only be
developed for 2 combinations. These were spruce and fir seedlings in the low
severity fall burn plots in subhygric ecosystems . In the case of spruce, significant
equations were developed for height, height increment, canopy volume, and canopy
volume increment. In the case of fir, the parameters yielding significant equations
were basal diameter and basal diameter increment . In all cases, growth decreased
as vegetation cover increased, suggesting that competing vegetation did have an
adverse effect on seedling growth . However, based on coefficients of determination
for the equations, vegetation cover could only explain 5-7% of the variation in
seedling growth, suggesting other factors were important in explaining this
variation.

It is interesting that, but not clear why, a competing vegetation effect could
be better detected in the low severity fall burn subhygric ecosystem plots . The best
fit regression equations developed for many (but not all) other situations, also
indicated the same trend of decreasing seedling growth with increasing vegetation
cover. These equations were not significant, but they may indicate that competing
vegetation did suppress seedling growth in other treatment areas and that other
factors also affected seedling growth, confounding the results . This confounding
may have been slightly less in the low severity fall burn subhygric ecosystem plots .

In general, however, the individual tree seedling data do not provide strong
evidence that tree seedling growth was significantly affected by competing
vegetation. The data suggest that competing vegetation may have affected tree
seedling growth in some plots but not in others . This could help to explain the
similarly inconsistent relationships between understory vegetation biomass and tree
seedling growth, discussed above .

The general conclusion from both the vegetation biomass and individual tree
seedling data is that competing vegetation may have affected tree seedling
survival d growth i some of the study plots, but other influences appear to
e equally, if not ore, important, confounding the competing vegetation

influences

3 .2.2

	

Effects on ecosystem nutrient status

When considering the effects of the treatments on soil nutrient status, there
are both short term and long term considerations . Long term considerations are
associated with the overall fertility of the soil and potential forest productivity . The
short term effects are of most significance when evaluating effects of treatments on
the initial growth of tree seedlings .

3 .2.2.1

	

Short term effects

During the first four post-harvesting (the first three post site preparation)
years, there were some increases and some decreases in nutrient concentrations in
both forest floor (Appendix 21) and mineral soil (Appendix 22) . Three years after
site preparation, there were very few statistically significant changes in forest floor
plus mineral soil nutrient quantities, compared to pre-harvesting values (Table 15) .
These significant changes mostly involve lower quantities of nutrients post-



Table 15

	

Forest floor plus mineral soil nutrient content (kg/ha) in the intensive study area treatments - pretreatment versus 3
years post treatment. Standard errors are given in parentheses .

Treatment/time Min Tot Tot S K Mg Ca

A)

	

Subhygric ecosystems

1) Undisturbed forest
pre 48 (18) 5176 (566) 103 (15) 622 (69) 373 (73) 166 (24) 885 (198)

post 40 (9) 4975 (716) 96 (16) 640 (117) 362 (53) 177 (18) 882 (234)

2) Untreated slash
pre 33 (4) 4228 (578) 76 (5) 423 (47) 196 (13) 70 (5) 418 (63)

post 35 (4) 4323 (623) 85 (5) 376 (64) 184 (17) 68 (4) 370 (33)

3) Low severity spring burn
pre 33 (4) 4228 (578) 76 (5) 423 (47) 196 (13) 70 (5) 418 (63)

post 33 (14) 3578 (475) 64 (9) 406 (112) 164 (21) 57 (7) 344 (75)

4) Low severity fall burn
pre 33 (4) 4228,(578) 76 (5) 423 (47) 196 (13) 70 (5) 418 (63)

post 28 (4) 3669 (231) 68 (5) 380 (49) 179 (57) 69 (6) 327 (61)

5) Moderate severity fall burn,
pre 60 (5) 3547 (559) 126 (14) 488 (29) 211 (25) 107 (12) 1791 (87)

post 36 (5) * 2976 (554) 71 (9) * 432 (90) 165 (15) 87 (11) 1476 (295)

6) Mechanically scarified
pre 33 (4) 4228 (578) 76 (5) 423 (47) 196 (13) 70 (5) 418 (63)

post 27 (4) 3366 (465) 41 (5) * 359 (56) 132 (25) * 34 (7) * 306 (107)



* - The post treatment value differs significantly from the pre-treatment value at P < 0 .05 .
Data in this table were obtained from data in Appendices 15, 16, 21, and 22 .

Table 15 _ continued

Treatment/time Min N Tot N P Tot S K Mg Ca

B)

	

Mesic ecosystems

1) Untreated slash
pre 14 (1) 2432 (204) 46 (3) 239 (18) 100 (11) 43 (3) 230 (19)
post 16 (2) 2294 (178) 51 (6) * 242 (41) 123 (20) * 48 (4) 242 (34)

2) Low severity fall burn
pre 14 (1) 2432 (204) 46 (3) 239 (18) 100 (11) 43 (3) 230 (19)

post 11 (2) 2052 (159) 40 (5) 197 (77) 85 (25) 35 (3) 195 (31)

3) Moderate severity fall burn
pre 36 (3) 2111 (292) 85 (8) 250 (33) 193 (24) 94 (9) 983 (38)
post 14 (1) * 1647 (117) 43 (4) * 205 (48) 133 (10) * 55 (7) * 716 (90) *
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treatment and are most pronounced for the moderate severity fall burns,
particularly in the mesic ecosystem. Mechanical scarification also resulted in a
significant decrease in P . K, and Mg (Table 15) . Clearcutting without subsequent
site preparation, on the other hand, has tended to produce an increase in nutrients,
which was statistically significant in the case of P and K in the mesic ecosystem
(Table 15). No significant changes in total N quantities were found although there
was a general tendency for these to be reduced by the treatments . Mineralizable N
quantities showed no consistent trends, although they were significantly lowered by
the moderate severity fall burn in both ecosystems .

Nutrients lost when forest floors are burned can be replaced to varying
degrees by nutrients in ash produced from burning slash . If leaching is not
excessive, the short-term effect of burning is often an increase in surface soil
nutrient availability (e.g. Feller 1982) . However, natural variability in soil nutrient
levels can be relatively high, masking any changes induced by forest management
activities. The relative lack of statistically significant effects of treatments on soil
nutrient levels found in the present study may be attributed, at least in part, to the
natural variability in soil nutrient levels. This is illustrated by the year to year
variability in soil nutrient levels in the undisturbed forest (Appendix 21, 22, Table
15) as well as in the relatively high standard errors for some nutrients .

The relatively greater nutrient losses found for the moderate severity burns
and the mechanical treatment may be associated with the greater organic matter
losses that occurred with these treatments . Combined slash + forest floor organic
matter losses in mesic ecosystems were 5 .6 kg/m2 for the moderate severity burn
versus 3.9 kg/m2 for the low severity burn, versus 0.0 kg/m2 for the untreated
slash. For subhygric ecosystems, combined losses were 15 .9, 4.2, 4.7, 3.4, and 0.0
kg/m2 for the mechanical, moderate severity fall burn, low severity fall burn, spring
burn, and untreated slash, respectively (all losses are expressed for the areas
actually treated and not for the treatment block as a whole) . In the case of mesic
ecosystems, the relatively greater nutrient losses found for the moderate severity
burns may be associated with the greater organic matter loss occurring with this
treatment . This may also be so for the mechanical treatment in subhygric
ecosystems . However, since organic matter losses were slightly greater for the low
severity than for the moderate severity burn in subhygric ecosystems, the relatively
greater nutrient losses found for the moderate severity burn must be explained by
other factors . These other factors could include greater leaching losses in the
moderate severity burn areas. In this respect, substantially greater K and Ca
leaching losses were found in the moderate severity burn areas at Fowler Lake for
the subhygric as well as the mesic ecosystems . As the soils and climate were not
analyzed in detail, it is unclear why this occurred, but the leaching loss data
suggest that post site preparation metallic cation leaching can vary substantially
between areas, rendering it difficult to make generalizations about the magnitude of
leaching losses . These leaching losses could also help to explain the mesic
ecosystem soil nutrient differences . They cannot explain the subhygric ecosystem
soil nutrient differences because significant decreases in mineralizable N and P
were found for the moderate severity burn, but not the low severity burn or
untreated slash, while leaching losses of N and P did not differ greatly between the
treatments.

Leaching losses from the soil, however, have been relatively low, particularly
for N where no annual loss, even after treatment, has exceeded 7 kg/ha (Table 7) .
K and Ca have generally been the two nutrients exhibiting the greatest losses,
primarily in mesic ecosystems following slashburning (Table 7). The leaching
losses caused by the different treatments are given in Table 16 . These were
generally greater following slashburning and mechanical treatment than after
clearcutting alone - a result which has also been found previously in B.C. (Feller



Table 16

	

Nutrient fluxes (kg/ha/yr) in mineral soil leachate attributed to the treatments in the intensive study area . The
method of estimation is described in the text.

Treatment/Year
~ubhvgric ecosystems.
Untreated slash

year 1(1989)
year 2(1990)
year 3 (1991)
year 4 (1992)
total

Low severity spring burn

year 1(1989)
year 2 (1990)
year 3 (1991)
year 4 (1992)
total

Low severity fall burn

year 1(1989)
year 2 (1990)
year 3 (1991)
year 4 (1992)
total

Moderate severity fall burn

year 1(1990)
year 2(1991)
year 3 (1992)
year 4 (1993)
total

Mechanical

year 1 (1989)
year 2 (1990)
year 3 (1991)
year 4(1992)
total

K Mg Ca NH4-N N03-N organic-N total-N P S04-S

0.2 0.6 1.7 0.3 0.2 0.0 0.5 0.0 1.6
2.2 0.8 1 .4 0.2 0.7 0.1 1 .0 0.0 1 .7
0.0 0.1 0.0 1.1 0.4 0.1 1 .6 0.0 0.5
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2.4 1.5 3.1 1.6 1.3 0.2 3.1 0.0 3.1

3.9 2.2 6.5 0.9 0.1 0.3 1 .3 . 0.2 4.4
11.2 2.8 7.2 0.0 2.4 0.1 2.5 0.0 5.7
5.4 0.8 1.6 0.7 1 .4 0.2 2.3 0.1 2.3
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20.5 5.8 15.3 1.6 3.9 0.6 6.1 0.3 12.4

0.3 0.5 2.4 0.3 0.2 0.1 0.6 0.0 3.0
13.2 1 .2 4.3 0.2 1.2 0.2 1 .6 0.2 5.2
11 .1 0.7 3.0 0.0 1.4 0.0 1 .4 0.1 2.3
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

24.6 2.4 9.7 0.5 2.8 0.3 3.6 0.3 10.5

10.1 2.2 0.0 0.2 0.0 0.0 0.2 0.0 0.0
36.3 12.9 31 .8 0.2 1 .9 0.2 2.3 0.6 15.2
8.2 1 .4 9.2 0.0 0.7 0.3 1 .0 0.1 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

54.6 16.5 41.0 0.4 2.6 0.5 3.5 0.7 15.2

2.3 0.5 0.7 0.8 0.3 0.2 1.3 0.0 0.0
4.8 1.7 5.9 2.1 0.2 0.9 3.2 0.2 0.0
6.4 1 .2 4.5 0.9 0.6 0.1 1 .6 0.0 1 .0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13.5 3.4 11.1 3.8 1.1 1.2 6.1 0.2 1.0



Table 16 continued

Treatment/Year

Mesic ecosystems
Untreated slash - Camp Six CL

year 1(1989)
year 2(1990)
year 3 (1991)
year 4(1992)
total

Untreated slash Fowler Lake

year 1 (1990)*
year 2(1991)
year 3 (1992)
year 4(1993)
total

Low severity fall burn

year 1(1989)
year 2(1990)
year 3 (1991)
year 4(1992)
total

Moderate severity fall burn

year 1(1990)
year 2(1991)
year 3 (1992)
year 4 (1993)
total

Fluxes were assumed to be the same as those in the moderate severity fall bum area in the year prior to burning, as soil leachate
collectors were not installed in the untreated slash area until after the slashburn .

K Mg Ca N114-N N03-N organic-N total-N P S04-S

0.0 0.0 0.0 0.3 0.0 0.0 0.3 0.1 10.7
0.0 0.0 0.0 1 .1 0.0 0.0 1 .1 0.6 0.4
0.2 0.0 0.0 0.2 0.0 0.0 0.2 0.3 0.6
1.8 0.0 3.4 1 .4 2.5 0.0 3.9 0.0 0.0
2.0 0.0 3.4 3.0 2.5 0.0 5.5 1.0 11 .7

5.6 1 .3 0.0 0.5 0.0 0.0 0.5 0.0 0.0
0.0 0.2 1.1 0.2 0.5 0.8 1.5 0.0 0.0
0.0 0.0 1.3 0.0 0.2 0.2 0.4 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.6 1.5 2.4 0.7 0.7 1.0 2.4 0.0 0.0

0.0 0.0 0.0 0.4 0.1 0.1 0.6 0.2 10.7
25.7 0.0 0.0 5.1 0.1 0.3 5.5 3.8 0.2
3.5 0.8 2.4 1 .0 2.6 0.1 3.7 1 .2 0.4
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

29,2 0.8 2.4 6.5 2.8 0.5 9.8 5.2 113

5.6 1.3 0.0 0.5 0.0 0.0 0.5 0.0 0.0
31 .9 5.1 56.3 0.0 5.0 0.3 5.3 1 .1 2.7
32.4 4.2 17.7 0.0 5.4 0.0 5.4 0.0 0.0
0.0 0.0 0.0 1 .2 0.0 0.0 1.2 0.0 0.0

69.9 10.6 74.0 1.7 10.4 0.3 12.4 1.1 2.7
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and Kimmins 1984) and elsewhere (e.g. Dyck et al. 1981, Hart et al. 1981, Stark
1979) . Over the 4 year post-harvesting period, these losses have been very low for
P (<_ 0.1 kg/ha), relatively high for K (often > 20 kg/ha), and intermediate for the
other nutrients, with total N losses usually < 10 kg/ha .

With regard to soil N and P levels, the results suggest that they have
increased in the untreated slash areas, decreased in the moderate severity fall burn
areas, and possibly decreased in the other treated areas. If N and P are the key
nutrients influencing tree growth in B.C., then these results cannot explain the tree
seedling survival and growth results, in which both survival and growth tended to
be better on burned than on untreated slash areas . Spruce growth in subhygric
ecosystems was also best in the mechanically treated area and poorest in the
untreated slash - which is the exact opposite to what would be expected from the
soil N and P results . It can thus be concluded that soil nutrient status has had
little effect on the differences in seedling performance observing during the
first 3 growing seasons.

This conclusion is consistent with other studies in B.C. (Sanborn and Ballard
1990) and elsewhere (e.g . Smethurst and Nambiar 1990, and van den Driesche
1991) which have shown that early seedling performance is not necessarily related
to nutrient availability in soil . This might be expected if seedling root growth into
the surrounding soil has been relatively slight, as has been observed when
sampling seedlings for biomass regression equation development .

3.2.2.2

	

Long term effects
Any disturbance to a forest can potentially cause a loss of nutrients, alter

nutrient cycling processes and have an impact on long term nutrient status and
forest productivity. Several Scandinavian studies, discussed by Feller (1991) have
found that burning caused initial increases in tree seedling growth, compared to
not burning, but that, after 8 + years, seedling growth was less on the burned areas
due to low soil N levels . Thus, even if nutrients appear to have no effect on initial
seedling performance, they may have an effect on longer-term performance . In the
present study, potential long-term effects were assessed by comparing nutrient
losses to ecosystem reserves .

Nutrient losses from timber harvesting and site preparation occur in log
removal, volatilization and fly ash during slashburning, slash and forest floor
removal during mechanical scarification, and post-treatment leaching losses
through the soil and denitrification to the atmosphere. These losses can be
replaced through N fixation, precipitation, and geochemical weathering.

In the present study, gaseous N fluxes (denitrification and N fixation) and
geochemical weathering have not been quantified. However, an assessment of the
fluxes that were measured , in relation to reserves and results of studies elsewhere
of the fluxes that were not quantified, will allow an assessment of the long term
impacts of the treatments on ecosystem nutrient status . This assessment can be
done for the Camp Six Ck. area study plots where data collection was most
complete. Data collected from elsewhere in the intensive and extensive study area
will allow certain inferences and generalizations to be made, however .

The organic matter and nutrients contained in the undisturbed forests, and
lost as a result of the different treatments at Camp Six Ck ., are give in Table 17 .
Nutrient loss generally increased in the order - clearcutting only < clearcutting and
slashburning < clearcutting and mechanical scarification . The magnitudes of the
losses for a given treatment, were generally greater in subhygric than in mesic
ecosystems . However, when expressed as a percentage of the undisturbed forest
ecosystem nutrient content, losses of N, S, and K were relatively greater in the
mesic ecosystem, P and Mg losses were relatively greater in the subhygric system,
Ca and Fe losses were similar in both ecosystems, while Cu losses and contents



Table 17 Loss of organic matter and nutrients at Camp Six Ck.

a)

	

Clearcutting versus clearcutting and low severity fall slashburnlng versus mechanical site preparation in subhygrlc
ecosystems .

Treatment/

	

organic
component

	

matter

(kg/m2)

N P S K

kg/ha

Mg Ca Fe Cu

Undisturbed forest

Trees - living 32.9 545 95 105 435 70 688 22 2
Trees-dead 5.9 54 5 11 444 17 101 3 0
Understory vegetation 0.5 46 6 7 28 9 13 1 0
Dead woody material 10.8 89 5 36 36 19 90 4 0
Forest floor 5.1 691 48 65 108 35 250 124 1
Roots (understory) 0.3 14 2 2 7 2 4 1 0
Mineral soil 3537 28 88 25 1~0

Total 73.1 4976 189 584 1146 187 1314 315 13

Loss from clearcutting only
-tree removal 23.0 380 67 61 232 72 514 14 2
- soil leaching 0.0 3 0 3 2 2 3 0 0

Total 23.0 383 67 64 234 74 517 14 2

Loss from clearcutting and slashburning
380 67 61 232 72 514 14 2-tree removal 23.0

- soil leaching 0.0 4 0 11 25 2 10 0 0
-to the atmosphere 4.3 139 17 31 27 21 135 18 0

Total 27.3 523 84 103 284 95 659 32 2

Loss from mechanical scarification
380 67 61 232 72 514 14 2-tree removal 23.0

- bulldozer scarification 15.9 728 56 83 157 65 345 97 1
- soil leaching 0.0 6 0 1 14 3 11 0 0

Total 38.9 1114 123 145 403 140 870 111 3



Table 17 - continued

b)

	

Clearcutting versus clearcutting and love impact fall slashburning in mesic ecosystems .

* Mineral soil nutrient quantities are total quantities for organic matter, N, and S, and extractable quantities for all other nutrients .
Leaching losses are from below the rooting zone over a 4 year post-treatment period.

Treatment/

	

organic
component

	

matter
(kg/m2)

N P S

kg/ha

Mg Ca Fe Cu

Undisturbed forest

Trees-living 24.6 440 77 69 346 69 538 6 1
Trees-dead 3.1 31 3 6 24 9 54 2 0
Understory vegetation 0.5 133 38 17 55 8 40 1 0
Dead woody material 9.3 37 2 15 17 8 38 2 0
Forest floor 3.8 435 23 52 52 20 128 91 0
Roots (understory) 0.1 3 0 0 1 0 1 0 0
Mineral soil * 12.1 1997 23 187 48 23 102 153 1

Total 53 .5 3066 166 346 543 137 901 255 3

Loss from clearcutting only
-log removal 14.2 270 48 42 210 47 349 9 1
- soil leaching 0.0 6 1 12 2 0 3 0 0

Total 14.2 276 49 54 212 47 352 9 1

Loss from clearcutting and slashbur°ning
270 48 42 210 47 349 9 1-log removal 14.2

- soil leaching 0.0 10 5 11 29 1 2 0 0
- to the atmosphere 3.7 210 14 30 70 12 133 17 0

Total 17.9 490 67 83 309 60 484 26 1



Table 18 Percentage of preharvesting ecosystem nutrient content lost through different treatments .

scarification

61

Percentages were calculated from data in Table 17 .
* Estimated assuming the same percentage removals of organic matter components as for

mechanical scarification in the subhygric ecosystem.

Ecosystem/Treatment Organic
Matter

N P S K Mg Ca Fe Cu

l. Subhygric ecosystem

Clearcutting only 31 8 35 11 20 40 39 4 15

Clearcutting and slashburning 37 11 44 18 25 51 50 10 15

Clearcutting and mechanical 53 22 65 25 35 75 66 35 23
scarification

2. Mesic ecosystem

Clearcutting only 27 9 30 16 39 34 39 4 33

Clearcutting and slashburning 33 16 40 24 57 44 54 10 33

* Clearcutting and mechanical 45 27 70 35 71 73 55 31 33
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were too small to allow a reliable comparison between the two ecosystems - in the
case of clearcutting and clearcutting plus slashburning (Table 18) . In the case of
clearcutting followed by a mechanical scarification which removed, relatively,
similar amounts of organic materials to those removed by scarification in the
subhygric ecosystem, relative losses of N, P, S, and K would have been greater in
the mesic ecosystem, while relative losses of Mg, Ca, and Fe would have been
greater in the subhygric ecosystem (Table 18) .

The three significant results from this analysis are -
1) The mechanical scarification caused greater losses than did the

slashburning ;
2) Losses of the critical nutrient - N - tended to be higher in mesic than in

subhygric ecosystems, for a given treatment ; and
3) Leaching losses tended to be relatively minor compared to losses via other

pathways.
As nutrient losses from slashburning can be highly variable, depending to a

large extent on fire severity (e.g . Feller 1989, Little and Ohmann 1988), it was of
interest to quantify nutrient losses from other ESSF zone slashburns in the
Clearwater district, to determine how well results from the intensive study could be
extrapolated to these other ESSF zone slashburns .

Estimated nutrient losses from these other slashburns (conducted from 1989
through 1992) are given in Table 19, with details of the calculations given in
Appendix 23. Comparing the intensive study area burns (CS- and FL - prefixes in
Table 19), indicates that their nutrient losses he within or close to the range of
losses found in the other burns and also that losses from mesic ecosystems have
generally been greater than those from subhygric ecosystems .

The losses can be explained to some extent by relating them to fire severity .
Fire severity, which refers to the degree of impact of fire on an ecosystem, was
quantified by measuring organic matter (slash, understory vegetation, and forest
floor) consumption during the burns. Preburn slash and forest floor consumption
data are given in Appendices 24 and 25, respectively . Regressions of nutrient
losses against measures of fire severity (Table 20) indicated that, with the exception
of Mg, forest floor depth of burn was the best predictor of nutrient loss . For each
cm of forest floor burned, nutrient losses varied from approximately 110 kg/ha for
N to approximately 10 kg/ha for Fe . It should be noted, however, that the
equations have relatively high standard errors of the estimates and, with the
exception of N, relatively low r2 values (Table 20), suggesting that their predicted
losses are not completely precise . This is indicated by the scatter in the data when
nutrient losses are plotted as a function of fire severity measures (Figure 6) . Two
equations are given for Mg - the best fit equation, which included total fuel
consumption as the independent variable, and the equation (given for comparative
purposes) which included depth of burn as the independent variable .

Compared to slashburns in coastal B .C., N losses tend to be relatively lower,
K, and Ca losses tend to be relatively higher, while P, S, and Mg losses tend to be
similar (cf. Feller 1989) . Neither Fe nor Cu losses were quantified in coastal B.C . .
However, Cu losses were too low to allow the development of regression equations
and the equation for Fe was the poorest, in terms of r 2 values, of those developed
(Table 20).

When the intensive study area burn results are compared to results from the
extensive study area, it can be seen that both sets of results are consistent, with
respect to fire severity (Figure 6) . It can thus be concluded that the intensive study
area burns are not atypical of those conducted elsewhere in the surrounding ESSF
zone forests, and that the nutrient results from the intensive study area burns can
be extrapolated to the surrounding ESSF zone forests .



