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ABSTRACT

Logarithmic and quadratic equa-
tions are given for estimating the
fresh and dry weights and nutrient
contents (N, P, K, Ca, and Mg) for
various components of ten tree spe-
cles in central Nova Scotia. These
species are: balsam fir, white
spruce, black spruce, red spruce, red
maple, sugar maple, yellow birch,
white birch, large-tooth -aspen and
trembling aspen. The relative distri-
butions of biomass and nutrient con-
tent among the various components are
described for each speciles.

In Part 2, data are presented on
the aboveground standing crops of
biomass and nutrients (N, P, K, Ca,
and Mg) in various tree compartments
for eight softwood and eight hardwood
stands in central Nova Scotia.

RESUME

Des é&quation logarithmiques et
quadratiques sont données pour 1'es-—
timation du poids 3 1'état frais, du
poids anhydre et de la teneur en &l&-
ments nutritifs (N,P,K,Ca, et Mg) de
plusieurs parties de 1l'arbre pour
chacune de dix essences dans la Nou-
velle-Ecosse centrale, notamment le
sapin baumier, 1'épinette blanche,
1'épinette noire, 1'épinette rouge,
1'érable rouge, 1'érable 3 sucre, le
merisier, le bouleau 3 papier, le
grand tremble, et le tremble. Les
distributions relatives de biomasse
et du contenu en matidre nutritive
sont détaillés pour toutes ces
essences.

La deuxidme

partie du rapport

présente des donndes relatives 3 la

biomasse sur pied et aux &léments
nutritifs (N, P, K, Ca, et Mg) des
diverses parties de 1l'arbre (excep—
tion faite du systéme radiculaire)
pour huit peuplements de conifdres et
huit peuplements de feuillus en
Nouvelle-fcosse centrale.
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FOREWORD

ENFOR 1s the bilingual acronym for
the Canadian  Forestry Service's
ENergy from FORest (ENergie de La
FOR2t) program of research and devel-
opment aimed at securing the knowl-
edge and technical competence to fac-—
ilitate in the medium to long term a

greatly increased contribution from
forest biomass to our nation's
primary energy production. This
program i1s part of a much larger
federal government initiative to
promote the development and use of

renewable energy as a means of reduc-—

ing our dependence on petroleum and

other non-renewable energy sources.
ENFOR projects are selected from

among proposals submitted by private tract No. KL0O03-9-0020, Serial No..
and public research organizations 0SC79-00086.
according to sclentific and technical
merit, in the light of program objec-
tives and priorities. Regardless of
PN T ¥t PEEEC R RS2 <8 i o i ST S A S A I

proposal source, projects are carried
out primarily by contract. For fur-
ther information on the ENFOR pro-
gram, contact.ec...

ENFOR Secretariat

Canadian Forestry Service
Department of the Environment
Ottawa, Ontario

K1A 1G5

or
the Director of the establishment
issuing the report.

This report is based in part on
ENFOR project P-40 and DSS File Con-
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Biomass and Nutrient Standing Crop Equations
for Ten Tree Species in Central Nova Scotia
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INTRODUCTION

To maximize the short-term econom-
ic returns from forest management and
harvest for energy or fibre, it ap-
pears likely that intensive removals
of tree biomass will occur over in-
creasingly larger tracts of forest.
For example, whole~-tree (above-
ground), and possibly even complete-
tree (above- and below-ground) clear-
cut harvesting may become extensively
used in some situations. Although
these intensive harvests increase the
ylelds of biomass per unit area of
forest land, they increase nutrient
removals by substantially larger fac-
tors. This occurs because the in-
creased biomass yields accrue from
relatively nutrient-rich tissues,
such as follage and branches. Sever-
al recent reviews have brought to-
gether much of the available informa-
tion relevant to these processes, for
a wide range of forest types (e.g.
Kimmins et al. 1979; Freedman 1981;
" Kimmins 1981). At present, the eco-
logical consequences of these poten-—
tially accelerated rates of nutrient
removal from forest stands are not
understood. This is largely due to a
lack of site—-, species—, and nutri-
ent-specific data relevant to such
factors as nutrient removals with
harvested biomass, and the sizes of
nutrient pools and rates of cycling
in both disturbed and wundisturbed
stands. More importantly, even where
these data are available, we have an
incomplete understanding of how these
and other factors interact to deter-
mine site productivity.

This report presents the results
of part of a research project conduc-
ted under the ENFOR Programme to eva-
luate the effects of intensive har-
vesting of forests for energy pur-
poses on the nutrient status and
long-term productivity of selected
forest sites in Nova Scotia. A major
portion of this research involved the
determination of the standing crops

of biomass and nutrients in various
compar tments (e.g. wood, bark,
branches, foliage, etc.) of a variety
of forest stands, so as to calculate
the potential yields by convential
and whole-tree clear-cuts of these
stands. These calculations were made
using predictive regressions for the
standing crops of biomass and nutri-
ents for ten tree species. The
regressions, and the methods used in
their determination, are described in
Part 1 of this report.

STUDY AREA

The location of the study area is
central Nova Scotia. Nine of the
forest stands from which trees were
taken are located in Kings County,
one stand is in Annapolis County, and
two stands are in Hants County. All
stands are within the Sugar Maple-
Hemlock-Pine Zome of Loucks' (1962)
classification, except the stands in
Hants County, which are within the
Sugar Maple =~ Yellow Birch - Fir
Zone. The characteristics of the
various stands are described in more
detail in Part 2 of this report.

METHODS

Preliminary Procedures

Planning for the number of trees
that would comprise the sample for
each species was based partly on sug-
gestions found in literature (Saucier
1979), but also on available time and
manpower . In general, the number
sampled for each species depended on
its relative frequency in the stands
for which biomass and nutrient stan-
ding crop estimates were desired.
Table 1 shows the number of trees
sampled for each species by diameter
at breast height (DBH) size class,
and Table 2 shows the ranges of DBH
and height (H) for the sampled trees,
and the dates of sampling for each
species.




Field Procedures
On any day, the choice of individ-

ual trees to be sampled was based

only on species and DBH size class.

For stands in which the species of

interest occurred at relatively high

density, the following procedures
were used to select sample trees:

a) a straight-line transect was es-
tablished through the stand;

b) a size class of tree to be sampled
(set arbitrarily before arriving
at the stand) was assigned to a
point along the transect using a
random numbers table;

c) from the random point, the second
nearest eligible tree (correct
species and DBH class) was identi-
fied as a sample tree. When eli-
gible trees were scarce near the
point, the nearest eligible stem
was taken.

Apart from species and DBH size
class, randomly selected trees were
NOT rejected on the basis of form,
apparent vigour, pest damage, crown
position, or for any other reason.
The following measurements were made
on each tree prior to felling:

a) DBH ~ with a diameter tape, to the
nearest 0.1 cm;

b) crown width - the average of two
measurements taken at right
angles, to the nearest 0.1 m;

¢) crown position - dominant, codomi-
nant, intermediate, or suppres—
sed;

d) height estimates - made by three
or four different people using a

Suunto clinometer. The sample

trees wéere then cut as close as
possible to ground level. Once on
the ground, the following measure-
ments were made:

e) stump height - to the nearest cm;

f) height - from the cut line to the
tip of the highest branch or
leader, to the nearest 0.l m;

g) crown length - from the tip of the
highest branch or 1leader to the
lowest 1live branch (excluding
small branchlets as are found on

the stems of certain tolerant

hardwoods), to the nearest 0.1 m.

Since the procedures for softwoods
and hardwoods differed slightly
beyond this point, they are discussed
separately. ’

Softwoods — Live branches were sever-

ed from the stem and sorted according

to the basal diameter 1limits: 0-2,
2-4, and 4-6 cm. Attached dead
branches were severed from the stem
and collected, as were those which
broke from the tree on impact with
the ground. The stem was then cut
into 2.5 m sections, beginning from
the cut line, and up to a "merchant-
ability 1limit"” of 8.0 cm.

