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ABSTRACT

Ponderosa pine wood quality can be estimated by an analysis 

of the frequency of occurrence of several stem feature qualities 

(sweep, crook, fork, etc.). Previous knowledge has been limited to 

an analysis of stem features at one point in time. Two inventories, 

one in the mid-1960's and another in 1976, are compared to describe 

stem quality changes with respect to time.
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CHAPTER 1

INTRODUCTION

Commercial ponderosa pine^ forests cover over 3.6 million acres 

in Arizona (Green and Setzer 1974). Ponderosa pine occurs in pure 

stands or in mixed stands primarily associated with Douglas-fir, pinyon, 

alligator juniper, aspen, and Gambel oak (Senn 1976). Ponderosa pine 

characteristically occurs in the elevation zones between 5,500 and 

9,000 feet, where mean annual temperatures range from 40° F. to 50° F. 

and annual precipitation ranges from 15 to 35 inches mostly in the form 

of snow fall (Schubert 1974; Beschta 1976).

Pulp and sawtimber wood product harvests, which characteris

tically removed 35 to 60 percent of the merchantable volume, have 

resulted in residual cutover stands containing a combination of resid

ual merchantable trees (left from previous harvests) and ingrowth of 

smaller stems (Ffolliott and Barger 1976). The quality character is 

not only changing, but the timber resource base is also diminishing 

in area (Green and Setzer 1974).

Along with the timber resource changes, a growing concern has 

developed for the efficient utilization of harvested wood fiber. 

Utilization practices are being directed toward a greater emphasis on

1
Common and scientific names of plants mentioned in the text 

are listed in Appendix A.
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products other than lumber and on multiple-product operations 

(Ffolliott and Barger 1976).

Additional information is required on the physical character

istics affecting standing timber quality. Stem quality is largely 

determined by features such as sweep, crook, fork, scar, and limbing 

characteristics (Ffolliott and Barger 1967). Standing timber product 

potential can be estimated by an inventory of the severity and occur

rence of these stem quality features.

With the additional need for wood product diversification and 

the increasing dependence upon cutover stands, the requirement for an 

assessment of ponderosa pine stem form becomes obvious.

Timber quality inventory classifications systems have been 

developed and tested (Ffolliott and Barger 1965; Barger and Ffolliott 

1970). This quality appraisal methodology is now incorporated, at 

least in part, in many forest inventory systems.

Stem quality features at a point in time have been assessed 

for ponderosa pine (Ffolliott and Barger 1967) and mixed conifer 

(Embry and Gottfried 1971) forests in Arizona. These two investiga

tions provide a basis from which to determine stem-quality features 

and their changes with respect to time. Therefore, base information 

generated from these investigations, specifically the ponderosa pine 

study, can be utilized as a point of departure in developing an assess

ment of ponderosa pine stem quality changes over time.

The objectives of this study were: 1) assess the frequency

of ponderosa pine stem features at two points in time, and 2) interpret

2



the changes over time in the previously assessed frequencies of stem 
features.



CHAPTER 2

THE STUDY AREAS

Five experimental watersheds located along the Mogollon Rim 

country of central Arizona were chosen for the study. Four of the 

areas are sub-watersheds of the larger Beaver Creek Watershed (Brown 

et al. 1974), located 40 miles southeast of Flagstaff, Arizona. The 

fifth area is the East Fork of a paired watershed study on Castle 

Creek, 20 miles south of Alpine, Arizona (Rich and Thompson 1974). 

These areas were chosen because of the availability of initial source 

data and because the areas represent the general elevational ranges of 

the ponderosa pine type in Arizona (Figure 1).

Beaver Creek is located in the Mogollon Plateau climate re

gion (Brown et al. 1974) on the Coconino National Forest and is part 

of the Salt-Verde River drainage net of central Arizona. Average 

annual temperature is 45° F. and precipitation averages 25 inches per 

year (Schubert 1974). The silty clay and silty clay loam soils have 

developed on basalt and cinder parent material to depths less than 2.5 

feet (Brown et al. 1974).

The Castle Creek Watersheds, located in the Apache-Sitgreaves 

National Forest, drain into the San Francisco River, a tributary, of 

the Gila River. The average temperature is 43° F. and the average 

annual precipitation is 26 inches (Rich and Thompson 1974). The soil

4
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parent materials, basalt and cinder, has silty clay to silty clay loam 

soil developed over it to a depth of up to 3.0 feet.

All of the study areas are predominantly ponderosa pine, with 

Gambel oak and Douglas fir the primary associated species on Beaver 

Creek and Castle Creek, respectively. The areas and the standing 

timber are representative of Arizona ponderosa pine timber resources.

The first timber quality inventory of the study areas was 

completed in the mid-1960's, and used a system designed to*measure 

stem form defects (Ffolliott and Barger 1965). The initial inventory 

will be referred to as the "1965" inventory in this paper.

The last known harvest of the Beaver Creek watershed area 

occurred between 1943 and 1950 and removed 35 to 60 percent of the 

merchantable volume. The effects of previous logging on timber qual

ity normally do not extend beyond 10 to 15 years, and thereby should 

not significantly affect the objectives of this study (Ffolliott 1977). 

The East Fork of Castle Creek is considered to be a virgin stand. The 

initial and current volumes (adjusted for defect) for the study areas 

are 5,249 and 5,616 board feet (Myers 1963) per acre, respectively. 

Additional study area information is presented in Table 1.



Table 1. Additional study area Information

Watershed Acres Sample
Points

No.
1965

Sample Trees by Species3
1976

PP GO DF Others PP GO DF Others

Beaver Creek ;

No. 7 1994 142 290 4 0 12 368 25 0 21
No. 13 867 236 622 132 0 39 640 133 0 42
No. 15 159 28 43 23 0 7 47 24 0 7
No. 18 229 76 262 38 0 5 294 31 0 5

Castle Creek
E. Fork 1163 177 579 7 34 30 606 8 44 27

Totals 4412 659 1796 204 34 93 1955 221 44 102

*Ponderosa pine (PP); Gambel oak (GO); Douglas fir (DP); alligator juniper, white fir, aspen (Others)



CHAPTER 3

METHODS

The study of stem quality features involved two steps: field

data collection and subsequent data analysis. The 1965 inventory pro

vided the base source data with which comparisons of the 1976 data 

could be made. Every attempt was made to replicate the initial inven

tory exactly on a tree to tree basis; The 1976 inventory distinguished 

between live and dead knots and maximum knot size, whereas the initial 

inventory recorded only maximum knot size. The knot data differences 

limited the log knot configuration time change analysis to the number 

of knots and maximum knot size in the 16-foot butt log.

Field Procedures

Because of the need to replicate the initial inventory, the 

field procedures employed in the 1976 inventory were the same as those 

used in 1965. Permanent sample points were established for the initial 

inventory to provide for systematic observation and measurement of all 

major stem characteristics related to primary wood product quality.

The frequency of occurrence of observed features may be computed from 

data collected by this method (Ffolliott and Barger 1967). Field data 

were recorded on computer sheets in the form described by Heidt et al. 

(1971).

8
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Sample Design

A total of 659 permanent sample points were randomly located 

on the study watersheds. Point sampling techniques were used to 

select sample trees (diameters 7 inches or larger). All species of 

trees were selected with an angle gauge that corresponds with a basal 

area factor of 25. A total of 2,127 and 2,322 trees were selected for 

observation and measurement in the 1965 and 1976 inventories, respec

tively (Table 1).

Visual Stem Features

Visual stem quality features that might affect product quality 

and yield were recorded for ponderosa pine. For the associated species 

(Douglas fir, Gambel oak, etc.), only diameters were recorded to pro

vide estimates of stand composition and basal area densities. A listing 

of the measurement criteria used for each visual defect recorded is pre

sented in Appendix B.

Other Features

Basic tree size data were gathered for volume calculations. 

Diameters outside the bark were measured at D.B.H. Heights were meas

ured in terms of 5-foot pole increments (trees of 9-inch diameter and 

larger) and 8-foot log sections (trees of 11-inch diameter and larger).

In addition, ongrowth and mortality information was gathered. 

Ongrowth is defined as the trees whose increase in diameter caused 

their inclusion in the 1976 inventory. These newly selected ongrowth 

trees did not appear on the 1965 inventory as a tree 7 inches in 

diameter or larger. Mortality information was limited to a "time of



death" determination. Two classes of time were used, 0 to 5 years 

and 6 to 10 years plus.