Table 19

	

Nutrient loss (kg/ha) to the atmosphere for the slashburns studied in 1989, 1990, 1991, and 1992 .

Data have been corrected for the proportion of each block actually burned .

Standard deviations are in parentheses

Area N P S K Mg Ca Fe Cu

Subhy ric ecosystems

CS1-3 139 17 31 27 21 135 18 0
CS 4,5 215 20 32 56 17 126 30 0
CS 8,10,11 169 17 30 78 23 133 25 0
FL1-S 226 28 40 97 26 175 9 1
FL2-S 167 18 28 62 17 117 8 0
BC-85F 136 17 24 81 8 153 23 0
WC-84 339 34 52 138 27 272 29 0
FL-35 254 15 41 95 18 125 16 0
BC 2 262 32 46 100 29 207 25 0
MCM 58-S 215 20 30 74 26 169 14 0
MC81-S 165 9 25 44 18 170 4 1

Average 208 (61) 21 (8) 34 (9) 77 (30) 21 (6) 162 (46) 18 (9) 0 (0)

Mesic ecosystems

CS 6,7,9 210 14 30 70 12 133 17 0
FL1-M 305 25 31 112 27 189 13 1
FL2-M 329 35 38 93 38 214 18 1
BM-71 320 28 53 135 38 293 38 0
BC-85B 336 27 70 133 23 229 55 1
SF100 329 19 45 127 24 227 31 0
CP19 399 31 41 152 28 241 31 0
MC 394 61 50 212 54 312 21 2
BC1 416 55 43 205 49 329 21 1
BC3 304 43 36 155 39 243 19 1
MCM58-M 302 24 32 86 28 199 19 0
PD98-C 388 38 40 92 38 207 15 0
PD98-D 310 27 31 87 32 190 20 0
0C23 301 15 50 83 17 191 19 2
MC81-M 189 13 33 60 15 119 8 0
RS-C 129 5 14 26 4 32 2 2
RS-E 144 8 15 36 5 62 6 0

Average 300 (86) 28 (15) 38 (14) 111 (52) 28 (14) 201 (80) 21(13) 1(1)



Table 20

	

Best fit linear regression equations of nutrient loss (kg/ha) from the
ESSF slashburns as a function of fire severity measures .

DOB = forest floor depth of burn (cm) . CONS slash + forest floor consumption
(kg/m2) .

r2 = coefficient of determination .
SE = standard error of the estimate .
For all equations, n = 28 .
All equations are significant at P< 0.001 .

64

Nutrient Equation r2 SE

N LOSS 104.35 + 112.89 DOB 0.81 38.85
P LOSS = 5.85 + 13.42 DOB 0.50 9.36
S LOSS = 19.37 + 12.34 DOB 0.52 8.33
K LOSS = 22.27 + 52.84 DOB 0.62 29.14
Mg 	 a ) LOSS = 7.78 + 12.20 DOB 0.50 8.57

b) LOSS = -1.13 + 5.36 CONS 0.58 7.84
Ca LOSS = 74.06 + 78.75 DOB 0.62 43.16
Fe LOSS = 6.47 + 9.41 DOB 0.33 9.12



Figure 6

	

Nutrient loss from the ESSF slashburns as a function of measures of
burn severity. The best fit regression equation is also plotted .
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The observed tendency towards greater nutrient losses from burns on mesic,
compared to subhygric, sites has been found elsewhere in B .C. (Taylor and Feller
1987) . In view of the influence of fire severity on nutrient losses, the apparent
ecosystem - specific differences in nutrient losses may be attributed to the tendency
for the fires to have been more severe on mesic than on subhygric sites, both in the
intensive and extensive study areas (Table 21) .

Averaged over all burns, slash and forest floor consumption and percent
consumption were greater for mesic ecosystems (Table 21 a) . The average values of
the FWI System fuel moisture codes - FFMC, DMC, and DC - under which the
burns were conducted were 85, 15, and 119 for the subhygric, and 84, 14, and 166
for the mesic ecosystems, respectively . Thus, the mesic ecosystems were burnt
under slightly drier conditions, but the only moisture code with differences likely to
be significant is the DC . However, when we consider the two ecosystems within the
same burn block, with both ecosystems within a block being burned under the
same fuel moisture code conditions (Table 21b), a tendency for greater fuel
consumption, and hence fire severity, in the mesic ecosystems is apparent . This
may be associated with capillary flow from the underlying mineral soil being more
pronounced in the moister subhygric soils . Such capillary flow may keep the forest
floor and lower layers of slash moister in the subhygric ecosystem (cf . Rothwell et
al. 1991) .

The equations given in Table 20 for estimating nutrient losses were derived
from data for both subhygric and mesic ecosystems . Their relative lack of precision
can be attributed partly to the influences of different ecosystems on fire severity,
together with differences in aspect, fuel loads, ignition patterns, living vegetation,
and fire behaviour .

Equations to predict nutrient loss, as distinct from estimating it, will be
derived following completion of analysis of burns conducted in 1993 and 1994 . It
is considered to be premature to do this at the present, although some preliminary
results are discussed below.

Based on the above discussion, it would seem that, from a long term
productivity perspective, low severity treatments in subhygric ecosystems with
relatively large mineral soil nutrient reserves, are likely to be less of a concern than
high severity treatments in mesic ecosystems with lower nutrient reserves . In the
case of N, timber harvesting followed by a typical low to moderate severity
slashburn, is likely to leave behind 2000-3000 kg/ha of N reserves in a typical
subhygric ecosystem. In a mesic ecosystem, timber harvesting followed by a low to
moderate severity slashburn, is likely to leave behind 1000-2500 kg/ha of N
reserves. While such levels are likely to sustain another rotation, it should be
remembered that the growing trees, alone, are likely to require 400-800 kg N/ha
(Appendix 12) leaving little in reserve, and that the N inputs to the system during
that rotation are likely to be very low . Precipitation inputs of 0 .6 kg/ha/yr are
virtually the same as soil solution outputs (Tables 6 and 7), N fixation is unlikely
to be more than 1 kg/ha/yr, given the relative absence of symbiotic N-fixing plants
and the low rates of asymbiotic fixation found elsewhere (e.g. Edmonds et al. 1989),
and weathering inputs of N are likely to be negligible (e.g., Edmonds et al. 1989) . A
similar loss of nutrients at the end of the next rotation could well leave insufficient
N reserves to sustain a subsequent rotation.

The N budget data raise questions about the long term sustainability of
timber harvesting in these ESSF ecosystems . Ignoring the issue of site preparation,
if we consider the mesic ecosystems in the intensive study area, N losses from
timber harvesting alone, are approximately 300 kg/ha . Net annual N inputs are
probably < 1 kg/ha, based on the discussion above . Consequently, the losses are
unlikely to be replaced in 300 years, suggesting that rotations of less than 300
years could lead to N depletion. Thus, it would seem that management of these



Table 21 Slash and forest floor consumption for the slashburns studied during 1989
through 1992 in wetter ESSF forests, according to ecosystem .

Slash and forest floor mass consumption, but not forest floor depth of burn, have been
corrected for the percentage of the area burned .

68

Block/Ecosystem Type Total slash consumption Forest floor consumption
mass (kg/m2)depth of burn

cm
kg/m2

	

%

A) Average o all slashb s studied

Subhygric

	

2.8

	

27 1.0

	

1.0

	

21
Mesic

	

4.3

	

41 1.3

	

1.7

	

35

B) Slash and forest floor consumption in s bhygric and esic ecosystems within the
same slashb s.

CS6-11
Subhygric

	

3.2

	

28 0.7

	

0.8

	

24
Mesic

	

3.0

	

37 0.7

	

0.8

	

23

FL1
Subhygric

	

2.8

	

33 0.8

	

1 .2

	

14
Mesic

	

3.5

	

44 0.9

	

1 .2

	

16

FL2
Subhygric

	

2.2

	

25 0.4

	

0.9

	

14
Mesic

	

4.4

	

47 1.6

	

2.2

	

56

MCM58
Subhygric

	

2.3

	

24 0.9

	

1.0

	

23
Mesic

	

4.4

	

44 1.2

	

1.4

	

35

MC81
Subhygric

	

3.2

	

23 0.3

	

0.4

	

15
Mesic

	

4.5

	

37 0.6

	

0.8

	

29
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forests for timber should consider N by either decreasing losses through harvesting
(partial cutting, increased rotation length, lower uti lization, etc.) and/or increasing
inputs through fixation (promotion of N-fixing species or asymbiotic fixation) . The
poorer the soil, the more of a concern this should be .

Harvesting induced losses of N could well be serious in mesic ecosystems
such as those of Otter Ck. block 93 A (OC23) where mineral soil N reserves were
estimated to be very low - less than a third of the lowest value estimated for
subhygric ecosystems (Appendix 16) .

Site preparation may cause additional nutrient losses . Such losses will
depend on the degree of soil and organic matter loss caused by the site preparation .

Severe slashburns seem unlikely in the wetter ESSF subzones . Thus, at the
Camp Six Ck. study area, during the last 5 years, there have only been 8 burning
days in which a slashburn of impact rank 5 or greater (according to the Prescribed
Fire Predictor of Muraro (1975)) could have occurred. These days all occurred
consecutively in August of one year, and on only one of them could a slashburn of
impact rank 6 have occurred . Impact rank 5 slashburns would be considered as
only moderate to high severity, while an impact rank 6 slashburn would be of high
severity. Thus, a severe treatment using slashburning seems unlikely . This is in
contrast to the mechanical scarification which occurred at Camp Six Ck . This
treatment resulted in the loss of twice as much N as slashburning (Table 17) and
would clearly be a cause for concern, particularly in the mesic ecosystems . In the
absence of more detailed and definitive data, it would seem prudent to avoid
extensive mechanical scarification in mesic ecosystems. It would also seem
prudent to avoid moderate severity slashburns in mesic ecosystems .

At present, one cannot state with certainty precisely what level of N loss
would be critical, nor give precise guidelines as to how this loss can be avoided .
However, with respect to slashburning, some preliminary guidelines can be given by
considering N losses as a function of the FWI System codes and indices most likely
to influence fire severity - DMC, DC, and BUT. Nitrogen loss was not well related to
any of these three codes and indices for subhygric or mesic ecosystems (Figure 7) .
No significant relationships between N loss and either DMC, DC, or BUT were found
for subhygric ecosystems . However, significant relationships were found for mesic
ecosystems, where the best relationship involved DMC -

N loss (kg/ha) = 159.5 + 9 .6 (DMC) ;

	

r2 = 0.61, SE = 53.36)

When both subhygric and mesic ecosystem data were combined, significant
relationships were also found, but the highest r2 value, again using the DMC, was
only 0.27. These equations are not very precise but they do suggest that the DMC
is the best FWI System parameter to use for estimating N loss. On this basis, to
keep N losses below 300 kg/ha in a mesic ecosystem, one should burn with a DMC
less than approximately 15 . To keep losses below 250 kg/ha in a mesic ecosystem,
the DMC should be less than approximately 10 . Nitrogen losses of less than 250
kg/ha were found for DMC values of up to 28 (Figure 7), but there is a relatively
high probability of having a greater loss at such DMC values .

In the case of subhygric ecosystems, N losses are less critical and, because of
a more variable dataset, no clear guidelines can be given. However, it appears that
N losses from burning are likely to be less than 300 kg/ha for DMC values up to
30, and less than 250 kg/ha for DMC values up to 15 .

The major conclusion from this consideration of the effects of harvesting and
site preparation on the long-term productivity of the forests, are -
1)

	

Mesic ecosystems are more vulnerable to nutrient depletion than subhygric
ecosystems
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Figure 7

	

Nitrogen loss from the slashburns studied, plotted as a function of the
DMC, DC, and BUI of the Canadian FWI System
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2) If N inputs are relatively low, as estimated, then, in order to sustain timber
production, forest management must aim to minimize N losses and maximize N
inputs .
3) Site preparation treatments which cause relatively large losses of organic
matter and nutrients should be avoided . Extensive mechanical scarification, such
as that applied in the Camp Six Ck. study area, should definitely be avoided .
4) Due to the cool, moist climate, high severity slashburns are unlikely in the
ESSFwc subzone . However, slashburning - induced nutrient loss should be
minimized by burning when the DMC value is as low as possible, particularly on
mesic sites.

3.2.3

	

Effects on soil temperature
3.2.3.1

	

Treatments and soil temperatures
Soil temperature should be controlled to a large extent by solar radiation,

which also helps determine air temperature. Air temperature trends (Figure 8)
indicate no major differences from year to year except that the 1991/92 winter was
warmer than the 4 others of the study. This is also illustrated by the average daily
mean air temperatures (Table 22) . Growing season average daily mean air
temperatures have not varied greatly during the study - from 8.6 to 9.7°C, with no
obvious trend with time other than an apparent alternation of higher with lower
temperature years (Table 22) . Mean annual calendar year temperature, however,
has tended to increase with time, from 0 .7-0.8° in 1989 and 1990 to 2 .3°C in 1993 .
Whether this represents global warming or just short teen temperature
fluctuations, is unclear in view of the absence of long term data . In this respect it
would be useful to have long term weather data in this biogeoclimatic subzone .

The maximum air temperature recorded during the study was 27°C, while
the minimum was -35°C. Temperatures above 25°C occurred only on a few days
per year, most frequently during 1990 and not at all during 1993 (Figure 8) .

Seasonal fluctuation in soil temperatures followed those of air temperatures,
except all extreme values were dampened and days with average values below 0°C
were rare (Figure 9) . Within the forest, temperatures typically rose sharply during
May then during the summer, fluctuated between 7 and 14°C at the forest floor -
mineral soil interface and 7 and 12°C at a depth of 5 cm in the mineral soil .
Temperatures then dropped sharply in October, followed by a slower decline
throughout the winter to minimum values of 0-1°C in April or early May . Major
decreases in air temperature without snow cover in October resulted in lower
temperatures at that time (e.g . 1991), but never to below 0°C (Figure 9) .

Clearcutting and site preparation treatments had the following effects on soil
temperatures :
1) In the Camp Six Ck. area, all treatments tended to increase growing season
temperatures and decrease dormant season temperatures in relation to the
undisturbed forest (Figures 9a, 9b, and 9c) .
2) For any given treatment, monthly average temperatures at the 5 cm soil
depth were usually within 2°C of those at the forest floor - mineral soil interface,
the only exception being the mechanical scarification treatment where interface
temperatures were 2-3°C higher during the 1990 summer, and 3-4° higher during
the 1992 summer, than the 5 cm deep temperatures (Figures 9a-e) .
3) In subhygric ecosystems at Camp Six Ck ., the mechanical scarification
caused the greatest increase in growing season soil temperatures, with the two
burns and clearcutting without slash treatment having similar effects (Figure 9a) .
Daily maximum temperatures >22°C only occurred in the mechanically treated area
with the greatest values occurring during the first post-treatment growing season
(1990), followed by a subsequent decline, although 1993 values tended to be higher



Figure 8

	

Daily air temperatures recorded by the weather station at Camp Six Ck .
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Table 22 Average daily mean air temperatures for the growing (May -
September) and non-growing (October - April) seasons at the
Camp Six Creek study area, during the 5 years of the study .

*

	

Data missing from 11 March to 30 April, 1992 .
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Year Temperature (°C)

a - b

October - April

(Year = [a - b])

May - September

(Year = b)

January - December

(Year = b)

1988 - 1989 - 4.8 8.8 0.8
1989 - 1990 - 4.2 9.7 0.7
1990-1991 -5.8 8.6 1.1
1991-1992 -3.5* 9.6 2.2*
1992 - 1993 - 5.4 8.7 2.3
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Figure 9 Temporal trends in soil temperatures in the different treatment areas in the
intensive study area. The different treatments are - a) subhygric undisturbed forest
(FOREST), untreated slash (3U), spring slashburn (4B), low severity fall slashburn (3B),
moderate severity fall slashburn at Fowler Lake (MODE-SH), mechanical scarification (3M),
and b) mesic - untreated slash at Camp Six Ck . (6U), low severity fall slashburn (6B),
untreated slash at Fowler Lake (FLU-MES), and moderate severity fall slashburn at Fowler
Lake (MODE-MES) . The X axis has been compressed for the winter months .
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Figure 9 -cmnttuucd
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Figure 9 - continued
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Figure 9 - continued

b)

	

Three burning treatments at Camp Six Ck .

1 . Forest floor - mineral soil interface
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Figure 9 - continued

Maximum daily temperatures

2. Mineral soil - 5 c deep
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Figure 9 - continued

Average monthly temperatures
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Figure 9 - continued

c)

	

Untreated slash and low severity fall burn on mesic ecosystems at Camp Six
Ch., in relation to the undisturbed forest .

l . Forest floor - mineral soil interface
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Figure 9- continued

Maximum daily temperatures

2. Mineral soil - 5 cm deep
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Figure 9 - continued

Average monthly temperatures
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Figure 9 - continued

d)

	

Untreated slash in mesic and subhygric ecosystems at Camp Six Ch ., in
relation to the undisturbed forest .

1 . Forest floor - mineral soil interface
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Figure 9 - continued

2. Mineral soil - 5 cm deep
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Figure 9 - continued

e)

	

Moderate severity burns and untreated slash at Fowler Lake .

1 . Forest floor - mineral soil interface
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Figure 9 - continued

Maximum daily temperatures
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Figure 9 - continued
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than 1992 values (Figure 9a) . The highest value recorded was almost 48°C at the
mineral soil surface in 1990 .

Significantly higher growing season temperatures in the mechanically treated
area than in the other treatment areas, were suggested by the results of t tests,
conducted on the monthly average temperatures . These tests indicated consistent
significantly greater values in the mechanically treated area except for September,
1992, and August and September, 1993, suggesting a decrease in the differences
with time. The tests also indicated few significant differences in monthly average
forest floor - mineral soil interface temperatures between untreated slash and
spring burn and low severity fall burn treatments, but more significant differences
in 5 cm deep mineral soil temperatures . In the latter case, in 1992 and 1993,
temperatures in untreated slash tended to be higher than those in fall burned, but
not significantly different from those in spring burned, areas . There was also a
tendency for spring burned areas to have significantly greater monthly average
temperatures at the 5 cm mineral soil depth than those of the fall burned areas .

It is not clear why temperatures lower in the soil profile should be
significantly different between 2 areas when temperatures higher in the profile are
not, unless greater cooling during the night can overcome the effect of greater
heating during the day to a greater extent closer to the soil surface .
4)

	

In mesic ecosystems at Camp Six Ck., burning caused in increase in growing
season monthly temperatures compared to untreated slash (Figure 9c) which
remained statistically significant throughout the study. Temperatures in the
burned mesic ecosystem at Camp Six Ck . also remained higher than those in the
burned subhygric ecosystems throughout the study (Figure 9b), as again indicated
by t tests . This result, together with very similar temperatures in untreated slash
in both mesic and subhygric ecosystems at Camp Six Ck. (Figure 9d) suggests that
slashburning had a greater impact on soil temperatures in the mesic than in the
subhygric ecosystem. In only 4 of the 15 growing season months of the soil
temperature study, was a statistically significant difference in the average monthly
temperature found between the mesic and subhygric untreated slash areas for both
of the two soil depths studied .
5) When the slashburned mesic ecosystem was compared to the mechanically
treated subhygric ecosystem, maximum and average growing season temperatures
tended to be higher in the mechanically treated area for the first 3 post treatment
growing seasons (Figures 9a and 9b) . During the fourth such growing season
(1993) differences were less pronounced, as indicated by t tests .
6) The Fowler Lake results were substantially different than those from Camp
Six Ck., in that few significant differences were found between any of the 3
treatments studied (Figure 9e) . t tests indicated no statistically significant
differences in growing season monthly average temperatures between burned and
untreated slash areas throughout the study (cf. Figure 9c for Camp Six Ck.) . The
tests indicated no statistically significant differences between the subhygric burned
and mesic unburned areas at the forest floor - mineral soil interface, but some
lower temperatures in the subhygric burned area at a depth of 5 cm in the mineral
soil, primarily during 1993 . In light of the lack of significant differences at the
forest floor - mineral soil interface, the reason for the 5 cm depth differences is
unclear. When the Fowler Lake temperatures were compared to those of the
undisturbed forest at Camp Six Ck . they were generally significantly greater. This
might suggest a treatment effect since the northerly aspect of the Fowler Lake study
area plots would suggest that their temperatures should be lower than those of the
southeast-facing Camp Six forest . However, the Fowler Lake study area is 200 m in
elevation lower than the Camp Six Ck . area and the average daily 12 noon
temperature for the period 7 June - 22 September, 1990 (when fire weather stations
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were operating at both study areas) was 1 .6°C higher at Fowler Lake.
Consequently, the significance of the treatment effect is unclear .
7) Treatment effects on soil temperatures persisted for the first 4 post-treatment
years although there are some indications, mentioned above, that these effects are
declining and changing with time . This is expected as the soil surface becomes
covered by increasingly greater quantities of vegetation .
3) In general, treatments increased growing season soil temperatures, with the
magnitude of these temperatures decreasing in the order - subhygric mechanical
treatment > mesic low severity fall burn > mesic moderate severity fall burn and
untreated slash (Fowler Lake) >_ subhygric moderate severity burn > subhygric
spring burn > subhygric low severity fall burn > mesic + subhygric untreated slash
(Camp Six Ck .)

3.2.3.2

	

Soil temperatures and tree seedling performance
Spruce survival was best in moderate severity fall burn areas and worst in

subhygric untreated slash and spring burn areas . Fir survival was unaffected by
treatment. These results can not be explained at all by the soil temperatures in the
different treatments . Pine survival tended to be best in mechanical and low severity
fall burn areas, poorer in the spring burn, and poorest in the untreated slash .
While soil temperatures may help explain the mechanical and untreated slash
results, they can not explain the fall burn and spring burn results .

In general, it can be concluded that soil temperature may have
contributed to some of the tree seedling survival results, but it does not see
to have had a major influence on them .

With respect to seedling growth, spruce growth in the Camp Six Ck .
subhygric ecosystems was best in low severity fall burn and poorest in untreated
slash areas, consistent with soil temperatures . However, spruce growth was better
in the low severity fall burn than in the mechanically treated areas, fir growth was
best in the fall burned areas and pine growth tended to be best in the spring
burned area. None of these results are consistent with soil temperature trends if it
is assumed that higher soil temperatures promote tree seedling growth . In mesic
ecosystems, both spruce and pine growth were better in burned than in untreated
slash areas, which is also consistent with soil temperature trends. Thus, it can be
concluded that soil temperature may have contributed to some of the tree
seedling growth results but it can not explain all of these results .

Coates et al. (1991), working elsewhere in the ESSFwc2 variant in the
Clearwater Forest District, found that higher soil temperatures increased
Engelmann spruce and lodgepole pine seedling growth but considered it difficult to
determine the precise influence on tree growth of individual environmental factors
under field conditions . The present study only reinforces this conclusion . It seems
likely that soil temperature had some effect on seedling growth but other factors
were also important, making the precise role of soil temperature difficult to
determine.

3.2.4

	

Other factors which might explain tree seedling performance
During the course of the study, data were collected relating to two other

factors which could explain tree seedling performance . These factors are snowpack
duration and severity of disturbance plus microtopographic position in the
mechanical treatment area.

3.2.4.1

	

Snowpack duration
In three of the Camp Six Ck. seedling plots, some seedlings were found to be

snow covered up to 2 weeks after snow had melted from the remainder of the
seedlings . The seedlings exposed to greater duration snowpacks were noted and
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their survival and growth were compared to those of other seedlings within the plot .
The significance of any difference was tested using a t test . As the number of
surviving seedlings in a plot exposed to greater duration snowpacks was relatively
low (8-10) the results can only be considered suggestive rather than conclusive .