All stem sections and branch clas-
ses were fresh-weighed using Chatil-
lon spring scales (suspended, dial
type). The limits of precision were
as follows:

fresh weight of 0 - 30 kg, to

the nearest 0.05 kg;

fresh weight of 30 - 60 kg, to

the nearest 0.10 kg;

fresh weight of 60 - 90 kg, to

the nearest 0.5 kg;

fresh weight of 90 -180 kg, to

the nearest 1.0 kg;

After weighing, a disc of 5 £ 1 cm
thickness was cut from the bottom end
of each stem section. These discs
were marked for identification and
sealed in doubled polyethylene bags.
From each class of 1live branches a
sample of one branch was taken. Since
dead branches were not discrete after
cutting and handling, a grab sample
usually exceeding 0.2 kg fresh weight
was taken. All branch samples were
cut into small, manageable pleces and
were sealed separately in doubled
polyethylene bags. All samples were
transported the same day to the field
laboratory for further processing.

Hardwoods - All 1live branches were
severed from the felled tree at the
point of 2.0 cm diameter. Where smal-
ler branches joined a branch greater



than 2.0 c¢m diameter, they were
severed at the point of joining.
These 1live branches, bearing all the
foliage, were sorted into two classes
based on basal diameter:.0 - 0.7, and
0.7 = 2.0 cm. For estimating the
oven—dry welght of foliage of a tree,
the smaller size class was deemed
necessary to account for the expected
higher foliage to branch weight ratio
of the abundant branchlets occurring
in the maples and birches. For the
aspens, only one live branch class
occurred.

Dead branches were also severed
from the tree and collected. Then all
unmerchantable stem and branch wood,
within the diameter limits 2.0 - 8.0
cm, was severed from the larger por-
tions of stem and collected. Begin-
ning from the cut line, the remaining
stem was cut into 2.0 m-long sec~
tions. Thus, merchantable stem for
hardwoods was defined as all wood
(plus bark) to a lower diameter limit
of 8.0 cm.

All stem sections, unmerchantable
wood, and branch classes were weighed
separately in the fresh condition.
After weighing, a disc of 5 * 1 cm
thickness was cut from the bottom end
of each stem section. These discs
were marked for identification and
sealed in doubled polyethylene bags.
From the dead branch class and smal-
ler live branch class, grab samples
usually exceeding 0.2 kg were taken
and sealed in doubled polyethylene
bags. From the larger 1live branch
class, a .grab sample of 2 branches
from trees less than 10 cm DBH, or 3
branches from trees greater than 10
cm DBH was taken. Each sample branch
was cut Into manageable pieces and
sealed in a doubled polyethylene bag.
From the unmerchantable wood section,
a sample of 5 discs, each about 10 cm
long and of various diameters, was
taken and sealed in a doubled poly-
ethylene bag. All samples were trans-—
ported the same day to the field
laboratory for further processing.

Laboratory Procedures
The same day that the trees were

felled, their subsamples were proces-—
sed at the field laboratory. Discs
were debarked with a knife, and wood
and bark were weighed separately to
the nearest 0.1 g using an Ainsworth
electronic balance. Branch samples,
both dead and live, were also weighed
to the nearest 0.1 g. All samples
were subsequently dried in a 0.3 m
forced-draft oven at 105°C for 24 h.
Wood and bark from disc samples and
dead branch samples were reweighed
dry and then discarded. Live branch
samples were defoliated by hand, and
the wood plus bark, and leaves (plus
fruit in some cases) were weighed
separately and then discarded.

Using the weight data collected in
the field, the following fresh
weights (FW) were determined for each
tree:

a) merchantable stem;

b) unmerchantable crown (comprising
all above-ground components except
merchantable stem);

c) total above-ground tree (a + b).
Component oven-dry weights (ODW)

for each tree were estimated using
ratios of ODW/FW from the samples. In
estimating ODW of merchantable stem
sections, and unomerchantable stem
sections of softwoods, data from both
the disc from the bottom of any sec—
tion and the disc from the bottom of
the next section up were used in the
calculation (except for the smallest
stem section, whose dry weight was
estimated wusing data from one disc
only). The sum of such ODW estimates
for any one tree yielded an estimate
of ODW's merchantable stem wood, mer-—
chantable stem bark, and total mer-
chantable stem.

For dead branches and unmerchant-
able wood of hardwoods, estimates of
ODW were calculated as the product of
FW and the ratio ODW/FW of the
sample.. . -

Oven-dry weight of foliage for any
branch size class of any tree was
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estimatedvby the product of FW of the

branch «class and the ratio ODW
foliage/FW sample. For branch wood
plus bark, the estimate was the

product of FW of the branch class and
the ratio(ODW wood + bark/FW sample.
The sum of ODW's of the various clas-
ses gave estimates of ODW foliage and
branch wood plus bark for the tree.
For the hardwood live branch class
0.7 - 2.0 cm basal diameter, and for
all softwood live branch classes, the
ratios ODW foliage/FW sample and ODW
wood + barkyYFW sample were quite var-—

iable, even when comparing these
ratios for trees of the same DBH
class. Since the ultimate aim of the
regression equations developed in
this study was to estimate stand
weights as opposed to single tree
weights, it was decided to pool

ratios for branches of the same size
class taken from trees of the same
DBH class, and to use the resultant
mean ratios in the estimation of ODW
foliage and ODW branch wood + bark
for trees of that DBH class. For
example, for any hardwood tree
greater than 10 cm DBH, the estimate
of ODW foliage on branches in the
size class 0.7 - 2.0 cm, was the
product of the FW of those branches
and the mean of from 12 tol8 ratios
of ODW sample foliage/FW sample. For
softwoods the number of ratios con-
tributing to each mean was smaller
(from 4 - 6), since only one branch
per size class was subsampled from
any one tree.

Based on the calculations describ-
ed above, estimates of ODW were ob-
tained for various components of each
tree sampled. For softwoods, these
components included:

a) wood, merchantable stem;

b) bark, merchantable stem;

c) wood + bark, merchantable stem;
d) wood + bark, unmerchantable stem;
e) wood, total stem;

f) bark, total stem;

g) wood + bark, total stem;

h) dead branches;

1) wood + bark, live branches;

j) foliage;

k) total crown 1 -
branches;

1) total crown 2
chantable stem;

m) total above-ground tree.

For hardwoods, ODW estimates were
obtained for components a, b, ¢, h,
j, and m as above, and 1 and k in-
cluding unmerchantable wood less than
8 cm diameter (i.e. components d, e,
f, g, and 1 were undefined for hard-
woods) .

Subsamples were also taken from
each tree for measurement of nutrient
concentration. Samples were taken of
stem wood, stem bark, foliage, branch
wood + bark, and dead branches. For
each species, these subsamples were
combined by 5 cm DBH class. These

foliage + all

- crown 1 + unmer-

samples were then homogenized by
chipping with a Mighty Mac 12-P
Shredder—Chipper. A subsample of
these chips was then ground and
homogenized by passing through a
Wiley mill fitted with a 20-mesh
screen.

All subsamples were dried at 70°C
and then forwarded to the Soil Labor-
atory, Soils and Crop Branch, Nova
Scotia Department of Agriculture. The
various analytical methods used were
as follows: A
a) Nitrogen and Phosphorus: Biomass

homogenate samples of 0.50 g were
digested in a hot sulfuric acid-
hydrogen peroxide mixture, and
concentrations of  nitrate - and
phosphate were analyzed by a Tech-
nicon Auto-Analyzer.

b) Potassium, Calcium, and Magnesium:
Biomass samples of 0.50 g were
dry-ashed at 535°C in a Luidbergh
furnace. The residues were then
dissolved 1in hydrochloric acid,
and after appropriate dilutionms,
cations were determined by atomic
absorption spectrophotometry.

To determine the contents of
nutrients in the various components
of each tree, these nutrient concen-—




trations were multiplied by the bio-
mass welght.

Data Analysis

Raw data (i.e. the various biomass
or nutrient weights) for each tree
were coded on computer cards, and
analysis and data manipulations were
carried out on the Dalhousie Univer-
sity Computer using regression sub-
programs of either the Statistical
Package for the Social Sciences (Nie
et al. 1975), or the Biomedical Com-
puter Programs (Brown 1977).