10

Analytic Procedures

Because of logging histories and elevational differences, a 

primary concern in the analysis was the "pooling" of Beaver Creek and 

Castle Creek tree data. Verification of the assumption of homogeneous 

variance was needed prior to combining the data for the stem quality 

analysis. Bartlett's Test of Homogeneity of Variance offers a means of 

evaluating this assumption (Freese 1967).

Stand tables were developed, which provided estimates of the 

mean and variance of trees per acre for each watershed. The variances 

were tested and found not to be significantly different. The within 

watershed variances were greater than the between watershed variances. 

The data were subsequently "pooled" for the stem quality analysis.

The trees were first aggregated by 2-inch diameter classes 

(8 to 34+ inches). Base stand tables for each inventory were developed 

from the "pooled" data of all inventoried ponderosa pine trees. Sep

arate stand tables were then developed for trees exhibiting each of the 

observed stem quality features (sweep, crook, scar, e t c . ) T h e  stand 

tables were expressed as a proportion of the base stand tables, which 

indicated the frequency of occurrence of the representative feature

1Because log knots and clear face area are usually common to 
all stems, the stand table method of expressing occurrence is not 
adequate (Ffolliott and Barger 1967). The occurrence of these stem 
features was expressed as a proportion of stems having specified knot 
or clear face characteristics.
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(Ffolliott and Barger 1967). Then, cumulative frequency distributions 

were constructed from those proportions. For example, the relative 

frequency of occurrence of ponderosa pine trees for each of the two 

base stand tables (i.e., 1965 and 1976) is presented in Table 2.

Sets of the cumulative frequency distributions were developed for 

each inventory to serve as the base of comparison of stem feature 

changes over time. If the null hypothesis that independent random 

samples have been drawn from identical populations is correct, we 

would expect the cumulative frequency distributions of the 1965 and 

1976 inventories to be essentially similar. If on the other hand the 

null hypothesis is rejected, then we must assume that the cumulative 

frequency distributions represent two different populations. Dif

ferences noted in the cumulative frequency distributions can be 

assumed to reflect changes in the stem form features measured because 

of the replication of the initial inventory.

The Kologorov-Smimov Test (commonly called the Smirnov Test), as 

described by Blalock (1972), can be used to test for significant dif

ferences of two sample cumulative frequency distributions. The test 

statistic used in the Smirnov Test is the maximum difference (D) be

tween the two cumulative frequency distributions. To reject the null 

hypothesis, the greatest difference between the 1965 and 1976 distri

butions would have to exceed the calculated I) value.

Calculations made to test for differences in the 1965 and 1976 

base stand tables are given in Table 3. The statistical comparisons 

of the cumulative frequency distributions for each stem feature were 

accomplished in the same manner.
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Table 2. Base stand tables of the 1965 and 1976 Inventories expressed 
as a proportion of the total stand by 2-inch diameter 
classes.

7% Am 1 mm Proportion of Base Stand Tables (%)a
U X a m E u C l .  uJLB S S 1965 1976

8 0.401 0.344
10 0.260 0.280
12 0.140 0.146
14 0.067 0.095
16 0.035 0.042
18 0.027 0.026
20 0.023 0.023
22 Q.017 0.015
24 0.011 0.012
26 0.009 0.007
28 0.004 0.005
30 0.003 0.002
32 0.001 0.001
34+ 0.002 0.002

1.000 1.000

aBased on 88.0 and 92.9 trees per acre for the 1965 and 1976 inven
tories, respectively.
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Table 3. Computations for Smirnov two-sample test of the base stand 
table cumulative frequency distributions.*

Diameter
Class

Cumulative Frequencies 
1960 (Fl) 1976 (1*2)

Differences 
Fl - F2

8 0.401 0.344 +0.057b
10 0.661 0.624 +0.037
12 0.801 0.770 +0.031
14 0.868 0.865 +0.003
16 0.903 0.907 -0.004
18 0.930 0.933 -0.003
20 0.953 0.956 -0.003
22 0.970 0.971 -0.001
24 0.981 0.983 -0.002
26 0.990 0.990 0.000
28 0.994 0.995 -0.001
30 0.997 0.997 0.000
32 0.998 0.998 0.000
34+ 1.000 1.000 0.000

*With alpha -  .1, Calculated D -  1.22 (N1 + N2/N1 X N2) -  .067, when 
N1 -  N2 -  659.

^Greatest difference in percent with a negative difference indicating 
a higher reported cumulative frequency in 1976 than 1965.
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The direction of change in the cumulative frequencies of the 

stem features could not be predicted; therefore, the statistical 

analysis represents a "two-tailed" test of the maximum difference, with 

the calculated value being the confidence interval around the 1965 

cumulative frequencies. For example, the maximum cumulative frequency 

difference (+.057) of the 1965 and 1976 base stand tables did not ex

ceed the calculated jD value (.067); therefore, we can assume that the 

1965 and 1976 sample populations are not significantly different from 

each other (Table 3).

When the Smirnov Test revealed a significant difference between 

the 1965 and 1976 defect populations, a stem by stem analysis was used 

to describe the defect stand table changes. To facilitate data analysis 

and presentation, stems were aggregated into one of four stem size 

classes as outlined by Ffolliott and Barger (1967): 1) pulp (8 and

10-inch diameter classes); 2) small logs (12 through 16-inch diameter 

classes); 3) medium logs (18 through 22-inch diameter classes); and 

4) large logs (24-inch plus diameter classes). Changes in the defect 

population were then assessed as: 1) mortality losses; 2) diameter

growth effects (ongrowth gains and diameter class shifts); and 3) de

fect severity changes, increased or decreased severity (Figure 2).



1965 POPULATION
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CHAPTER 4

RESULTS AND DISCUSSION

To facilitate description of changes of stem features with 

respect to time, graphic presentation of the cumulative frequency dis

tributions was utilized. The distributions are aggregated into three 

specific stem features: 1) stem form features (sweep, crook, lean,

and fork); 2) injury features (basal and lightning scars); and 3) log 

knot configurations (clear faces, knot numbers, and knot sizes in the 

16-foot butt log).

Individual stem features, whose 1965 and 1976 cumulative fre

quency distributions tested significantly different, are discussed in 

terms of stand table changes relative to mortality losses, diameter 

growth effects, and defect severity changes. The stem features that 

did not exhibit significant population differences are not discussed; 

however, summaries of all defect stand table changes are presented in 

the appendices.^

Because of the log knot data discrepancies previously mentioned, 

changes of knot condition over time could not be assessed; however, the 

1976 inventory offers an opportunity to assess the frequencies of knot

Blalock (1972) describes a more powerful version of the 
Smirnov Test that can be used to test two-sample population differences 
when trend information is available. The defect stand table summaries 
presented in the appendices may improve hypothesis testing in future 
analyses of this type by providing "direction-of-change" estimates.

16
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condition at one point in time. The cumulative frequency tables of the 

1976 knot condition analysis are presented in Appendices C through G.

Basic stand dynamics, including mortality and growth, may sig

nificantly mask the stem form cumulative frequency changes with respect 

to time. For this reason, a general discussion of the changes found in 

the distributions of the base stand tables precedes the specific dis

cussions of the individual stem features, and offers a point of refer

ence between stand and stem dynamics.

Base Stand Tables

As stated previously, the cumulative frequency distributions 

of the base stand tables were not significantly different. The greatest 

difference (+.057) between the 1965 and 1976 frequencies occurred in the 

8-inch diameter class (Figure 3).

The lack of significant differences in the 1965 and 1976 popula

tions is important. If the populations are essentially the same, then 

significant differences noted in the stem feature frequencies could 

be assumed to represent stem feature changes over time. Because the 

defect stand tables represent subsets of the total sample population, 

subset transitions from 1965 defect populations to 1976 defect popula

tions indicate stem form changes that are internal to the total popu

lation (Figure 2).

Stand basal area increased from 68.1 in 1965 to 74.1 square 

feet per acre in 1976. Stems increased from 88.0 per acre in 1965 to 

92.9 per acre in 1976. The 8 through 14-inch diameter classes repre

sented a smaller proportion of the total stand in 1976 than 1965,
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while the 16 through 28-inch diameter classes represented a larger 

proportion in 1976. The 30-inch diameter and larger trees represented 

essentially the same proportions in both inventories. Average stand 

diameter increased from 11.9 inches in 1965 to 12.1 inches in 1976.

A summary of changes noted in the base stand tables is presented in 

Appendices H and I.

Stem Form Features

When determining the value of stands for some products, stem 

form is more important than stem volume (Ffolliott and Barger 1967). 

Sweep, crook, lean, and fork are particularly important (Pearson 1950). 