The 3 plots where greater duration snowpacks were found were - spruce
seedlings in the spring burn subhygric ecosystem treatment, spruce seedlings in
the untreated slash mesic ecosystem treatment, and pine seedlings in the low
severity fall burn subhygric ecosystem treatment .

Spruce survival tended to be poorer, and pine survival better, in the longer
duration snowpack areas, but lack of replication prevented testing the statistical
significance of the differences (Table 23) . Tree seedling growth tended to be poorer
in the longer duration snowpack areas, significantly so in the case of most growth
parameters for spruce in the spring burn subhygric ecosystem plots, and some
growth parameters for the pine plot (Table 23) .

This suggests that pine d spruce seedling growth may have been
adversely affected by longer duration snowpacks . Spruce survival may have
been similarly adversely affected .

If so, this would be a confounding factor in the design of the study, since
within any treatment area, snowpack duration over a tree seedling could vary by up
to 3 weeks, based on observations made during the end of the snowmelt period . It
might explain why soil temperature trends appear to be consistent with some of the
tree seedling results but not others . Soil temperature probes were observed to be
located in sites without prolonged snowpacks. Consequently, the performance of
seedlings growing in areas with prolonged snowpacks would be less likely to be
related to the measured soil temperatures .

3.2.4.2

	

Forest floor depth and microtopo raphic position in the mechanically treated
area
To test the influence on seedling performance of the severity of mechanical

scarification, the depth of the forest floor remaining around each planted seedling
was measured and placed into one of 3 categories - reflecting essentially complete
removal, partial removal, and slight to no removal . Likewise, the microtopographic
position in which the seedling was planted, was also recorded . Three positions
were recognized - flat ground, mound (beside bulldozer track) and depression
(bulldozer track) . Survival and growth data were subjected to analyses of variance
which suffer from some of the same problems discussed previously .

Survival tended to be best on flat ground and where all forest floor had been
removed and poorest in depressions and where forest floors were deepest, but no
differences were found to be statistically significant (Table 24) .

The degree of forest floor removal had no consistent effect on tree growth, as
height and canopy volume tended to be greatest but basal diameter least, where
disturbance severity was least (Table 25) . Basal diameter differences, however,
were not statistically significant, suggesting no significant effect of disturbance
severity on basal diameter . Growth tended to be greatest on mounds and least in
depressions, although basal diameter was not significantly affected by position, and
growth in flat ground was not significantly different from that in mounds (Table 25) .

The mechanical treatment tended to increase surface mineral soil bulk
densities - to the greatest extent in depressions created by the tracks of the
bulldozer (Table 26) . However, these increases were relatively minor and decreased
with time (Table 26) . It is possible that if the surface 5 cm or less had been tested,
rather than the 10 cm used, greater increases might have been found . However,
b density trends were consistent with tree growth trends in that the poorest
growth was found in the most compacted areas while the best growth was found in
the least compacted areas .
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Table 23 Influence of snowpack duration on survival and growth of Engelmann
spruce and lodgepole pine seedlings in the Camp Six Ck . study area,
after 3 growing seasons .

Parameter/Situation Snow Duration
Normal (n)

	

Long (n)

*

	

Significantly different from the value for normal snow duration at p<0.05, as determined
using t tests .
n is number of obervations

A) Survival (%)

1 . Spruce - subhygric spring burn 61 (129) 48 (21)
2. Spruce - mesic, untreated slash 49 (63) 47 (17)
3 . Pine - subhygric, fall burn 90 (41) 100 (9)

B) Growth

1 . Spruce-subhygric, spring burn (79) (10)
height (cm) 22.1 18.5
height increment (cm) 3.5 2.6
basal diameter (mm) 5.6 4.8 *
basal diameter increment (mm) 1 .0 0.2
canopy volume (cm3) 3557 1244
canopy volume increment (cm3) 2466 671 *

2. Spruce-mesic, untreated slash (31) (8)
height (cm) 21 .8 19.4
height increment (cm) 3.7 1.9
basal diameter (mm) 5.4 5 .0
basal diameter increment (mm) 0.6 0.0
canopy volume (cm3) 3330 2526
canopy volume increment (cm3) 2419 1867

3. Pine-subhygric, fall burn (37) (9)
height (cm) 35.4 35.6
height increment (cm) 5.5 5 .2
basal diameter (mm) 8.5 7 .2 *
basal diameter increment (mm) 2.8 1 .4 *
canopy volume (cm3) 15364 12244
canopy volume increment (cm3) 12572 8932



Table 24 Effects of forest floor depth and microtopographic position on tree
seedling 3rd year percent survival in the mechanically treated area at
Camp Six Ck. - results of the analyses of variance. Mean values are
followed by standard deviations in parentheses .

No significant differences were found using AN®VPs .
Bartlett's test indicated all variances were homogeneous .
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Species - Engelmann spruce 72 (13)

- Subalpine fir 87 (12)

- hodgepole pine 82 (12)

Forest Floor Depth

	

0 cm 84 (12)
0.1-5 cm 81(12)
>5 cm 75 (13)

Position - Flat ground 87 (12)
- Mound beside bulldozer track 81(13)
- Depression of bulldozer track 73 (12)



Significant interactions

	

none

	

none

	

none

	

none
Bartlett's test

	

NH

	

NH

	

NH

	

NH
FxP

	

FxP
NH

	

NH

Values in a given column for either S, F, or P with a different superscript, are significantly different at p< 0 .05. Values
are not significantly different when no superscripts are given . The superscript x indicates that ANOVA indicates a
significant difference whereas Tukey's test indicates no significant difference .
Due to lack of replication, only 2nd order, and not 3rd order, interactions were tested for significance .
Bartlett's test indicates whether variances were homogeneous (H) or not (NH) .

W

Table 25

Parameter

Effects of forest floor depth and microtopographic position on tree seedling 3 year growth in the
mechanically treated area at Camp Six Ck . - results of the analyses of variance . Mean values are
followed by standard deviations in parentheses .

height

(cm)

height increment

(cm)

basal
diameter
(mm)

basal diameter
increment
(mm)

canopy
volume
(cm )

canopy volume
increment

(cm )
Species(S)

spruce 21.9 (7.0)1) 3.5 (5 .7)b 5.4 (3.8)b 0.9 (3.7) 4041 (6012)b 3118 (5434)1)
fir 20.0 (6 .8)c 1 .9 (5 .5)b 6.4 (3.7)b 1.2 (3.6) 4909 (5776)b 3218 (5220)b
pine 30.5 (6 .3)a 5.8 (5 .2)a 7.1 (3.4)ab 1.9 (3.4) 10796 (5388)a 9052 (4870)a

Significant interactions none none none none none none
Bartlett's test NH NH NH NH NH NH

Forest Floor Depth
0 cm

(F)
24.5 (6 .6)x 3.6 (5.4) 6.3 (3.6) 1.3 (3.5) 6355 (5651)ab 4906 (5107)x

0.1 - 5 cm 22.8 (6 .7)x 3.1 (5.5) 6.5 (3.7) 1.6 (3.6) 5480 (5771)b 4194 (5215)x
> 5 cm 25.1 (6 .5)x 4.5 (5.3) 6.1 (3.5) 1 .1 (3.5) 7912 (5582)a 6288 (5045)x

Significant interactions
Bartlett's test

none
H

none
NH

none
NH

none
NH

FxP
NH

FxP
NH

Position (P)
flat ground 24.3 (6.9)ab 3.1 (5.7) 6.3 (3.7) 1 .2 (3.7) 7310(5912)a 5673 (5343)x
mound beside bulldozer track 25.6(6.3)a 4.9 (5.2) 6.4 (3.4) 1 .3 (3.4) 7302 (5402)ab 5780 (4883)x
depression of bulldozer track 22.5(6.6)b 3.2 (5.4) 6.3 (3.6) 1 .4 (3.6) 5134 (5691)b 3935(5143)X



Table 26 Mineral soil (0-10 cm) bulk densities (g/cm3) in three
microtopographic positions in the mechanically treated area at
Camp Six Ck .

Standard deviations are given in parentheses .
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Year Position
Flat ground Mound beside

bulldozer track
Depression of
bulldozer track

Pre-treatment - 1988 0.5 (0.1)

First year post treatment - 1990 0.7 (0.1) 0.6 (0.1) 0.8 (0.2)

Second year post treatment - 1991 0.7 (0.2) 0.6 (0.2) 0.7 (0.1)

Third year post treatment - 1992 0.6 (0.1) 0.5 (0.1) 0.6 (0.1)



3 .3 General Discussion
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These results are generally consistent with other studies which have looked
at tree seedling growth in relation to microtopography (e .g. McMinn 1982, Mitchell
and Vyse 1991, 1993) and soil compaction (e.g . Childs et al. 1989, Froehlich and
McNabb 1984), poorest tree seedling growth in cool climates generally being found
for depressions and greater degrees of mineral soil compaction .

It can, thus, be concluded that tree seedling performance in the mechanically
treated area was more responsive to mfcrotopographic position than to degree of
forest floor removal and that microtopographic position, which likely relates to
compaction, would be a more discriminating index of the severity of mechanical
disturbance . It can be further concluded that tree seedling growth in the
mechanically treated area was influenced by the icrotopographic position of

e seedling, generally being best on elevated areas beside bulldozer tracks,
and poorest in the depressions of the tracks . Microtopographic position, like
snowpack duration, would be another confounding factor influencing seedling
growth. These two factors may reinforce one another as snow is likely to remain on
the ground longer in depressions, unless the depressions form drainage channels
for overland flow.

The most significant finding of the study is that the nitrogen cycle within the
study area forests is very tight with solution outputs balanced by inputs .
Disruption to the cycle by disturbances to the forests resulted in only relatively
small losses in solution. The only way the ecosystems currently can accumulate N
appears to be through N fixation which all published studies indicate is very low
(<1 kg/ha/yr) . To be sustainable, and not cause a decrease in the ecosystem's N
reserves, timber harvesting and site preparation would then have to cause no N
losses which exceed 1 kg/ha/yr averaged over a rotation. Current clearcutting
operations without site preparation would then require rotation lengths of 280-380
years, unless additions of N occur . These lengths are greater than those currently
used for such forests in determining annual allowable cuts .

In the absence of disturbances by people, one can speculate that the
ecosystems have slowly accumulated N . Forest fires would have occurred once
every 300 years or so . Parminter (1992) stated average fire return intervals for
ESSF forests varied from 200 to 300 years . As the ESSFwc2 forests of the study
are wetter ESSF forests, their fire return interval is likely to be closer to the upper
end of the range. A forest fire might have removed portions of the needles, bark
and branches and some of the understory and forest floor maerials . This would
likely contain 200-350 kg N/ha, which would make it roughly in balance with N
Inputs. Given the degree of speculation, and numbers of assumptions, involved,
conclusive comments are not possible. However, it would seem that a natural
regime of infrequent low severity fires would not cause a major long term decline in
ecosystem N reserves .

When site preparation impacts are added to timber harvesting impacts, N
losses can become even more of a concern. Slashburning and mechanical removal
of organic matter increase N losses. However, such treatments tend to increase tree
seedling survival and growth so a tradeoff' becomes apparent. An appropriate
compromise might be to conduct slashburns which are only patchy (burning under
relatively high FFMC and low DMC conditions - > 80 and < 5, respectively, say) or
to conduct mechanical treatments on small spots where seedlings are to be
planted .

The site preparation treatments studied did result in differences in seedling
performance, with performance generally being best in fall slashburned areas . The
reasons for performance differences were not clear . There were indications that
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seedling stock type, competing vegetation, and soil temperature influenced seedling
performance, but snowpack duration and microtopography in the mechanically
treated area also affected seedling performance, confounding the results . Given the
nature of the study, it was not possible to quantify the influence of each factor on
seedling performance. However, seedling quality and stock type could be dominant
factors, being more important than site preparation, based on a comparison of
Fowler Lake and Camp Six Ck. results. Greater attention paid to this aspect of
regeneration could well improve plantation performance in the ESSF zone .
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Appendix 1 . Tree density (stems/ha) in the forests in the intensive
study area experimental blocks

- Number of trees > 2 in height
Standard deviations are in parentheses .
n = number of sample plots
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Engelmann
Block (n)spruce

Subalpine
hr

Total
living Dead

by °c

CS 1-5 (4) 175 (46) 681 (275) 856 (282) 94 (13)
CS 8 (3) 117 (29) 1050 (397) 1167 (388) 50 (50)

CS 10 (3) 217 (58) 583 (76) 800 (132) 50 (86)
CS 11 (3) 133 (104) 550 (50) 683 (104) 117 (104)
FL1-S (4) 350 (187) 600 (426) 950 (601) 0 (0)
FL2-S (2) 200 (0) 650 (354) 850 (354) 75 (106)

All subhygric 199 (38) 686 (123) 885 (144) 64 (30)

is

CS 6 (4) 350 (65) 319 (146) 669 (166) 150 (89)
CS 7 (6) 250 (85) 3875 (2003) 4125 (1993) 267 (199)
CS 9 (3) 83 (29) 883 (436) 966 (431) 50 (50)

FL1-M (4) 350 (100) 1125 (548) 1475 (612) 63 (125)
FL2-M (2) 300 (212) 925 (672) 1225 (884) 50 (0)

All mesic 267 (52) 1425 (446) 1692 (462) 116 (51)
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Appendix 2. Size class distribution of Engelmann spruce, subalpine fir, and
standing dead trees averaged for different groups of plots in the two
ecosystems studied in the intensive study area .

A. Subhygric Ecosystems
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B. 1Vlesic Ecosystems
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3.
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Appendix 3 . Regression equations relating the biomass (kg) of tree components to tree diameter at breast height (cm) for
Engelmann spruce and subalpine fir in the Otter Creek study area, Clearwater Forest District .

All equations are significant at P<0 .01 .
R2 is coefficient of determination, SE is standard error of the estimate, in logarithmic units .
D is diameter at breast height

Component Equation R2 SE

1 . Abies lasiocarpa (n=20,D=4-58 cm)
Stemwood In (mass) _ - 3.211 + 2.6061n D 0.99 0.176
Stembark in (mass) _ - 3.905 + 2.2701n D 0.97 0.247
Living branches in (mass) _ - 3.599 + 2.270 In D 0.97 0.274
Dead branches In (mass) _ - 6.574 + 2.539 In D 0.77 0.944
Foliage In (mass) _ - 2.816 + 1 .814 In D 0.96 0 .260
Roots In (mass) _ - 2.741 + 2.143 In D 0.96 0.312

2 . Picea engelmanni (n=20,D=4-69 cm)
Stemwood In (mass) _ - 3.088 + 2.570 In D 0.99 0.194
Stembark in (mass) _ - 4.496 + 2.357 In D 0.96 0.368
Living branches in (mass) _ - 3.938 + 2.3501n D 0.97 0.307
Dead branches In (mass) _ - 6.611 + 2.4741n D 0.87 0.769
Foliage In (mass) _ - 3.054 + 1 .9031n D 0.96 0.311
Roots In (mass) _ - 3.286 + 2.2991n D 0.99 0.208



Appendix 4 .

ESTIMATION ®F DI® S OF UNDERSTORY PLANT
SPECIES IN C

	

WATER ESSF FORESTS AND
CUT® RS, USING REGRESSION EQUATIONS

To estimate biomass of the dominant understory plant species in Clearwater
ESSF forests and cutovers from measurements of % cover and height, the following
steps are necessary :

SHRUBS

Use the regression equations in Table A4-1

HERBS & FERNS

1) Determine the estimated number of stems present using the measured/ esti-
mated area covered by the species and the equations in Table A4-2 . If the ex-
act number of stems present is known, then this step can be bypassed .

2) Determine the biomass per individual plant, using the height of the plant and
the equations in Table A4-3 .

3) Multiply the estimated biomass per plant by the estimated number of stems
present .

Results are obviously approximate .
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Table A4-1 Regression equations giving biomass (gm) of a shrub as a function of its
volume (m3) or basal diameter (cm) for four shrubs in Clearwater ESSF
forests and clearcuts .

All equations are significant at P<zO .01 .
M Is mass, V is volume, D Is basal diameter
R2 is coefficient of determination
SE is standard error of estimate
n is number of data points

112

Species Equation R2 SE n (Range of
data)

a) Forests

Menziesiaferruginea M = 147.25 V1 .242 0 .97 79.7 20 (V = 0-5.5)

Rhododendron albfiorum M = 206.96 V°38 0 .92 158.8 17 (V = 0-6.0)

Vaccinium membranaceum M 184.53 V° 936 0.79 61 .5 22 (V = 0-1 .2)

Vaccinium oval folium M 364.58 VL 722 0.95 23.0 18 (V = 0-1 .0)

Ribes lacustre M = 54.28 D2725 0.93 15.4 33 (D = 0-1 .5)

b) Clearcuts

Menziesiaferruginea M 509.28 V0992 0.90 1.8 29 (V = 0-5.7)

Rhododendron albifiorurn M = 397.03 V0779 0.94 1 .4 27 (V = 0-6.3)

Vaccinium membranaceum M = 645.48 \TO.94 l 0.95 1 .5 31 (V = 0-2.3)

Vacctntum ovalfolium M = 637.15 vth944 0 .91 1 .7 31 (V = 0-3.0)



Table A4-2 No of stems present for five herb and fern species as a function of area (m 2) covered by the species, for
Clearwater ESSF forest cutovers .

Regression equations were developed from data collected in 1990 .
All equations are significant at P<0 .01 .
R2 is coefficient of determination
SE is standard error of estimate
n is number of data points .

Species Equation R2 SE n (Range of
data)

Arnica cordifolia No. stems = 105.20 (Area) 0.82 37.7 22 (Area = 0-2.8)

Epilobium angustifolium No. stems = 40.01 (Area) 0.89 5.1 15 (Area = 0-0.7)

Gymnocarpium dryopteris No . stems = 682.24 (Area) '93 0.88 27.6 15 (Area = 0-0.3)

Valerians sitchensis No. stems = 63 .98 (Area)° 647 0.78 14.9 15 (Area = 0-0.8)

Veratrum viride No. stems = 13 .62 (Area)0.645 0.94 1 .5 15 (Area = 0-0.6)



Table A4-3 Regression equations giving biomass (gm) of a plant as a function of its height (cm) for five herb and fern
species in Clearwater

	

E forest cutovers .

H is height
All equations are significant at P<0 .01 .
R2 is coefficient of determination
SE is standard error of estimate
n is number of data points .

Species Equation R2 SE n (Range of
data)

Arnica cordifolia Mass = 0.0504 (H)0.86° 0.84 0.6 16 (H = 30-60)

Epiiobium angustifolium Mass = 0.000155 (H) 2.353 0.92 6.1 30 (H = 10-210)

Gymnocarpium dryopteris Mass = 0.0153 (H) 0.884 0.89 0.1 15 (H = 5-40)

Valerians sitchensis Mass = 0.145 (H)0.819 0.94 1 .4 15 (H = 10-130)

Veratrum viride Mass = 0.028 (H) 1 .382 0.90 7.9 15 (H = 30-170)
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Appendix 5 . Biornass (kg/m2) of tree components in the forests in the intensive study area .

Block/Species Stemwood

	

Stembark

	

Live

	

Dead

	

Foliage Aboveground Roots Tree
Branches

	

Branches

	

Total Total

12.53 (4.87) 1.29 (0.49) 2.19 (0.84) 0.25 (0.10) 0.87 (0.33) 17.13 (6.62) 3.41 (1 .30) 20.54 (7.91)
16.07 (13.57) 2.03 (1.45) 2.75 (1 .97) 0.42 (0.35) 1.01 (0.54) 22.28 (17.87) 3.91 (2.59) 26.19 (20.46)
28.60 (8.70) 3.32 (0.96) 4.94 (1 .13) 0.67 (0.25) 1.88 (0.21) 39.41 (11 .26) 7.32 (1 .29) 46.73 (12.54)
8.37 (4.09) 1 .17 (0.52) 0.90 (0.27) 0.12 (0.04) 0.00 (0.00) 10.56 (4.30) 2.32 (0.98) 12.89 (5.28)

13.14 (3.81) 1.33 (0.40) 2.26 (0.68) 0.26 (0.08) 0.88 (0.28) 17.87 (5.24) 3.51 (1 .06) 21.38 (6.30)
6.53 (2.70) 0.96 (0.36) 1.31 (0.49) 0.18 (0.07) 0.59 (0.19) 9.57 (3.76) 1.97 (0.71) 11.54 (4.44)

19.67 (4.24) 2.30 (0.54) 3.57 (0.84) 0.44 (0.10) 1.47 (0.38) 27.44 (6.07) 5.48 (1 .32) 32.92 (7.38)
3.58 (2.94) 0.51 (0.38) 0.69 (0.52) 0.10 (0.08) 0.00 (0.00) 4.87 (3.91) 1.01 (0.73) 5.88 (4.64)

11.46 (2.56) 1.19 (0.26) 2.09 (0.45) 0.23 (0.05) 0.91 (0.18) 15.88 (3.49) 3.12 (0.64) 19.00 (4.13)
6.61 (3.33) 1 .05 (0.47) 1.44 (0.64) 0.18 (0.09) 0.70 (0.25) 9.99 (4.77) 2.22 (0.93) 12.21 (5.70)

18.08 (3.03) 2.25 (0.42) 3.53 (0.59) 0.42 (0.08) 1 .60 (0.25) 25.87 (4.54) 5.34 (0.88) 31.21 (5.23)
1.92 (1 .60) 0.30 (0.22) 0.42 (0.32) 0.05 (0.04) 0.00 (0.00) 2.69 (2.20) 0.61 (0.47) 3.31 (2.67)

20.11 (5.33) 2.11 (0.52) 3.58 (0.89) 0.40 (0.10) 1 .64 (0.40) 27.84 (12.36) 5.62 (1 .38) 33.46 (7.16)
10.29 (4.64) 1.40 (0.33) 1.90 (0.80) 0.27 (0.12) 0.76 (0.31) 14.61 (9.05) 2.76 (1 .15) 17.37 (6.41)
30.40 (2.09) 3.50 (0.12) 5.48 (0.18) 0.68 (0.04) 2.40 (0.27) 42.46 (4.80) 8.38 (1 .56) 50.84 (2.32)
0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0:00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

5.22 (7.17) 0.55 (0.75) 0.94 (1.27) 0.11 (0.14) 0.40 (0.51) 7.22 (9.83) 1.47 (1 .98) 8.69 (11 .81)
32.54 (7.11) 4.20 (0.54) 5.71 (0.73) 0.86 (0.17) 2.06 (0.51) 45.37 (8.55) 8.11 (0.76) 53.48 (9.31)
37.77 (14.28) 4.75 (1 .29) 6.64 (2.00) 0.96 (0.32) 2.46 (1.50) 52.58 (18.39) 9.58 (2.74) 62.17 (21.12)
8.13 (11.50) 1.05 (1 .48) 1 .42 (2.01) 0.21 (0.30) 0.00 (0.00) 10.81 (15.29) 2.01 (2.83) 12.82 (18.13)

12.49 (1.32) 1.30 (0.13) 2.21 (0.22) 0.25 (0.03) 0.94 (0.09) 17.19 (1.78) 3.43 (0.35) 20.61 (2.13)
14.41 (2.86) 1.93 (0.31) 2.62 (0.42) 0.38 (0.07) 1.03 (0.12) 20.37 (3.78) 3.80 (0.56) 24.16 (4.32)
26.90 (2.02) 3.22 (0.22) 4.84 (0.28) 0.64 (0.06) 1 .96 (0.11) 37.55 (2.62) 7.22 (0.39) 44.78 (3.97)
4.40 (1 .10) 0.61 (0.14) 0.68 (0.14) 0.11 (0.02) 0.00 (0.00) 5.78 (1.30) 1 .19 (0.27) 6.98 (1 .57)