Specifically, equations were de-

veloped using models of the form:
a) In W=a+ b 1ln D2H

b) In W=a+b1lnD

c) InW=a+b1InD+clnH

and

d) W=a + bD + D2,

where )

Iln = natural logarithm, W = the
weight of biomass (kg) or nutrients
(g) 1in each component, D = diameter

at breast height in cm, and H = tree
height in metres. These four equa-
tions are presented to:
i) provide equations with both D
alone, and D and H together,
i1) provide an  opportunity to
compare results from applying
equations of different forms,
and
iii) to give the reader/user an
opportunity to use equations of
a form that 1s most familiar
and comfortable to him.
For equations of the model form
In W= a2a+ b ln X, a correction E?E_
tor ¢ was calculated, where c=(=."s s
e 1s the base of the natural loga-
rithm and s is the standard error of
the estimate of the regression. This
factor 1s designed to correct for the
systematic under estimate of compo-
nent weight that is obtained from the
expression w = e * b In X, The cor-
rected weight estimate W* can be cal-
culated as Wx = elnW y c, where 1In W
is obtained from the regression
equations.

A SN AT

RESULTS AND DISCUSSION

Component Distribution

Tables 3 and 4 show the relative
distributions of the oven-dry weights
of above-ground tree components for
the ten species examined. Table 3
indicates percentage distribution:
calculated using all trees of each
species, allowing quick comparisons
among species. Table 4 shows the same
percentages stratified by DBH size
class.

Several trends in component bio~
mass distribution are evident from
these data. Except for large-tooth
aspen, wood of the merchantable stem
reached its maximum percentage in the
DBH range of 15 ~ 25 cm. The relative
percentage of this component for all
size classes was lowest for balsanm
fir.

Bark of the merchantable stem gen-—
erally accounted for 8 - 10% of the
total above-ground dry weight for all
tree size classes, except for aspens
where bark percentage exceeded 15%.
Unmerchantable stems, a component de-
fined only for softwoods 1in this
study, contributed 45% or more to
total above-ground dry weight when
DBH was less than 8 cm, but for the
largest trees sampled of each conif-
erous species, it contributed 1less
than 1%. _

Softwoods generally had a higher
percentage of dry weight in dead
branches than did hardwoods. Among
the softwoods black spruce had the
highest overall percentage of dead
branches (9.0%), while among the
hardwoods trembling aspen had the
highest percentage (5.3%).

Live branches of the softwoods,
consisting of 1live, non-stem wood
plus bark, generally occurred in
greater proportions in the smaller
than in the larger trees. However,
white spruce trees did not follow
this pattern. In the hardwoods, where
live branches consisted of all 1live




wood plus bark less than 8 cm diame-
ter (thus including all stem wood and
bark of trees less than 8 cm DBH),
small trees consisted of over 907 of
this component. This decreased to the
range 15 - 20% for most trees of the
larger size classes.

Foliage of hardwood trees gener-
ally accounted for about 2% of total
above-ground dry weight. However,
small trees, especially aspen, had
higher percentages. Softwoods gener-
ally had a higher proportion of fo-
liage than hardwoods (range 7.7 -
16.3%, Table 3). Overall, balsam fir
trees had the highest percentage of
foliage.

Detailed comparisons of the data
presented in Tables 3 and 4 with sim-
ilar data in many other studies are
almost impossible, for two reasons.
Firstly, the definitions of the vari-
ous components differ among studies,
and in some studies a clear defini-
tion for some components 1is not
given. For example, stem components
in this study were defined on the
basis of merchantability, while the
stem components of Ker (1980a,b) were
not. Whereas this study and that of
Ker (1980a,b) treated foliage as a
separate component, Crow and Blank
(1978) grouped foliage and current
twigs together into one component.

Secondly, many studies have re-
ported component biomass distribution
data on a stand basis (per unit
area), rather than the same data
based on only the sample trees of
each species, as was done in this
study and others (e.g., Crow and
Blank 1978; Ker 1980a,b). One would
only expect the data to be comparable
if the size and species-specific
densities of. trees within the stands
of other studies were similar to
those in this study. However, this
is highly unlikely, and in most cases
unknown.

Comparisons can be made between
this study and that of Ker (1980a)
for the foliage component. Ker

(1980a) reported a foliage weight
percentage for aspen, white birch and
red maple of 2%, and this value
closely corresponds to the values for
the six hardwood species in this
study (range 2.0 - 2.4%; Table 3).
For softwoods, the white spruce and
black spruce sample trees of Ker
(1980a) averaged 11%Z of their dry -
weight in foliage, while the foliage
percentages for the same species in
this study were 7.9 and 8.5%, respec-
tively. However, sample trees of
balsam fir in this study averaged
14.67% of their dry weight in foliage,
which is similar to the values of up
to 16.4%Z reported by Baskerville
(1965). However, Ker (1980a) found
only 9% of total weight din the fo-
liage of balsam fir trees sampled in
Nova Scotia. The higher percentage in
foliage found in our study is probab-
ly due to the relatively open—-grown
nature of many of the larger balsam
fir trees sampled in this study,
resulting in long and full 1live
crowns. Honer (1971), studying balsam
fir stands in Eastern Ontario, com-
pared the component weights of an
open—grown tree and a forest—grown
(closed-canopy) tree of the same
height (19.2 m). His data show that
the open—-grown tree had 14.07 of its
total above-ground dry weight in
foliage, whereas the forest-grown
tree had a foliage percentage of only
7.8%.

Table 5 (a — e) shows the relative
distribution of the weights of nutri-
ents (N, P, K, Ca, and Mg) of above-
ground components for trees> 15.0 cm
DBH for the ten species examined.
Although these data will not be dis-
cussed in detail here, inspection of
the data indicates that a much higher
percentage of the whole-tree nutrient
content is in non—merchantable compo-
nents (such as wood + bark of the
unmerchantable stem, dead branches,
live branches, and foliage) than was
found for biomass. This occurs be-
cause these unmerchantable components




generally have much higher nutrient
concentrations than those found in
wood or bark of ‘the merchantable
stem.

In a whole-tree harvest, these
unmerchantable components would be
removed from the stand, in addition
to the merchantable stems. In such a
harvest, the increase in yield of
biomass that would occur in the more
intensive harvest would be obtained
at the ecological "expense" of pro-
portionately larger increases in
nutrient removal. The significance of
this phenomenon of accelerated nutri-
ent removals from forests has been
widely discussed in the literature in
recent years, and has recently been
reviewed by several authors (e.g.
Kimmins 1977, 1981; Kimmins et al.
1979; Carlisle 1980; Freedman 1981).

Equations

Equations relating the weights of
various tree components to the pre-—
dictor wvariables DZH, DBH, and H,
for each of the ten tree species, are
glven in Tables 6 to 15. Two statis-—
tics are given with each equation.
These are:

n - the number of cases 1n each
regression; and

RZ2 - the square of the correlation
coefficient.

In addition, for the logarithmic
regressions, the statistics s and ¢
are given. The statistic s 1is the
standard error of estimate of the

regression, while ¢ is a multiplica-—

tive correction which can be used to
correct errors associated with anti-
logarithmic transformations. Note
that the standard error of the esti-
mate for the nutrient regressions may
be misleadingly small. This occurs
because the nutrient weights were
calculated wusing the biomass esti-
mates, and the errors inherent in the
latter are not represented in the
standard errors calculated during the
regression analysis.

For some components, a multiple
regression equation using DBH and H
as predictor variables is not given.
The computer was instructed, in mul-
tiple regression, to enter DBH as the
first variable, and H as the second
variable. For the mnultiple regres—
sions not given, the computer advised
that the chance of committing an-
error by adding H to the regression
as a significant wvariable, when in
fact it was not, was extremely high
(P>0.95). As a result, the program did
not generate these multiple regres—
sions. For many of the multiple
regressions that are given, the
chance of committing the same error
was still very high, but these equa-~
tions are nevertheless presented to
serve as reference equations for
those wishing to compare equations
for the same species in different
stands.

Although the relationships were
tried, equations for the components
of unmerchantable stem of softwoods
and dead branches of hardwoods are
not given. The relationships for
these components were very weak, as
indicated by very high wvariances and
low correlation coefficients.

Strength of Relationships

Values of R? exceeded 0.800 in
94.1% of the 1473 equations present-—
ed. In fact, RZ was greater than -
0.900 for more than 73.3% of the
equations reported, and greater than
0.950 in 46.3%. The lowest R2 val-
ues were associated with equations
for various crown components such as
dead branches, foliage, and branches,
and the Thighest R2  values were
associated with equations for stem
components and the total tree above
ground. In general, the RZ values
for the 1linear regressions were
higher than those for the quadratic
equations.

