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percent cover can exceed 100 percent, even within in a group, because of overlapping species’

crowns (Daubenmire 1968).

Stands that are well stocked are also expected to be closed canopy. As previously defined by
Viereck and others (1992), closed mixed forests should have at least 60 percent crown cover,
with the hardwoods comprising from 25 to 75 percent. Data in Table 4.11 show that 20 (30
percent) of the plots in this study had tree crown cover percents of less than 60 percent.
However, crown cover percent of 17 stands (77 percent) met Viereck and others’ (1992) criteria
for closed stands. Of the five stands not meeting the well-stocked criteria, four had percent
cover ranging from 53 to 59 percent. Stand 2, the oldest stand, had only 28 percent tree crown

cover.

Except for stand 2, the ocular selection of stands based on the well-stocked criteria appears to
have been quite good. Cover "serves as a criterion of relative dominance, of potential
producti‘vity, of the influence of plants on precipitation interception and soil temperature, and of
the value of vegetation to animals" (Daubenmire 1968). Percent overstory canopy cover is an
important stand characteristic that not only should be quantified but also be related to stand
productivity and ecological processes. Permanent Sample Plots are a vehicle for developing

these relationships.

Age of stands can appear to be related to percent cover. Some of the older mixed stands
appeared to have crown cover near or below 60 percent. Six stands (2, 4, 5, 14, 15, and 20) had
trees with mean ages in a class 100 or more years of age and had one to three plots with less
than 60 percent crown cover. Stand 2 with the highest mean age for a species (132 years of age

for suppressed white spruce) had a percent crown cover of only 28.

However, there were also nine plots with a maximum age of 90 years or less that had crown
cover percents less than 60. Four of these younger plots were in three stands (stand 3 (plots 7
and 8) with an age range of 30 to 50 years old; stand 17 (plot 50) with an age range of 32 to 89
years old; and, stand 19 (plot 55) with an age range of 29 to 85 years old. The relationship of
percent canopy cover to age structure is unclear; a larger sample size and more focused study

design needed to determine if any trends exist.
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These data and those of Thorpe (1992) suggest for mixed stands that the older age classes show
evidence of an opening or thinning crown canopy; this might indicate a successional trend or
shift from mixed species composition toward pure spruce. If spruce recruitment is not
occurring in such stands, the likelihood of a closed spruce stand at or near normal (80 to 120

years) rotation age or climax is questionable. Regeneration data for the older stands (Table

"4':1'1')1'l}ustrateth&pointt T T TTT TTTT T T s TSI mmoms T s e

a 2 percent or less percent regeneration cover in stand 2, with a mean age of 85 years
for white spruce and 72 years for paper birch dominants and codominants;

a 6 and 18 percent regeneration cover in stand 7, with a mean age of 104 years
for white spruce dominants and codominants;

@ 3 and 7 percent regeneration cover in stand 12, with a mean age of 113 years for white
spruce and 109 years for paper birch dominants and codominants; and

a 9 and 11 percent regeneration cover in stand 14; with a mean age of 108 for white

spruce and 95 years for trembling aspen dominants and codominants.

The percentages of regeneration cover suggest four stands with inadequate stocking (below
average yield) to marginal stocking. Only older stand 5 had variable, but adequate stocking
which could be defined as the average yield based on the number of trees, basal area or volume
per acre (Barnes 1962). Stand 5 had 9 to 75 percent regeneration cover, with a mean age of 79
years for white spruce and 108 years for trembling aspen dominants and codominants. The
three younger stands (3, 17, and 19) containing plots with less than 60 percent tree cover, had

regeneration crown percents ranging from 9 to 40.