Appendix 5 - continued

Standard deviations are given in parentheses
n = number of samples

Flock/Species Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

esic
CS6, 7,9 spruce 7.44 (2.24) 0.83 (0.24) 1.42 (0.40) 0.15 (0.05) 0.68 (0.17) 10.53 (3.09) 2.24 (0.60) 12.77 (3.69)
(n=13)

	

fir 6.50 (1.88) 1.02 (0.26) 1.28 (0.29) 0.17 (0.05) 0.69 (0.15) 9.68 (2.58) 2.15 (0.52) 11.83 (3.08)
total living 13.94 (3.41) 1.86 (0.43) 2.70 (0.66) 0.33 (0.08) 1 .37 (0.29) 20.21 (4.72) 4.39 (0.99) 24.60 (5.70)

standing dead 1 .68 (1.04) 0.27 (0.16) 0.37 (0.21) 0.05 (0.03) 0.00 (0.00) 2.37 (1.44) 0.73 (0.32) 3.10 (1 .75)

FL1-M spruce 9.75 (0.38) 1.04 (0.06) 1.77 (0.11) 0.20 (0.01) 0.77 (0 .10) 13.52 (0.62) 2.78 (0.19) 16.30 (0.81)
(n=4)

	

fir 7.33 (3.37) 1.18 (0.15) 1 .61 (0.20) 0.20 (0.03) 0.81 (0 .11) 11.13 (1.69) 2.49 (0.29) 13.62 (1.94)
total living 17.08 (1.07) 2.22 (0.11) 3.37 (0.14) 0.40 (0.03) 1 .57 (0 .13) 24.64 (1.43) 5.28 (0.23) 29.92 (1.43)

standing dead 5.58 (3.94) 0.72 (0.51) 0.97 (0.69) 0.12 (0 .09) 0.00 (0 .00) 7.39 (5.22) 1 .38 (0.98) 8.77 (6.20)

FL2-M spruce 9.55 (10.66) 1.00 (1.06) 1 .71 (1 .80) 0.19 (0.21) 0.73 (0 .65) 13.19 (14.37) 2.68 (2.78) 15.87 (17.15)
(n=3)

	

fir 5.38 (3.92) 0.88 (0.49) 1.20 (0.67) 0.15 (0.10) 0.62 (0 .18) 8.23 (5.36) 1.87 (0.91) 10.10 (6.27)
total living 14.93 (6.74) 1.89 (0.57) 2.90 (1 .13) 0.34 (0.11) 1 .35 (0 .47) 21.41 (9.01) 4.56 (1 .87) 25.97 (10 .88)

standing dead 1 .50 (2.08) 0.22 (0.30) 0.30 (0.41) 0.03 (0.05) 0.00 (0 .00) 2.05 (2.83) 0.44 (0.60) 2.49 (3.43)

Average spruce 8.91 (2.10) 0.96 (0.21) 1 .63 (0.36) 0.18 (0 .04) 0.72 (0.14)12.41(2.86) 2.57 (0.56)
14.98 (3.41)

fir 6.40 (1.61) 1.03 (0.16) 1 .36 (0.20) 0.18 (0.03) 0.72 (0 .09) 9.68 (1.67) 2.17 (0.31) 11 .85 (1 .97)
total living 15.31 (2.07) 1.99 (0.24) 2.99 (0.38) 0.36 (0.04) 1 .43 (0 .17) 22.09 (2.83) 4.74 (0.59) 26.83 (3.41)

standing dead 2.92 (1 .46) 0.40 (0.19) 0.55 (0.26) 0.07 (0.03) 0.00 (0 .00) 3.94 (1.94) 0.85 (0.38) 4.79 (3.33)



Appendix 6 .

	

Biomass (g/m2) of understory species and species groups in the forests in the study area . Standard errors are in
parentheses .

1) Aboveground Biomass
a) Subhygric ecosystems

species/Species group CSO CSI-5 CS8,10,11 FL1-S FL2-S WC-84 BC2 K32 Average*

n= 6 20 18 12 6 10 6 6

Menziesia ferruginea 49 (42) 44 (49) 3 (1) 33 (12) 39 (11) 66 (13) 115 (28) 64 (30) 52 (11)
Rhododendron albiflorum 10 (9) 37 (56) 36 (5) 11 (8) 0 (0) 3

	

(1) 1 (1) 83 (47) 22 (11)
Vaccinium membranaceum 23 (19) 19 (13) 5 (0) 8 (3) 5 (2) 17 (5) 45 (10) 50 (24) 21 (5)
Vaccinium ovalifolium 30 (21) 17 (18) 0 (0) 19 (9) 9 (4) 7 (2) 0 (0) 9 (3) 12 (4)
Other shrubs 5 (3) 3 (7) 0 (0) 47 (32) 0 (0) 0 (0) 100 (23) 29 (29) 23 (6)
Total shrubs 117 (51) 117 (78) 44 (5) 118 (40) 53 (12) 93 (14) 261 (47) 234 (88) 129 (19)
Gymnocarpium dryopteris 11 (4) 11 (1) 12 (2) 10 (2) 6 (2) [10 (1)]
Other ferns 15 (9) 3 (2) 4 (2) 6 (2) 10 (5) [8 (2)]
Arnica cordifolia 7 (2) 2 (1) 4 (1) 2 (1) 0 (0) [3 (1)]
Epilobium angustifolium 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) [0 (0)]

Valerians sitchensis 8 (3) 7 (1) 7 (1) 5 (1) 4 (2) - [6 (1)]
Verat rum viride 6 (5) 6 (1) 8 (1) 7 (3) 7 (7) [7 (2)]
Other herbs 10 (2) 9 (2) 18 (3) 12 (3) 11 (2) - [12 (1)]
Total herbs + ferns 57 (12) 38 (3) 53 (4) 42 (5) 38 (10) 9

	

(1) 28 (13) 102 (24) 48 (4)
Mosses 26 (28) 61(14) 67 (14) 120 (31) 221 (55) 310 (79) d.m. 70 (31) 125 (16)

Total 197 (58) 216 (78) 164 (16) 280 (51) 312 (57) 411 (80) 289+ 406 (96) 284 (25)



Appendix 6 - continued

* Excluding BC2. Discrepancies in additions are due to rounding errors
n = Number of samples
d.m. = data missing

b)

	

Mesic ecosystems

Species/Species group CS6,7,9 FL1-M FL2-M BM-71 CP19 MC BC1 BC3 Average

n= 18 12 12 6 30 6 6 6

Menziesia ferruginea 25 (2) 21 (4) 71 (18) 45 (11) 25 (4) 190 (107) 110 (60) 109 (52) 75 (17)
Rhododendron albiflorum 60 (9) 11 (6) 0 (0) 0 (0) 0 (0) 0 (0) 32 (20) 31 (31) 17 (5)
Vaccinium membranaceum 20 (5) 19 (5) 20 (8) 7 (3) 4 (1) 71 (20) 60 (33) 70 (49) 34 (8)
Vaccinium ovalifolium 1 (0) 6 (2) 3 (2) 0

	

(0) 0 (0) 14 (7) 7 (4) 9 (4) 4 (1)
Other shrubs 1 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 52 (52) 0 (0) 7 (7)
Total shrubs 107 (10) 56 (14) 93 (20) 52 (11) 29 (5) 275 (153) 261 (69) 218 (54) 136 (22)
Gymnocarpium dryopteris 0 (0) 0 (0) 0 (0) 0 (0) [0 (0)]
Other ferns 0 (0) 2 (1) 7 (1) 0 (0) [2 (0)]
Arnica cordifoiia 0 (0) 0 (0) 0 (0) 0 (0) [0 (0)]
Epilobium angustifolium 0 (0) 0 (0) 0 (0) 0 (0) [0 (0)]
Valerians sitchensis 0 (0) 0 (0) 0 (0) 0 (0) [0 (0)]
Veratrum viride 0 (0) 0 (0) 0 (0) 0

	

(0) [0 (0)]
Other herbs 8 (0) 10 (3) 11 (3) 7

	

(1) [9 (1)]
Total herbs & ferns 8 (0) 12 (3) 18 (4) 7 (1) 4 (0) 81 (17) 52 (13) 33 (16) 27 (3)
Mosses 344 (70) 100 (25) 33 (11) 290 (110) 72(12) 100 (39) 310 (114) 301 (106) 194 (26)

Total 459 (71) 168 (28) 144 (23) 350 (111) 105(12) 456 (159) 623 (134) 552 (119) 357 (35)



Appendix 6 - continued

2)

	

Belowground Biomass
a)

	

Subhygric ecosystems

Species/Species group CSO CS1-5 CS8,1O,11 FL1-S FL2-S WC-84 BC2 K32 Average

Menziesia ferruginea 29 (25) 26 (12) 2 (1) 20 (7) 23 (7) 40 (3) 69 (17) 38 (8) 31 (4)
Rhododendron albiflorum 6 (5) 26 (16) 25 (6) 8 (6) 0 (0) 2 (0) 1 (10) 58 (14) 16 (3)
Vaccinium membranaceum 16 (13) 11 (3) 3 (0) 4 (2) 3 (2) 10 (1) 27 (6) 30 (6) 13 (2)
Vaccinium ovalifolium 21 (15) 14 (6) 0 (0) 16 (7) 7 (3) 5 (1) 0 (0) 6 (1) 9 (2)
Other shrubs 3 (2) 2 (2) 0 (0) 34(24) 0 (0) 0 (0) 0 (0) 0 (0) 5 (3)
Total shrubs 75 (32) 79 (21) 30 (6) 81(26) 34 (7) 57 (3) 97 (18) 132 (17) 73 (7)

Gymnocarpium dryopteris 0 (0) 0 (0) 0 (0) 0(0) 0(0)
Other ferns 90 (54) 19 (18) 26 (19) 38(36) 64 (35)
Arnica cordifolia 0 (0) 0 (0) 0 (0) 0(0) 0(0)
Epilobium angustifolium 0 (0) 0 (0) 0 (0) 0(0) 0(0)
Valerians sitchensis 0 (0) 0 (0) 0 (0) 0(0) 0(0)
Verat rum viride 7 (6) 7 (3) 10 (3) 8(8) 8(14) -
Other herbs 1 (0) 1 (0) 2 (1) 1 (0) 1 (0) -
Total herbs + ferns 98 (54) 28 (19) 38 (19) 47(36) 74 (36) 6 (1) 20 (9) 71 (21) 48 (10)

Total 173 (63) 107 (28) 68 (20) 128(44) 108 (37) 63 (3) 117 (20) 203 (27) 121 (12)



Appendix 6 - continued

b) Mesic ecosystems

Species/Species group CS6,7,9 FL1-M FL2-M BM-71 CP19 MC BC1 BC3 Average

Menziesia ferruginea 15 (2) 13 (4) 43 (16) 27 (3) 15 (1) 114 (27) 66 (15) 65 (13) 45 (5)
Rhododendron albiflorum 42 (11) 8 (6) 0 (0) 0 (0) 0 (0) 0 (0) 22 (6) 22 (9) 12 (2)
Vaccinium membranaceum 12 (5) 11 (5) 12 (6) 4 (1) 2 (0) 43 (6) 36 (8) 42 (12) 20 (2)
Vaccinium ovalifolium 1 (1) 5 (1) 2 (2) 0 (0) 0 (0) 10 (2) 5 (1) 6 (1) 4 (0)
Other shrubs 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total shrubs 71 (12) 37 (8) 57 (17) 31 (3) 17 (1) 167 (28) 129 (18) 135 (20) 81 (6)

Gymnocarpium dryopteris 0 (0) 0 (0) 0 (0) 0 (0) -
Other ferns 0 (0) 13 (10) 45 (14) 0 (0)
Arnica cordifolia 0 (0) 0 (0) 0 (0) 0 (0)
Epilobium angustifolium 0 (0) 0 (0) 0 (0) 0 (0)
Valerians sitchensis 0 (0) 0 (0) 0 (0) 0 (0)
Veratrum viride 0 (0) 0 (0) 0 (0) 0 (0) -
Other herbs 1 (0) 1 (0) 1 (0) 5 (1)
Total herbs + ferns 1 (0) 46 (14) 46 (14) 5 (1) 3 (1) 57 (16) 36 (11) 23 (6) 27 (4)

Total 72 (12) 83 (16) 103 (22) 36 (3) 20 (1) 224 (32) 165 (21) 158 (21) 108 (7)



ppendix 7 .

	

Biornass (kg/rn2) of coarse woody debris in the forests in the study area .

Standard deviations are in parentheses .
n = number of samples

Diameter loss (cm)
Block n 1.1- 3.0 3.1- 5.0 5.1- 7 .0 7.1-12.0 >12.0 Total

Subhygric
CSl-5 12 0.20 (0.04) 0.03 (0.03) 0.05 (0.02) 0.11 (0 .07) 10.39 (2.07) 10.78 (2.06)
CS8,10,11 9 0.21 (0.05) 0.04 (0.02) 0.02 (0.02) 0.11 (0 .06) 5.61 (1.18) 5.99 (1.10)
FL1-S 6 0.19 (0.04) 0.06 (0.03) 0.03 (0.03) 0.18 (0 .06) 2.38 (0.78) 2.83 (0.90)
FL2-S 3 0.22 (0.06) 0.10 (0.05) 0.05 (0.05) 0.11 (0 .04) 4:91 (1.01) 5.39 (0.91)
BC-85F 3 0.20 (0.07) 0.05 (0.02) 0.03 (0.02) 0.12 (0 .08) 1.78 (0.65) 2.18 (0.61)
WC-84 3 0.21 (0.05) 0.08 (0.03) 0.03 (0.03) 0.10 (0 .07) 5.65 (1.01) 6.07 (0.95)
FL-35 3 0.18 (0.06) 0.06 (0.04) 0.05 (0.05) 0.11 (0 .04) 6.60 (1.25) 7.00 (1.15)
BC2 3 0.23 (0.02) 0.12 (0.07) 0.05 (0.03) 0.14 (0 .04) 4.91 (0.33) 5.44 (0.34)
MCM58-S 3 0.14 (0.06) 0.08 (0.05) 0.07 (0.04) 0.29 (0 .15) 6.27 (1.83) 6.85 (1.80)
MC81-S 3 0.34 (0.21) 0.16 (0.13) 0.19 (0.13) 0.34 (0.26) 8.01 (3 .76) 9.03 (3.52)

Average 0.21 (0.03) 0.08 (0.02) 0.06 (0.02) 0.16 (0.04) 5.65 (0.05) 6.16 (0.05)

Mesic
CS6,7,9 9 0.15 (0.03) 0.02 (0.02) 0.07 (0.02) 0.29 (0.14) 4.43 (3.49) 4.96 (3.40)
FL1-M 6 0.11 (0.02) 0.04 (0.03) 0.01 (0.01) 0.14 (0.11) 2.50 (1 .12) 2.86 (1 .13)
FL2-M 6 0.17 (0.03) 0.07 (0.02) 0.04 (0.03) 0.13 (0.03) 3.48 (1 .06) 3.90 (1 .06)
BM-71 3 0.14 (0.05) 0.10 (0.05) 0.10 (0.03) 0.26 (0 .08) 6.60 (1 .21) 7.20 (1 .20)
BC-85B 3 0.12 (0.03) 0.10 (0.06) 0.07 (0.03) 0.29 (0 .11) 6.00 (2.01) 6.58 (1 .73)
SF100 3 0.16 (0.04) 0.09 (0.04) 0.09 (0.05) 0.30 (0 .06) 4.06 (1 .59) 4.70 (1 .39)
CP19 3 0.18 (0.06) 0.07 (0.06) 0.08 (0.06) 0.15 (0 .06) 6.85 (1 .72) 7.33 (1 .68)
MC 3 0.18 (0.03) 0.15 (0.06) 0.11 (0.03) 0.32 (0 .09) 3.07 (1.84) 3.84 (1.89)
BC1 3 0.16 (0.03) 0.08 (0.06) 0.14 (0.07) 0.10 (0 .05) 4.66 (0.93) 5.15 (0.88)
BC3 3 0.26 (0.07) 0.11 (0.05) 0.05 (0.02) 0.18 (0 .09) 6.32 (2.61) 6.91 (2.60)
MCM58-M 3 0.10 (0.05) 0.18 (0.08) 0.17 (0.11) 1.00 (0 .86) 9.56 (9.79) 11.10 (9.80)
PD98-C 3 0.08 (0.02) 0.05 (0.01) 0.07 (0.05) 0.19 (0 .12) 6.48 (4.70) 6.87 (4.70)
PD98-D 3 0.09 (0.03) 0.05 (0.02) 0.07 (0.03) 0.17 (0 .04) 4.48 (1.52) 4.86 (1.50)
0023 3 0.09 (0.03) 0.05 (0.03) 0.05 (0.01) 0.20 (0 .09) 3.14 (1.11) 3.53 (1.15)
MC81-M 3 0.25 (0.12) 0.10 (0.05) 0.09 (0.05) 0.51 (0 .33) 7.89 (0.88) 8.83 (1.34)
RS-C 3 0.21 (0.01) 0.12 (0.02) 0.06 (0.03) 0.40 (0 .27) 9.00 (0.93) 9.78 (1.19)
RS-E 3 0.16 (0.05) 0.08 (0.07) 0.09 (0.02) 0.45 (0 .03) 3.39 (1.00) 4.16 (1.14)

Average 0.16 (0.01) 0.09 (0.01) 0.08 (0.01) 0.30 (0 .06) 5.42 (0.75) 6.04 (0.75)
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Appendix 8. Depth (cm) and biornass (kg/m2) of forest floors in the
forests in the study area .

Depth	Mass

Block X (s.d.) n X (s.d.) n

Subhvgric

CSO 7.9 (5.3) 18 7.4 (5.2) 9
CS1-5 5.3 (3.2) 100 5.1 (3.6) 50
CS8,10,11 3.3 (1.1) 60 2.9 (1.1) 30
FL1-S 8.8 (4.4) 40 7.4 (4.7) 20
FL2-S 6.4 (2.4) 40 4.3 (2.1) 20
BC-85F 5.4 (3.6) 24 7.6 (4.0) 12
WC-84 4.6 (2.6) 24 5.1 (2.6) 12
FL-35 9.5 (5.8) 24 8.1 (5.0) 12
BC-2 3.5 (2.2) 32 4.2 (2.3) 16
1<32 3.5 (2.4) 20 3.1 (1 .5) 10
DOR5 6.9 (3.5) 24 4.3 (1.6) 12
MCM58-S 4.4 (2.2) 40 3.8 (2.1) 10
MC81-S 2.6 (2.1) 20 2.2 (0.9) 10

Average 5.6 (0.9) 5.1 (0.9)

Mesic

CS6,7,9 4.2 (1 .6) 60 3.8 (1.6) 30
FL1-M 7.3 (5.5) 40 6.2 (3.4) 20
FL2-M 3.9 (1 .7) 24 3.0 (0.9) 12
BM-71 5.6 (2.5) 24 5.0 (1.5) 12
BC-85B 5.9 (3.2) 24 6.7 (4.0) 12
SF 100 5.8 (2.2) 24 3.7 (1.6) 12
CP 19 5.5 (2.6) 40 3.7 (1 .9) 20
MC 5.7 (3.2) 24 5.7 (2.9) 12
BC1 4.2 (1.1) 32 2.8 (0.5) 16
BC3 4.1 (1.7) 32 3.2 (1 .3) 16
MCM58-S 4.0 (1.3) 40 3.4 (1 .8) 10
PD98-C 5.1 (3 .4) 40 3.9 (2.8) 10
PD98-D 3.9 (2.6) 40 1 .7 (1.6) 10
0C23 5.1 (2.9) 20 6.7 (1.6) 10
MC81-M 2.8 (1 .3) 20 2.3 (1.0) 10
RS-C 5.6 (2.1) 20 5.6 (2.2) 10
RS-E 5.1 (1.8) 20 4.8 (0.6) 10

Average 4.9 (0.7) 4.3 (0.5)



123

Appendix 9 . Concentration and content of organic matter in the surface 20
cm of mineral soil in the forests in the study area.

Block
Concentration (%) Content (kg/m2)

X (s.c.)X (s.d.) n

Subhvgrlc

CSO 18.8 (3.6) 10 23 .69 (2.20)
CS1-5 14.0 (3 .9) 30 17.64 (2.06)
CS8,10,11 14.1 (2 .5) 10 15.37 (1 .19)
FL1-S 13 .8 (3 .7) 20 12.42 (0.88)
FL2-S 15.5 (3.0) 10 11 .63 (1 .12)
WC-84 13 .9 (2.9) 10 17.79 (2.32)
DOR5 10.2 (2.4) 10 15.61 (2.01)
MCM58-S 10.2 (1 .8) 10 9.79 (0.88)
RS -A 20.4 (5 .2) 10 13.91 (2.31)
MY-18S 19.2 (8.1) 10 14.57 (2.44)

Average 15.0 (1 .3) 130 15.24 (0.58)

Mesic

CS6,7,9-A 10.9 (1 .5) 25 4.08 (0.31)
-B 14.6 (1 .7) 25 7.97 (0.52)

Total 12.05 (0.61)

FL 1-M -A 4.7 (1 .5) 20 1 .48 (0.18)
-B 12.6 (2.7) 20 7.37 (0.86)

Total 8.85 (0.88)

FL2-M -A 5.2 (0.9) 10 1 .73 (0.26)
-B 9.7 (3.6) 10 4.63 (0.86)

Total 6 .36 (0 .90)

BM-71 -A 9.6 (3.8) 10 0 .90 (0 .36)
-B 12.0 (1 .6) 10 12.08 (1 .02)

Total 12.98 (1 .08)

SF 100- A (Total) 6.2 (2.8) 10 8 .68 (1 .56)

MC -A 7.1 (2.1) 5 3 .20 (0.83)
-B 13.4 (2.7) 5 6.03 (1 .65)

Total 9.23 (1 .85)

BC1 -A 6 .1 (1 .3) 5 1 .90 (0.43)
-B 8.8 (1 .5) 5 1 .48 (0.33)

Total 3.38 (0,54)

BC3 -A 3.0 (0.5) 5 0 .65 (0 .11)
-B 9.4 (6.7) 5 1 .35 (0.48)

Total 2 .00 (0 .49)



Mesic soils have A and usually B horizons .
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Appendix 9 - continued

Block
Concentration (%) Content (kg/m2)

X (s.e.)X (s.d.) n

MCM58-M-A 7.2 (1 .4) 10 0.65 (0.12)
-B 7.8 (5.9) 10 3.98 (1 .18)

Total 4.63 (1 .18)

PD98-C - A 7.2 (3.3) 10 3.56 (0.82)
- B 9.8 (2.6) 10 3.97 (0.77)

Total 7.53 (1 .13)

PD98-D -A 6.2 (1 .9) 10 3.07 (0.63)
-B 8.0 (1 .4) 10 3 .24 (0.59)

Total 6.31 (0 .86)

0C23 -A 7.8 (0.7) 10 0.99 (0.16)
-B 12.4 (1 .5) 10 3 .19 (0.53)

Total 4.18 (0 .55)

MC81-M -A 6.7 (0 .5) 10 1 .03 (0 .09)
-B 13 .9 (1 .8) 10 4.42 (0 .40)

Total 5.45 (0 .41)

RS-C -A 5 .2 (1 .0) 10 0.49 (0 .06)
-B 16.2 (2 .4) 10 6.30 (0 .73)

Total 6.79 (0.73)

1S-E -A 5.9 (1.8) 10 0.93 (0.13)
-B 11 .2 (2 .9) 10 3 .65 (0.49)

Total 4.58 (0.51)

MY18M -A 6 .8 (1.2) 10 0 .39 (0.09)
-B 15 .8 (6.1) 10 2 .81 (0.71)

Total 3 .20 (0.72)

Average -A 6 .6 (0.6) 150 2,11 (0,14)
-B 11 .8 (1.2) 140 4.52 (0.19)

Total 6 .63 (0.24)



Appendix 10 . Burning conditions for the slashburns studied .