The occurrence of sweep and crook in the stem may substantially lower 

net merchantable volumes and could be inadmissable in such products as 

commercial poles. Lean may affect wood density through the formation 

of compression wood (Pillow and Luxford 1937). Forks in the merchant

able stem affect product lengths and net volumes and wood adjacent to 

the fork may also be affected by the distorted grain accompanying a 

fork (Jackson 1962). Summaries of changes in the stem form feature 

stand tables are presented in Appendices J through N.

Sweep

The 1965 and 1976 cumulative frequencies of minor sweep (Figure 

4) showed a maximum difference of +5.3% in the 8-inch diameter class, 

which was not a significant difference. However, the major sweep dis

tributions were significantly different with a maximum difference of 

-7.1% in the 14-inch class (Figure 4).
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Figure 4. Cumulative frequency distributions of minor and major 
sweep.
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Major Sweep. The proportion of the stand having major sweep 

increased to 9.2 percent in 1976 from 8.1 percent in 1965. Basal 

areas increased from 8.2 in 1965 to 8.7 square feet per acre in 1976, 

and stems increased from 7.1 in 1965 to 8.5 per acre in 1976. Average 

stand diameters of the trees exhibiting major sweep decreased from 

14.5 inches in 1965 to 13.7 inches in 1976. The overall stand table 

changes for minor and major sweep are summarized in Appendix J .

From 1965 to 1976, the pulp (8 and 10-inch diameters) and 

small log (12 through 16-inch diameters) stem sizes increased their 

stand table proportion, while the medium log (18 through 22-inch 

diameters) and large log (24-inch plus diameters) stem sizes decreased 

their proportion. The smaller stem sizes (pulp and small log) lost 

0.14 trees to mortality, but gained 1.01 trees per acre due to diam

eter growth and 0.65 trees because of sweep severity increases in 

previously straight stems. Diameter class shift increases (0.06 trees 

per acre) in the medium and large log stem sizes were overshadowed by 

the mortality losses of 0.18 trees per acre (Table 4).

Crook

The occurrence of minor and major crook was analyzed at three 

stem locations: (1) first 16-foot log, (2) second 16-foot log, and

(3) above second log. The cumulative frequency distributions for 

both minor and major crook (Figures 5, 6, and 7) were significantly 

different for all three stem locations. A summary of the minor and 

major crook stand table changes that occurred at all three stem loca

tions is presented in Appendices K and L.
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Table 4. Changes in trees per acre in major sweep stand table 
from 1965 to 1976.

Stem Sizes Mortality
Change

Diameter3
Growth
Change

Defect
Severity
Change

Net Change 
in

Population

Pulp -0.11 40.63 40.37b 40.89
Small logs -0.03 40.38 40.28b 40.63
Medium logs -0.12 40.05 0.00 -0.07
Large logs -0.06 40.01 0.00 -0.05

All sizes -0.32 41.07 40.65 41.40

aOngrowth population gains and diameter class shifts. 

^Change from no sweep to major sweep.
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Figure 5. Cumulative frequency distributions of minor and major
crook in the 16-foot butt log.
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Figure 6. Cumulative frequency distributions of minor and major
crook in the second 16-foot log.
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Figure 7. Cumulative frequency distributions of minor and major
crook above the second 16-foot log.
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First 16-Foot Log. The minor crook proportion of the base 

stand table increased from 20.2 percent in 1965 to 20.9 percent in 

1976. Basal area increased from 11,0 to 12.4 square feet per acre, 

while stems increased from 17.8 to 19.4 per acre. Average stand diam

eter increased from 10.7 inches to 10.9 inches for minor crook stems. 

The pulp and small log stem sizes exhibited the greatest population 

change (increase of 1.57 trees per acre), which resulted from diam

eter growth effects and defect severity increases. Mortality losses 

(0.05 trees per acre) partially offset the diameter growth gains 

(0.07 trees per acre) in the medium and large log stem sizes (Table 

5).

The base stand table proportion of stems exhibiting major crook 

(first 16-foot log) increased from 5.6 percent in 1965 to 6.6 percent 

in 1976. Basal area changed 35.7 percent (2.8 to 3.8 square feet per 

acre) and stems increased from 4.9 to 6.1 per acre. Average major 

crook stand diameter increased from 10.2 inches to 10.7 inches.

Diameter growth and defect severity changes account for the increase 

of 1.2 trees per acre in the pulp and small log stem sizes. Diameter 

growth gains (0.04 trees per acre) were offset by mortality losses 

(0.04 trees per acre) in the medium and large log stem sizes (Table 

5).

Second 16-Foot Log. The 1965 minor crook proportion, 5.7 

percent, of the base stand table increased to the 1976 proportion 

of 6.1 percent. Stand basal area increased from 4.8 to 5.7 square 

feet per acre and stems increased from 5.0 to 5.7 per acre. The



27

Table 5. Changes in trees per acre in minor and major crook stand 
tables for the first 16-foot log from 1965 to 1976.

Stem Sizes Mortality
Change

Diameter3
Growth
Change

Defect^
Severity
Change

Net Change 
in

Population

Pulp
Minor -0.18 -0.14 +1.09 +0.77
Major 0.00 +0.58 +0.14 +0.72

Small logs
Minor -0.07 +0.69 +0.18 +0.80
Major 0.00 +0.44 +0.04 +0.48

Medium logs
Minor -0.05 +0.05 +0.01 +0.01
Major 0.00 +0.04 0.00 +0.04

Large logs 
Minor 0.00 +0.02 0.00 +0.02
Major -0.04 0.00 0.00 -0.04

All Sizes 
Minor -0.30 +0.62 +1.28 +1.60
Major -0.04 +1.06 +0.18 +1.20

aOngrowth population gains and diameter class shifts,

kChanges from no crook to minor and major crook, respectively.
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average minor crook stand diameter increased from 13.3 to 13.6 

inches. Mortality losses (0.18 trees per acre) overshadowed gains 

(0.09 trees per acre) in the pulp stem size, but diameter growth and 

defect severity gains (0.85 trees per acre) exceeded mortality losses 

(0.03 trees per acre) in the small log stem size. The medium and 

large log stem sizes declined (0.03 trees per acre) from their 1976 

population levels (Table 6).

The 1976 major crook proportion of the base stand was un

changed from the 3.6 percent in 1965, because the net gains (0.32 

trees per acre) and mortality losses (0.22 trees per acre) in the 

major crook stand table resulted in a population change that approx

imated the pattern of change that occurred in the total population. 

Stand basal area increased from 2.5 to 2.9 square feet per acre and 

stems increased from 3.2 to 3.3 per acre. The average major crook 

stand diameter increased from 12.0 to 12.7 inches. Mortality losses 

(0.16 trees per acre) overshadowed gains (0.06 trees per acre) in 

the pulp and small log stem sizes; however, diameter class shift 

gains (0.26 trees per acre) overbalanced the mortality losses (0.06 

trees per acre) in the medium and large log stem diameter sizes 

(Table 6).

Above Second Log. The 1976 proportion of the stand exhibiting 

minor crook was unchanged from the 1.0 percent of 1965, because the 

mortality losses (0.11 trees per acre) due to diameter growth gains 

and defect severity increases. Basal area (2.2 square feet per acre) 

and average stand diameter (21.2 inches) changed to the 1976 values
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Table 6. Changes in trees per acre in minor and major crook stand 
tables for the second 16-foot log from 1965 to 1976.

Stem Sizes Mortality
Change

Diameter8
Growth
Change

Defect^
Severity
Change

Net Change 
in

Population

Pulp
Minor -0.18 +0.02 +0.07 -0.09
Major -0.11 +0.04 0.00 -0.07

Small logs
Minor —0.03 +0.49 +0.36 +0.82
Major -0.05 +0.02 0.00 -0.03

Medium logs 
Minor -0.02 -0.07 +0.06 -0.03
Major -0.06 +0.21 0.00 +0.15

Large logs
Minor -0.04 +0.04 0.00 0.00
Major 0.00 +0.05 0.00 +0.05

All sizes
Minor -0.27 +0.48 +0.49 +0.70
Major -0.22 +0.32 0.00 +0.10

aOngrowth population gains and diameter class shifts.

^Changes from no crook to minor and major crook, respectively.
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of 2.1 square feet per acre and 20.7 Inches, respectively. Defect 

severity increases (0.05 trees per acre) overshadowed the diameter 

growth losses (0.01 trees per acre) in the small log stem size. Mor

tality losses (0.11 trees per acre) account for the reduction in the 

numbers of medium and large sized stems from the inventoried 1965 

levels (Table 7).

