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ABSTRACT 

19705 ^ TZ ali^ossible-subserrinear regression"and nonlinear regres-
U were 'usJS to develop tree and stand yield functions and 

, the high natural variability afth.rt.Dd. «-M«d 

sion 

tables. 

abilitf to natural growth processes. Monseruds (1) g 
provided better fit than the Richards (1959) growth model for nearly 
'ieldcomponents. None of the site factors (i.e., categorical variables) 

proved significant in the nonlinear models. 

The resulting yield equations and tables are in close agreement 

with earlier work by Evert (1967). They also produce growth patterns 
Similar to those developed for northern Minnesota. Foresters concerned 
with managing peatland black spruce resources in northern Ontario shou 
find such preliminary growth and yield information of value in their 

resource management. 

On a analyse des donnees obtenues de 425 placettes d'echantil-

lonnage permanentes etablies au debut des annees 70 dans des Implements 
forestiers de tourbiere du nord de 1'Ontario. En utilisant des modele 
de regression non lineaire et lineaire avec Us techniques Pas-a-oas e 

de tous les sous-ensembles possibles, on a construit des fonctions et des 

tables de rendement pour les arbres et les peuplements. 

En general, la precision des equations de rendement est plutot 

faible en raison des methodes d1echantillonnage employees (echantil-
lonnage par points) et de la forte variabilite naturelle des peuplemen s 
Mgme si les modeles lin^aires mixtes (contenant a la fois des van bles 
continues et discontinues) dcnnaient un rneilleur ajustement dans certains 

les modeles non lineaires ont ete choisis pour calculer les tables 
de rendement en raison de leur souplesse et de leur adaptability aux 
processus naturels de croissance. Pour presque toutes les composante du 
Jendement. le modele logistique de Monserud (1984) a donne an meilleur 
Hustement cue le modele de 1'accroissement de Richards (1959). Aucun 
aes facteurs stationnels (c■est-a-dire variables categoriques) n'etait 

significatif dans les modeles non lineaires. 
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INTRODUCTION 

Black spruce (Picea mariana [Mill.] B.S.P.) is the most importan 

milpwood species in Ontario; with 1.2 billion m* standing volume, it 
represents about 30Z of the total growing stock of all pulpwood species 
K 86). Because of its desirable pulping qualities, black spruce 
lakes" up more than 602 of the roundwood utilized by the pulp and paper 
industry in Ontario. 

Nearly 502 of the black spruce in northern Ontario occurs on 

peatland sites (Ketcheson and Jegluml972). Because of excess water, 
aeration, inadequate nutrient availability and af-se climatic con 

ditions its productivity on such sites is very low (Lebarron 1945, 
Me wen 1969, Payandeh 1973a). However, productivity ^' **™j£J» 
drainage, fertilization and/or thinning (Averell and McGrew 1929, Stanek 

1968; McEwen 1969; Payandeh 1973a,b, 1989). 

Although yield tables indicating the current productivity of 

black spruce Lands in Ontario were prepared by Evert (1967, and by 
Plonski (1974), such table, were based entirely on the productive 
capaciy of unmanaged stands. The tables were, of necessity based on 
extensive surveys of the interrelationships among the various growth 
elements To provide more precise mensurational information on growth 
and yield of peatland black spruce in northern Ontario, an assessment was 

undertaken by staff of Forestry Canada, Ontario Region- Tta purpose of 
this report is to present the preliminary growth and yield tables and 

equations that were derived from this study. 

MATERIALS AND METHODS 

Four hundred and twenty-five permanent growth plots were estab 
lished during the 1969-1973 field seasons in Cochrane District (Fig. 1 . 
Mo t plots were located in stands 2 ha in area or larger without signifi 
cant gaps in the canopy. The plots covered a wide range of "and ages, 
stand conditions, densities, site indices, etc., as indicated in Table 1. 