* Estimated

Burn Date Time Prevailing Weather FWI Codes and Incidences
FFMC DMCT

(°C)
RH
(%)

Wind
(km/hr)

DC 1ST BUI FWI

1 . Intensive study area
Camp Six-spring (CS4-5) 7/6/89 1600 16 40 1 91 28 60 5 28 10
Camp Six-autumn (CS6-11) 12/9/89 1600 17 53 11 85 8 38 4 10 4
Camp Six-autumn (CS1-3) 14/9/89 1800 13 47 7 86 11 47 7 14 9
Fowler Lake 2-mod. severity (FL2) 20/9/90 1700 10 61 0 77 17 165 1 28 1
Fowler Lake 1-mod. severity (FL1) 22/9/90 1630 16 55 3 83 20 174 2 31 5

2 . Extensive study area
Barrier Mtn. (BM-71) 12/9/89 1900 86 12* 100' 4' 19' 6*
Wallace Ck. (WC-84) 12/9/89 1700 87 10 75 5 15 7
Berry Cc-85B (BC-85B) 13/9/89 1330 88 12 239 5 21 8
Berry Ck.-85F (BC-85F) 13/9/89 1430 85 12 239 3 21 5
Fowler Lk. -35 (FL-35) 14/9/89 1500 80 12 120 2.5 19 4
CP19 (McBride) (CP19) 15/9/89 1500 13 40 4 89 18 277, 5 29 10
Dore-5 (McBride) (D5) 17/9/89 1700 7 65 1 58 14 274 0 25 0
S. Foam-100 (SF-100) 25/9/89 1400 23 32 5 90 14 119 5.5 22 9
Berry Ck.-85B (BC-3) 10/9/90 1100 20 36 3 92 19 265 6 32 12
Berry Ck.-85B (BC-1) 15/9/90 1500 21 32 3 90 29 289 5 46 12
Martin Ck.-80G (MC) 20/9/90 1500 10 58 6 79 28 298 2 46 5
Peddie Mtn.-98D (PD-98D) 22/8/91 1900 20 43 1 87 17 106 3 24 6
Berry Ck . - 85A (BC-2) 22/8/91 1500 19 58 10 87 17 78 4 22 7
Peddie Mtn . - 98C (PD-98C) 23/8/91 1100 16 65 2 78 18 112 3 26 5
McMurphy - 58 (MCM58) 9/9/91 1830 17 47 2 84 8 34 2 10 2
Martin Ck . - 81 (MC81) 2/10/92 1130 21 41 10 86 10 284 6 18 9
Otter Ck - 93A (OC23) 2/10/92 1730 18 40 3 89 9 96 4 15 5
Red Sands - 33C (RS-C) 7/10/92 1700 7 40 0 74 5 84 1 8 0
Red Sands - 33E (RS-E) 7/10/92 1530 6 40 0 74 5 84 1 8 0
Salt Ck - 93D (SC1) 3/9/93 1530 20 39 4 80 5 36 1.5 7 1
Salt Ck - 93B (SC2) 3/9/93 1700 17 43 2 78 5 36 1.5 7 1
Peddie Mtn . - 98E (PM) 7/9/93 1600 20 40 2 88 14 55 4 17 6
Myrtle -18B (MY) 9/9/93 1630 20 32 1 88 18 65 4 21 6
North Froth - 76C (NF) 1/10/93 1830 10 64 4 83 30 137 2.5 39 6



Appendix 11 .

Mean nutrient concentrations (percent) in tree components in the intensive study area .

Standard deviations are in parentheses . n = number of samples
Stemwood, stembark, live branches, and foliage concentrations were measured in different parts of the tree and are weighted according to
the biomass of the different parts .

Component/Species
n N P K

Nutrient
Mg

	

Ca S Fe Cu

Stemwood
- Spruce 45 .046 ( .009) .010 (.004) .050 (.008) .010 (.002) .069 ( .004) .014 (.003) .004 (.004) .001 ( .000)
- Fire 45 .048 (.014) .008 (.003) .055 (.004) .020 (.006) .053 ( .010) .016 (.003) .002 ( .001) .000 ( .001)

Stembark
- Spruce 45 .373 (.069) .058 (.016) .372 (.083) .071 (.011) .671 ( .138) .038 ( .014) .007 ( .005) .001 ( .001)
-Fir 45 .359 (.054) .070 (.018) .371 (.054) .067 (.010) .630 ( .084) .046 ( .008) .005 ( .001) .000 ( .000)

Live branches
- Spruce 45 .446 (.083) .077 (.014) .322 ( .066) .062 ( .016) .575 ( .078) .061 ( .013) .016 ( .006) .001 ( .001)
- Fur 45 .446 (.100) .122 (.033) .349 (.062) .079 ( .010) .559 ( .061) .050 ( .006) .014 ( .006) .001 ( .001)

Dead branches
-Spruce 20 .216 (.088) .030 (.019) .182 (.106) .049 ( .010) .453 ( .094) .020 ( .005) .007 ( .002) .001 ( .001)
-Fir 20 .382 (.111) .049 (.023) .160 (.044) .061 (.017) .542 ( .080) .020 ( .005) .013 ( .005) .001 ( .001)

Foliage
- Spruce 44 .781 (.046) .112 (.011) .379 ( .035) .083 ( .008) .738 ( .147) .093 ( .017) .011 ( .003) .001 ( .000)
-Fir 42 .958 (.093) .144 (.013) .478 (.050) .100 (.009) .750 ( .102) .116 ( .018) .029 ( .064) .001 ( .001)

Roots
-Spruce 15 .135 ( .030) .012 (.003) .101 ( .009) .013 ( .004) .157 ( .089) .022 ( .007) .011 ( .013) .001 ( .001)
-Fir 14 .127 ( .070) .022 (.001) .126 ( .006) .018 (.006) .122 ( .083) .023 ( .005) .007 (.004) .000 (.000)



Subhy °c
CSI-5 spruce
(n=4)

	

fir
total living

standing dead

CS8,10,11spruce
(n=9)

	

fir
total living

standing dead

FLI-S spruce
(n=4)

	

fir
total living

standing dead

FL2-S spruce
(11=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Appendix 12 .

1 .

	

N

Nutrient content (kg/ha) of tree components in the forests in the intensive study area .

Block/Species Stemwood

	

Stembark

	

Live

	

Dead

	

Foliage Aboveground Roots Tree
Branches

	

Branches

	

Total Total

60.4 (14.7) 49.6 (11.8) 100.8 (24.1) 5.6 (2.4) 68.7 (11.7) 285.1 (32.8) 47.4 (12.7) 332.5 (35.2)
31 .3 (11.2) 34.5 (8.3) 58.4 (17.1) 6.9 (24) 56.5 (10.6) 187.6 (24.6) 25.0 (14.5) 212.6 (28.6)
91.7 (17.9) 84.1 (14.4) 159.2 (29.6) 12.5 (3.4) 125.2 (27.9) 472.7 (46.8) 72.4 (19.4) 545.1 (50.7)
16.5 (9.6) 2.3 (1.3) 19.2 (10.7) 2.8 (1.6) 0.0 (0.0) 40.7 (14.5) 13.1 (6.4) 53.8 (15.8)

52.7 (11 .0) 44.4 (8.8) 163.2 (32.6) 5.0 (2.1) 71 .1 (6.3) 336.4 (36.1) 42.1 (9.8) 378.5 (37.4)
31.7 (10.7) 37.7 (8.0) 64.2 (17.3) 6.9 (2.3) 67.1 (10.3) 207.6 (24.3) 28.2 (16.0) 235.8 (29.1)
84.4 (14.6) 82.1 (11.2) 227.4 (34.9) 11.9 (3 .0) 138.2 (10.6) 544.0 (41 .0) 70.3 (18.4) 614.3 (44.9)
8.8 (5.2) 1 .4 (0.8) 11 .9 (5.1) 1.4 (0.6) 0.0 (0.0) 23.6 (7.4) 7.9 (4.3) 31 .5 (8.6)

92.5 (21 .9) 78.7 (17.5) 159.7 (35.7) 8.6 (3.7) 128.1 (17.3) 467.6 (48.7) 75.9 (19.3) 543 .5 (52.4)
49.4 (18.2) 50.3 (9.6) 84.7 (26.1) 10.3 (3.8) 72.8 (16.4) 267.5 (37.3) 35.1 (20.7) 302.6 (42.7)

141.9 (23.5) 129.0 (16.6) 244.4 (35.5) 18.9 (4.6) 200.9 (15.3) 735.1 (48.4) 111.0 (27.7) 846.1 (55.8)
0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

24.0 (19.6) 20.5 (16.6) 41 .9 (33.6) 2.4 (2.0) 31 .2 (23.0) 120.0 (48.2) 19.8 (16.0) 139.8 (50.8)
156.2 (49.6) 150.8 (25.3) 254.7 (60.1) 32.9(10 .3) 197.3 (34.1) 791.9 (89.3) 103.0 (57.0) 894.9 (105.9)
180.2 (60.4) 171 .3 (35.4) 296.6 (77.3) 35.3(11 .8) 228.5 (82.7) 911.9 (133 .6) 122.8 (60.4) 1034.7 (146.6)
37.4 (34.2) 4.8 (4.4) 51 .0 (46.7) 7.5 (7.0) 0.0 (0.0) 100.7 (58.5) 26.1 (22.9) 126.9 62.8)

57.4 (8.7) 48.3 (7.1) 116.4 (15.9) 5.4 (1.3) 74.8 (7.9) 302.3 (21.0) 46.3 (7.4) 348.6 (22.3)
67.2 (13.8) 68.3 (7.4) 115.5 (17.5) 14.3 (29) 98.4 (10.2) 363.7 (25.6) 47.8 (16.4) 411 .5 (30.3)
124.6 (17.2) 116.6 (10.8) 231 .9 (24.2) 19.7 (3.4) 173 .2 (22.3) 666.0 (38.8) 94.1 (17.9) 760.1 (427)
15.7 (9.0) 2.2 (1.2) 19.3 (12.1) 2.8 (1 .8) 0.0 (0.0) 39.9 (15.2) 11 .8 (6.0) 51 .7 (16.3)



Appendix 12 - continued

N

Block/Species

Mesic
CS6, 7,9 spruce
(n=13)

	

fir
total living

standing dead

FL1-M spruce
(n=4)

	

fir
total living

standing dead

FL2-M spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Standard deviations are given in parentheses
n = number of samples

Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

34.2 (7.3) 31.0 (6.3) 63.3 (12.8) 3.2 (1 .3) 53.1 (4.8) 184.8 (16.8) 30.2 (7.1) 215.0 (18.2)
31.2 (9.4) 36.6 (6.1) 57.1 (13.3) 6.5 (2.0) 66.1 (7.6) 197.5 (19.1) 27.3 (15.2) 224.8 (24.4)
65.4 (12.1) 67.6 (9.1) 120.4 (19.2) 9.7 (2.4) 119.2 (10.0) 382.3 (26.5) 57.5 (16.9) 439 .8 31 .4)
7.7 (3.4) 1.2 (0.6) 10.9 (4.8) 1 .5 (0.7) 0.0 (0.0) 21 .4 (6.0) 9.5 (3.3) 30.9 (6.8)

44.9 (8.8) 38.8 (7.3) 78.9 (14.9) 4.3 (1 .8) 60.1 (5.3) 227.0 (19.6) 37.5 (8.4) 264.6 (21.3)
35.2 (13.1) 42.4 (6.9) 71.8 (16.7) 7.6 (2.3) 77.6 (9.2) 234.6 (24.2) 31 .6 (17.5) 266.2 (29.9)
80 .0 (13.8) 81.2 (9.8) 150.8 (22.0) 12.0 (2.9) 137.7 (10.1) 461 .6 (29.7) 69.2 (19.4) 530.8 (35.5)
25 .7 (13.9) 3.3 (1 .8) 28.7 (15.6) 3.6 (2.0) 0.0 (0.0) 61 .2 (21 .1) 17.9 (8.6) 79.1 (22.8)

43.9 (29.6) 37.3 (23.8) 76.3 (48.5) 4.1 (3.1) 57.0 (29.5) 218.6 (68.4) 36.2 (23.1) 254.8 (72.2)
25.8 (13.2) 31 .6 (11 .2) 53.5 (21.0) 5.7 (2.8) 59.4 (11.5) 176.1 (29.7) 23.8 (14.7) 199.8 (33.1)
69.8 (21.5) 68.9 (14.6) 129.8 (34.6) 9.8 (3.0) 116.4 (24.3) 394.7 (49.7) 59.9 (20.9) 454.6 (53.9)
6..9 (6.2) 1.0 (0.9) 8.6 (7.6) 0.9 (0.9) 0.0 (0.0) 17.3 (9.9) 1.7 (1.4) 19.0 (10.0)

41 .0 (7.9) 35.8 (6.4) 72.7 (13.1) 3.9 (1.0) 56.2 (7.6) 209.6 (18.3) 34.7 (6.4) 244.3 (19.4)
30 .7 (5.2) 37.0 (3.6) 60.7 (7.5) 6.9 (1.0) 69.0 (4.1) 204.2 (10.7) 27.6 (6.9) 231 .8 (12.7)
71 .7 (7.1) 72.8 (5.0) 133.4 (11.3) 10.8 (1.2) 125.2 (7.0) 413.8 (15.9) 62.3 (8.3) 476.1 (17.9)
13 .4 (3.9) 1.8 (0.5) 16.1 (4.5) 2.1 (0.6) 0.0 (0.0) 33.4 (6.0) 11.1 (2.3) 44.5 (6.5)



Appendix I2 - conthued 

Block/Species Stemwood Stembark Live Dead Foliage Aboveground Roots Tree 
Branches Branches Total Total 

Subhygric 
(31-5 spruce 
h=4) fir 

total living 
standing dead 

(38,lO,llspruce 
(n=9) fir 

total living 
standing dead 

FL1-S spruce 
(n=4) fir 

total living 
standing dead 

FL2-S spruce 
(n=3) fir 

total living 
standing dead 

Average spruce 
fir 

total living 
standing dead 



Appendix 12- continued

1'

Block/Species

esic
CS6, 7,9 spruce
(n=13)

	

fir
total living

standing dead

FL1-M spruce
(n=4)

	

fir
total living

standing dead

FL2-M spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Standard deviations are given in parentheses
n = number of samples

Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

7.4 (3.0) 4.8 (1.4) 10.9 (2.2) 0.5 (0.3) 7.6 (0.9) 31 .3 (4.1) 2.7 (0.7) 33.9 (4.2)
5.2 (2.0) 7.1 (1.9) 15.6 (4.3) 0.8 (0.4) 9.9 (1 .1) 38.7 (5.2) 4.7 (0.4) 43.5 (5.2)
12.6 (3.6) 12.0 (2.4) 26.6 (5.0) 1.3 (0.5) 17.6 (1 .6) 67.0 (6.8) 7.4 (0.8) 77.4 (6.8)
0.3 (0.2) 0.1 (0.0) 1 .5 (0.8) 0.2 (0.1) 0.0 (0.0) 2.0 (0.8) 1 .1 (0.2) 3.1 (0.8)

9.8 (3.9) 6.0 (1.7) 13.6 (2.5) 0.6 (0.4) 8.6 (1 .0) 38.6 (5.1) 3.3 (0.8) 42.0 (5.2)
5.9 (2.6) 8.3 (2.2) 19.6 (5.5) 1.0 (0.5) 11.7 (1.3) 46.4 (6.6) 5.5 (0.4) 51.9 (6.6)

15.6 (4.5) 14.3 (1.9) 33.3 (4.6) 1.6 (0.5) 20.3 (1.7) 85.0 (6.9) 8.8 (3.7) 93.9 (7.8)
1 .1 (0.7) 0.1 (0.1) 3.8 (2.3) 0.5 (0.3) 0.0 (0.0) 5.5 (2.4) 2.1 (0.7) 7.6 (2.5)

9.6 (7.2) 5.8 (3.9) 13.2 (8.4) 0.6 (0.5) 8.2 (4.3) 37.3 (12.5) 3.2 (2.1) 40.5 (12.7)
4.3 (2.4) 6.2 (2.5) 14.6 (6.2) 0.7 (0.4) 8.9 (1 .7) 34.8 (7.3) 4.1 (1.2) 38.9 (7.3)

13.9 (5.5) 12.0 (3.1) 27.8 (7.8) 1.3 (0.6) 17.1 (3.6) 72.0(10.?) 7.3 (1 .9) 79.4 (10.9)
0.3 (0.3) 0.0 (0.0) 1 .1 (1.1) 0.1 (0.1) 0.0 (0.0) 1 .6 (1.1) 0.7 (0.5) 2.3 (1.2)

8.9 (2.2) 5.6 (1.1) 12.6 (2.3) 0.5 (0.2) 8.1 (1.1) 35 .6 (3.5) 3.1 (0.6) 38.7 (3.6)
5.1 (1.0) 7.2 (1.0) 16.6 (2.3) 0.9 (0.2) 10.4 (0.6) 40.2 (28) 4.8 (0.3) 44.9 (2.8)

14.0 (2.0) 12.8 (1.1) 29.1 (2.6) 1.4 (0.2) 18.4 (1.1) 75.8 (3.6) 7.9 (1 .6) 83.7 (3.8)
0.6 (0.2) 0.1 (0.0) 2.1 (0.7) 0.3 (0.1) 0.0 (0.0) 3.1 (0 .7) 1 .3 (0.2) 4.3 (0.7)



Appendix 12- continued
3.

	

S

Block/Species

Subhy °c
CS1-5

	

spruce
(n=4)

	

fir
total living

standing dead

CS8,10,11 spruce
(n=9)

	

fir
total living

standing dead

FL1-S

	

spruce
(n=4)

	

fir
total living

standing dead

FL2-S spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

18.4 (4.8) 5.1 (2.0) 13.8 (3.6) 0.5 (0.2) 8.2 (2.0) 45.9 (6.6) 7.7 (2.7) 53.7 (7.1)
10.5 (2.9) 4.4 (1.1) 6.6 (0.8) 0.4 (0.1) 6.8 (1.5) 28.6 (3.5) 22.9 (6.5) 51 .5 (7.4)
28.9 (5.4) 9.5 (2.3) 20.3 (3.9) 0.9 (0.2) 15.0 (2.7) 74.6 (7.5) 30.6 (7.6) 105.1 (10.7)
6.1 (2.6) 0.9 (0.3) 1 .4 (0.5) 0.2 (0.1) 0.0 (0.0) 8.5 (2.7) 2.1 (0.9) 10.7 (2.8)

16.0 (3.6) 4.5 (1.7) 12.8 (2.9) 0.5 (0.1) 8.5 (1.6) 42.2 (5.2) 6.9 (2.2) 49.1 (5.6)
10.6 (2.7) 4.8 (1.1) 7.2 (1.4) 0.4 (0.1) 8.1 (1.6) 31.1 (3.6) 5.1 (1 .3) 36.2 (3.8)
26.6 (4.2) 9.4 (2.0) 20.0 (3.1) 0.8 (0.2) 16.6 (2.2) 73.3 (6.0) 12.0 (2.5) 85.3 (6.5)
3.3 (1.0) 0.5 (0.1) 0.8 (0.2) 0.1 (0.0) 0.0 (0.0) 4.7 (1.0) 1 .3 (0.4) 6.0 (1.1)

28.2 (7.1) 8.0 (3.1) 21 .8 (5.4) 0.8 (0.2) 15 .3 (3.4) 74.1 (10.0) 12.4 (4.2) 86.4 (10.8)
16.5 (4.8) 6.4 (1.4) 9.5 (2.3) 0.5 (0.2) 8.8 (2.3) 41.8 (6.0) 6.4 (1 .9) 48.1 (6.3)
44.6 (6.9) 14.5 (3.2) 31 .3 (4.8) 1.3 (0.3) 24.1 (3.4) 115.9 (9.6) 18.7 (4.5) 134.3 (10.6)
0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

7.3 (6.0) 2.1 (1.8) 5.7 (4.6) 0.2 (0.2) 3.7 (2.8) 19.1 (8.3) 3.2 (2.7) 22.3 (8.7)
52.1 (11.8) 19.3 (3.7) 28.6 (4.0) 1.7 (0.5) 23 .9 (5.0) 125.6 (13.9) 18.7 (4.2) 144.2 (14.5)
59 .4 (16.3) 21 .4 (4.8) 34.3 (7.0) 1.9 (0.6) 27.6 (10.4) 144.6 (21.1) 21 .9 (5.5) 166.5 (21.8)
13 .8 (11.4) 1.8 (1 .5) 2.8 (2.3) 0.4 (0.3) 0.0 (0.0) 18.9 (11.7) 4.2 (3.6) 23.1 (12.2)

17.5 (2.8) 4.9 (1 .1) 13.5 (2.1) 0.5 (0.1) 8.9 (1.3) 45.4 (3.9) 7.6 (1.5) 52.9 (4.1)
22.4 (3.3) 8.7 (1 .1) 13.0 (1.2) 0.7 (0.1) 12.0 (1.5) 56.8 (4.0) 8.7 (20) 65.4 (4.5)
39.9 (4.7) 13.7 (1 .6) 26.5 (2.5) 1.2 (0.2) 20.9 (2.9) 102.1 (6.3) 16.2 (27) 118.4 (6.8)
5.8 (2.9) 0.8 (0.4) 1 .3 (0.6) 0.2 (0.1) 0.0 (0.0) 8.0 (3.0) 1.9 (0.9) 10.0 (3.1)



Appendix 12- continued

S

Block/Species

	

Stemwood

	

Stembark

	

Live

	

Dead

	

Foliage Aboveground

	

Roots

	

Tree
Branches

	

Branches

	

Total

	

Total

Mesic
CS6, 7,9 spruce
(n=13)

	

fir
total living

standing dead

FL1-M spruce
(n=4)

	

fir
total living

standing dead

FL2-M spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Standard deviations are given in parentheses
n = number of samples

10.4 (2.4) 3.2 (1.2) 8.7 (2.0) 0.3 (0.1) 6.3 (1.2) 28.9 (3.6) 4.9 (1.6) 33.8 (3.9)
10.4 (2.1) 4.7 (0.9) 6.4 (0 .9) 0.3 (0.1) 8.0 (1.3) 29 .8 (2.8) 5.0 (1.1) 34.8 (3.0)
20.8 (3.3) 7.8 (1.5) 15.1 (2.2) 0.6 (0.1) 14.3 (1.9) 58.7 (4.6) 9.9 (2.0) 68.6 (5.0)
2.9 (0.6) 0.5 (0.1) 0.7 (0.1) 0.1 (0.0) 0.0 (0.0) 4.1 (0.6) 1.5 (0.4) 5.6 (0.7)

13.7 (2.9) 4.0 (1.5) 10.8 (2.3) 0.4 (0.1) 7.2 (1.4) 36.0 (4.2) 6.1 (2.0) 42.1 (4.7)
11 .7 (3.5) 5.4 (1.0) 8.1 (1 .1) 0.4 (0.1) 9.4 (1.6) 35.0 (4.1) 5.7 (1 .3) 40.8 (4.3)
25.4 (3.7) 9.4 (1.8) 18.9 (2.5) 0.8 (0.1) 16.6 (2.1) 71 .0 (5.3) 11 .9 (3.1) 82.8 (6.1)
9.5 (3.5) 1.2 (0.5) 1 .9 (0.7) 0.1 (0.0) 0.0 (0.0) 12.8 (3.6) 2.9 (1 .2) 15.7 (3.8)