While the R2 wvalues in this
study are high (as is expected when a
wide range of tree sizes is sampled),




they are not, as a whole, as high as
have been reported in other biomass
studies. The main reason for this is
that trees in this study were chosen
as objectively and as randomly as
practicable, and NO sample trees were
rejected from the sample once located
as described under METHODS. Thus,
compared with some other studies
where restrictive criteria were used
when selecting sample trees, the
samples in this study more closely
represented the inherent variation of
trees within the population, result-
ing in higher wvariances and lower
R4 values. .
The R2 wvalues can be used to
compare the goodness of fit for any
set of equations predicting the
weight of the same component. For
example, of the 120 pairs of biomass
linear regressions in which DBH and
D2H were used as predictors for the
weight of the same component, 61
pairs had a higher RZ value for the
equation using DBH, whereas in only
50 was the R4 value higher for the
equation using D2H (9 had equal
R4 wvalues). In all cases of mul-
tiple 1linear regression equations
where DBH and H were the predictors,
the RZ value was as high or higher
than the corresponding equation with
DBH alone. However, in all cases, DBH
accounted for more variation in the
weight variable than did H alone, and
in most cases H accounted for very
little of the variation in the weight
variable beyond that accounted for by
DBH. In fact, the chance of commit-
ting an error by adding H as a sig-
nificant variable, when in fact it
was not, was seldom less than 0.05.

Height as a Predictor Variable

Three or four estimates of tree
height were made for 84 sample trees
of balsam fir, black spruce, and red
spruce. Each estimate for any one
tree was made by a different person
(in the same location) using a Suunto
clinometer. A mean height estimate

was calculated for each tree, and it
was found that these means differed
from the measured tree height by an
average of 37 of the measured tree
height. The means differed from the
measured tree height by 5% or more,
for 18 of the 84 cases.

In almost 30%Z of the cases, the
range of estimates for each tree did
not encompass the measured height.
The lower 1limit of ranges differed
from the measured tree height by an
average of 4% of the measured height,
and the upper limit differed by an
average of 57%.

Biomass regression equations which
use H as a predictor variable are
generally built upon a set of height
measurements made with a tape when
sample trees have been cut down.
However, when the equations are ap-
plied to standing forest trees, the
values for H are usually measurements
made with a hand-held ocular instru-
ment such as a clinometer, a hypsome~
ter, or a Relaskop. As shown in this
study, measurements of H made with a
Suunto clinometer can show consider-
able variation from true H, and they
have a small degree of bias (tending
towards over estimation). Similar
results have been reported by Omule
(1980) for measurements of H in a
forest inventory study in British
Columbia. He found that measurements
of H made with a Suunto clinometer
were significantly blased (tending
towards under estimation), and the
among—-crew coefficlent of variation
was 21.9%. Only 2% of all measure-
ments were correct, and over 157 were
in error by 6.0 m or more.

These results cast serious doubts
on the usefulness of H as a predictor
variable in biomass regression equa-
tions. Considering that the variable
H explains so little of the variation
in component weight beyond that ac-
counted for by DBH, and considering
that H values for standing trees are
measurements with relatively large
errors compared with DBH, there




appears to be 1little justification
for the use of equations containing H
as a predictor variable. Equations
with D“H, and with DBH and H, have
been presented to improve the compar-
ability of equations with those of
other studies. The inclusion of H in
biomass equations is also important
for equations to be wused on a
regional basis (Monteith and Jacobs
1979). However, the equations
involving DBH alone are considered
the most appropriate for estimating
the biomass of tree components for
the stands examined in this study.

Bias Correction Pactor

The correction for bias, given in
the equation tables under the heading
"c¢", has been cal&y%ated using the
simple formula (Meyer 1941 in
Madgwick and Satoo 1975; Baskerville
1972). This method of estimating the
correction factor is considered to be
approximate only, and more appropri-
ate formulae have been published
(e.g., Beauchamp and Olson 1973).
According to Mountford and Bunce
(1973), the approximation ds9/2
suitable for equations with small
variance relative to sample size, but
is less suitable when the variance is
large. As can be seen in Tables 5 to
14, the correction factors for some
biomass crown component equations are
large, ranging up to 1.37. It was
found that only a very small change
in the —correction factor resulted
from use of the bias correction for-
mula of Finney (1941).

Because of the nature of the ex—
pression (inclusive of the correction
factor) for the redicte% weight of a
component (W=e3tb 1ln X+ /2 ) the cor-
rection factor can be incorporated
with 5 regression constant "a"
(W—e(a+@ /2 )+blnX) or it can be
partitioned g&f to stand alone
(w_ea+blnX ), as in this study.
The former option eliminates the need
for an extra multiplication step in
calculating a corrected prediction

of weight, but precludes the user of
the equation knowing the magnitude of
the correction factor (unless s, the
standard error of estimate of the
re§§§ssion, is given, in which case

can be calculated). When the
correction factor stands alone, the

equation user is made aware of its

magnitude, and is offered the choice
of wusing it or discarding it as
unnecessary or insignificant.

Additivity of Equations

A common problem with biomass
regression equations is that the pre-
dicted weights of various tree com-
ponents for one tree do not sum up to
the weight value predicted from the
equation for the total tree. Kozak
(1970) suggested three possible rea-—
sons for this problem:

a) non-significant terms have been
dropped from the equation when
more than one term was used in
the model:

b) a non-linear data transformatlon,
such as the logarithmic transfor-—
mation, has been used prior to
regression analysis; and

c) there are missing observations
for some components.

The problem of non-additivity of
component weight is present in this
study, and has resulted from the lat-
ter two reasons above. The logarith-
mic transformation has been used in
three of the four models, and all
equations for merchantable components
were based on observations of fewer

trees than were equations for crown .

components and the total tree above
ground.

Table 16 presents an example of
the nature of the non-additivity of
component weights. Biomass estimat-—
es were computed for the components
wood plus bark, merchantable stem,
crown, and for the total tree above
ground, using equations for red maple
found in Table 10a. The final column,
labelled E, indicates that for all
five sizes of trees considered, the
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sum of the predicted weights of the
two components exceeds the predicted
weight of the total tree above ground
by a small percentage.
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Table 1. Number of trees sampled by DBH size class.

DBH Size Class (cm) Total
0-5 5-10 10-15 15-20 20-25 25-30 30+
Balsam Fir 5 5 5 5 5 5 30
White Spruce 4 4 4 4 4 4 24
Black Spruce 4 4 4 4 4 4 24
Red Spruce 6 6 6 6 6 6 1 37
Red Maple 6 6 6 6 6 6 1 37
Sugar Maple 6 6 6 6 6 5 1 36
Yellow Birch 4 4 4 4 4 4 24
White Birch 6 6 6 6 6 6 1 37
Large—tooth Aspen 4 5 5 5 5 5 1 30
Trembling Aspen 5 5 5 5 5 1 26 -
305

Total
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Table 16 -~ Biomass estimates for the merchantable stem, crown,
and total tree aboveground for Red Maple trees of
selected sizes.

A 'B C D E

DBH Merchantable Crown Total A+ B D- X 100

Stem Aboveground ' c
(kg) (kg) (kg) (kg)

10 19.61 14.19 31.15 33.80 .5

15 56.12 26.95 80.46 83.07 .2

20 118.34 42.48 157.77 160.82 .9

25 211.07 60.46 265.97 271.53 .1

30 338.66 80.67 407.53 419.33 .9
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Appendix 1 - Binomials of the species of tree mentioned

in this report.

Balsam Fir Abies balsamea (L.) Mill.
White Spruce Picea glauca (Moench) Voss
Black Spruce Picéa mariana (Mill.) B.S.P.
Red Spruce Picea rubens Sarg.

Red Maple Acer rubrum L.

Sugar Maple Acer saccharum Marsh.

Yellow Birch Betula allegheniensis Britt.
White Birch Betula papyrifera Marsh.
Large-tooth Aspen Populus grandidentata Michx.