The proportion of the base stand having major crook declined 

from 0.7 percent in 1965 to 0.6 percent in 1976. Losses exhibited 

in the stem sizes below large logs exceeded the gains in trees per 

acre by the large log stem size (Table 7). While basal area (1.3 

square feet per acre) remained unchanged, stems decreased 0.10 per 

acre with mortality losses accounting for 0.07 trees per acre of the 

total loss.

Lean

Three classes of lean severity were used in this analysis. 

Stems with lean were classed as having: (1) 5 degree, (2) 10 degree,

and (3) 15 degree plus lean. The cumulative frequencies of the 5 

and 15+ degree lean classes were not significantly different, while 

the 10 degree lean class frequency distributions was significantly 

different (Figures 8, 9, and 10). Total stems per acre exhibiting 

lean increased from 12.1 in 1965 to 15.1 in 1976 and represented a 

13.7 percent and a 16.2 percent proportion of the base stand table in 

1965 and 1976, respectively. Total basal area increased from 14.7 to 

16.5 square feet per acre. A summary of lean stand table changes is 

presented in Appendix M.
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Table 7. Changes in trees per acre in minor and major crook stand 
tables for the third log and above from 1965 to 1976.

Stem Sizes Mortality
Change

Diameter*
Growth
Change

Defect^
Severity
Change

Net Change 
in

Population

Pulp
Minor 0.00 0.00 0.00 0.00
Major 0.00 0.00 0.00 0.00

Small logs
Minor 0.00 -0.01 +0.05 +0.04
Major -0.01 -0.06 0.00 -0.07

Medium logs
Minor -0.03 -0.02 +0.02 -0.03
Major -0.04 0.00 0.00 -0.04

Large logs
Minor -0.08 +0.05 +0.02 -0.01
Major -0.02 +0.02 +0.01 +0.01

All sizes
Minor -0.11 +0.02 +0.09 0.00
Major -0.07 -0.04 +0.01 -0.10

aOngrowth population gains and diameter class shifts.

^Changes from no crook to minor and major crook, respectively.
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Ten Degree Class. The overall stand proportion increased from 

2.2 percent in 1965 to 2.9 percent in 1976, a 31.8 percent increase. 

Stems per acre increased 42.1 percent (1.9 to 2.7 stems) and correspon

ding basal area increased 10.0 percent from 3.0 to 3.3 square feet per 

acre. Average stand diameter was reduced from 17.0 inches in 1965 

to 15.0 inches in 1976. Diameter growth gains (0.27 trees per acre) 

and defect severity increases (0.64 trees per acre) overshadowed 

mortality losses (0.11 trees per acre). Defect severity increases in 

the pulp stem size classes resulted from straight stem increases to 

10-degree lean, but medium and large log severity increases resulted 

from changes from 5 to 10 degrees over time (Table 8),

Fork

The occurrence of fork was assessed at three different stem 

locations: (1) first 16-foot log, (2) second 16-foot log, and (3)

above second log. The 1965 and 1976 frequency distributions were 

significantly different at all three stem locations (Figures 11, 12, 

and 13). The 1976 proportion of all stems exhibiting forking re

mained unchanged from the 1965 value of 8.1 percent. The smaller 

diameter classes (8 through 26-inch) constituted a smaller proportion 

in 1976, while the 28-inch plus diameter classes accounted for a 

larger proportion. Basal area increased from 5.7 to 6.3 square feet 

per acre and stems per acre from 7.2 to 7.6 stems. A summary of fork 

stand table changes is presented in Appendix N.
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Table 8. Changes in trees per acre in 10-degree lean stand table 
from 1965 to 1976.

Stem Sizes Mortality
Change

Diameter*
Growth
Change

Defect
Severity
Change

Net Change 
in

Population

Pulp 0.00 +0.24 +0.54b +0.78

Small logs -0.03 -0.01 0.00 -0.04

Medium logs -0.07 +0.01 +0.03C -0.03

Large logs -0.01 +0.03 +0.07C +0.09

All sizes -0.11 +0.27 +0.64 +0.80

aOngrowth population gains and diameter class shifts. 

^Change from 0 to 10-degree lean. 

aChange from 5 to 10-degree lean.
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First 16-Foot Log. The overall proportion of stems exhibiting 

fork remained unchanged from the 1965 value of 2.6 percent. Basal 

area increased from 1.3 to 1.6 square feet per acre, and stems in

creased from 2.3 to 2.4 per acre. Average stand diameter in 1965 

(10.2 inches) increased 7.3 percent to the 1976 average of 11.0 

inches. Defect severity increased (0.22 trees per acre) in the pulp 

stem size, but the increases were overshadowed by mortality and diam

eter class shift losses (0.24 trees per acre). The small, medium, 

and large log stem sizes increased (0.12 trees per acre) because of 

diameter growth, which caused a stem to shift to the next higher size 

class (Table 9).

Second 16-Foot Log. The 1965 proportion of forked stems 

(4.8 percent) was unchanged in 1976. Stems per acre increased from 

3.0 to 3.3 and basal area increased from 4.2 to 4.5 square feet per 

acre. Average diameter of the stand changed from the 1965 value of 

11.4 inches to the 1976 figure of 11.6 inches. The diameter class 

shift losses (0.38 trees per acre) more than offset the defect sever

ity gains (0.32 trees per acre) in the pulp stem size. The small 

log stem size showed the greatest net gain (0.39 trees per acre) in 

the population because of gains from diameter growth and defect 

severity increases. The medium and large log size classes declined 

(0.03 trees per acre) from their 1965 population levels (Table 9).

Above Second Log. The proportion of stems forking above the 

second log remained unchanged in 1976 from the 0.7 percent of 1965. 

The 1976 basal area (1.4 square feet per acre), stems per acre (0.7
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Table 9. Changes In trees per acre In fork stand tables for three 
log positions from 1965 to 1976.

Stem Sizes Mortality
Change

Diameter*
Growth
Change

Defect^
Severity
Change

Net Change 
in

Population

Pulp
(A)* -0.07 -0.17 +0.22 -0.02
(B) 0.00 -0.38 +0.32 —0.06
(C) 0.00 0.00 0.00 0.00

Small logs
(A) -0.03 +0.04 0.00 +0.01
(B) 0.00 +0.13 +0.26 +0.39
(C) 0.00 -0.04 0.00 -0.04

Medium logs
(A) 0.00 +0.06 0.00 +0.06
(B) -0.04 +0.01 +0.03 0.00
(C) 0.00 +0.03 +0.01 +0.04

Large logs
(A) 0.00 +0.05 0.00 +0.05
(B) -0.03 0.00 0.00 -0.03
(C) -0.02 +0.01 +0.01 0.00

All sizes
(A) -0.10 -0.02 +0.22 +0.10
.(B) -0.07 -0.24 +0.61 +0.30
(C) -0.02 0.00 +0.02 0.00

aOngrowth population gains and diameter class shifts, 

kChanges from no fork to fork for all log positions.

C(A) 1st 16-foot log; (B) 2nd 16-foot log; (C) above 2nd 16-foot log.
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stems), and average stand diameter (19.2 inches) did not change from 

1965 values (Appendix N). Although the total forked stems per acre 

was unchanged over time, the analysis revealed that mortality losses 

(0.02 trees per acre) did occur and were offset by defect severity 

increases (0.02 trees per acre) in previously unforked stems (Table 

9).

Injury Features ■

Mechanical stem injuries such as scars can substantially 

reduce usable standing timber volume (Ffolliott and Barger 1967). 

Inventory data were collected on the two most common mechanical in

juries, basal scars (primarily fire-caused) and lightning scars.

While basal scars usually occur in the first 8-foot log section, 

lightning scars often affect the entire merchantable stem and are a 

primary cause of mortality in Arizona ponderosa pine forests (Myers 

and Martin 1963). Summaries of the changes in the injury feature 

stand tables are presented in Appendices 0 and P.

Basal Scar

While the 1965 and 1976 minor scar cumulative frequency dis

tributions were not significantly different, the major scar frequency 

distributions were significantly different (Figure 14). The 1965 

proportion of all stems exhibiting scars (1.3 percent) changed to the 

1976 value of 1.2 percent (Appendix 0).
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\

Major Scar. The major scar stand proportion reduced to 0.3 

percent in 1976 from 0.4 percent in 1965. Average stand diameter in

creased from 20.3 to 22.1 inches, but the stand basal area and the 

total trees per acre decreased from 2.5 to 2.4 square feeb per acre 

and from 0.4 to 0.3 stems per acre, respectively. The reduction in 

total stems per acre was primarily the result of small log stem 

severity decreases (scars changing from major to minor scar) and 

medium and large log stem mortality (Table 10).