13.4 (9.1) 3.8 (2.7) 10.4 (6.9) 0.4 (0.3) 6.8 (3.7) 34.8 (12.3) 5.9 (4.0) 40.7 (12.9)
8.6 (4.0) 4.1 (1.5) 6.0 (2.1) 0.3 (0.1) 7.2 (1 .6) 26.2 (5.0) 4.3 (1 .5) 30.5 (5.2)

22.0 (6.6) 7.9 (2.1) 16.4 (4.4) 0.7 (0.2) 14.0 (3.3) 60.9 (8.8) 10.2 (3.2) 71 .1 (9.4)
2.6 (2.1) 0.4 (0.3) 0.6 (0.2) 0.1 (0.1) 0.0 (0.0) 3.6 (2.1) 0.9 (0.8) 4.5 (2.2)

12.5 (2.5) 3.7 (0.8) 9.9 (1.9) 0.4 (0.1) 6.7 (1 .0) 33.1 (3.4) 5.7 (1.2) 38.8 (3.6)
10.2 (1.4) 4.7 (0.5) 6.8 (0.6) 0.4 (0.0) 8.4 (0.7) 30.5 (1.2) 5.0 (0.6) 35.5 (1.9)
22.7 (2.1) 8.4 (0.8) 16.7 (1.4) 0.7 (0.1) 15 .1 (1.1) 63.6 (2.8) 10.6 (1.2) 74.3 (3.1)
5.0 (1 .0) 0.7 (0.2) 1.1 (0.2) 0.1 (0.0) 0.0 (0.0) 6.9 (1.1) 1 .8 (0.4) 8.7 (1.1)



Appendix 12- continued

Block/Species

Subhy °c
CSI-5 spruce
(n=4)

	

fir
total living

standing dead

CS8,10,11spruce
(n=9) fir
total living
standing dead

FL1-S spruce
(n=4)

	

fir
total living

standing dead

FL2-S spruce
(n=3)

	

fir
total living

standing dead

Averagespruce
fir

total living
standing dead

Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

65.7 (14.2) 49.5 (13.3) 72.8 (18.5) 4.7 (2.8) 33.4 (6.1) 226.0 (27.7) 35.5 (6.2) 261.5 (28.4)
35.9 (7.9) 35.6 (8.5) 45.7 (11.8) 2.9 (1.0) 28.2 (5.4) 148.3 (17.4) 24.8 (4.6) 173.2 (18.0)

101 .6 (15.4) 85.1 (15.8) 118.5 (22.0) 7.6 (3.0) 61 .6 (9.0) 374.4 (32.6) 60.3 (8.0) 434.6 (33.6)
17.5 (7.3) 2.5 (0.9) 12.0 (4.6) 1.7 (0.7) 0.0 (0.0) 33.8 (8.7) 10.1 (3.7) 43.9 (9.5)

57.3 (10.1) 44.3 (10.4) 67.3 (14.6) 4.2 (2.5) 34.5 (3.9) 207.5 (21.1) 31 .5 (3.5) 293.1 (21.4)
36.4 (6.7) 39.0 (8.1) 50.3 (11.6) 2.9 (0.9) 33.5 (5.3) 161 .9 (16.6) 28.0 (4.1) 189.9 (17.1)
93.7 (10.9) 83.2 (12.5) 117.6 (17.7) 7.1 (2.6) 68.0 (5.9) 369.5 (25.1) 59.5 (4.5) 429.0 (25 .5)
9.4 (2.7) 1.5 (0.4) 7.3 (1.9) 0.9 (0.2) 0.0 (0.0) 19 .0 (3.3) 6.1 (1.6) 25.1 (3.7)

100 .6 (20.9) 78.5 (20.0) 115.3 (27.6) 7.3 (4.3) 62.2 (9.5) 363 .8 (41.3) 56.8 (8.6) 420.5 (42 .2)
56.6 (13.4) 51 .9 (9.7) 66.3 (18.3) 4.3 (1 .5) 36.3 (8.3) 215 .5 (26.1) 34.8 (7.4) 250.3 (27.1)
157.2 (17.5) 130.4 (19.2) 181.6 (26.5) 11 .6 (4.4) 98.5 (8.8) 579.3 (38.4) 91.5 (10.0) 670.8 (39.7)

0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

26.1 (21.1) 20.5 (16.7) 30 .3 (23.7) 2.0 (1.9) 15.2 (11.2) 94.0 (37.6) 14.9 (12.4) 108.8 (39.6)
179.0 (26.1) 155.8 (25.5) 199.3 (38.3) 13.8 (4.1) 98.5 (17.4) 646.3 (55.8) 102.2 (7.4) 748.5 (56.3)
205.1 (46.8) 176.3 (37.4) 229.6 (53.7) 15.8 (5.0) 113.6 (41.3) 730.3 (90.6) 117.0 (20.0) 857.3 (92.8)
39.8 (32.6) 5.2 (4.2) 23.2 (119 .0) 3.4 (2.8) 0.0 (0.0) 71 .6 (38.1) 20.1 (16.4) 91.7 (41.5)

62.4 (8.6) 48.4 (7.8) 71 .5 (10.8) 4.6 (1.5) 36.4 (4.1) 223.2 (16.5) 34.6 (4.2) 257.8 (17.0)
77.0 (7.8) 70.5 (7.4) 90.4 (11 .4) 5.9 (1.1) 49.2 (5.2) 293.0 (16.5) 47.5 (3.0) 340.5 (16.8)
139.4 (13.4) 118.9 (11 .7) 161 .9 (16.6) 10.5 (1.9) 85.6 (10.9) 516.2 (26.7) 82.1 (6.0) 598.3 (27.4)
16.7 (8.4) 2.3 (1.1) 10.7 (4.9) 1.5 (0.7) 0.0 (0.0) 31.25 (9.8) 9.1 (4.2) 40.4 (10.7)



Appendix 12 - continued

K

Block/Species

esic
CS6,7,9 spruce
(n=13)

	

fir
total living

standing dead

FL1-M spruce
(n=4)

	

fir
total living

standing dead

FL2-M spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Standard deviations are given in parentheses
n = number of samples

Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

37.2 (6.7) 30.9 (7.3) 45.7 (10.0) 2.7 (1.6) 25.8 (3.0) 142.3 (14.5) 22.6 (2.6) 164.9 (14 .7)
35.8 (3.9) 37.8 (6.1) 44.7 (8.4) 2.7 (0.8) 33.0 (4.0) 154.0 (11.8) 27.1 (2.2) 181 .1 (120)
73.0 (8.2) 68.7 (9.9) 90.4 (13.7) 5.5 (1.8) 58.8 (5.4) 296.3 (19.6) 49.7 (3.9) 346.0 (20.0)
8.2 (1.5) 1.3 (0.2) 6.3 (1.1) 0.9 (0.2) 0.0 (0.0) 16.8 (1.9) 7.3 (1 .1) 24.1 (2.2)

48.8 (7.9) 38.7 (8.7) 57.0 (11.8) 3.6 (2.1) 29.2 (3.3) 177.3 (17.1) 28.1 (2.7) 205.3 (17.3)
40.3 (9.7) 43 .8 (7.0) 56.2 (10.6) 3.2 (0.9) 38.7 (4.8) 182.2 (16.7) 31.4 (2.4) 213.6 (16.9)
89.1 (8.8) 82.5 (10.9) 113.2 (15.5) 6.8 (2.3) 67.9 (5.5) 359 .5 (21.7) 59.5 (3.2) 418.9 (21.9)
27.4 (9.8) 3.5 (1 .3) 16.6 (6.0) 2.1 (0.8) 0.0 (0.0) 49 .6 (11.6) 13.8 (5.0) 63.4 (126)

47.8 (31.7) 37.2 (24.2) 55.1 (35.3) 3.5 (3.0) 27.7 (14.5) 171 .1 (55.3) 27.1 (16.4) 198.2 (57.7)
29.6 (126) 32.7 (11.5) 41.9 (15.4) 2.4 (1.1) 29.6 (5.9) 136.2 (23.8) 23.6 (6.7) 159.7 (24.7)
77.4 (21.7) 69.9 (15.5) 96.9 (25.7) 5.9 (2.4) 57.3 (12.2) 307.3 (39.1) 50.6 (12.9) 357.9 (41.2)
7.4 (5.9) 1.1 (0.9) 5.2 (4.1) 0.5 (0.5) 0.0 (0.0) 14.1 (7.3) 4.4 (3.5) 18.5 (8.1)

44.6 (8.3) 35.7 (6.7) 52.5 (9.6) 3.3 (1.0) 27.3 (3.8) 163.3 (14.9) 26.0 (4.2) 189.3 (15.5)
35.2 (4.1) 38.2 (3.7) 47.5 (5.1) 2.9 (0.4) 34.4 (2.2) 158.2 (7.9) 27.3 (1.9) 185.5 (8.1)
79.8 (6.2) 73.9 (5.3) 100.0 (8.3) 6.2 (1.0) 61.7 (3.6) 321 .5 (12.2) 53.3 (3.5) 374.8 (127)
14.3 (2.9) 2.0 (0.4) 9.5 (1.8) 1 .2 (0.2) 0.0 (0.0) 26.9 (3.5) 8.5 (1 .6) 35.4 (3.8)



Appendix 12 - continued

5.

	

Mg

Block/Species

Subhy °c
CS1-5 spruce
(n=4)

	

fir
total living

standing dead

CS8,10,11spruce
(n=9)

	

fir
total living

standing dead

FL1-S spruce
(n=4)

	

fir
total living

standing dead

FL2-S spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

13.1 (3.2) 9.4 (2.0) 14.0 (18.7) 1 .3 (0.3) 7.3 (1.4) 45.2 (19.1) 4.6 (1.6) 49.7 (19.2)
13.1 (4.8) 6.4 (1.5) 10.4 (2.3) 1.1 (0.4) 5.9 (1.1) 36.8 (5.7) 3.6 (0.7) 40.4 (5.7)
26.2 (5.5) 15.9 (2.6) 24.4 (4.8) 2.4 (0.5) 13.2 (1.9) 82.0 (8.0) 8.1 (21) 70.1 (8.3)
9.7 (4.9) 1.4 (0.7) 3.7 (1.8) 0.5 (0.3) 0.0 (0.0) 15.3 (5.3) 1.4 (0.6) 16.7 (5.3)

11 .5 (2.4) 8.5 (1.5) 13.0 (3.5) 1 .1 (0.2) 7.6 (0.9) 41.6 (4.6) 4.1 (1.3) 45.6 (4.8)
13.2 (4.5) 7.0 (1.5) 11.4 (22) 1 .1 (0.4) 7.0 (1.0) 39.7 (5.3) 4.0 (1.4) 43 .7 (5.5)
24.7 (4.8) 15.5 (1 .9) 24.3 (4.0) 2.2 (0.4) 14.6 (1.1) 81.3 (6.6) 8.1 (1.9) 89 .4 (6.9)
5.2 (2.1) 0.8 (0.3) 2.3 (0.9) 0.3 (0.1) 0.0 (0.0) 8.5 (2.3) 0.9 (0.3) 9.4 (2.3)

20.1 (4.8) 15.0 (3.0) 22.2 (6.4) 2.0 (0.5) 13.6 (2.1) 72.9 (8.8) 7.3 (2.4) 80 .2 (9.1)
20.6 (7.7) 9.4 (1 .8) 15.0 (3.7) 1 .7 (0.6) 7.6 (1.7) 54.2 (8.9) 5.0 (2.0) 59.2 (9.1)
40.7 (7.5) 24.4 (2.7) 37.2 (6.1) 3.6 (0.6) 21.2 (1.9) 127.1 (10.2) 12.3 (3.0) 139.4 (10.6)
0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

5.2 (4.3) 3.9 (3.1) 5.8 (4.8) 0.5 (0.4) 3.3 (2.5) 18.8 (7.6) 1.9 (1.6) 20.7 (7.8)
65.1 (21.2) 28.1 (4.7) 45.1 (6.6) 5.3 (1.6) 20.6 (3.5) 164.2 (23.0) 14.6 (4.9) 178.8 (23.5)
70.3 (24.9) 32.1 (6.6) 50.9 (10.6) 5.8 (1.8) 23.9 (8.6) 183.0 (29.2) 16.5 (5.6) 199.5 (29.7)
22.0 (19.1) 2.8 (2.5) 8.4 (7.3) 1 .3 (1.1) 0.0 (0.0) 34.5 (20.6) 2.8 (2.4) 37.3 (20.7)

12.5 (1.9) 9.2 (1 .3) 13.8 (5.2) 1.2 (0.2) 8.0 (0.9) 44.7 (5.7) 4.5 (0.9) 49.1 (5.8)
28.0 (5.9) 12.7 (1.4) 20.5 (2.1) 2.3 (0.5) 10.3 (1.0) 73.7 (6.5) 6.8 (1.4) 80.5 (6.6)
40.5 (6.8) 22.0 (2.0) 34.2 (3.4) 3.5 (0.5) 18.3 (2.3) 118.4 (8.2) 11.3 (1.7) 129.7 (8.3)
9.2 (5.0) 1.3 (0.7) 3.5 (1.9) 0.5 (0.3) 0.0 (0.0) 14.5 (5.4) 1.3 (0.6) 15.8 (5.4)



Appendix 12 - continued

dig

Block/Species

Mesic
CS6, 7,9 spruce
(n=13)

	

fir
total living

standing dead

FL1-M spruce
(n=4)

	

fir
total living

standing dead

FL2-M spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Standard deviations are given in parentheses
n = number of samples

Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

7.4 (1.6) 5.9 (1.0) 8.8 (2.4) 0.7 (0.2) 1 .3 (0.1) 24.1 (3.1) 2.9 (0.9) 27.0 (3.2)
13.0 (4.0) 6.8 (1.1) 10.1 (1.4) 1.0 (0.3) 6.9 (0.7) 37.9 (4.4) 3.9 (1.3) 41.8 (4.6)
20.4 (4.4) 12.7 (1.6) 18.9 (2.9) 1.8 (0.3) 8.2 (0.7) 62.0 (5.6) 6.8 (1.6) 68.8 (5.8)
4.5 (1.6) 0.7 (0.2) 2.0 (0.7) 0.3 (0.1) 0.0 (0.0) 7.6 (1.8) 1.0 (0.3) 8.6 (1.8)

9.8 (2.0) 7.4 (1.2) 11 .0 (2.9) 1.0 (0.2) 6.4 (0.7) 35.5 (3.8) 3.6 (1.1) 39.1 (4.0)
14.7 (5.5) 7.9 (1.3) 12.7 (1.8) 1.2 (0.4) 8.1 (0.9) 44.6 (6.0) 4.5 (1.5) 49.1 (6.2)
24.4 (4.9) 15.3 (1.7) 23.7 (3.3) 2.2 (0.4) 14.5 (1 .1) 80.1 (6.3) 8.1 (1.9) 88.2 (6.6)
15 .1 (6.9) 1.9 (0.9) 5.3 (2.5) 0.7 (0.3) 0.0 (0.0) 23.0 (7.4) 1 .9 (0.9) 24.9 (7.5)

9.6 (6.4) 7.1 (4.5) 10.6 (7.0) 0.9 (0.6) 6.1 (3.2) 34.2 (11.0) 3.5 (2.3) 37.7 (11.2)
10.8 (5.6) 5.9 (2.1) 9.5 (3.3) 0.9 (0.4) 6.2 (1 .2) 33.3 (6.9) 3.4 (1.5) 36.6 (7.2)
20.3 (6.5) 13.0 (2.7) 20.1 (5.4) 1.9 (0.5) 12.3 (2.6) 67.5 (9.3) 6.9 (2.2) 74.4 (9.6)
4.1 (3.5) 0.6 (0.5) 1 .6 (1 .4) 0.2 (0.2) 0.0 (0.0) 6.4 (3.8) 0.6 (0.5) 7.0 (3.8)

8.9 (1.7) 6.8 (1.2) 10.6 (2.0) 0.9 (0.2) 6.0 (0.8) 33.2 (3.0) 3.3 (0.7) 36.5 (3.1)
12.8 (2.2) 6.9 (0.7) 10.7 (1 .0) 1.1 (0.2) 7.2 (0.4) 38.7 (2.5) 3.9 (0.6) 42.7 (2.6)
21 .7 (2.3) 13.7 (0.9) 21 .3 (1 .7) 2.0 (0.2) 13.2 (0.7) 71.9 (3.1) 7.3 (0.8) 79.2 (3.3)
7.9 (2.0) 1.1 (0.3) 3.0 (0.7) 0.4 (0.1) 0.0 (0.0) 12.3 (2.1) 1.2 (0.3) 13.5 (2.2)



Appendix 12 - continued

6 .

	

Ca

Block/Species

Subhy °c
CS1-5 spruce
(n=4)

	

fir
total living

standing dead

CS8,10,11spruce
(n=9)

	

fir
total living

standing dead

FL1-S spruce
(n=4)

	

fir
total living

standing dead

FL2-S spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

90.7 (14.2) 89.2 (22.7) 130.0 (26.3) 11 .8 (3.1) 64.9 (16.6) 386.6 (46.2) 55.1 (32.3) 441 .7 (56.4)
34.6 (9.7) 60.5 (13.9) 73.2 (15.9) 9.8 (2.4) 44.3 (9.3) 222.3 (25.1) 24.0 (16.9) 246.4 (30.3)
125.3 (15.9) 149.7 (26.7) 203.2 (30.8) 21 .5 (3.7) 109.2 (20.1) 608.9 (48.3) 79.1 (36.5) 688.1 (60.5)
41 .9 (22.6) 6.0 (3.1) 33.5 (17.3) 4.9 (2.6) 0.0 (0.0) 86.3 (28.7) 14.3 (10.6) 100.6 (30.6)

79.1 (7.5) 79.9 (17.4) 120.2 (18.4) 10.4 (2.3) 67.2 (14.1) 356.7 (30.0) 49.0 (28.0) 405.7 (41.0)
35.0 (8.8) 66.2 (13.2) 80.5 (14.8) 9.8 (2.2) 52.5 (9.5) 243.9 (23.8) 27.1 (18.7) 271 .0 (30.3)
114.1 (10.3) 146.0 (20.7) 200.7 (21.6) 20.2 (2.9) 119.7 (16.4) 600.6 (35.8) 76.1 (33.6) 676.7 (49.1)
22.5 (10.0) 3.5 (1.5) 20.6 (8.9) 2.5 (1 .1) 0.0 (0.0) 49.0 (13.5) 8.7 (6.0) 57.6 (14.8)

138.8 (20.1) 141 .6 (33.9) 205.9 (37.9) 18.1 (4.4) 121 .0 (28.3) 625 .3 (61.7) 88.2 (51 .2) 713.6 (80.2)
54.5 (16.0) 88.2 (15.7) 106.2 (25.2) 14.6 (3.9) 57.0 (14.0) 320 .6 (36.7) 33.7 (24.0) 354.3 (43.9)

193 .3 (14.7) 229.8 (31.6) 312.1 (30.7) 32.8 (4.4) 178.0 (27.2) 945 .9 (54.0) 121 .9 (56.2) 1067.8 (77.9)
0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

36.0 (28.6) 36.9 (30.0) 54.1 (42.8) 5.0 (3.8) 29 .5 (22.5) 161 .5 (63.8) 23.1 (22.2) 184.6 (67.6)
224.5 (51.0) 263.6 (40.2) 319.2 (2.5) 46.6 (8.7) 154.5 (30.5) 1008.4 (72.3) 98.9 (67.5) 1107.4 (98.9)
260.6 (70.0) 300.5 (59.3) 373.2 (74.0) 51 .6 (12.1) 184.0 (68.4) 1169.9 (136.8) 122.0 (71.5) 1291 .9 (154.4)
95.1 (84.5) 12.3 (10.9) 75.0 (66.9) 11 .1 (9.9) 0.0 (0.0) 193.5 (108 .8) 28.5 (29.5) 222.0 (112.7)

86.1 (9.6) 87.2 (13.4) 127.7 (16.4) 11.3 (1 .7) 70.9 (10.6) 383.2 (26.1) 53.9 (17.6) 437.0 (31.5)
74.2 (13.8) 119.7 (11.8) 144.8 (8.3) 20.1 (2.5) 77.3 (9.0) 435.9 (22.0) 46.0 (19.0) 481 .9 (29.1)

160.3 (18.5) 206.9 (18.8) 272.4 (22.1) 31.4 (3.4) 148.1 (19.5) 819.1 (39.7) 99.8 (25.9) 918.9 (47.4)
39.9 (22.0) 5.5 (2.9) 31.6 (17.4) 4.5 (2.6) 0.0 (0.0) 81.5 (28.3) 12.9 (8.0) 94.4 (29.4)



Appendix 12 - continued

Ca

Block/Species

Mesic
CS6, 7,9 spruce

(n=13)
(24.7)

total living
standing dead

FL1-M spruce
(n=4)

	

fir
total living

standing dead

FL2-M spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Standard deviations are given in parentheses
n = number of samples

Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

51.3 (5.2) 55.7 (12.3) 81 .7 (12.8) 6.8 (1.5) 50.2 (10.6) 245.7 (21.4) 35.2 (20.1) 280.8 (29.4)
fir 34.5 (7.1) 64.3 (9.7) 71.6 (9.0) 9.2 (1.6) 51.8 (7.7) 231.2 (17.0) 26.2 (17.9) 257.5

85.8 (9.2) 120.0 (16.2) 153.2 (17.1) 16.0 (2.2) 101.9 (13.6) 476.9 (28.8) 61.4 (27.0) 538.3 (39.5)
19.7 (7.7) 3.2 (1 .2) 18 .3 (7.0) 2.5 (1.0) 0.0 (0.0) 43.6 (10.5) 10.4 (6.8) 54.0 (125)

67.3 (4.1) 69.8 (14.5) 101 .8 (14.2) 9.1 (1.9) 56.8 (11 .9) 304.7 (24.0) 43.7 (24.8) 348.4 (34.5)
38.9 (11 .6) 74.3 (11.0) 90 .0 (11.3) 10.8 (1.8) 60.8 (9.2) 274.8 (21 .7) 30.4 (20.7) 305 .2 (30.0)
106.1 (8.9) 144.1 (17.8) 191.8 (17.4) 19.9 (2.6) 117.6 (14.8) 579.5 (30.4) 74.0 (32.2) 653 .5 (44.4)
65.3 (32.5) 8.4 (4.2) 48 .1 (24.0) 6.0 (3.1) 0.0 (0.0) 127.7 (40.7) 19.6 (14.4) 147.3 (43.2)

65.9 (42.6) 67.1 (43.3) 98.3 (61.2) 8.6 (5.8) 53.9 (29.7) 293.8 (91 .4) 11 .3 (9.3) 305.1 (91.9)
28.5 (13.1) 55.4 (8.4) 67.1 (22.8) 8.1 (3.4) 46.5 (10.0) 203.7 (29.6) 8.8 (6.5) 214.4 (30.3)
94.4 (25.5) 122.5 (26.5) 165 .4 (40.2) 16.7 (3.8) 100.4 (23.7) 497.5 (59.5) 20.1 (10.0) 519.6 (60.3)
17.6 (15.3) 2.6 (2.2) 14.7 (12.7) 1.5 (1.5) 0.0 (0.0) 36.3 (20.1) 6.3 (6.3) 42.5 (21.1)

61.5 (10.8) 64.4 (11.8) 93 .7 (16.0) 8.2 (1.6) 53.1 (8.4) 280.9 (24.2) 40.4 (8.3) 321 .3 (25.6)
33.9 (4.7) 64.9 (4.2) 76.0 (6.8) 9.8 (1.0) 54.0 (3.9) 238.6 (10.1) 26.5 (7.0) 265.1 (123)
95.4 (7.1) 129.3 (9.0) 169.8 (11.8) 17.9 (1.3) 107.1 (7.8) 519.5 (18.2) 66.8 (10.8) 586.3 (21.2)
34.2 (9.2) 4.7 (1.2) 27.2 (7.0) 3.5 (0.9) 0.0 (0.0) 69.5 (11 .7) 12.1 (4.3) 81.5 (124)



Appendix 12- continued

7.