Horizontal point sampling (Beers and Miller 1964, Htt8Ch et ill. 
1982) with a 5, 10 or 20 basal area factor (1.15, 2.30 and 4.60 m*/ha 
was used to establish the growth plots. The choice of basal area factor 
was made in accordance with the stand size and density such that on 
average 8-15 trees per plot were included. Application of a variable 
basal area factor was considered at the beginning of the study Itl order 
to optimize the number of 'in" trees per plot. This practice was aban 
doned after the first field season when it was realized that not only 

would it increase the sample variability but it might also tot«*«•"« 
to the estimator. In most cases, a basal area factor of 10 (2.3 m*/ha) 

was used. 
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Figure 1. Location of permanent growth plots established in peatland 
black spruce stands in Cochrane District and its vicinUy 
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Table 1. Statistical summary of permanent growth plots of 

spruce in northern Ontario. 

peatland black 

Stand characteristics 

Diameter (cm) 

Height (m) 

Site index (m) 

Age (years) 

Density (trees/ha) 

Total basal area (m^/ha) 

Merchantable basal area (m2/ha) 

Total volume (m3/ha) 

Merchantable volume (m3/ha) 

Minimum Maximum Mean 

2.88 

2.84 

1.59 

32 

210 

2,30 

0.00 

5.16 

0.00 

26.54 

17.96 

15.38 

200 

20390 

78.05 

64.28 

423.52 

392.33 

12.16 

9.14 

5.26 

105 

2841 

24.37 

18.39 

111.33 

80.54 

Coefficient 

of varia 

tion (Z) 

39.91 

29.62 

46.01 

33.73 

81.53 

48.91 

71.92 

62.45 

84.86 

A Spiegal relascope with automatic slope correction was used for 
tree tallies All borderline trees were checked by tape to ensure their 
status All "in" trees were marked with white paint at breast height 
(1 30 m) so that current and subsequent measurements could be taken at 
the same point. All tallied trees in the plot were numbered with alum 

inum tags facing the plot center, which was marked with a 1-m-high alum-
iZ stake. The horizontal distance from the center of trees at breast 
height) and the plot center and bearings of at least three tallied trees 
w e Lorded asa, aid in possible relocation of "lost" plot e«t«. 
for the next remeasurement. An example of a plot tally sheet, which 
shows the type of data collected, is given in Appendix A. 

About one third of the plots were established within blocks 

alongside the existing experimental and/or highway drainage ditches 
Another one third of the plots were established in stands to be drained 
and or fertilized. Fertilization plots consisted 0* 0.04-ha fixed-area 
circular plots centered on a growth plot (point) with a buffer zone of 
about 1 m around it. The remaining plots were scattered throughout the 

area to provide an optimum range of stand age, site conditions, density, 
etc. About 701 of the plots established near the drainage ditches were 
fertilized with several levels of nitrogen (N), phosphorus (P) and 

potassium (K). 

Detailed mensurational data were collected on individual tree and 

stand characteristics so as to provide a basis for developing empirical 
growth models for predicting volume and value growth on both an individ 

ual tree and a stand basis. 

Data gathered on each plot included, among other things, plot 

number, average stand age (A), landform [LF], slope percent (SL), slope 
position [SLP], slope length (SLL), aspect [AS], and peat characteristics 

such as depth (PD), composition [PC] and degree of humifnation [HU], 
moisture regime [PM], peatland cover class [CV], and lesser vegetation 

[LV] Discrete or categorical variables are enclosed in square brackets. 
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Various growth and yield components were calculated on an indiv 
idual tree basis as well as on a stand basis. Both linear and nonlinear 

regression models were employed. In the case of linear models stepwise 
and all-possible-subset regression analyses were used, with dummy vari 
ables representing the categorical variables. In general the following 

linear regression models were used for various tree and stand yield and 

growth components: 

Y = f (site factors only) ' > 
Y - £ (site factors, tree and/or stand characteristics) 

inY « f (as in (2) above, plus In transformation) (3) 

where site variables in the above models were mostly categorical vari 
ables such as landform, slope position, aspect, peat depth, peat composi 
tion peat degree of humification, peat moisture regime and peatland 
cover type. Categorical variables describing individual tree character 

istics included tree status, defects, crown class and crown condition, 

etc., as summarized in Appendix B. 