Lightning Scar

As with basal scar, two classes of severity were employed to 

inventory lightning scars: (1) minor, and (2) major. The cumulative

frequency distributions (Figure 15) of both severity classes tested 

significantly different. The population proportion of all stems with 

lightning scars increased in the large log stem sizes. Basal area 

increased 33.3 percent (1.5 to 2.0 square feet per acre), while 

total stems increased 0.1 stems per acre. The total population pro

portion increased to 1.2 percent in 1976 from 1.1 percent in 1965 

(Appendix P).

Minor Scar. The population proportion increased from the 

value of 0.6 percent in 1965 to 0.8 percent in 1976. Basal area in

creased 71.4 percent and stems per acre increased 33.3 percent. Aver

age stand diameter of trees exhibiting minor scar increased from 14.6 

to 16.6 inches. Severity increases of 0.24 trees per acre occurred 

in the log stem size classes, and accounted for 64.7 percent of all
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Table 10. Changes in trees per acre in major basal scar stand table 
from 1965 to 1976.

Stem Sizes Mortality
Change

Diameter3
Growth
Change

Defect*)
Severity
Change

Net Change 
in

Population

Pulp 0.00 0.00 0.00 0.00

Small logs 0.00 +0.03 -0.10 -0.07

Medium logs -0.01 +0.01 -0.02 -0.02

Large logs -0.02 +0.02 -0.01 -0.01

All sizes -0.03 +0.06 -0.13 -0.10

a0ngrowth population gains and diameter class shifts, 

kChanges from major to minor basal scar.
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Figure 15. Cumulative frequency distributions of lightning scars.



stems with new lightning scars. Mortality losses of 0.03 trees per 

acre were inventoried in the medium and large log stem sizes (Table 

H ) .
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Major Scar. As opposed to the minor scar proportion, the 

major scar population proportion decreased 25.0 percent. Basal area 

remained unchanged, while stems per acre decreased. Average stand 

diameter increased from 16.6 inches in 1965 to 22.1 inches in 1976. 

Stand mortality losses (0.13 trees per acre) offset defect severity 

increases (0.10 trees per acre) to previously unscarred stems. Diam

eter class shift losses in the smaller size classes (pulp, small log, 

and medium log) account for the remaining stand table changes (Table 

11).

Log Knot Features

Log knot character is perhaps the most important stem feature 

related to quality for most wood products (Ffolliott and Barger 1967). 

Three knot characteristics were inventories for assessment of log knot 

configurations in the 16-foot butt log: (1) distribution of clear

face area, (2) number of knots, and (3) size of knots. Stand tables 

exhibiting the occurrence of knot stem features were expressed as a 

proportion of stems having specified knot or clear face characteristics. 

The specific knot classes were chosen to coincide with the multiple- 

product log grading specifications outlined by Heidt et al. (1971), 

which aggregates stems into specific knot classes before assessing 
their value for various products.
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Table 11. Changes in trees per acre in minor and major lightning 
scar stand tables from 1965 to 1976.

Stem Sizes Mortality
Change

Diameter*
Growth
Change

Defect^
Severity
Change

Net Change 
in

Population

Pulp
Minor 0.00 0.00 0.00 0.00
Major 0.00 -0.07 0.00 -0.07

Small logs
Minor 0.00 —0.02 +0.07 +0.05
Major -0.04 -0.01 +0.03 -0.02

Medium logs 
Minor -0.02 -0.01 +0.02 -0.01
Maj or -0.03 -0.02 +0.02 -0.03

Large logs
Minor -0.01 +0.02 +0.15 +0.16
Maj or -0.06 +0.03 +0.05 +0.02

All sizes
Minor -0.03 -0.01 +0.24 +0.20
Maj or -0.13 -0.07 +0.10 .-0.10

aOngrowth population gains and diameter class shifts.

^Changes from no scar to minor and major scar., respectively.
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The knot data were collected for trees in the 12-inch and 

larger diameter classes. Cumulative frequency distributions developed 

from the base stand tables were found not to be significantly differ

ent. Stems 12 inches and larger increased from 29.8 to 34.9 stems 

per acre, and the corresponding basal area increased from 43.3 to 

48.8 square feet per acre. The increased proportion of smaller stems 

(12 to 16 inches) accounts for the decrease in average stand diam

eter from 16.3 to 16.0 inches (Appendix I).

Clear Face Area

Clear log faces indicate suitability and high quality for 

most primary products (Barger and Ffolliott 1970). The number of 

clear eight foot panels was inventoried in each 8-foot bolt piece 

in the merchantable stem. In the butt log, a maximum of two 8-foot 

panels could be recorded for each one-quarter diameter circumference, 

a total of eight for each 16-foot log.

The 1965 and 1976 frequency distributions for 8 clear faces 

were significantly different, with the maximum difference (-24.6%) 

occurring in the 18-inch diameter class (Figure 16). Furthermore, 

the cumulative frequency distributions of the other clear face 

classes (1 to 7 faces) were also significantly different. Although 

all diameter classes showed an increased clear face occurrence, the 

greatest population proportion increases occurred in the smaller 

diameter classes (12 through 20 inch). Changes in several clear face 

area stand table characteristics for each eight foot bolt piece and for 

the 16-foot butt log as a whole are presented in Appendices Q through S.
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Log Knot Number and Size

Knot number and size are Important factors in log grading 

systems. In the 5-grade log grading system for ponderosa pine 

(Gaines 1962), log knots are the primary grading defect for saw logs. 

The quality of a veneer log depends primarily upon knot size, while 

stud log quality depends upon knot size and numbers (Barger and. 

Ffolliott 1970). Excessive knot aggregations or size are inadmis

sible pole defects and can reduce stem suitability for pulpwood.

Knot Numbers. Knot numbers were assessed by aggregating 

trees into five knot number classes (1 to 8 knots, 9 to 16 knots, 

etc.) up to stems showing 33 or more knots in the 16-foot butt log. 

Cumulative frequency distributions for knot numbers were found to 

be significantly different for all number classes except the 33+ 

knot class (Figures 17 through 21). The population proportion in

creased for knot number classes of stems with less than 25 knots and 

decreased for the other classes. The 12 through 20 inch diameter 

classes exhibited the greatest proportional change with respect to 

time. A summary of changes in the knot number stand tables is pre

sented in Appendix T.

Knot Size. Stand tables were constructed by aggregating 

trees showing a maximum knot size of one to five inches. The cumu

lative frequency distributions were significantly different for all 

knot sizes except the 3-inch class (Figures 22 through 26). The 

three and four inch knot size classes decreased in their population
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Figure 17. Cumulative frequency distributions of 1 to 8 knots in 16-foot butt log.
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proportion, while the remaining classes increased their proportion. 

The 12 and 14-inch diameter classes exhibited the greatest propor

tional changes in the 1 through 4 inch knot classes, while the 18- 

inch diameter classes show the greatest changes in the 0 and 5 inch 

plus knot classes. Changes in knot size class stand table character

istics are summarized in Appendix U.



CHAPTER 5

CONCLUSIONS

Many stem form features do change significantly over time. 

While data developed during this study are not necessarily represen

tative of all ponderosa pine stands in the Southwest, they do indi

cate trends that could be expected in the dynamics of ponderosa pine 

stem form.

The causes for the increasing or decreasing severity exhibited 

by some stem form features can sometimes be "logically" assessed 

during casual field examinations; however, positive proof of many 

defect causal agents remains a task for researchers.

Sweep and Lean

Sweep and lean may be closely related in their ties to defect 

causation (Pearson 1950). Both of these stem features exhibited 

declines in their respective average stand diameters because of popu

lation influxes of pulp and small log stem sizes that either already 

contained defect (ongrowth) or had increased their stem deviations 

(severity change).

Natural ponderosa pine reproduction commonly can be found in 

small, dense even-aged groups (Myers 1958). With the main source of 

light on one side of the grouped trees, stems exhibit the familiar 

phenomenon of heliotropism causing the outside trees to sweep and/or 

lean away from the group (Pearson 1950).
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The population proportions of stems exhibiting sweep and lean 

may have increased as the competition for light among grouped indivi

duals increased. Heavy wet snow in the canopies of young trees may 

also cause stem deviations of a magnitude that growth cannot counter.

Crook
A common cause of crook is snow pressure, which bends the 

younger portion of the tree stem (Pearson 1950). When growth resumes, 

the stem leader goes vertical while the older portion of the stem 

struggles to regain upright but often remains out of plumb. Similar 

effects are brought about in many ways, notably by windfall in which 

a large tree is thrown against a smaller one (Pearson 1950).