	

Fe

Block/Species

Subhy °c
CSI-5 spruce
(n=4)

	

fir
total living

standing dead

CS8,10,11spruce
(n=9)

	

fir
total living

standing dead

FL1-S spruce
(n=4)

	

fir
total living

standing dead

FL2-S spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

5.3 (5.3) 0.9 (0.7) 3.6 (1 .5) 0.2 (0.1) 1.0 (0.3) 11.0 (5.6) 3.9 (4.6) 14.8 (7.2)
1.3 (0.7) 0.5 (0.1) 1.8 (0.9) 0.2 (0.1) 1.7 (3.8) 5.6 (4.0) 1 .4 (0.8) 6.9 (4.1)
6.6 (5.3) 1 .4 (0.7) 5.5 (1 .7) 0.4 (0.1) 2.7 (3.8) 16.5 (6.8) 5.2 (4.7) 21 .8 (8.3)
1.4 (0.7) 0.2 (0.1) 0.6 (0.3) 0.1 (0.0) 0.0 (0.0) 2.6 (0.8) 0.9 (0.4) 3.3 (0.9)

4.6 (4.6) 0.8 (0.6) 3.3 (1 .3) 0.2 (0.0) 1.0 (0.3) 9.9 (4.8) 3.4 (4.1) 13.3 (6.3)
1.3 (0.7) 0.5 (0.1) 2.0 (0.9) 0.2 (0.1) 2.0 (4.5) 6.1 (4.6) 1 .6 (0.9) 7.7 (4.7)
5.9 (4.6) 1 .4 (2.0) 5.4 (1.6) 0.4 (0.1) 3.0 (4.5) 16.0 (6.9) 5.0 (4.2) 21 .0 (8.1)
0.8 (0.3) 0.1 (0.0) 0.4 (0.1) 0.1 (0.0) 0.0 (0.0) 1 .3 (0.3) 0.6 (0.2) 1 .9 (0.4)

8.0 (8.1) 1 .5 (1.1) 5.7 (2.3) 0.3 (0.1) 1.8 (0.5) 17.3 (8.5) 6.2 (7.3) 23.5 (11.2)
2.1 (1.1) 0.7 (0.2) 0.3 (0.1) 0.4 (0.2) 2.2 (4.9) 5.6 (5.0) 1 .9 (1.2) 7.5 (5.1)

10.1 (8.1) 2.2 (1.1) 6.0 (1.7) 0.6 (0.2) 4.0 (4.9) 22.9 (9.7) 8.1 (7.4) 31 .0 (12.2)
0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

2.1 (2.7) 0.4 (0.4) 1.5 (1 .3) 0.1 (0.1) 0.4 (0.6) 4.5 (3.1) 1 .6 (2.3) 6.1 (3.9)
6.6 (3.4) 2.1 (0.4) 8.0 (3.5) 1 .1 (0.4) 6.0 (13.2) 23.7 (14.1) 5.7 (3.3) 29.4 (14.5)
8.6 (4.3) 2.5 (0.6) 9.5 (3.8) 1 .2 (0.5) 6.4 (13.4) 28.2 (14.6) 7.3 (4.0) 35.5 (15.1)
3.3 (2.8) 0.4 (0.2) 1.7 (0.7) 0.3 (0.1) 0.0 (0.0) 5.7 (2.9) 1 .8 (0.8) 7.5 (3.0)

5.0 (2.8) 0.9 (0.4) 3.6 (0.8) 0.2 (0.0) 1.1 (0.2) 10.7 (2.9) 3.8 (2.5) 14.5 (3.8)
2.8 (0.9) 1.0 (0.1) 3.6 (0.9) 0.5 (0.1) 3.0 (3.8) 10.9 (4.0) 2.6 (0.9) 13.5 (4.2)
7.8 (2.9) 1.9 (0.6) 7.2 (1.2) 0.7 (0.1) 4.1 (3.8) 21 .5 (5.0) 6.4 (2.6) 28.0 (5.7)
1.4 (0.7) 0.2 (0.1) 0.7 (0.2) 0.1 (0.0) 0.0 (0.0) 2.3 (0.8) 0.8 (0.2) 3.1 (0.8)



Appendix 12- continued

Fe

Block/Species

Mesic
CS6, 7,9 spruce
(n=13)

	

fir
total living

standing dead

FL1-M spruce
(n=4)

	

fir
total living

standing dead

FL2-M spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Standard deviations are given in parentheses
n = number of samples

Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

3.0 (3.0) 0.6 (0.4) 2.3 (0.9) 0.1 (0.0) 0.8 (0.2) 6.7 (3.2) 2.5 (2.9) 9.2 (4.3)
1.3 (0.7) 0.5 (0.1) 1 .8 (0.8) 0.2 (0.1) 2.0 (4.4) 5.8 (4.5) 1.5 (0.9) 7.3 (4.6)
4.3 (3.1) 1 .1 (0.4) 4.1 (1.2) 0.3 (0.1) 2.8 (4.4) 12.5 (5.5) 4.0 (3.0) 6.5 (6.3)
0.7 (0.2) 0.1 (0.0) 0.3 (0.1) 0.1 (0.0) 0.0 (0.0) 1.1 (0.2) 0.7 (0.2) 1 .8 (0.3)

3.9 (3.9) 0.7 (0.5) 2.8 (1.1) 0.1 (0.0) 0.9 (0.2) 8.5 (4.1) 3.1 (3.6) 11 .5 (5.5)
1.5 (0.8) 0.6 (0.1) 2.3 (1.0) 0.3 (0.1) 2.4 (5.2) 6.9 (5.4) 1.7 (1.0) 8.7 (5.5)
5.4 (4.0) 1 .3 (0.5) 5.1 (1.4) 0.4 (0.1) 3.2 (5.2) 5.4 (6.7) 4.8 (3.7) 20.2 (7.7)
2.2 (1 .0) 0.3 (0.1) 1 .0 (0.4) 0.1 (0.1) 0.0 (0.0) 3.6 (1.0) 1 .2 (0.6) 4.8 (1.2)

3.8 (4.5) 0.7 (0.7) 2.7 (2.0) 0.1 (0.1) 0.8 (0.5) 8.2 (5.0) 3.0 (3.9) 11 .1 (6.3)
1.1 (0.7) 0.4 (0.2) 1 .7 (0.9) 0.2 (0.1) 1 .8 (4.0) 5.2 (4.2) 1.3 (0.8) 6.5 (4.3)
4.9 (4.1) 1 .1 (0.5) 4.4 (1.6) 0.3 (0.1) 2.6 (4.0) 13.4 (6.0) 4.3 (3.7) 7.7 (7.0)
0.6 (0.5) 0.1 (0.1) 0.3 (0.2) 0.0 (0.0) 0.0 (0.0) 1.0 (0.5) 0.4 (0.3) 1 .4 (0.6)

3.6 (1 .7) 0.7 (0.2) 2.6 (0.6) 0.1 (0.0) 0.8 (0.1) 7.8 (1.8) 2.8 (1.5) 10.6 (2 .4)
1.3 (0.3) 0.5 (0.1) 1 .9 (0.4) 0.2 (0.0) 2.1 (2.0) 6.0 (2.1) 1.5 (0.4) 7.5 (2 .1)
4.8 (1 .6) 1 .2 (0.2) 4.5 (0.6) 0.4 (0.0) 2.9 (2.0) 13.8 (2.6) 4.4 (1.5) 8.1 (3.0)
1.2 (1 .1) 0.2 (0.0) 0.5 (0.1) 0.1 (0.0) 0.0 (0.0) 2.0 (0.3) 0.8 (0.2) 2.7 (0.3)



Appendix 12- continued

8 .

	

Cu

Block/Species

Subhygric
CS1-5 spruce
(n=4)

	

fir
total living

standing dead

CS8,10,11spruce
(n=9)

	

fir
total living

standing dead

FL1-S spruce
(n=4)

	

fir
total living

standing dead

FL2-S spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Stemwood

	

Stembark

	

Live

	

Dead
Branches

	

Branches
Foliage

	

Aboveground Roots

	

Tree
Total

	

Total

1.3 (0.2) 0.1 (0.1) 0.2 (0.2) 0.0 (0.0) 0.1 (0.0) 1 .8 (0.3) 0.4 (0.4) 2.1 (0.5)
0.0 (0.0) 0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.1 (0.1) 0.2 (0.1) 0.0 (0.0) 0.2 (0.1)
1.3 (0.7) 0.1 (0.1) 0.4 (0.3) 0.1 (0.0) 0.2 (0.1) 2.0 (0.8) 0.4 (0.4) 2.4 (0.9)
0.4 (0.1) 0.1 (0.0) 0.1 (0.0) 0.0 (0.0) 0.0 (0.0) 0.5 (0.1) 0.0 (0.0) 0.5 (0.1)

1.5 (0.1) 0.1 (0.1) 0.2 (0.2) 0.0 (0.0) 0.1 (0.0) 2.0 (0.2) 0.3 (0.3) 2.3 (0.4)
0.0 (0.0) 0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.1 (0.1) 0.2 (0.1) 0.0 (0.0) 0.2 (0.1)
1.5 (0.9) 0.1 (0.1) 0.4 (0.3) 0.0 (0.0) 0.2 (0.1) 2.2 (1 .0) 0.3 (0.3) 2.5 (1.0)
0.2 (0.1) 0A (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.3 (0.1) 0.0 (0.0) 0.3 (0.1)

2.0 (0.3) 0.2 (0.2) 0.4 (0.4) 0.0 (0.0) 0.2 (0.0) 2.8 (0.5) 0.6 (0.6) 3.3 (0.8)
0.0 (0.0) 0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.1 (0.1) 0.2 (0.1) 0.0 (0.0) 0.2 (0.1)
2.0 (1.0) 0.2 (0.2) 0.5 (0.3) 0.1 (0.1) 0.2 (0.1) 3.0 (1.1) 0.6 (0.6) 3.6 (1.3)
0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

0.5 (0.4) 0.1 (0.1) 0.1 (0.1) 0.0 (0.0) 0.0 (0.0) 0.7 (0.4) 0.2 (0.2) 0.9 (0.4)
0.0 (0.0) 0.0 (0.0) 0.6 (0.6) 0.1 (0.1) 0.2 (0.2) 0.9 (0.6) 0.0 (0.0) 0.9 (0.6)
0.5 (3.2) 0.1 (0.1) 0.7 (0.6) 0.1 (0.1) 0.3 (0.2) 1.6 (3.3) 0.2 (0.2) 1 .7 (3.3)
0.8 (0.7) 0.1 (0.1) 0.1 (0.1) 0.0 (0.0) 0.0 (0.0) 1 .1 (0.7) 0.0 (0.0) 1 .1 (0.7)

1 .3 (0.1) 0.1 (0.1) 0.2 (0.1) 0.0 (0.0) 0.1 (0.0) 1.7 (0.2) 0.3 (0.2) 2.1 (0.3)
0.0 (0.0) 0.0 (0.0) 0.3 (0.2) 0.0 (0.0) 0.1 (0.1) 0.4 (0.2) 0.0 (0.0) 0.4 (0.2)
1.3 (0.9) 0.1 (0.1) 0.5 (0.2) 0.1 (0.0) 0.2 (0.1) 2.1 (0.9) 0.3 (0.2) 2.5 (1.0)
0.3 (0.2) 0.1 (0.0) 0.1 (0.0) 0.0 (0.0) 0.0 (0.0) 0.5 (0.2) 0.0 (0.0) 0.5 (0.2)



Appendix 12 - continued
Cu

Block/Species

Mesic
CS6,7,9 spruce
(n=13)

	

fir
total living

standing dead

FL1-M spruce
(n=4)

	

fir
total living

standing dead

FL2-M spruce
(n=3)

	

fir
total living

standing dead

Average spruce
fir

total living
standing dead

Standard deviations are given in parentheses
n = number of samples

Stemwood Stembark Live
Branches

Dead
Branches

Foliage Aboveground
Total

Roots Tree
Total

0.7 (0.1) 0.1 (0.1) 0.1 (0.1) 0.0 (0.0) 0.1 (0.0) 1.1 (0.2) 0.2 (0.2) 1 .3 (0.3)
0.0 (0.0) 0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.1 (0.1) 0.2 (0.1) 0.0 (0.0) 0.2 (0.1)
0.7 (0.6) 0.1 (0.1) 0.3 (0.2) 0.0 (0.0) 0.1 (0.1) 1 .3 (0.6) 0.2 (0.2) 1 .5 (0.6)
0.2 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.3 (0.0) 0.0 (0.0) 0.3 (0.0)

1 .0 (0.7) 0.1 (0.1) 0.2 (0.2) 0.0 (0.0) 0.1 (0.0) 1 .4 (0.7) 0.3 (0.3) 1 .6 (0.8)
0.0 (0.0) 0.0 (0.0) 0.2 (0.2) 0.0 (0.0) 0.1 (0.1) 0.3 (0.1) 0.0 (0.0) 0.3 (0.1)
1 .0 (0.7) 0.1 (0.1) 0.3 (0.2) OA (0.0) 0.2 (0.1) 1 .6 (0.7) 0.3 (0.3) 1 .9 (0.8)
0.6 (0.2) 0.1 (0.0) 0.1 (0.0) 0.0 (0.0) 0.0 (0.0) 0.7 (0.2) 0.0 (0.0) 0.7 (0.2)

1 .0 (0.6) 0.1 (0.1) 0.2 (0.2) 0.0 (0.0) 0.1 (0.0) 1 .3 (0.6) 0.3 (0.3) 1 .6 (0.7)
0.0 (0.0) 0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.1 (0.0) 0.2 (0.1) 0.0 (0.0) 0.2 (0.1)
1 .0 (0.6) 0.1 (0.1) 0.3 (0.2) 0.0 (0.0) 0.1 (0.1) 1.5 (0.6) 0.3 (0.3) 1 .8 (0.7)
0.2 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.2 (0.1) 0.0 (0.0) 0.2 (0.1)

0.9 (0.1) 0.1 (0.0) 0.2 (0.1) 0.0 (0.0) 0.1 (0.0) 1.2 (0.2) 0.3 (0.1) 1 .5 (0.2)
0.0 (0.0) 0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.1 (0.0) 0.2 (0.0) 0.0 (0.0) 0.2 (0.0)
0.9 (0.3) 0.1 (0.0) 0.3 (0.1) 0.0 (0.0) 0.1 (0.0) 1.5 (0.3) 0.3 (0.1) 1 .7 (0.3)
0.3 (0.1) 0.0 (0.0) 0.1 (0.0) 0.0 (0.0) 0.0 (0.0) 0.4 (0.1) 0.0 (0.0) 0.4 (0.1)
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Appendix 13 - continued
2. Belowground

A) Subhygric ecosystems

Nutrient/
S ecies Grou

N

	

shrubs

herbs & ferns

total

•

	

shrubs

herbs & ferns

total

S

	

shrubs

herbs & ferns

total

•

	

shrubs

herbs & ferns

total

Mg

	

shrubs

herbs & ferns
total

Ca

	

shrubs

herbs & ferns

total

•

	

shrubs

herbs & ferns

total

Cu

	

shrubs

herbs & ferns

total

CSO CSI-5 CS81011 FLI-S FL2-S WC-84 BC2 K32 Avera e

3.17 (1.27) 3.23 (0 .84) 1.18 (0.24) 5.31 (2 .43) 1.27 (0.30) 2.15 (0.13) 3.56 (0 .76) 5.11 (0.67) 3.12 (0 .38)
13.12 (7.38) 3.49 (2 .47) 4.84 (2.61) 6.15 (4 .98) 9.69 (5.01) 0.97 (0.04) 0.97 (0 .04) 0.97 (0.04) 5.03 (1.35)
16.29 (7.49) 6.72 (2 .61) 6.02 (2.62) 11 .46 (5 .54) 10.96 (5.02) 3.12 (0.14) 4.53 (0 .77) 6.08 (0.67) 8.15 (1 .41)

0.53 (0.20) 0.52 (0.13) 0.17 (0.03) 0.97 (0.48) 0.18 (0 .05) 0.32 (0.02) 0.54 (0 .13) 0.77 (0.10) 0.50 (0.07)
2.05 (1.14) 0.57 (0.38) 0.80 (0.40) 0.98 (0.77) 1.53 (0 .79) 0.19 (0.01) 0.19 (0 .01) 0.19 (0.01) 0.81 (0.21)
2.58 (1.16) 1.09 (0.40) 0.97 (0.40) 1.95 (0 .82) 1.71 (0 .79) 0.51 (0.02) 0.73 (0 .13) 0.96 (0.10) 1.31 (0 .22)

0.40 (0.17) 0.42 (0.11) 0.16 (0.03) 0.66 (0 .30) 0.17 (0 .05) 0.29 (0.02) 0.48 (0 .14) 0.70 (0.09) 0.41 (0.05)
1.40 (0.78) 0.35 (0.26) 0.52 (0.27) 0.67 (0 .53) 1.04 (0 .53) 0.13 (0.00) 0.13 (0 .00) 0.13 (0.00) 0.55 (0.14)
1.80 (0.80) 0.77 (0.28) 0.68 (0.27) 1.33 (0 .37) 1.21 (0 .53) 0.42 (0.02) 0.61 (0 .14) 0.83 (0.09) 0.96 (0.14)

1.10 (0.44) 1.10 (0.28) 0.40 (0.08) 1.83 (0 .84) 0.44 (0 .11) 0.75 (0.05) 1.34 (0 .83) 1.80 (0.24) 1.10 (0.17)
9.95 (5.39) 2.25 (1 .79) 3.20 (1 .89) 4.95 (3 .70) 7.52 (3 .90) 1.54 (0.22) 1.54 (0 .22) 1.54 (0.22) 4.06 (1 .01)

11.05 (5.41) 3.35 (1 .81) 3.60 (1 .89) 6.78 (3 .79) 7.96 (3 .90) 2.29 (0.23) 2.88 (0 .86) 3.34 (0 .32) 5.16 (1 .02)

0.40 (0.16) 0.44 (0.13) 0.17 (0.04) 0.76 (0 .37) 0.17 (0 .05) 0.25 (0.02) 0.47 (0 .14) 0.68 (0 .10) 0.42 (0 .06)
2.40 (1.37) 0.59 (0.45) 0.83 (0 .48) 1.09 (0 .93) 1 .75 (0 .91) 0.17 (0 .01) 0.17 (0 .01) 0.17 (0 .01) 0.90 (0 .25)
2.80 (1.38) 1 .03 (0.47) 1.00 (0 .48) 1.85 (1 .00) 1.92 (0 .91) 0.42 (0 .02) 0.64 (0 .14) 0.85 (0 .10) 1.31 (0 .26)

1.22 (0.52) 1 .15 (0.31) 0.38 (0 .08) 2.31 (1 .10) 0.42 (0 .10) 0.57 (0 .04) 0.75 (0.17) 1 .49 (0 .21) 1.04 (0.16)
1.96 (1 .14) 0.67 (0 .36) 0.98 (0 .40) 1.06 (0 .76) 1.53 (0.92) 0.47 (0 .08) 0.47 (0.08) 0.47 (0,08) 0.95 (0.22)
3.18 (1 .25) 1 .82 (0 .48) 1.36 (0 .41) 3.37 (1 .34) 1.95 (0.93) 1.04 (0 .09) 1.22 (0.19) 1.96 (0 .22) 1.99 (0 .27)

0.28 (0 .13) 0.27 (0 .07) 0.08 (0 .02) 0.22 (0 .06) 0.11 (0.03) 0.15 (0 .01) 0.20 (0.03) 0.37 (0 .06) 0.21 (0 .02)
0.67 (0.32) 0.31 (0 .13) 0.46 (0 .13) 0.44 (0.31) 0.57 (0.45) 0.10 (0 .02) 0.10 (0.02) 0.10 (0 .02) 0.34 (0.08)
0.95 (0.35) 0.58 (0 .15) 0.54 (0.13) 0.66 (0.32) 0.68 (0.45) 0.25 (0 .02) 0.30 (0.04) 0.47 (0 .06) 0.55 (0.09)

0.00 (0.00) 0.00 (0 .00) 0.00 (0.00) 0.00 (0.00) 0A0 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0 .00)



Appendix 13 - continued

Standard errors are in parentheses
* Average values for aboveground subhygric ecosystem exclude BC2 data

rn

B) Mesic ecosystems

Nutrient/
Species Group CS6,7,9 FL1-M FL2-M BM-71 CP19 MC BC1 BC3 Average

N shrubs 2.82 (0 .50) 1 .44 (0.34) 2.10 (0.63) 1.12 (0.12) 0.62 (0 .04) 7.30 (1.25) 4.92 (0 .67) 5.11 (0.75) 3.18 (0.23)
herbs & ferns 0.09 (0 .00) 1 .86 (1.36) 6.21 (1 .90) 0.45 (0.09) 0.29 (0 .10) 5.52 (1.55) 3.49 (1 .07) 2.23 (0.58) 2.52 (0.38)

total 3.01 (0 .50) 3 .30 (1.40) 8.31 (2.00) 1.57 (0.15) 0.91 (0 .11) 12.82 (1.99) 8.41 (1 .26) 7.34 (0.95) 5.70 (0.45)

P shrubs 0.43 (0 .07) 0.22 (0.05) 0.32 (0.09) 0.17 (0.02) 0.09 (0 .01) 0.96 (0.15) 0.75 (0 .10) 0.79 (0.12) 0.46 (0.03)
herbs & ferns 0.02 (0 .00) 0.29 (0.21) 0.96 (0.29) 0.10 (0.02) 0.06 (0 .02) 1.08 (0.30) 0.68 (0 .21) 0.44 (0.12) 0.45 (0.07)

total 0.45 (0 .07) 0.51 (0.22) 1.28 (0.30) 0.27 (0.03) 0.15 (0 .02) 2.04 (0.33) 1.43 (0 .23) 1.23 (0.17) 0.92 (0.07)

S shrubs 0.40 (0 .07) 0.20 (0.05) 0.29 (0.09) 0.16 (0.02) 0.09 (0 .01) 0.83 (0.14) 0.67 (0 .10) 0.68 (0.10) 0.42 (0.03)
herbs & ferns 0.01 (0 .00) 0.20 (0.15) 0.66 (0.20) 0.06 (0.01) 0.04 (0 .01) 0.75 (0.21) 0.47 (0 .14) 0.30 (0.08) 0.31 (0.05)

total 0.41 (0 .07) 0.40 (0.16) 0.95 (0.22) 0.22 (0.02) 0.13 (0 .01) 1.58 (0.25) 1.14 (0 .17) 0.98 (0.13) 0.73 (0.05)

K shrubs 1.29 (0 .39) 0.52 (0.13) 0.74 (0.21) 0.38 (0.04) 0.21 (0 .01) 2.20 (0.33) 1.73 (0 .24) 1.83 (0.28) 1.11 (0.08)
herbs & ferns 0.17 (0 .03) 1 .45 (0.98) 4.61 (1 .38) 0.84 (0.23) 0.46 (0 .16) 8.80 (2.51) 5.55 (1 .72) 3.55 (0.94) 3.18 (0.45)

total 1.46 (0.39) 1 .97 (0.99) 5.35 (1 .40) 1.22 (0.23) 0.67 (0 .16) 11.00 (2.53) 7.28 (1 .74) 5.38 (0.98) 4.29 (0.46)

Mg shrubs 0.40 (0.08) 0.19 (0.05) 0.28 (0.09) 0.15 (0.02) 0.09 (0 .01) 0.79 (0.15) 0.63 (0 .10) 0.64 (0.10) 0.39 (0.03)
herbs & ferns 0.01 (0.00) 0.34 (0.25) 1.15 (0.35) 0.07 (0.01) 0.05 (0.02) 0.99 (0.28) 0.62 (0 .19) 0.40 (0.10) 0.45 (0.07)

total 0.41 (0.08) 0.53 (0.25) 1.43 (0.36) 0.22 (0.02) 0.14 (0 .02) 1.78 (0.32) 1.25 (0.22) 1.04 (0.14) 0.85 (0.08)

Ca shrubs 0.85 (0.17) 0.45 (0.10) 0.48 (0.13) 0.23 (0 .02) 0.13 (0.01) 1.52 (0.22) 1.27 (0.15) 1.31 (0.19) 0.78 (0.05)
herbs & ferns 0.06 (0.01) 0.30 (0.20) 0.87 (0.34) 0.30 (0.09) 0.14 (0.05) 2.66 (0.77) 1.68 (0.52) 1.07 (0.29) 0.89 (0.13)

total 0.91 (0 .17) 0.75 (0.22) 1.35 (0.36) 0.53 (0.09) 0.27 (0.05) 4.18 (0.80) 2.95 (0 .54) 2.38 (0.35) 1.67 (0 .14)

Fe shrubs 0.20 (0 .04) 0.12 (0.03) 0.14 (0.03) 0.07 (0.01) 0.03 (0 .00) 0.42 (0.06) 0.34 (0 .04) 0.36 (0.04) 0.20 (0.01)
herbs & ferns 0.01 (0 .00) 0.07 (0.05) 0.24 (0.07) 0.04 (0.01) 0.03 (0 .01) 0.59 (0.17) 0.37 (0 .11) 0.24 (0.06) 0.20 (0.03)

total 0.21 (0 .04) 0.19 (0.06) 0.38 (0.08) 0.11 (0.01) 0.06 (0 .01) 1 .01 (0.18) 0.71 (0 .12) 0.60 (0.07) 0.41 (0.03)

Cu shrubs 0.00 (0 .00) 0.00 (0 .00) 0.00 (0.00) 0.00 (0.00) 0.00 (0 .00) 0.00 (0.00) 0.00 (0 .00) 0.00 (0.00) 0.00 (0.00)
herbs & ferns 0.00 (0 .00) 0.00 (0 .00) 0.00 (0.00) 0.00 (0.00) 0.00 (0 .00) 0.00 (0.00) 0.00 (0 .00) 0.00 (0.00) 0.00 (0.00)

total 0.00 (0 .00) 0.00 (0 .00) 0.00 (0.00) 0.00 (0.00) 0.00 (0 .00) 0.00 (0.00) 0.00 (0 .00) 0.00 (0.00) 0.00 (0.00)



Appe, 14. Nutrient content (kg/ha) of coarse woody debrls ifi the forests of the study area. 

w 
CS6,7,9 
m1-M 
FL2-M 
BM-71 
BC-85E 
SF 100 
CP19 
MC 
BCl 
BC3 
MCm8-M 
PD98-c 
m - D  
Oe23 
MCS1-M 
RSC 
RS-E 

Standard errors irre in pmthcsts.  
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Appendix 16. Nument content &g/ha) of the d a c e  20 cm of mineral soils in the study area. 