A review of Table 4.11 was made to find the most productive plots based on the number of
different understory species present. Only two plots (plot 30 in stand 10 and 40 in stand 14) had
all five tree species present as regeneration. Estimated site indices (from Tables 4.5, 4.6, and
4.7) for stand 10 were 108 for white spruce, 29 for paper birch, and 67 for aspen. In stand 14,
estimated site indices were 89 for white spruce, 35 for paper birch, and 54 for aspen. Based on
site index, there is no clear evidence that these two stands are the most productive in terms of

fiber production.
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On plot 30 with 83 percent cover in the overstory, the five tree species covered approximately
13 percent of the stand floor as regeneration. Plot 30 had seven shrub species (29 percent
cover) and six herb species (20 percent cover). Plot 30 was at an elevation of approximately
700 feet facing southwest (235 degrees), on a flat bench several miles from the Tanana River
with a slope of only 1 percent. This plot was one of the few plots in the study with silty, sandy

clay encountered in the soil pit.

On plot 40 with five understory tree species covering approximately 11 percent of the stand
floor as regeneration, only white spruce, paper birch, and aspen were in the overstory at 43
percent cover. Plot 40 had eight shrub species (26 percent cover), six herb species (20 percent
cover), and one unidentified moss (80 percent cover). Plot 40 was at an elevation of
approximately 2,155 feet, faced south-southwest (190 degrees) at mid slope, and had a slope of

31 percent.

Although appearing productive today, plot 40 and possibly, the stand could be moving toward
lower productivity in the future. The first clue was the presence of black spruce in the
understory. Although black spruce can grow on almost any site, it is one of the few interior tree
species capable of growing well on unproductive, cold, moist to wet sites. A second clue was
the 80 percent moss ground cover. Moss is usually found on colder and older sites. A third
clue was age; trees cored in stand 14 ranged 1n age from 65 to 117 years — a mature site.
Although permafrost was not found in the soil pit, it could not be ruled out, and suggested that

the soil in spite of the aspect and slope angle, might be cold.

Stems per Acre Estimates Using Species Composition

In discussing species composition by stand as it relates to the percent of stems per acre, it is
noted that in this study only trees with a breast high diameter of at least 1.5 inches were
measured. The tables of Farr (1967) and Gregory and Haack (1965) used for comparison
include stems greater than 0.5 inches dbh. In the future, minimum dbh for measurement should

be 0.5 inches.
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White Spruce

Pure white spruce stands in interior Alaska have crown covers that typically range between 50
and 70 percent (Farr 1967). In this study (Table 4.11), percent crown cover for all species but
stand 2 had at least one plot that fell within or above this range. Farr (1967) indicated that well

stocked spruce stands with measurable crown cover average approximately 1,500 trees per acre

| at 30 years of ag;at breast 7héigh£ Of the 22 'étands sampl;:d for thlS study, seven staﬁds (4, 13:
15, 16, 19, 21, 22) or 27 percent had between 1,000 and 1,400 trees of all species per acre. The
percent cover for all species in these stands ranged from 59 to 94. However, the white spruce
component ranged from 3 to 54 percent. Only stand 4 with 857 stems of white spruce per acre
(Table 4.2) contained more than 500 stems. Stand 10 with 413 stems per acre and stand 19 with

463 stems carried the next highest number of white spruce.

For potential commercial stands, Farr (1967) suggested in his Table 13 a range from 497 to
1,620 white spruce trees per acre at 100 years of age. In this study, only four sampled stands
had spruce at 90 or more years of age. Percent white spruce composition as stems per acre
ranged from as few as 2 in stand 6 to a high of 54 in stand 4. In eight stands, white spruce
represented less than 20 percent of the stems. This suggests that for the majority of mixed
stands, white spruce will not reach full stocking, i.e., all growing space occupied within a

rotation of 120 years.

If removal of hardwood components from mixed stands to promote white spruce growth and

full stocking is the forest management objective, the likelihood of meeting the objective is low.