The younger and less rigid portion of the stem is the most 

vulnerable to crook causation agents. Severity increases (both 

minor and major) occurred in all merchantable stems at the location 

of youngest stem age. There were no recorded cases of decreasing 

crook severity, but future reassessment of the inventoried stems 

exhibiting crook may reveal that some stems can eventually regain 

their straightness.

Fork
The cause of forking may be either hereditary or accidental. 

Proof of hereditary forking is not available in ponderosa pine, but 

examples of forking due to injury are abundant (Pearson 1950). In 

any event, the terminal leader dies and two or more side branches are 

stimulated into taking over the terminal stem growth, hence a forked
stem.
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Although forking severity Increases from 1965 to 1976 occurred 

In all merchantable stem sizes, the pulp and small log sizes accounted 

for 94.1 percent of the increased stand forking occurrence. Therefore, 

forking causation agents may be characteristically more common in the 

younger stems of a stand. Lightning, which often causes dead tops in 

Arizona ponderosa pine (Myers and Martin 1963), may be a primary 

causal agent of forking in the larger trees.

Basal Scars

Basal scars are primarily caused by fire (Ffolliott and 

Barger 1967). Although ponderosa pine forests are seldom completely 

destroyed by fire, the creation of bole scars results in considerable 

volume reduction, especially in the first 8-foot bolt piece (Pearson 

1950). Lightning strikes to tree bases may also cause significant 

basal scarring. Since the initial inventory, there were no major fire 

events recorded for the study areas.

Major basal scarring was the only stem defect that exhibited 

a decline in severity over time (i.e., severity changes from major 

to minor scar). In the small log stem size, 66.6 percent of the trees 

reduced their respective scar severity with no recorded mortality 

losses. However, in the medium and large log stem sizes, 13.6 percent 

of the trees reduced their scar severity with a like percentage of 

stems lost to mortality. The variance noted in "healing percentages" 

may be attributable to diameter growth variances common in stems of 

different age classes.
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Between fire events, the litter volume lodged against a large 

tree base can often be greater than the volume lodged against a 

smaller stem. A hotter fire, caused by the larger fuel accumulation, 

may cause deeper scarring in larger stems, which may account for a 

portion of the "healing percentage" variance.

Lightning Scars
Lightning is a major cause of mortality in Arizona ponderosa 

pine (Myers and Martin 1963). Lightning scars, that spiral down and 

around a tree bole, are a common forest sight. Lightning may barely 

sever the bark of a stem, but often can leave large gashes that pene

trate several inches into previously sound wood. The slope position 

of trees and lightning storm frequencies may be important factors 

when concerned with lightning scar frequencies within specific 

stands.

As Pearson (1950) discovered in his mortality studies at 

Fort Valley, Arizona, the frequency of all new lightning scarring 

(both minor and major) exceeded the mortality frequency of previously 

scarred trees. However, when considering major scarring alone, mor

tality losses exceeded severity increases for all merchantable stem 

sizes. A greater population proportion of stems with major scars 

(32.5 percent) died than the proportion of those with minor scar 

(5.4 percent). Of the newly scarred trees, 70.6 percent received 

minor scars with the balance receiving major scars. There were no 

recorded cases of stems that had reduced their respective scar sever

ity.



Log Knot Configurations
Coarse branching is commonly associated with high taper, 

both characteristics being the result of a common cause, open spacing 

in youth (Pearson 1950). Lower branches eventually die but often not 

until they have grown too large for natural pruning. While stand den

sity may be a factor in the mortality rate of lower branches, dead 

limbs may persist on densely-grown trees as long as branches do on 

open-grown trees. However, the changes in log knot configurations in 

this study exhibited "logical" trends that over time ultimately would 

lead to a higher quality diameter growth increment.

Examination of the 1976 knot condition data (Appendices C 

through G) suggests that there may be a relationship between knot con

dition and knot size. However, the lack of corresponding 1965 knot 

condition data prohibited verification that stems exhibiting a maxi

mum knot size of 3 or 4 inches were at a "pivot point" relative to 

the condition (live or dead) of the largest knot, as may be suggested 

by the data presented in Appendix U.

Study Value
Occurrence and severity of defects form the basis for esti

mating the potential of the timber stand to produce a variety of 

products (Heidt et al. 1971). Timber management and utilization re

quire knowledge of the physical characteristics of the stand and the 

effect of these characteristics on product yield (Barger and Ffolliott 

1970). The knowledge of stem form dynamics, gained from this study, 

should improve the ability of timber managers and users to make
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better decisions concerning the ponderosa pine resource and provide 

a ,,take-offn point for future stem form analyses.

Linear programming techniques could be devised to model wood 

quality changes over time. Regression equations that describe the 

trends of stem form dynamics could be developed from direction-of- 

change information presented in the appendices. These stem form 

regression equations could then be used to adjust initial stand 

defect population proportions analogous to the way mortality and 

growth functions are used in stand table projection analyses. Wood 

quality estimates could then be made using "point-in-time" estima

tion procedures previously developed by Barger and Ffolliott (1970).

The programming approach previously described is offered as 

an example and is not meant to be a definitive answer to a question 

that future research must resolve.
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APPENDIX A

LIST OF COMMON AND SCIENTIFIC NAMES OF PLANTS1

Aspen, Quaking Populus tremuloides Michx.

Douglas-fir, Rocky Mountain Pseudotsuga menziesii var. glauca

Fir, White

(Beissen) Franco.

Abies concolor (Cord, and Glend.) 
Lindl.

Juniper, Alligator Juniperus deppeana Steud.

Oak, Gambel Quercus gambelii Nutt.

Pine, Ponderosa Pinus ponderosa Laws.

Pinyon Pinus edulis Engelm.

1Harlow and Harrar (1968).
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APPENDIX B

OUTLINE OF STEM QUALITY FEATURE MEASUREMENT CRITERIA1

I. Stem form features

A. Sweep, recorded as

1, Minor —  less than 1/3 d.b.h, deviation in straightness

2. Major —  1/3 d.b.h. or more deviation in straightness

B. Crook, recorded as

1. Minor —  less than 1/2 mean diameter deviation in 
straightness within a section 5 feet or less in length

2. Major —  1/2 mean diameter or more deivation in straight 
ness within a section 5 feet or less in length

3. Location of crook in stem, nearest half log

C. Lean, recorded as degree of lean to nearest 5 degrees

D. Fork, recorded as location of fork in stem to nearest 
half log

II. Injury features

A. Basal scar, recorded as

1. Minor —  less than 1/4 bole circumference affected

2. Major —  1/4 or more of bole circumference affected

B. Lightning scar, recorded as

1. Minor —  less than 1/4 bole circumference affected

2. Major —  1/4 or more of bole circumference affected

^Ffolliott and Barger (1967).
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III. Log knot configurations

Both occurrence and distribution of log knots are important 
indicators of product potential. Accordingly, the knot fea
tures of all sample trees 11 inches diameter and larger were 
characterized in two ways: (1) presence of clear surface
area in first 16-foot log; and (2) number and size of knots 
in first 16-foot log. Specific information recorded includes:

A. Clear 8-foot faces (panels 8 feet by 1/4 bole circumference), 
recorded by position in each succeeding 8-foot stem section, 
to 16 feet height

B. Log knots and knot indicators, recorded as

1. Number of knots in each full face of the 16-foot butt 
log

2. Diameter of largest knot in 16-foot butt log for each 
1/4 bole circumference

3. Condition of largest knot both live and dead assessed 
for 1976 inventory only



APPENDIX C

CUMULATIVE FREQUENCY DISTRIBUTIONS OF 1-INCH
KNOT CONDITION FOR 1976 DATA

D.B.H. Knot Condition
Live Dead Both

12 73.1 63.3 59.6
14 88.5 82.8 79.1
16 88.5 87.5 84.7
18 96.2 91.9 90.1
20 96.2 94.1 92.9
22 96.2 97.7 97.3
24 100.0 99.2 99.0
26 99.7 99.5
28 99.9 99.8
30 99.9 99.8
32 100.0 100.0
34+

..