BlQck 

S u b h v ~ c  
CSO 
CS1-5 
CS8,10,11 
FL1-S 
m-S 
WC-84 
MCM58-S 
MC81 S 

Average 

Mesic 
CS6,7,9 
IrLl -M 
m - M  
BM-71 
SF 100 
MC 
BC1 
B a  
MCM58-M 
PD98-C 
PW98-D 
OC23 
MC81-M 
RS-C 
RS-E 

Average 

Mheralizable Total 
N N 

Extractable Total 
n C 

554 (62) 
358 (47) 
276 119) 
477 (45) 
293 (28) 
270 (38) 
106 (SO) 
420 (59) 

Extractable 
K M g  Ca Fe Cu 

Standard mors are in parentheses. 



Appendfx 17 Temporal varjation In mineral soil leachate chemistry In the 
i intensive study area. 

For all figures - 

undisturbd mbhygric forest 
subhygric low severity fall bum 
subhygric untreated slash 
subhygric mechanical treatment 
subhygric low severity spring burn 
mesic low swwity fall burn 
mesic untreated slash (Camp Six) 
subhygric moderate severity fall burn 
mesic moderate severity falI burn 
mesic untreated slash Fowler Lake) 

Note 1) In 1988, prior to hamesting, 3M data represent the average value fox leachates 
collected from the subhygric-untreated slash (Camp Six), low severity spring 
and fall bums and the mechanical treatment plots. 

2) In 1990, FLMB data for August (prior to burning} represent the average value 
for Ieachates collected h r n  the mesic moderate severity fall burn plots. 
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ORGANIC N 
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Appendix 18 Biomass (g/m2) of non-tree wgehtion in the intensive study area dearcut plots. 

a) Camp Six plots at the height of the fist post-treafment growing season (1990). 

Species/ low severity untreated mechanically low severity 
Species goup faU slash sca*ed spring 

burn burn 
(CSI-3) (CSI-3) (CS1-3) ~CN-5) 

Menziesia 
Rhododendron 
Vaccinium mmbramceum 
Vm'nium ovalifilium 
Other shrubs 
Gyrnnocrwpium 
other ferns 
Arnica 
Epi!obildm 
Valm'mn 
Verafrurn 
Grasses 
Other herbs 
Mosses 

Total 75 (35) 248 (140) 45 124) 58 (11) 

low severity untreated low severity 
falI slash fall 
burn burn 

Standard errors are given in parentheses. 



Appendix 18 - continued 

b) Camp Six plots at the height of the second post-treatment growing season (1991), 

species/ 
species group 

M d s i a  
~ o d o d m d r o n  
V~~cM'nium mem bra tiaceurn 
Vaccaacca~iurn omlifPIitrrn 
Other s h b s  
Gymnocarplrplum 
Other ferns 
Arnica 
Epilobium 
Valeriam 
vmtrum 
Grasses 
Other herbs 
Mosses 

Subhygric Mesic 
low severity untreated mechanically low severity low severity untreated low severity 

fall slash scarified spring fall slash fall 
bum burn burn burn 

(CS1-3) (CSI-3) (CS1-3) ((34-5) 0 6 )  ( ( 3 6 )  0 7 & 9 )  

Standard errors are given in parentheses. 



Appendix I8 - continued 

C) Camp Six plots at the height of the third post-treatment growing season (1992). 

Species/ low severity untreated mechanically low severity low severity untreated low severity 
Species greup fall s h h  sca&ed S P - ~  fall slash fall 

burn bum burn burn 
(CSI-3) (el-3) (CSI-3) C54-51 CCs6) 0 6 )  (CS7SS) 

Menzksia 
Rhododendron 
Vdniunt  rnembmnacmm 
Vacciniurn ovalifoliurn 
Other s h b s  
Gymnocarpiurn 
Other f m  
Amica 
Epnlobium 
Valeriana 
Verafrurn 
Grasses 
Other herbs 
Mosses 

Total 

39 (82) not 
84 (128) measured 
31 (87) 
10 (29) 
6 117) 
9 (23) 

0 (01 
2 m 
0 (0) 
4 (4) 
3 (14) 
3 0 
43 (14) 
320 (260) 

. . - -. . - -- 

Standard erroxs are given in parentheses. 



d) Fowler Lake lots at the height of the growing season both pre- (1990) and the first three years post- burning (1991, 
1992, and 1 98 3). 

Subhygric Mesic 

Species Year 1 Year 2 Year3 Year 1 Year 2 Year 3 

M e  
Rhdosmdron 
Vaccinium mernbramm 
Vaccjnium walifolim 
Other s h b s  
Gymnocarpiurn 
Other farm 
Amim 
EpiEobium 
Valel-jana 
vmtmm 
Grasses 
Other hexbs 
Mosses 

Total 297 (38) 41 (11) 176 (60) 252 (62) 157 (18) 33 (9) 133 (65) 208 m> 
-. 

Standard errors a n  given in parentheses. 



Appendlx 19 Shrub and herb cover and height in the pe-ent vegetation plots in the Camp Six Ck. 
area. 

A]I Mean cover for the most abundant shrub species, by year, ecosystem and treatment. 

Species Hear Ecosysteflreatment 

Untreated Spring Low Severity Mechanical Untreated Low Severity 
Slash Burn Pall Bum Slash Fall Burn 

Vaccinim uvd@lium 

Ribes lacustre 

Year 0 = preharvesbg 
Year 1, 2, 3 = flrst, second, and third years post site preparation 
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Appendix 19 - continued 

B) Mean cwer  for the most abundant herb species, by year, ecosystem and treatment. 

s a t e d  Spring Low Sevedty Mechanical Untreated Severity 
Slash Bum FallBum Slash Fall Bum 



Appendix 20 Mean percent change in shrub and herb cover and height as a function of 
forest floor depth of bum, as determined from the permanent vegetation 
plots in the Camp Six Ck study axea 

Shrub cover 
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Appendix 20 - 

B) Herbs 
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Appendlx 21 Forest floor chemistrgr before and for the &st 3 years post-treatment h the intensive study are; 
Standard devbations are given in parentheses aRer the mean d u e s .  

- 

TreaunentlChemical Pretreatment After harvesting First year Second year Third year 
Par amem (vear) before site preparation post lxmment post ~eatment post treatment 

b!w 0 hzcl 

A) Camp S i x  Area 
1) Subh~mic undisturbed forest (CSO) 

2) Untreated slash (CSI-3) 

pH 4.6 (0.1) 
N 1,553 (-166) 

M h  - N 172.0 (40.4) 
P .094 (-029) 
S -128 C.019) 
K .211 1.036) 
Mg -069 (.018) 
Ca -366 1.1883 

In = 30) 
3) Subhvwic low severitv fall burn (CS1-3) 

PH 4.6 (0.1) 
N 1.353 (.166) 

M n  - N 172.0 (40.4) 
P -094 C.029) 
S -128 1.019) 
K -21.1 6036) 
Mg -069 1.018) 
Ca -366 1,388) 



Appendfx 2 1 - continued 
Treament/Chemicaf Pretreatment After harvesting First year Second year M Y =  

Parameter b!!3d More site preparation post trearment post aeatment post lreammt 
mad k a d  w 

rn UtE? m m EB2 
(n = 30) (n = 330) (n= 10) In = 10) 

4) Subhvwic mhanicanv scarified (CS 1-3) 

PH 4.6 (0.1) 4.8 (0.3) s.0 (0.2) 4.9 (0.2) 4.9 (0.1) 
N 1.353 (.166) 1.311 (.123) 1.234 (.211) 1.455 (.W9) 1.437 (.087) 

& - N  172.0 (40.4) 211.3 (73.4) 599.1 (3 12.9) 366.0 (46.2) 175.4 (1 07.0) 
P .094 1.029) .099 (-034) .la8 1.022) .I08 I.016) .I  10 (-024) 
S -128 c.019) -130 1.024) .I31 (-038) .I31 (.038) -126 (.034) 
R 211 (.036) .245 (.089) .la0 (-040) .I68 (.046) -290 (.045) 
Mg .OM (.OlS) .088 C.027) .098 C.012) .085 (.OlO> -085 (.013) 
Ca -366 (.I 8s) .378 (-082) ,367 1.197) -346 (-146) -376 (.091) 

EB.8 m2 1990 E U  2222 
(n = 30) (n = 20) (n = 10) (n = 10) (n = 10) 

5 )  Subhvmic low sever@ spring: bum ICS4-5) 

PH 4.6 (0.1) 4.8 (0.3) 5.4 (0.8) 5.1 (0.2) 5.3 (0,3) 
N 1.353 (.166) 1.331 (.Zgl) 1.106 (.269) 1.562 c.283) 1.314 (.101) 

M h - N  172.0 (40.4) 157,8 (46.5) 340.3 (101.9) 251.4 (123.6) 153.0 (83.9) 
P -094 (-029) -094 (-034) -124 C.040) .I26 (-023) .I20 (.024) 
S ,128 (-019) .I30 (,024) .I3 1 (-000) .I31 (-000) .I16 (.006) 
K .211 (-036) ,245 (.OW) .l50 (.030) .2a3 (.110) ,226 (.141) 
MS -069 (.018) ,094 (.016) -090 1.014) .OW (.014) .lo2 (-034) . 
Ca ,366 C.188) -685 1.102) -875 (.424) .606 C.300) -508 (-325) 

mB BE? 198Q B9.L rn 
(n = 30) (n= 10) (IY = ro) n =  10) 

6 )  Maic untreated slash (0 

pH 4.0 (0.1) - 4.1 (0.2) 4.2 (0.2) 4.5 (0.3) 
N 1.139 C.188) - 1.113 1.225) 1.124 C.195) 1.09s (.I 84) 

% - N  127.4 (34.7) - 468.5 (163.8) 239.6 (101.0) 194.5 (54.7) 
P -064 (.020) - .I41 (.026) -122 (.all) -082 (,OI2) 
S .I29 (.Om) - ,155 (.007) .I48 (.Of 1) ,159 (.014) 
K ,138 (.ON) - ,150 (-070) .I53 (.065) .1# C.017) 
Mg .OSl (.012) - ,078 (-023) .(I74 (.011) -069 (.015) 
Ca ,314 (.OW) - 315 (.166) -341 (-125) -377 (.I331 



Appendix 2 1 - continued + 

Treatment/ChemicaE Retreatment After barvesting First year Second year Third year 
Parameter kd before site preparation p s t  treatment post trea~nent post treatment 

b=!d c€!& w bad 

7) Mesic low severitv fall bwrq (CS6) 

B) FowIer Lake Area 
1) $ubhvmic moderate severity fall burn (lX1-1-2) 

pH - 
N - 

Min - N - 
P - 
S - 
K - 

Mg - 
Ca - 

2) Mesic moderate severitv fall burn (FL192) 

N 
Min - N 

P 
S 
K 
Mg 
Ca 

4 
n = Number of samples. Min-N = Mtnedizable N with values in ppm. An. athm chernIca1 concentratrons are for total element values and 
am qressed in percent. 



mpendw 22 Mineral soil pH values and nutrient content @/ha) before and for the 
&st 3 years post-treahnent h the intensive study area. Standard 
errors are given in parentheses after the mean values. 

first year 
post maanem 

(year) 

Second year Third year 
post m a m a  

(year) 
Tkeamentl Pretreatment post treatment 

chemical parameter 

A) Camp Six Area 

1) Subhygric undisturbed formt (CSO) 
m 
(n= 10) 

2) Subhsgric untreated stash (CS1-3) 
EBB 
(n = 30) 

3) Subhygic law severity faIl burn (CS1-3) 
m 
(n = 30) 
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Appendix 22 - continued 

! 
Erst year Second year Third yeas 

Treatmentl Pretreatment post mament post treament post treatment 
chemical parameter (year) bar> War) IF@ 

4) Subhygric mechanically scarified (CSI-3) 
m m 

$ = 30) (n = 10) 

5.2 (0.2) 
3537 (577) 

24 (4) 
28 (43 

35 8( 47) 
88 (12) 
35 (5) 

168 (42) 
160 (El) 

9 (2) 

5)  Subhygn'c low severity spring burn (CS 4-5) 
rn m 

(n = 30) (n = 10) 

6) Mesic untreated slash (CS 6) 
m m 
(n = 20) (n = 10) 
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Appendix 22 - continued 

-- Erst year 
1 TreatmenVchemical Premament post treatment 

pameter (year) (Ye*) 

7) Mesic low severity fall burn (CS 6) 
JBB 1990 

(n = 20) (n = 10) 

I) Subhygric moderate severity burn (FlL 1+2) 
m de9L 
(n = 30) (n = 20) 

2) Meslc moderate severity burn (FL 1+2) 
3989_ 1991 
(n = 30) (n = 30) 

Second year 
post tmatment 

(Year> 

Tlrird year 
post treatment 
@a) 

4.8 (0.1) 
1290 (108) 

18 11) 
12 (I) 



Apperdx 23. Nutrient quantities (kg/ha) before and after slashbumbg for the slashbums studid from 1989 tc -. I92 

1. Subhvnric ecosystems 

CS1-3 living vegetation 46- 7 
slash 174 - 121 
forest floor 736 - 689 
total 956 - 817 

CS43 k ing  vegetation 46- 9 
slash 118- 76 
forest floor 625 - $89 
total 789 - 574 

CS8,10,11 living vegetation 21- 3 
slash ln - 105 
forest: floor 422 - 337 
total 614 - 445 

l3,I-S living vegetation 28- 7 
slash 121 - 60 
forest floor 975 - 831 
total 1124 - 898 

FL2-S livjng vegetation 56- 16 
slash 132 - 76 
forest floor 471 - 4 0  
total 659 - 492 

BC-35F living vegetation 21- 6 
s h h  154- 92 
forest floor 1038 - 979 
total 1213 -1077 



.- 

Appendix 23 - contfnwd 

WC-84 living vegetation 
slash 
forest floor 
total 

FL35 living vegetation 
s h h  
forest floor 
total 

BC-2 living vegetation 
slash 
forest floor 
total 

MCM58-S living vegetation 
slash 
forest floor 
total 

MC81-S living vegetation 
slash 
forest floor 
total 

CS6,7,9 living vegetation 
slash 
forest floor 
total 

E l - M  living vegetation 
slash 
forest floor 
total 



Appendix 23 - continued

Area/ecosystem
component

N P S K Mg Ca Fe Cu

FL2-M living vegetation 14 - 1 2- 0 2- 0 10 - 1 1- 0 4- 0 0- 0 0- 0
slash 150 - 54 19 - 8 20- 7 107- 66 27- 14 208 - 92 5 - 2 1- 0
forest floor 396- 176 42- 20 45 - 22 55 - 12 31- 7 356 - 262 29- 14 0 - 0
total 560- 231 63 - 28 67- 29 172- 79 59 - 21 568 - 354 34- 16 1- 0

BM-71 living vegetation 35- 0 4- 0 4- 0 15- 0 2- 0 11- 0 1- 0 0-0
slash 196- 62 20- 4 27- 10 124- 43 39- 14 276- 90 5 - 2 0-0
forest floor 720 - 569 39 - 31 81- 49 116 - 77 42- 31 280 -184 99 - 65 0 - 0
total 951- 631 63 - 35 112 - 59 255 -120 83 - 45 567 - 274 105 - 67 0 - 0

BC-85B living vegetation 44- 0 5 - 0 6 - 0 18 - 0 3 - 0 13 - 0 1- 0 0 - 0
slash 210- 95 22- 5 32- 10 112- 46 38- 14 267- 98 6 - 2 0-0
forest floor 961- 784 33 - 28 102 - 60 137 - 88 38 - 42 97- 50 103 - 53 1- 0
total 1215 - 879 60- 33 140- 70 267-134 79 - 56 377-148 110- 55 1-0

SF100 living vegetation 44- 0 5 - 0 6 - 0 18 - 0 3 - 0 13 - 0 1- 0 0 - 0
slash 167- 47 20- 4 32- 8 104- 36 33- 10 242- 76 6 - 2 0-0
forest floor 466 - 301 23 - 25 54- 39 103 - 62 21- 23 140 - 92 76- 50 0 - 0
total 677- 348 48 - 29 92- 47 225 - 98 57- 33 395 - 168 83- 52 0 - 0

CP19 living vegetation 11- 0 1- 0 1- 0 6- 0 1- 0 5- 0 0- 0 0- 0
slash 139- 31 14- 2 24- 8 74- 26 31- 11 194- 54 5 - 2 0-0
forest floor 453 -175 41 - 23 45 - 21 143 - 55 15 - 8 198 - 102 58 - 30 0 - 0
total 603 - 204 56 - 25 70 - 29 233 - 81 47- 19 397- 156 63- 32 0 - 0

MC living vegetation 48 - 0 7 - 0 6 - 0 35 - 0 4 - 0 14- 0 1- 0 0 - 0
slash 187- 25 32 - 4 23 - 4 130 - 32 31- 7 253 - 45 6 - 1 1- 0
forest floor 551- 367 86 - 60 78 - 53 275 - 196 69 - 43 322 - 232 57- 42 1- 0
total 786-392 125- 64 107- 57 440- 228 104- 50 589 - 277 64- 43 2-0



Area /ecosystem 
component 

BCI living vegetation 
slash 
forest floor 
ma1 

BC3 living vegefatton 
slash 
forest floor 
ma1 

MCM58-M living vegektim 
slash 
forest floor 
total 

PD9W living vegebtion 37- 0 4 -  0 4- 0 14- 0 3- 0 
slash 233- !3 29- 6 29- 10 143- 97 38- 17 
forest floor 387 - 216 35 - 24 47- 30 116- 104 40 - 26 
tofa1 657- 269 68 - 30 80- 40 273- 181 81- 43 

M398-D living vegetation 33- 1) 4 -  0 4- 0 16- 0 3- 0 
slash 241 - 38 34- 5 26- 9 130- 57 33- 11 
forest floor 263 - 189 39 - 45 31 - 21 82- 84 20 - 13 
total 537 - 227 77- 50 61- 30 228 - 141 56 - 24 

OC2.3 Iiving vegetation 8-  0 I -  0 1- 0 9 -  0 I -  0 
slash 169- 41 16- 5 16- 7 105- 48 28- 11 
forest floor 532 - 367 24 - 21 80- 40 110- 93 45- 46 
btal 709 - 498 41 - 26 97- 47 224 - 141 74 - ST 

MC81-M living vegetation 32- 0 4 -  0 4- 0 1 9 -  0 4 -  0 
slash 181 - 49 16- 5 22- 8 121 - 69 38- 17 
forest flm 222- 197 10- 12 33- 18 29- 40 11- 21 
total 435 - 246 30- I7 59- 26 169- 109 53- 38 

R S C  living vegetation 2-5- 13 3-  2 3-  2 13- 7 3-  2 
slash 230- 158 17- 12 32 - 23 140- 122 47- 37 
forest fl car 671 - 626 28- 29 73 - 69 76 - 74 43- 50 
total 926 - 797 48 - 43 108- 94 229 - 203 93 - 89 

W E  living vegetation 19- 7 2- 1 2 -  I 9 -  4 2 -  1 
slash 128- 68 11- 7 15- 9 79- 57 24- 16 
forest floor 465 - 393 21 - 18 55- 47 53- 41 28- 32 
foEnl 612- 468 34- 26 n- 57 141 - 105 54- 49 

Note I. Data are given as preburn - p o s t h .  
2. Data have been corrected for the proportion of each block actually burned. 



gpendix 24. Prebum slash load and consumption (kg/m2) for the slashbums studied kom 1989 to 19Y 
in wetter ESSF forests. \L 

Slash size class (an) 
Area % area el 1.1-3.0 3.1-5.0 5.1-7.0 7.1-12.0 >12.0 All 

Average P 
C 86 



Appendix 24 - continued - 

!%3bi% dam (an) 

% area el 1.1-3.0 3.1-5.0 5,l-7.0 7.1-IZO >I20 All 
burned 

Average P 
C 93 

P = p r e h  C = Consrrm&m 
Negative values indicate slash load was gream postbum tban p"b 
Percentage of mral p b u m  slash load that was cmsumed is given in parentheses 
Discrepancies between additions and totals are d m  to romdhg errors 
All data have been oorrecfed for m t a g e  of area burned 



Appendix 25. Preb~~l l  forest floor mass and depth, forest floor consumption, and depth of burn for the slashburC. ,, 
studded from 1989 to 1992 in wetter ESSF forests. ,,- 

Area Forest floor mass &dm2] Prebum depth Depth of burn 
Preburn n 2 n cm 70 n 

Standard errors are in parqtheses. 
n is the sample smze for a g~ven parameter [ v o b 

(I a~~;~red) 
Forest floor consumption was estimated as - Prebum mass x 

prebum depth 
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