Trembling Aspen Populus tremuloides Michx.
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All data are in % d.w., mean * S.E

Magnesium

Potassium Calcium
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Component

Species

0.002
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0.002
0.003
0.004

+

0.018
0.060 *
0.032
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0.078

0.005
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0.019
0.046
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0.695
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0.410
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0.014

+
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0.026
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0.000
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0.058
0.030
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Wood
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* + *
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+ * * +

*
+
*

6
6
6
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* 0.360 ¢ + +

+

6

0.002
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0.002
0.004
0.006

*
e

0.012
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0.007
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0.027

0.073 *

1.18

0.005
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0.002
0.017
0.025

+
+
*
*
*

0.027
0.197
0.026
0.185
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0.001
0.002
0.002
0.004
0.009

0.010 #*

0.016
0.023
0.022
0.022
0.047

0.082 *
0.347

Wood

White Spruce

+

1

0.052
0.014
0.046
0.110

+
+

6

Bark

0.026 *
0.052
0.083

*

0.332
0.440 *
0.522

0.170
0.

6

Dead Branches
Live Branches

Foliage

*
+

0.022
0.045

+
+

327

99

+

+

0.875

0.002
0.004
0.000
0.003
0.004

+
+
+
+

0.013
0.067
0.030
0.053
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*
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+

0.114
0.240 *

7
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Black Spruce

+ 0.058

0.387
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+
*

0.023
0.163
0.393

*

0.208
0.313

7
7
7

7]
Q
=
Q
=)
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0.020

+
0.713 * 0,024

Live Branches

Foliage

0.456 * 0.046 *

*

0.011 * 0.002
0.003
0.002

0.054
0.023

0.006
0.164

*
+
*

0.083
1.05
0.331

0.030 * 0.002

0.169 *
0.027

+ 0.001

0.009

0.010
0.018

0.096 *

Wood

Red Spruce

*
+

0.046 *
0.087

0.007
0.003
0.007
0.017

0.002
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0.036 %

+
+
+
*
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0.254

7

Bark
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+

+

0.019
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0.016
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7
7
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t

0.026

+ 0.004
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7
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+ 0.002
+* 0.002

0.017
0.044

+ 0.007
+ 0.08

0.084
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0.007
0.011

0.060 *
0.150 *

+ 0.002
+ 0.002
+

0.011
0.037

0.012
0.020

+
+
+

0.104
0.451
0.260 *
1.68

7
7
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Red Maple

+ 0.002
0.002
0.004

0.032

0.021
0.033
0.017

+
+

0.398
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0.003
0.007
0.029

0.022 *

0.002

0.012
0.037

0.212 0.015

7
7

Dead Branches

Live

+
+

0.033
0.157
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0.186 *
0.853

0.003
0.007

*
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0.015
0.07

Branches

*
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i
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0.010
0.008
0.002
0.004

+
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0.038
0.09

0.024
0.029

+
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1.55

0.002
0.002
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0.004
0.006

+
+
+
+
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0.011
0.036
0.014
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0.186

0.014
0.013
0.016
0.025
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*
*
+
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0.544
0.274
0.396

1.96

7
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Sugar Maple

0.059 * 0.014
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0.018
0.012
0.021
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0.036 *
0.046 *
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7
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+
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0.413
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0.005
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+
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0.020
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0.038
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0.003
0.008
0.005
0.016
0.042
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0.000
0.000
0.006
0.027
0.026
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0.030 *
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0.019
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Yellow Birch

0.050 %
0.042

+
+
*
+
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0.152
0.833

0.590
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6
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+

0.396 +

*
+
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*

Dead Branches

0.055 *
0.267

0.392 ¢
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6
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0.047
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0.082
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+
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0.012
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+
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+
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+
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+
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+
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+
+
+
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0.015
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+
+
*
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0.213
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0.003
0.002
0.000
+ 0.002

£
+
*

0.016
0.032
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0.010
0.010
0.014
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0.327
0.256
0.461
2.55

7
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Large-tooth
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“

+

*
*
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0.036 *
0,070 *

0.046
0.075

0.530

0.010 *
0.064
0.211

7
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0.626

0.009

0.250 %

0.040

0.640 *

0.05

0.007
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0.108

0.012
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0.010
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+
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0.005

+
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0.039
0.012
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6
6
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+ 0.015
0.10
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1.42

+

0.018

+
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INTRODUCTION

Intensive forest harvest, such as
whole-tree (above-ground) clear-cut-
ting, d1s known to have significant
environmental impacts. One of the
most significant of these impacts may
be caused by the acceleration of
nutrient removals from stands that
are intensively harvested, due to the
removals of relatively nutrient-rich
tissues, such as foliage, small
branches, etc. Much of the available
literature that is relevant to this
problem of potential site impoverish-
ment has recently been reviewed and
interpreted by several authors
(Kimmins 1977, 1980; Kimmins et al.
1979; Carlisle 1980; Freedman 1981).

This report presents the results
of part of a research project con-
ducted under the ENFOR programme to
evaluate the effects of intensive
harvesting of forests for energy pur-
poses on the nutrient status and
long—~term productivity of selected
forest sites in Nova Scotia. A ma jor
portion of this research involved the
determination of the above-ground
standing crops of biomass and nutri-
ents in various compartments (e.g.
wood, bark, branches, foliage, etc.)
of a variety of forest stands, so as
to calculate the potential yields by
conventional and whole-tree clear-
cuts of these stands. These calcula-
tions were made using predictive
regressions for the standing crops of
biomass and nutrients for ten tree
specles. The regressions, and the
methods used in their determination
are described by Freedman et al.
In the present contribution, EE-QGEh—
titatively describe the forest stands
that we examined, and present the
data relevant to the standing crops
of biomass and nutrients (N, P, K,

Ca, and Mg) in various above-ground
tree compartments.

STUDY AREA

Location and General Description of
Sites

All stands investigated in this
study are located in central Nova
Scotia, 1in Annapolis, Kings, and
Hants counties. In total, eight soft-
wood stands were selected, comprising
four mature stands and four pole-
sized stands. Similarly, eight hard-
wood stands were selected, consisting
of five mature stands and three pole-
sized stands. A brief description of
each stand, in terms of site class,
age class, and dominant tree species,
is given in Table 1.

The elevation of the sites in
Hants County is less than 150 m above
sea level, while the others are 150 m
to 300 m above sea level. Mean tem-
peratures for all sites are bétween
-2.5°C and -5.0°C 1in January, and
exceed 17.5°C in July (Burgess 1977).
Annual precipitation ranges from more
than 140 cm for some of the sites in
Kings County, to 100 - 200 cm for the.
sites in Hants County (Burgess 1977).
All stands are within the Sugar Maple
=~ Hemlock - Pine Zone of. Loucks'
(1962) classification, except the
mixed hardwood stand in Hants County
which 1s within the Sugar Maple -
Yellow Birch -~ Fir Zone. g

Geology and Soils

The bedrock below the sites in
Kings County and Annapolis County is
Devonian granite, while the sites in
Hants County are underlain by Missis-
sippian sandstone, shale, and con-
glomerate (Burgess 1977; Cann et al.
1954; Cann et al. 1965).

* Freedman, B., P.N. Duinker, H. Barclay, R. Morash, and U. Prager, 1981.
Biomass and nutrient standing crop equations for ten tree species in Central
Nova Scotia. Report on file at Maritimes Forest Research Centre, Fredericton,

N.B'
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Soils in all the stands in Kings
County and the stand in Annapolis
County are mapped in the Gibraltar
series (Cann et al. 1965). This ser-
ies belongs to the Ortstein Podzol
subgroup, dimplying a cemented or
weakly cemented B horizon at least
3 ecm in thickness (Anon 1977). The
soils have developed on a coarse
sandy loam till derived mainly from
granite (Cann et al. 1965). The 1land
is generally undﬁféting to rolling,
and soil drainage is rapid. Cann et
al. (1965, p. 48) described these
soils as "unsuitable for agriculture
because of excessive stoninéss or
shallowness”. '

The soils of the white spruce
stand in Hants County have been map-
ped in the Queen's series (Cann et
al. 1954). The series is described as
a slightly mottled, imperfectly
drained, moderately stony, clay loam,
derived from clay loam tills of sand-—
stone, shale, and mudstone. The soil
is rated fair for wuse as cropland,
and at this site was used as pasture
prior to its regeneration into white
spruce. .

The soils of the mixed hardwood
stand in Hants County are mapped in
the Hansford catena (no series name
given, Cann et al. 1954). This soil
is described as a well-drained,
stony, sandy loam derived from sandy
loam till of sandstone. The inherent
fertility of the soil is 1low and
drought is common.