The nonlinear regression models (Draper and Smith 1966, Ratkowsky 

1983) were of the sigmoidal type and included an extension of the 
Richards growth function (Richards 1959, Ek 1971, Payandeh 1988) and 

Monserud's (1984) logistic model, given below: 

where- Y = a yield characteristic such as basal area or volume/ha, S -

site index (height at index age 50 years), A = stand age (years), In = 
natural logarithm, e = base of natural logarithm, /^-/^ - parameters of 
the model to be estimated, and E - error term of the model. 

Model (4) produces polymorphic sigmoidal yield curves. A con 

strained form of its reciprocal was used to express stand density or 

number of trees/ha over age. 

RESULTS AND DISCUSSION 

Table 1 provides the statistical summary of the data used. 

Results of linear regression analyses expressing major tree attributes as 
functions of site factors, tree and stand characteristics indicated that 
such categorical variables are poor predictors of tree attributes, except 

in the case of tree diameter and height, for which three or four site 

factors explained 60 to 652 of the variability, respectively. 

Table 2 contains the summary of stepwise linear regression equa 

tions of peatland black spruce stand-yield characteristics. Three to 

four stand variables and one site factor (peat depth or peatland cover 
type) accounted for 56 to 962 of the variability in the yield character 

istics concerned. Stand density (i .e., number of trees/ha) and total 

basal area/ha were highly variable (R*- 0.56 and R* = 0 . 57, respec-
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tively), perhaps mainly as a result of the sampling scheme used, i.e 
pom sampling However, the goodness of fit values for merchantable 
basal area and for volumes were extremely good. 

Table 2. Summary of multiple linear regression equations expressing peat-
land black spruce stand yield characteristics as a function of 
site factors and stand characteristics (qualitative and 
quantitative variables). 

Yield characteristic Regression equation 

Density (trees/ha) N = 4825 - 255.91 QM + 147.38 S + 

269.00 [PD] 

+ 0.10 A + l.io S + 5.27 [CV2] 

basal 
Total volume T- -35.48 + 4.55 BA. + 0.27 A 

+ 6.99 S - 20.58t[CVl] 

*T*J2 T 

0.57 

SEE 

o 56 1 30 

7.18 

0 95 14 73 

12.92 

TJ2 Th ? °f trees/ha)" W = quadratic mean dia-
V , T "^ !f/ha)' Mm = merchantable basal area 

a V t ' tOtal volume <nH/ha), V = merchantable volume (m3/ha) 
and A = stand age (years). Other variables are defined in the text and 
in Appendix B. ana 

Table 3 summarizes the nonlinear regression equations that 
express yield characteristics as a function of site quality and stand 
age Although the goodness of fit of some of the resulting Lstic 
model, 1S not high ag fQr the.r linear counfc -8 ^"tic 

and 3) nevertheless, they were chosen for construction of the yield 
tables because of the following shortcomings of the linear equations: 

a) stand age accounted for only a small portion of the 
it was included m the linear yield equations 

variability when 

StT? ag^WerenOt Eluded as significant vari 
models of stand density, total basal area and 

merchantable volume equations 

IZllTnt ^^ ̂f- ^ ̂^ d6Pth W"e ****■<! ^ the linear yield 
equations as significant variables that accounted for up to 5Z of the 
variability in the response variable. 
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Table 3. Summary of nonlinear regression equations expressing peatland 
black spruce stand yield characteristics as a function of site 

index and stand age. 