Trees/acre 0.21 3.79 4.00
P.B.S.& 0.6% 10.8% 11.4%

^Proportion of base stand table.
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APPENDIX D

CUMULATIVE FREQUENCY DISTRIBUTIONS OF 2-INCH
KNOT CONDITION FOR 1976 DATA

D.B.H. Knot Condition
Live Dead Both

12 59.4 44.9 45.0
14 91.9 73.6 73.6
16 96.9 84.6 84.7
18 99.2 90.8 90.7
20 99.7 95.1 95.0
22 99.7 97.1 97.0
24 99.7 98.5 98.4
26 99.7 99.2 99.0
28 100.0 99.8 99.0
30 99.9 99.9
32 99.9 99.9
34+ 100.0 100.0

Trees/acre 2.81 12.44 15.25
P.B.S. 8.0% 35.6% 43.6%
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APPENDIX E

CUMULATIVE FREQUENCY DISTRIBUTIONS OF 3-INCH
KNOT CONDITION FOR 1976 DATA

D.B.H. Knot Condition
Live Dead Both

12 45.6 25.0 32.2
14 73.3 53.0 61.5
16 87.5 68.4 75.3
18 91.4 77.9 83.1
20 95.2 86.1 89.4
22 97.2 91.4 93.7
24 98.7 95.3 96.8
26 99.5 97.8 98.5
28 99.9 98.6 99.1
30 99.9 99.1 99.4
32 100.0 99.6 99.8
34+ 100.0 100.0

Trees/acre 3.55 5.80 9.35
P.B.S. 10.2% 16.6% 26.8%
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APPENDIX F

CUMULATIVE FREQUENCY DISTRIBUTIONS OF 4-INCH
KNOT CONDITION FOR 1976 DATA

Knot ConditionD • B • He Live Dead Both

12 22.3 22.9 23.3
14 43.5 36.9 41.5
16 59.6 49.8 54.4
18 75.2 62.5 68.7
20 84.4 71.4 76.4
22 88.2 78.2 82.2
24 94.6 89.7 92.4
26 96.6 93.7 94.9
28 97.8 96.2 97.1
30 98.8 97.7 98.2
32 99.3 98.5 98.5
34+ 100.0 100.0 100.0

Trees/acre 1.02 1.69 .2.71
P.B.S. 2.9% 4.9% 7.8%
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APPENDIX G

CUMULATIVE FREQUENCY DISTRIBUTIONS OF 5-INCH
KNOT CONDITION FOR 1976 DATA

D.B •H* Knot Condition
Live Dead Both

12 20.7 5.9 18.3
14 26.6 17.8 25.7
16 36.7 31.4 36.9
18 45.7 33.1 46.1
20 60.6 49.2 62.2
22 69.1 60.2 71.0
24 84.6 75.4 82.2
26 91.0 81.4 88.4
28 94.5 90.7 93.4
30 97.9 94.9 96.3
32 99.5 97.5 97.9
34+ 100.0 100.0 100.0

Trees/acre 1.46 0.92 2.38
P.B.S. 4.2% 2.6% 6.8%
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APPENDIX H

SUMMARY OF CHANGES IN CERTAIN BASE STAND TABLE 
CHARACTERISTICS FOR STEMS 8 TO 32 INCHES 

PLUS DIAMETER CLASSES

Characteristics 1965 1976 Percent
Change

2Basal area (ft /acre) 68.1 74.1 +8.8
Stems per acre (no.) 88.0 92.9 +5.6
Average stand diameter (in.) 11.9 12.1 +1.7
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APPENDIX I

SUMMARY OF CHANGES IN CERTAIN BASE STAND TABLE 
CHARACTERISTICS FOR STEMS 12 TO 32 INCHES 

PLUS DIAMETER CLASSES

Characteristics 1965 1976 Percent
Change

2Basal area (ft /acre) 43.3 48.8 +12.7
Stems per acre (no.) 29.8 34.9 +17.1
Average stand 16.3 16.0 - 1.8
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APPENDIX J
V

SUMMARY OF SWEEP STAND TABLE CHANGES
FROM 1965 TO 1976

Stem Feature 
Severity

Population
Proportion
(Percent)

Basal
Area

(ft^/acre)

Stems Per 
Acre 
(No.)

Ave. Stand 
Diameter 
(In.)

Minor - 1965 22.2 17.3 19.6 12.7
- 1976 26.8 20.9 24.9 12.4
- % C.a +20.7 +20.8 +27.0 - 2.4

Major - 1965 8.1 8.2 7.1 14.5
- 1976 9.2 8.7 8.5 13.7
— % C. +13.6 + 6.1 +19.7 - 5.5

Totals All Stems
- 1965 30.3 25.5 26.7 13.2
- 1976 36.0 29.6 33.4 12.7
- % C. +18.8 +16.1 +25.1 - 3.8

Percent Change.
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APPENDIX K

SUMMARY OF MINOR CROOK STAND TABLE CHANGES
FROM 1965 TO 1976

Stem Feature 
Location

Population
Proportion
(Percent)

Basal
Area

(ft^/acre)

Stems Per 
Acre 
(No.)

Ave. Stand 
Diameter 
(In.)

1st 16-ft log
- 1965 20.2 11.0 17.8 10.7
- 1976 20.9 12.4 19.4 10.9
- % C.a + 3.5 +12.7 + 9.0 + 1.9

2nd 16-ft log
- 1965 5.7 4.8 5.0 13.3
- 1976 6.1 5.7 5.7 13.6
— % c. + 7.0 +18.8 +14.0 + 2.3

Above 2nd log
- 1965 1.0 2.2 0.9 21.2
- 1976 1.0 2.1 0.9 20.7
- % C.

Total All Stems

0.0 - 4.5 0.0 - 2.4

- 1965 26.9 18.0 23.7 11.8
- 1976 28.0 20.2 26.0 12.0
- % C. + 4.1 +12.2 + 9.7 + 1.7

aPercent Change.
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APPENDIX L

SUMMARY OF MAJOR CROOK STAND TABLE CHANGES
FROM 1965 TO 1976

Stem Feature 
Location

Population
Proportion
(Percent)

Basal
Area

(ft2/acre)

Stems Per 
Acre 
(No.)

Ave. Stand 
Diameter 
(In.)

1st 16-ft log
- 1965 5.6 2.8 4.9 10.2
- 1976 6.6 3.8 6.1 10.7
-  % c .a +17.9 +35.7 +24.5 + 4.9

2nd 16-ft log
- 1965 3.6 2.5 3.2 12.0
- 1976 3.6 2.9 3.3 12.7
- % C. 0.0 +16.0 + 3.1 + 5.8

Above 2nd log 
- 1965 0.7 1.3 0.7 18.4
- 1976 0.6 1.3 0.6 19.9
- % C. -14.3 0.0 -14.3 + 8.2

Total All Stems
- 1965 9.9 6.6 8.8 11.7
- 1976 10.8 8.0 10.0 12.1
- % C. + 9.1 +21.2 +13.6 + 3.4

^Percent Change.
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APPENDIX M

SUMMARY OF LEAN STAND TABLE CHANGES
FROM 1965 TO 1976

Stem Feature 
Severity

Population
Proportion
(Percent)

Basal
Area

(ft^/acre)

Stems Per 
Acre 
(No.)

Ave. Stand 
Diameter 
(In.)

5° lean
- 1965 10.8 10.6 9.5 14.5
- 1976 12.6 12.1 11.7 13.8
-  % c .a +16.7 +14.2 +23.2 - 4.8

106 lean
- 1965 2.2 3.0 1.9 17.0
- 1976 2.9 3.3 2.7 15.0
- % C. +31.8 +10.0 +42.1 -11.8

15°+ lean
- 1965 0.7 1.1 0.7 17.0
- 1976 0.7 1.1 0.7 17.0
— % C. 0.0 0.0 0.0 0.0

Total All Stems
- 1965 13.7 14.7 12.1 14.9
- 1976 16.2 16.5 15.1 14.2
- % C. +18.2 +12.2 +24.8 - 4.7

^Percent Change.
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APPENDIX N

SUMMARY OF FORK STAND TABLE CHANGES
FROM 1965 TO 1976

Stem Feature 
Location

Population
Proportion
(Percent)

Basal
Area

(ft2/acre)

Stems Per 
Acre 
(No.)

Ave. Stand 
Diameter 
(In.)

1st 16-ft log
- 1965 2.6 1.3 2.3 10.2
- 1976 2.6 1.6 2.4 11.0
-  % c .a 0.0 +23.1 + 4.3 + 7.8

2nd 16-ft log
- 1965 4.8 3.0 4.2 11.4
- 1976 4.8 3.3 4.5 11.6
- % C. 0.0 +10.0 + 7.1 + 1.8

Above 2nd log
- 1965 0.7 1.4 0.7 19.2
- 1976 0.7 1.4 0.7 19.2
— %c* 0.0 0.0 0.0 0.0

Total All Stems
- 1965 8.1 5.7 7.2 12.1
- 1976 8.1 6.3 7.6 12.3

u1 0.0 +10.5 + 5.6 + 1.7

^Percent Change.
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APPENDIX 0

SUMMARY OF BASAL SCAR STAND TABLE CHANGES 
FROM 1965 TO 1976

Injury
Severity

Population
Proportion
(Percent)

Basal
Area

(ft2/acre)

Stems Per 
Acre 
(No.)