'METHODS

Quantitative Descriptions of Forest
Stands

At each site, the forest comnu-
nities were described by measuring
the sizes and densities of all trees
within five 20 x 20 m (0.04 ha)
plots. Within each plot, all trees
were tallied for species, diameter at
breast height (DBH) and height (H).
These field measurements allow for
subsequent calculations of various

quantitative descriptions of the
stands, e.g. mean height and diameter
at breast height, stem basal area per
unit ground surface area, stem den-
sity, relative dominance, and rela-
tive frequency (Kershaw 1964; Husch
et al. 1972; Smith 1974; Goldsmith
and Harrison 1976).

Measurement of Standing Crops of
Biomass and Nutrient in Trees

The standing crops of biomass and
nutrients were calculated for indi-
vidual trees wusing logarithmic re-
gression equations (described in Part
1 of this report). These calculations
were made for each tree in each of
five 20 x 20 m plots per forest
stand. These per tree data were
summed for each plot, and the mean +
standard deviation was calculated
for the five plots. These data were
then multiplied to per hectare values.

For each tree, the standing crops

calculated in the following compart-
ments were:

a) live branches, wood + bark:
calculated using the appropri-
ate regression.

b) live branches, foliage: cal~-
culated using the appropriate
regression. _

c) dead branches: calculated (for
softwoods) using the appropr-
iate regression. For hardwoods,
2 mean—tree calculation was
used, because of poor statisti-
cal correlations between dead
branch standing crops and DBH
or H.

d) unmerchantable top: calculated
(for softwoods only) by a stra-
tified mean—-tree approach.

e) total crown: calculated by
addition of a + b + ¢ + d
(above).

f) merchantable stem, wood: cal-
culated using the appropriate
regression.

g) merchantable stem, bark: cal-
culated using the appropriate
regression.




h) merchantable stem, total: cal-
culated by summation of f + g
above. The appropriate regres-
sion was not used, due to
errors inherent in non-additiv-
ity of regressions.

i) whole tree: calculated by addi-
tion of e + h above. Again, the
appropriate regression was not
used due to errors inherent in
non-additivity of regressions.

For some minor tree species, we

did not have specific standing crop
regressions. In these cases we sub-
stituted regressions for similar
species. Specifically, we used re-
gressions of Betula papyrifera for
Betula populifolia; Acer saccharum

for Quercus rubra, Fraxinus
americana, and Fagus grandifolia;

Acer rubrum for Acer pensylvanicum,

Acer spicatum, Prunus pensylvanica,

and Alnus rugosa; Picea glauca for
Larix laricina; and Picea rubens for
Pinus strobus and Tsuga canadensis.
The errors inherent in these substi-
tutions are believed to be relatively
minor, as these species did not con-—
tribute a large amount of stem basal
area to our stands.

OBSERVATIONS AND DISCUSSION

Stand Descriptions

General descriptions of the forest
stands investigated in this study are
presented in Table 1. More detailed,
quantitative descriptions are given
in Table 2 (a-p), in terms of total
and species-specific mean height,
mean diameter at breast height, stem
basal area per unit ground area, den-
sity, relative dominance, and
relative density.

Standing Crops of Biomass and
Nutrients

For each of the eight softwood and
eight hardwood stands, the standing
crops of above-ground biomass and
nutrients are presented in Table 3.
In this table, data are presented of

the standing crops in each of the
following compartments: wood plus
bark of live branches, foliage, dead
branches, total crown, wood of the
merchantable stem, bark of the mer-
chantable stem, total merchantable
stem, and the whole-tree above-
ground. For all hardwood species, the
total crown was the sum of the stand-
ing crops in the 1ive branches,
foliage, and dead branches. For all
softwood species, the unmerchantable
stem also contributed to the total
crown, in addition to the live and
dead branches and foliage. For all
tree species, the whole-tree standing
crops were calculated as the sums of
the total crown plus total merchant-
able stem compartments. Although data
for individual tree species have not
been presented here, they are avail-
able (see Freedman et al. 1981*).
Also presented in Table 19 are the
calculated percent increases in yield
by a theoretical whole-tree, relative
to a conventional clear-cut of each
stand (calculated as total crown =+
merchantable stenm standing crops).
These calculations indicate that the
theoretical whole—tree harvests would
result in maximum increases of bio-
mass yield ranging from about -29-65%
among the various stands, compared
with conventional clear-cutting.
However, in all stands and for all
nutrients, these increases in biomass
yield would be accompanied by much
larger increases in the rates. of
removals of nutrients. This is be-
cause the whole-tree biomass incre-
ments consist, in part, of relatively
nutrient-rich tissues, such as fo-
liage and small branches, compared
with the nutrient contents of the
merchantable stem. The increases in
nutrient yields by the theoretical
whole-tree harvests summarized in
Table 19 range from 104 to 205% for
nitrogen, from 134 to 288% for phos-—
phorus, . from 88 to 2397 for potas-
sium, from 59 to 118% for calcilum,
and from 66 to 1657 for magnesium.




The wide range among the sites re-
sults from variation in stand age,
species composition, stocking as it
affects the architecture of biomass
distribution within species (particu-
larly with respect to the retention
of lower branches in poorly-stocked
situations), and possibly site qual-
ity, which may influence the nutrient
contents of plant tissues. The influ-
ences of some of these factors was
discussed in more detail in a recent
review of forest nutrient standing
crop literature (Freedman 1981).
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nds selected for determinations of

Table 1: General descriptions of forest sta

biomass and nutrient standing crops in year two of this study.

C.L.I. Site Age

Site County Class Class Dominant Tree Spe;ies
s1 Kings 5.2 Mature Picea rubens, Abies balsamea
S2 Kings 4.9 Pole Picea rubens, Abies balsamea
sS3 Kings 5.1 Pole Picea rubens, Abies balsamea
sS4 Kings 4.1 Mature Picea rubens, Abies balsamea
35 Kings 5.2 Pole Picea rubens, abies balsamea
35 Annapolis 4.6 Pole Picea mariana
37 Hants 2.9 Mature Picea clauca
33 Kings 4.8 Mature Picea rubens, Abies balsamea
=3 Kings 4.8 Pole Acer saccharum
= Kings 5.5 Pole 'Betula papvrifera, Acer rubrum
=3 Kings 5.7 Mature Populus grandidentata, 2. tremuloides
e Xings 4.4 Mature Populus grandidentata, P. tremuloides
=3 Kings 4.3 Mature Acer saccharum, Betula Papyrifera
45 ' Kings 3.3 Mature Acer saccharum, Facus grandifolia
=7 Kings 3.2 Pole Acer saccharum, A. rubrum
HE Hants 3.6 Mature Acer saccharum, A. rubrum, Betula lﬁtea
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ined in this
Magnesium
(kg/ha)
7.60 + 2.55
9.09 + 3.10

TOTAL MERCHANTABLE STEM
Calcium
(kg/ha)
+ 18.1
59.4 + 32,0

f whole-tree standing crop over merchantable stem.

72.4 +

11.2
16.5

Potassium
(kg/ha)

30.4 +
45.3 ¢

increase o
.62
5.43

+

bove~ground compartments of the forest stands exam

+ dead branches + unmerchantable top.

percent
Phosphorus
(kg/ha)
9.15
13.07

iage

in various a

live branches + fol
17.8

% increase
42,2

Mean * S.D: of five replicate 20 m x 20 m plots.
(kg/ha)

Nitrogen

58.9 ¢
94.4 *

4.6
4.3

Standing crops of biomass and nutrients

study.

Biomass
(MT/ha)

10.0 ¢

TOTAL CROWN
wood + bark; merchantable stem.
16.8

Mature Red Spruce-Balsam Fir stand:

live branches
foliage

Table
Site S1.
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Pole-sized Red Spruce-Balsam Fir stand

Site S5.

96
4.23
0.35

26.8 10.27 + .
11.81 *

97.1 %

36.8 + 10.3

53.2 #

4.72
5.04
0.50

+

13.54

27.6

88.5
113.8

6.9

23.1 %

live branches

foliage

31.2

68.2

40.1 15.21 # 17.4

4.6

11.8 *

1.29 %
25.38 + 12,03

4.6
95.4
10.38 *

17.0 ¢
200.1

0.5
45.7

+l

1.3
98.8

1.10 %

3.7
94.4

13.7
227.8

dead branches

TOTAL CROWN

31.60 + 15.26

21.1

51.0 #

2.93
1.66
4.46

41.88 * 11.96

15.6
33.0

58.1 *
110.7 #

9.2

34.1 ¢

2.65
1.47
4.06
13.33

241.2

+l

8.34
4.75
13.09 *

20.2

42.7 + 14.1

68.5 *
111.2 #+

24.9

80.7

wood, merch. stem

6.12 *
16.50 *

6.8

21.1 ¢

3.5
28.3

12.4 +

bark, merch. stem

46.3

168.8 *
368.9 t 94.3

55.2 + 15.8

154.0 ¢

33.9

93.1 *
144.1 *

STEM

TOTAL MERCH.