Yield characteristic Regression equation SEE 

Stand height 

(m) 

Density 

(trees/ha) 

H = 15.24 BU'H 

(A) - 0.009 In (S)) 

0.90 0.79 

N = 1395.7 + 2S39 S"2'82 (1+e(8'9-1"86 0.52 9.63 
In (A) + 1.95 In (S)) 

Total basal 

area (m2/ha) 

BA - 40.9 S 

£A)3 

-.15/ (18.78-3.16 In 
0.46 5.48 

Merchantable 

basal area (m^/ha) 

0.98 ,, (40.16-7.08 
BA = 1.08 BA /(l+ev 

m ln(A) - 5.61 

0.93 3.16 

Total volume 

(nWha) 

V ^22.24 S-°-053BAt°-97/<l+e(8-03 
- 1.08 ln(A) - 1.19 ln(S>> 

0.98 7.96 

Merchantable 

volume (m3/ha) 
Vm " (A)3-V6. 14 ln(SJ) 

ln 0.98 8.94 

S = site index, A = age (years! 

For the above reasons it was not possible to construct standard 

yield tables (i.e., yield components expressed as functions of site index 

and age) for the full range of site index and stand age. In addition, 

the nonlinear models were chosen because of their flexibility (cf. 

Payandeh 1983) and ability to describe growth of a stand over time. 

Inclusion of site factors as categorical variables in the non 

linear models did not prove significant. In the case of stand density, 

the model form had to be constrained with a minimum number of trees/ha so 

that it would not result in gross underestimation of density for older 

stands. 

A set of preliminary yield tables (Appendix C) for site indices 

of 3,6 and 9 m was generated from the yield equations given in Table 3. 

Figure 2 shows stand development as a function of age for an average 

peatland black spruce site (i.e., site index -5m) for the major stand 
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characteristics. The resulting yield tables are in close agreement with 
earlier work by Evert (1967), They also produce growth patterns similar 
to those developed for northern Minnesota (Perala 1971). 

The equations and tables in the present report provide prelimin 
ary yield information for peatland black spruce in northern Ontario 
Foresters concerned with managing northern Ontario's peatland should find 
such information useful. 
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Figure 2. Plat of main yield components against stand age (years) for 
peatland black spruce in northern Ontario for a site index of 
5 m. 
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APPENDIX A 

An example of a plot tally sheet tor preliminary growth and yield assassmsnt of peatland black spruce 

in northern Ontario. 

Crew Crozier, Dunn Date 30 Day 7 Month 1975 Location: Cochrane 

county-district 

10 

Plot No. 

12 

Township Major sp. 2nd sp. 

13 16 

OAF ' ' Avg stand age 

20 

Slope length I—1 ' Aspect 

Site: Landform ' ' Slope 

22 23 

Minor sp. 

Slope position ' 

25 

Soil texture Soil permeability 

I 1 Soil series 

ilit-v I 1 

29 

Soil moisture 

~30 32 

Disturbance Date Ground cover 

Location notes; marked tree, species, size, distance, etc. 

Distance from plot center: 



APPENDIX B 

Initial description and codes for sice factors, peat characteristics, lesser 

vegetation and final categorical and dummy variables used. 

Initial code and description Final categorical and dummy variables 

Landforms 

0 Bog and swamp 

1 Glacio-lacustrine plain 

(sand and gravel) 

2 Glacio-Lacustrine 

(silt and clay) 

3 Littoral landscape 

(dunes, beaches and bars) 

<t Moraine landscape (ground and 

recessional moraines, drumlins, 

knob and kettle ridge) 

5 Flattened till plain 

6 Glacio-fluvial deposits 

(meltwater stream beds 

and outwash plains) 

7 Esker and kame landscape 

8 Limestone plain 

Other bedrock landscape J 

Moisture Regime 

landform class 1, LF = [1] 

} (peatland) 

landform class 2, LF = [0] (upland) 

1 Oversaturated--water level 

above surface for six months 

or more 

Saturated—water level at 

or above surface 

3 Very wet--water below surface 

- not lower than 10 cm 

4 Wet--water level 10-19 cm 

below surface 

1 

peat moisture class 1, [PM1 PM2] = 

[1 0] (saturated) 