Ave. Stand 
Diameter 
(In.)

Minor
- 1965 0.9 1.6 0.8 19.2
- 1976 0.9 1.6 0.9 18.0
-  % c .a 0.0 0.0 +12.5 - 6.3

Major .
- 1965 0.4 0.9 0.4 20.3
- 1976 0.3 0.8 0.3 22.1
- % C. -25.0 -11.1 -25.0 + 8.9

Total All Stems
- 1965 1.3 2.5 1.2 19.5
- 1976 1.2 2.4 1.2 19.2
— % C • - 7.7 - 4.0 0.0 - 1.5

^Percent Change.
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APPENDIX P

SUMMARY OF LIGHTNING SCAR STAND TABLE CHANGES
FROM 1965 TO 1976

Injury
Severity

Population
Proportion
(Percent)

Basal
Area

(ft2/acre)

Stems Per 
Acre 
(No.)

Ave. Stand 
Diameter 
(In.)

Minor
- 1965 0.6 0.7 0.6 14.6
- 1976 0.8 1.2 0.8 16.6
- % C.a +33.3 +71.4 +33.3 +13.7

Major
- 1965 0.5 0.8 0.4 19.2
- 1976 0.4 0.8 0.3 22.1
” % Ce -20.0 0.0 -25.0 +15.1

Total All Stems
- 1965 1.1 1.5 1.0 16.6
- 1976 1.2 2.0 1.1 18.2
- % C. + 9.1 +33.3 +10.0 + 9.6

^Percent Change.
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APPENDIX Q

SUMMARY OF CHANGES IN CLEAR FACE STAND TABLE CHARACTERISTICS
IN FIRST 8 FOOT LOG SECTION

Number Clear 
Faces

Population
Proportion
(Percent)

Basal
Area

(ft^/acre)

Stems Per 
Acre 
(No.)

Ave. Stand 
Diameter 
(In.)

None
- 1965 88.7 31.3 26.4 14.7
- 1976 82.5 30.8 28.8 14.0
-  % c .a - 7.0 - 1.6 + 9.1 — 4.8

One
- 1965 7.0 4.1 2.1 18.9
- 1976 11.2 6.3 3.9 17.2
— % Ce +60.0 +53.7 +85.7 - 9.0

Two Plus
- 1965 4.3 7.9 1.3 33.4
- 1976 6.3 11.7 2.2 31.2
” % Ce +46.5 +48.1 +69.2 — 6.6

Total All Stems
- 1965 100.0 43.3 29.8 16.3
- 1976 100.0 48.8 34.9 16.0
— % Ce 0.0 +12.7 +17.1 - 1.8

^Percent Change.
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APPENDIX R

SUMMARY OF CHANGES IN CLEAR FACE STAND TABLE CHARACTERISTICS
IN SECOND 8 FOOT LOG SECTION

Number Clear 
Faces

Population
Proportion
(Percent)

Basal
Area

(ft^/acre)

Stems Per 
Acre 
(No.)

Ave. Stand 
Diameter 
(In.)

None
- 1965 84.0 35.3 25.0 16.1
- 1976 75.0 37.8 26.2 16.3
-  % c . a -10.7 + 7.1 + 4.8 + 1.2

One
- 1965 9.7 2.7 2.9 13.1
- 1976 15.7 3.9 5.5 11.4
— %C. +61.9 +44.4 +89.7 -13.0

Two Plus
- 1965 6.3 5.3 1.9 22.6
- 1976 9.3 7.1 3.2 20.1
— %C. +47.6 +34.0 +68.4 -11.1

Total All Stems
- 1965 100.0 43.3 29.8 16.3
- 1976 100.0 48.8 34.9 16.0
— % Ce 0.0 +12.7 +17.1 - 1.8

^Percent Change.
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APPENDIX S

SUMMARY OF CHANGES IN CLEAR FACE STAND TABLE CHARACTERISTICS
IN FIRST 16 FOOT BUTT LOG

Number Clear Population Basal Stems Per Ave. Stand
Faces Proportion Area Acre Diameter

(8 ft panel) (Percent) (ft^/acre) (No.) (In.)

None
- 1965 81.9 30.8 24.4 15.2
- 1976 70.8 29.9 24.7 14.9
- % C.a -13.6 - 2.9 + 1.2 - 2.0

One
- 1965 5.7 3.3 1.7 18.9
- 1976 9.5 5.2 3.3 17.0
— % c# +66.7 +57.6 +94.1 -10.1

Two to Four
- 1965 6.0 3.9 1.8 19.9
- 1976 11.5 6.9 4.0 17.8
- % C.

Five to Seven
+91.7 +76.9 +122.2 -10.1

- 1965 3.7 2.9 1.1 22.0
- 1976 4.6 3.7 1.6 20.6
- % C. +24.3 +27.6 +45.5 — 6.4

Eight
- 1965 2.7 2.4 0.8 23.5
- 1976 3.6 3.1 1.3 20.9
- % C. +33.3 +29.2 +62.5 -11.1

Total All Stems
- 1965 100.0 43.3 29.8 16.3
- 1976 100.0 48.8 34.9 16.0
— % Ce 0.0 +12.7 +17.1 - 1.8

^Percent Change.
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APPENDIX T

SUMMARY OF CHANGES IN KNOT NUMBER CLASS 
STAND TABLE CHARACTERISTICS

Knot Class 
(Numbers)

Population
Proportion
(Percent)

Basal
Area

(ft^/acre)

Stems Per 
Acre 
(No.)

Ave. Stand 
Diameter 
(In.)

0 knots
- 1965 2.7 2.4 0.8 23.5
- 1976 3.6 3.1 1.3 20.9
- % C.a +33.3 +29.2 +62.5 -11.1

1-8 knots
- 1965 4.3 3.5 1.3 22.2
- 1976 5.0 4.2 1.8 20.7
- % C. +16.3 +20.0 +38.5 — 6.8

9-16 knots
. - 1965 5.0 3.4 1.5 20.4

- 1976 5.8 4.1 2.0 19.4
— %c. +16.0 +20.6 +33.3 - 4.9

17-24 knots
- 1965 7.0 4.4 2.1 19.6
- 1976 7.5 4.6 2.5 18.4
- % C. + 7.1 + 4.5 +19.0 ,- 6.1

25-32 knots
- 1965 8.2 4.4 2.4 18.3
- 1976 7.7 4.6 2.7 17.7
- % C. - 6.1 + 4.5 +12.5 - 3.3

33+ knots
- 1965 72.8 25.2 21.7 14.6
- 1976 70.4 28.2 24.6 14.5
- % C. - 3.3 +13.3 +13.4 - 0.7

Totals
- 1965 100.0 43.3 29.8 16.3
- 1976 100.0 48.8 34.9 16.0
— % c# 0.0 +12.7 +17.1 — 1.8

^Percent Change.
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APPENDIX U

SUMMARY OF CHANGES IN KNOT SIZE CLASS 
STAND TABLE CHARACTERISTICS

Knot Class 
(Size)

Population
Proportion
(Percent)

Basal
Area

(ft^/acre)

Stems Per 
Acre 
(No.)

Ave. Stand 
Diameter 
(In.)

0 knots
-  1965 2.7 2.4 0.8 23.5
- 1976 3.6 3.1 1.3 20.9
- % C.a +33.3 +29.2 +62.5 -11.1

1 inch knots
- 1965 7.7 3.1 2.3 15.7
- 1976 11.4 4.4 4.0 14.3
— % c* +48.1 +41.9 +73.9 - 8.9

2 inch knots
- 1965 42.8 15.4 12.8 14.9
— 1976 43.6 17.9 15.2 14.7
- Z C. + 1.9 +16.2 +18.8 - 1.3

3 inch knots
- 1965 31.9 13.3 9.5 16.1
- 1976 26.8 13.1 9.4 16.0
— % c* -16.0 -  1.5 -  1.1 — 0.6

4 inch knots
-  1965 9.1 5.2 2.7 18.8
-  1976 7.8 4.9 2.6 18.6
-  % C. -14.3 -  5.8 -  3.7 -  1.1

5 inch+ knots
-  1965 5.8 3.9 1.7 20.5
-  1976 6.8 5.4 2.4 20.3
— % Ce +17.2 +38.5 +41.1 -  1.0

Totals
- 1965 100.0 43.3 29.8 16.3
- 1976 100.0 48.8 34.9 16.0
— % c* 0.0 +12.7 +17.1 - 1.8

^Percent Change.
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