44.0

44.69

339.0 *+ 87.4

37.8

54.8

WHOLE-TREE

118.5 153.9

179.0

204.9

increase

L3

Mature Black Spruce stand

Site S6.

1.58

8.02 ¢

11.2

1.30 27,1+ 5.9 68.2 #

7.71

2.8 52.9 + 8.0

16.9 *

live branches

foliage
dead branches

TOTAL CROWN

+ o+

< ©
vy O

+l o+

T m
0 o

+ o+

HoH

O~
o m

+oH

om
— o~

i

2.37
1,22
1.25

147.2 *+ 17.1 19.19

8.0
4.4

+

70.8

2.43
1.01
0.60
1.51

3.

+i

19.89

17.3

146.4

4.7
10.5

+!

39.3

7.43
6.33

13.76
32,95 #

14.1
17.6

67.5 *

24.1 #

6.58 *
3.70

10.28

11.6

66.0 *

+

63.4

wood, merch. stem

99.6 *
167.1 %

2.5

6.9

16.9
173.5

16.7 *

4.4
15.0

27.3

1.6
12.1
16.4

53.5

10.0 *

bark, merch. stem

2.37
5.17

31.1

40.8
111.6 *

*
*
193.2

93.3
239.7

+
b

73.4
112.7

STEM

TOTAL MERCH.

23

51.3
88.1

314.3 ¢

85

30.17

31.5

156.9

WHOLE-TREE

140.1

% increase

Mature White Spruce-Tamarack stand

Site S7.
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0.30
2.28
1.43
1.47
2.89
4.88

2.28
18.46

4.4

+

30.3
164.6 t 48.6

o+

2.3
72.3 £
27.4

0.20
2.64
1.51
0.99

2.

+i

1.28
20.90 +

2.4
21.7

18.6 #*
168.2 *

+i

9.3
39.0

dead branches

TOTAL CROWN

+l

9.5

4.8
15.3
1.8
17.1

9.6 9.61
18.9

57.2
118.0 *

4.0
3.9

+

9.18
6.45
16.53

9.4
5.5
14.7

55.5 %

91.7 %

stem

wood, merch.

9.27 %
18.88 *

+l

26.3

38.9 *
94.4
262.6

12.3 *

bark, merch. stem

28.4

175.2 %

53.7 *
16.3

126.0

50

+l

TOTAL MERCH. STEM 104.0 *

37.34

44.7

339.8 *

4.44

36.53

31.8

143.0 * 20.1

WHOLE-TREE

37.5 178.2 134.0 134.6 93.9 97.9

% increase

Mature Red Spruce-Balsam Fir stand

Site S8,

24.9 +

1.06
2.01
0.29
4.73

2.50

11.90
14.85 *

10.4

117.1 +

2.6
11.2

41.5 *

0.90
3.52
0.21
6.33
3.92
0.72

+

12.71
23.13

9.6
20.6

97.0 £
152,7 %

2.2

live branches
foliage

dead branches
TOTAL CROWN
wood, merch.
bark, merch.
TOTAL MERCH.

WHOLE-TREE

13.1

87.5

80.9 %

2.6
1.3
6:4
27.3

17.1

+

1.82
29.65

25.5+ 4.2
37.5

241.3 #

0.3
20.5

+

2.1
128.2 +

1.46
38.30 +

3.2
47.0
16.78

19.9 *
277.4

+!

56.6 *

16.92 *
10.80 *

111.2 * 20.1

8.4

58.3

+l

23.9

127.0 *

+

stem 145.8

1.92
4.22
4.42

19.1

167.0 *

5.5
13.7

23.9

34.9 #

4.52
24.30
62.60 *

9.0
32.8

64.7
191.7

3.9
31.1
28.9

21.3
STEM 167.1 +

stem

27.72 £

38.4

278.2 ¢

93.2 ¢
221.4 %

5.12
8.41

57.36 *

51.8

519.5 *

58.0

469.1 +

223.7

33.9 - 144.7 157.6 137.6 86.7 107.2

increase

%




Pole-sized Sugar Maple stand:

Site H1,

3.70
1.30
0.44
4.75
2.99

31.0 18.10 *
6.09 %

171.7 ¢

3.79 73.3 + 15.5

1.50
-0.09

26.7
15.0

159.9 #

8.8

41.9 *

live branches

foliage

18.63 %

6.0
3.4

22.4

6.7

35.3 ¢

7.08

72.6 ¢

1.5

+

1.52 %
25.84 +

11.9 +
207.0 + 37.7

0.5

+!

1.6
110.6 + 20.2

0.38 +
26.20 *

dead branches
TOTAL CROWN

51.2 +

4.80
3.43
1.24
4.67
9.30

44.3

241.9 *

9.3

55.3 1 21.1
121.8 + 39.7

9.5

-+

29.5

7.98
3.35

11.33

28.0

76.1 &

77.2 £ 31.7

wood, merch. stem

6.5

16.7 1

46.9 + 18.2

123.0 £

9.8 + 3.8
35.6

87.0 *
138.2

bark, merch. stem
TOTAL MERCH, STEM

WHOLE ~TREE

6.43

15.64

177.1 + 55,2
384.1 *110.1

46.2 + 18.9
156.8 +

50.3

41.48 + 10.33

37.53 &

364.9 t 66.9

34.4

196.7 . 231.9 239.4 116.9 165.4

58.9

% increase

Pole-sized White Birch-Red Maple stand:

Site H2.

1.74
0.87
0.19
1.85
1 2.66

9.93
3.38
0.97

20.0

105.2 #*

31.5 % 10.7

15.0 *

2.09
0.88
0.13

16.58 *

123.3 + 14.1

4.6
0.5

30.3 %

live branches

foliage

2.7

2.8
17.5

2.

14.7 *

4.9
0.2
6.2
8.5
7.5

15.2

5.00
0.58 +
22.17 *
4.93

8.4
‘1.8

50.3 %

+

2.7

12.3 #+
132.4

+

0.9
47.6 *

+

7.9
181.6 *

+l

3.0
36.1

dead branches
TOTAL CROWN

14.30 *
.7

37.6 £
100.1 #*

22.0 %
12.8 #
34.8

94
1.66
0.80
3.04
6.18

2

4.
15.8

57.4

4.8
47.2 + 15,0

stem

wood, merch.

1.00
3.82
B8.29

3.89 ¢
12.65 *
26.95 *

26,2

2.81

9.1
28.5
273.6 * 62.3

34.6

2.2
17.2

o+

55.6 %

bark, merch. stem

42.6

137.7 %
270.1

+|

+

29.91 %

92.0 *

STEM

TOTAL MERCH.

WHOLE-TREE

61.3

+
96.2

29.5

82.4 *

20.8

91.7 %

112.6

197.4 288.3 136.8

64.9

increase

%
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Mature Large-toothed Aspen-White Birch stand

Site H3.

2.98
0.78
0.23
3.36
2.64
1.90
4.54
8.42

11.09 ¢

21.5

93.2 #

69 43.7 + 11.3
0.64
0.07
3.22
1.00
0.77

1.74
4.92

2.

10.97 *

12.8

71.0 *

7.3

17.5 *

live branches

foliage

4.00

2.0
2.7
24.8

11.6

4.0
0.3
13.8

19.5

3.82
0.35

6.9

40.6 *

0.3

+

2.0

1.06

12.2
117.2 +

+

1.3
64.6
32.7

dead branches
TOTAL CROWN

16.17 *

15.16
4.20

25.2

118.8

4.8
7.3
2.2

22.6 *
32.8

+

8.2 9.21
22.0

25.6 *

11.2

7.9
6.9
14.8

36.8

+

stem

merch.
bark, merch.
TOTAL MERCH.

wood,

6.09 *
15.30 *
31.47 ¢

83.2 #*
108.8 *

7.1

20.0

2.91

29.3

+|

8.8
41.6 *

stem

30.0
54.4

107.7

52.7 ¢
117.3 *

7.11
22.27 ¢

66.1
184.9

9.5

STEM

226.0 *

34.4

64.2 ¢

WHOLE-TREE

105.9

179.7 214.1 122.6

54.3

increase

%

Mature Large-toothed ASpen-White Birch stand:

Site H4.