(cont'd) 



APPENDIX B (cont'd) 

Initial code and description Final categorical and dummy variables 

1 

2 

5 

6 

7 

8 

9 

Moisture Regime (concl.) 

peat moisture class 2, [PM1 PM2] = 

) [0 1] (very moist) 

1 

peat moisture class 3, [PHI PM2] -

[0 0] (fresh) 

Very moist--water level 

20-25 cm below surface 

Moist--water level 26-34 cm 

below surface 

Moderately moist--water level 

35-60 cm below surface 

Fresh--water level 61-120 cm 

below surface 

Moderately dry--water level 

121-180 cm below surface 

Dry--water level 180 cm below 

surface 

Peat depth 

Initially measured to nearest } peat depth class 1, PD = [1] 

25 mm <30 cm 

Initially measured to nearest ) peat depth class 2, PD = [0] 

25 mm >30 cm 

Sphagnum 

Sphagnum-sedge, sphagnum 

principally 

Sphagnum-sedge and wood 

Sedge peat 

Sedge-sphagnum 

Eutrophic sedge-sphagnum 

peat--extremely rich areas 

Sedge-woody peat 

Woody-sphagnum and/or sedge peat 

Others not specified J 

Peat composition 

} peat composition class 1, PC = [1] 

1 

peat composition class 2, PC = [0 

(cont'd) 



APPENDIX B (cont'd) 

Initial code and description Final categorical and dummy variables 

J 

Lesser vegetation 

1 Sphagnum-Chamaedaphne 1 

2 Sphagnum-Ledum-Chamaedaphne 

3 Sphagnum-Ledum-Alnus 

h Sphagnum-Feather moss 

5 Feather moss 

6 Feather moss-Petasites 

7 Feather moss-Cornus 

8 Aster-Cornus 

9 Others not specified 

llesser vegetation class 1, LV = [1] 

lesser vegetation class 2, LV = [0] 

I 

J 

Peat (degree of humification) 

Completely unhumified and dye- "1 

free peat; when squeezed in hand 

only clear, colorless water runs 

between the fingers 

Almost completely unhumified and 

dye-free peat; when squeezed in 

hand almost clear; only weakly 

yellow-brown water runs 

Very little humification or very 

weak dye-yielding peat; with 

squeezing there is distinctly 

cloudy brown water, but no peat 

substance from between the 

fingers; the remainder is not 

pasty (viscous) 

humification class 1, [HU1 HU2] = 

[1 0] 

Weakly humified or somewhat 

dye-yielding peat; with squeez-

ing, dark muddy water runs, but 

still no peat substance; the 

remainder is somewhat viscous 

humification class 2, [HU1 HU2] = 

[1 0] 

(cont'd] 



APPENDIX B (cont'd) 

Initial code and description Final categorical and dummy variables 

Peat (degree of humification) (cont'd) 

Fairly humified or fairly dye- 1 

yielding peat; plant structure 

still evident, but somewhat hazy; 

with squeezing there is some peat 

substance, but mainly muddy brown 

water from between the fingers; 

the remainder is strongly viscous 

Fairly humified or fairly dye-

yielding peat, with unclear plant 

structures; with squeezing some 

1/3 of the peat substance passes 

between fingers; the remainder is 

viscous 

Strongly humified, or strongly 

dye-yielding peat, of which plant 

structure is still recognizable; 

with squeezing some 1/2 of peat 

substance passes between fingers 

Very strongly humified or strong 

ly dye-yielding peat with very 

unclear plant structures; with 

squeezing 2/3 passes through the 

fingers; the remainder, mainly 

from more resistant constituents, 

persists as root fibers, wood 

remains, etc. 

Almost completely humified or 

almost wholly dye-yielding peat 

without recognizable plant struc 

tures; nearly the entire peat 

mass passes between fingers with 

squeezing 

humification class 

[0 0] 

3, [HU1 HU2] = 

(cont'd) 



APPENDIX B (cont'd) 

Initial code and description Final categorical and dummy variables 

Peat (degree of humification) (concl.) 