1.99
1.21
0.17
2.38
2.74

13.61 *

20.6

116.6 +

1.14 47.7 * .
5.0
0.2

0.69
0.04

15.17 *
4.63

101.9 £ 11.0

2.1

23,1 *

live branches

foliage

4.62
0.84
19.09 ¢
14.20

2.2

14.5 +

21.0

8.5

50.9 #

+i

9.3
140.4 %

o+

69.8 #

0.29 #
20.12 #

0.3

+

2.0
27.5 #

dead branches
TOTAL CROWN

17.2

8.6
12.8

48
1.98
0.72
2.68
4.49

2.

19.5

158.7 #

3.4
10.5

51.7 %

6.1
25.2

38.9 +
122.7

47.9

+

12.0 6.97
10.2

58.5 %

stem
stem

wood, merch.
bark, merch.

TOTAL MERCH.

1.53
4.28
7.47

8.49
22.69 £
41.78 *

4.3
16.8
32.0

31.6 ¢

4.42
11.39

44.9 *
103.4

2.7
13.3

13.2 %

31.1
53.3

86.9

161.6 *

79.5
149.3 =

22.3

64.9
92.4

STEM

302.0 *

+
176.3

31.51

41.4
153.5

262.1 %

13.1

42.4

WHOLE~TREE

84.1

% increase




e s

Site H5. Mature Red Maple-Sugar Maple-White Birch stand:

0.71
0.24
1.28
3.90
1.47
4.57
6.52

15.70 ¢

35.2

158.9

1.3
1.3

4.08 62.8 *
0.69

0.06
3.52

19.70 *

148.0 * 42.8

3.4

39.5 *

live branches

foliage

5.75 #

1.51
22.98 #
18.28 *

2.5

19.3 ¢

29.3 *

6.18 *
0.52
26.42

8.2

68.0 *

+

dead branches

TOTAL CROWN

24.5

183.4

93.1 + 12.4

55.1 *

+

29.9

225.1

6.0
18.4

44.6 +

stem 106.0 %

12.1
35.1

80.3 #
184.5 *

9.5

2.30
0.99

2.

11.19 #

22.9

111.0 #*

wood, merch.

7.65
25.93
48.88

4.0
13.3

20.8 *

5.23
16.42

13.5
33.

70.7
181.7 #

2.8

14.7 *

bark, merch. stem
TOTAL MERCH. STEM 120.7 + 21.1

50.4
448.2 * 125.2

264.8 *

75.9 *
169.0 *

89

+l

3

+

* 5.71

42.84

74.6

406.8 #*

22.1

165.3 *

WHOLE-TREE

123.9 le6l.0 122.7 69.3

37.0

increase

%

Mature Sugar Maple-Yellow Birch-Beech stand

Site Hs6.

2,07
1.32
0.17
4.66

19.00 *

1.5 160.7 * 51.8
19.6 + 4.1

66.5

5.75
0.54
0.06
4.60
4.12
1.63
5.44
7.82

161.0 * 35.4 22.66 *

2.7

40.2 *

live branches

foliage

6.45 *

2.5

33.5 ¢
1.2
101.2

84
0.39
28.93
14.24

76.3 + 12.4

1.01 +
26.48 *

9.4 +
189.7 %

+l

+

3.0
47.2
stem 139.7 * 39.4

dead branches

TOTAL CROWN

33.4
27.0

17.9
17.0

43.1

244.6 £

8.3

29.07 + 12.58

11.15 ¢

100.8

61.6 *

+

140.8 * 35.8

wood, merch.

2.99

222.9 + 59.8
323.8 * 90.6
513.5 * 90.5

25.4

30.3 ¢

6.06
20.30 *
49.23 *

24.0

-+

94.2
235.0 %

4.8

TOTAL MERCH. STEM 157.6 + 44.1

+l

17.9

bark, merch. stem

40.22 * 11.25

91.9
193.1 * 34.1

.6

71
479.6 * 84.5

66.70 * 11.80

204.8 * 36.1

WHOLE-TREE

58.6 65.9

104.1 142.4 110.1

29.9

% increase
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Pole-sized Sugar Maple-Red Spruce stand:

Site H7.

2.02
2.83
0.26
5.02
7.88
2.48

15.72

+ 30.6

150.2 +
33.3 #

12,7

62.7

2.19
5.31
0.12
5.50
4.87
2.57
6.05
9.02

+

16.11
10.03

20.7
27.4

134.3.%

5.8

36.2 *

live branches

foliage

7.46

20.6

14.5

43.2 +

*

85.3

0.9
9.8

1.22 ¢
24.56

3.0
40.7
82.8 + 26.6

14.0
199.1 +

1.3
22.0

16.2

+l

6.0
107.7

0.58
26.86 *
12.02 +

3.5
73.8

10.9
231.5 *

+l

4.2
48.0 *

stem 111.2 #

dead branches
TOTAL CROWN
wood, merch.

-+l

16.44 +

48.8 +

29.4

104.0 *

5.1
41.3

+

8.72
.25.16 *

56.4

25,1 * 163.8 *

5.14
17.16 +

21.9

63.5 ¢
167.5 %

14.8 *

STEM 126.0 %

bark, merch. stem

TOTAL MERCH.

8.25

246.6 * 80.8
49.72 + 10.14

24.2

73.9
181.6 *

76.8

91.0

44.02 % 37.0 445.7 *

399.0 * 126.7

35.4

174.0 #

WHOLE-TREE

80.7 97.6

145.7

38.1 138.2 156.4

increase

%

Mature Red Maple-Yellow Birch~Sugar Maple stand:

Site HB.

2.57
0.97
0.12

15.14 *

34.0

168.7 %

3.72 68.3 8.3
3.5

0.79
0.03

4.9 130.5 + 19.4 17.10

38.2 %

live branches

foliage

5.78 %

2.4
0.5

19.3 #
191.7 % 26.4

29.4

6.12

8.2

+

63.2

0.87
21.85

-l

+l

0.5
98.5 *

0.15
23.42

dead branches
TOTAL CROWN

6.0
14.3

2.79

+i

13.6

26
1.43
0.79
2.18
4.17

3.

+l

27.0

196.0 +

43.3

17.18 *

81.9 + 12.4

10.02 + 64.5 + 10.3
174.5 *

13.6

+i

* 94.9
13.1 *

stem 100.3
TOTAL MERCH. STEM 113.4 * 16.3

wood, merch.
bark, merch. stem

1.01
3.40
6.22

6.34
23.52

26.6

3.1

20.1 #*

+l

5.01
15.03 *
38.45 *

9.9

64.5
159.4 % 22.9

2.0

256.4 36.9

448.1

84.6 + 12,2
183.1 % 22.7

45.37 *

61.4

+
74.8

44.6

355.4 +

21.5

156.7 *

WHOLE-TREE

93.2

123.0 156.0 116.4

38.2

% increase
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Appendix 1. Common names and binomials of tree species mentioned in this

study.
Abies balsamea (L.) Mill. ) - Balsam Fir
Larix laricina (Du Roi) K. Koch.' : Larch
Picea glauca (Moench) Voss. . White Spruce
Picea mariana (Mill.) BSP ‘ Black Spruce
Picea rubens Sarg. Red Spruce
Pinus strobus L. White Pine
Tsuga canadensis (L.) Carr. Eastern Hemlock
Acer pensylvanicum L. Striped Maple
Acer rubrum L. A Red Maple
Acer saccharum Marsh. Sugar Maple
Acer spiéatum Lam. : . Mountain Maple
Betula lutea Michx. f. Yellow Birch
Betula papyrifera Marsh. Paper Birch
Betula populifolia Marsh. Wire Birch
Fagus grandifolia Ehrh. Beech
Fraxinus americana L. White Ash
Hamemelis virginiana I. Witch Hazel
Populus grandidentata Michx. Large~toothed Asben
— Populus tremuloides Michx. Trembling Aspen
Prunus pensylvanica L.f. Pin Cherry

Quercus rubra L. Red Oak
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