10 Completely humified peat or 1 

wholly dye-yielding peat without I humification class 3, [HU1 HU2] -
any plant structures; with } [0 0] 

squeezing the whole peat mass I 

passes between the fingers J 

Peatland cover type 

1 Stagnant black spruce of varying } Cover type class 1, [CV1 CV2] =[10 
size and density 

2 Immature black spruce-- 1 

unmerchantable, but growing at a I 

good rate | 

Mature black spruce--

merchantable-size trees, 

vigorous 

type class 2, [CV1 CV2] = [0 1] 

I 
A Overmature black spruce--

merchantable, but many trees I 

(202 or more) are falling down i 

5 Mixed, generally black spruce 1 

and balsam fir including white 

birch growing on shallow peat on 

slopes or upland 

6 Open bog--primarily treeless, 

sphagnum origin 

7 Fen--treeless minerotrophic, 

sedge predominates 

8 Carr--brushy area--alder, 

willow, etc. 

Marshes--open sedgy areas, water 

above surface for most of the 

year 

0 0thers--not specified 

>Cover type class 3, [CV1 CV2] =[0 0 

(cont'd) 



APPENDIX B (concl.) 

Initial code and description Final categorical and dummy variables 

Tree Crown Condition 

1 Good--at least 2/3 filled, with "1 

foliage of healthy green ) Condition class 1, [CCN1 CCN2] 

color and normal size J 

Me d ium 

3 Poor--less than 1/3 filled with 1 

foliage of poor color \ Condition class 3, [CCN1 CCN2J 

[1 0] 

} Condition class 2, [CCN1 CCN2] = [0 0] 

(0 0] 

and less than normal size J 

Tree Crown Class 

1 Dominant 

2 Codominant 

3 Intermediate 

4 Suppressed 

5 Regeneration (undergrowth) 

6 Understory tree 

7 Understory suppressed 

8 Open-grown 

9 Others 

) Dominant, CCL1 = [1] 

Nondominant, CCL2 = [0 

J 



APPENDIX C 

Table C2. Preliminary estimates of yield per hectare for 

spruce forest types in northern Ontario. 
peatland black 



Table C3. 

APPENDIX C 

Preliminary estimates of yield per_ hectare for peatland black 
spruce forest types in northern Ontario. 

Stand 

age 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

Density 

(trees/ 

ha) 

13104 

6907 

4626 

3531 

2918 

2540 

2290 

2115 

1988 

1893 

1320 

1762 

1715 

1678 

DBH 

(cm) 

1.98 

4.46 

6.92 

8.90 

10.40 

11.47 

12.35 

13.01 

13.52 

13.93 

14.25 

14.52 

14.74 

14.93 

SITE INDEX: 9 m 

Height 

(ffi) 

3.70 

5.39 

7.01 

8.55 

10.04 

11.47 

12.85 

14.18 

15.47 

16.71 

17.91 

19.08 

20.21 

21.30 

(>1.5 cm) 

4.06 

10.77 

17.39 

21.99 

24.80 

26.48 

27.50 

28.14 

28.55 

28.84 

29.03 

29.17 

29.27 

29.35 

Basal area (m2) 

cm) 

0.01 

0.26 

2.80 

10.62 

19.19 

24.13 

26.51 

27.69 

28.34 

28.72 

28.96 

29.13 

29.24 

29.32 

Volume (mJ) 

(>1.5 cm) 

7.77 

28.91 

59.17 

89.86 

117.36 

141.46 

162.76 

181.90 

199.32 

215.36 

230.02 

244.16 

257.22 

269.52 

cm) 

0.01 

0.55 

8.65 

42.14 

87,64 

122.19 

146.83 

166.07 

182.22 

196.37 

209.06 

220.60 

231.19 

240.96 
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