Paper Birch

In terms of total stems of paper birch greater than or equal to 1.5 inches dbh, birch was absent
from only three stands, stands 4, 19 and 20, and it was the only hardwood in six other stands, 1,
3,6,7,11, and 12. In these six stands, the number of birch trees per acre was 520, 353, 837,
523, 363, and 160, respectively. The birch stems per acre in these stands accounted for 68, 56,
89, 91, 71, and 32 percent stems per acre, respectively. Birch was present with balsam poplar in
stand 2, with the latter having more stems (60) per acre than the birch (50). In the 12 remaining

stands, birch was found with aspen.
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Where birch was found in association with aspen, the number of birch stems per acre ranged
from 13 to 863, or from 1 to 82 percent of the stems in the stand. In five of these stands, the
number of birch stems exceeded those of aspen. For pure stands of birch, and stems greater
than 0.5 inches at 75 years of age, Gregory and Haack (1965) suggested an average of 521 to
775 stems per acre. At 100 years of age, Gregory and Haack (1965) suggested an average of

342to 476 stems per acre. Where birch was the single hardwood, only one stand (12) of the six

stands had a stocking level well below the numbers suggested by Gregory and Haack (1965).

In the five stands where birch exceeded the number of aspen, the number of birch ranged from
207 to 863 stems per acre. Only stand 5 was under-stocked in terms of the total number of
stems of all species. Of all the 19 stands containing birch, approximately one-half (9 of 19)
were adequately stocked with birch as indicated by Gregory and Haack (1965)

Trembling Aspen

Aspen was absent from seven stands, stands 1, 2, 3,6, 7, 11, and 12. It was the only hardwood
present (367 stems per acre) in stand 4. For a 100-year-old aspen stand at site index 35,
Gregory and Haack (1965) suggested 1,029 stems per acre. Stand 4 also had 867 white spruce
per acre that was approximately 75 percent of the number of stems suggested by Farr (1967) for
a 90-year-old (site index 65) stand. Stand 4 with 1,224 stems of white spruce and aspen
suggests a fully stocked stand.

Aspen and balsam poplar were the two hardwoods present in two stands, stands 19 and 20.
Stands 19 and 20 had 900 and 730 aspen stems per acre that accounted for 66 and 74 percent,
respectively, of the stems in the stand. Site index for stand 19 and 20 was 35 and 44. At 65
years of age, the number of stems per acre suggested by Gregory and Haack (1965) is to be
between 1,200 and 2,500. Stand 20 had 983 total stems per acre. White spruce accounted for

16 percent stems per acre.

In summary, in the three mixed stands where paper birch was absent (stands 4, 19, and 20), the
number of stems per acre ranged from 983 to 1,370 and the percent cover ranged from 60 to 69
percent. For these three stands the number of stems per acre and percent cover approximated

the range suggested by Farr (1967) for spruce, exceed the number of stems per acre suggested
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by Gregory and Haack (1965) for aspen, and meet the definition of a closed stand of Viereck

and associates (1992).

For both stands where birch and aspen dominated, white spruce stems per acre in 75 percent of

the stands did not meet the number suggested by Farr (1967). Fifty-eight and 50 percent for

- birch and aspen, respectively, did not meet the numbers suggested by Gregory and Haack

(1965).

Question e: What is the breast height age (cohort) structure of mixed stands?

To qualify as a single-cohort stand there should not be pre-existing trees remaining in the stand
after the disturbance that can compete with regenerating trees (Oliver and Larson 1996). A
single cohort can also be defined as an even-aged stand having an age range of all tree species
of less than 20 percent of the rotation age or in stands older than rotation age from the age of the

oldest species in the stand.

Figures 4.6 through 4.13 present age class structures for the 22 stands and are based on
increment cores taken breast height. Plotted age data showed species and stands as a mix of
single cohort, double cohort, and even multi-cohort (black spruce). Balsam poplar appeared to
be a single cohort. Confounding these results were 1) age sample size for each stand was
extremely small and 2) breast height age comparisons did not address the additional number of
years it took for each species to reach breast height. Heffernan (1987) documented Alaskan

interior balsam poplar and found that breast height age may not reflect true age.

Stand 19 is a case in point where only seven cores were readable and the spread for the mean
ages of white spruce (mean = 38 years) and trembling aspen (mean = 67 years) was 29 years.
The breast-high age of five trees (3 white spruce, 2 aspen) with readable cores suggested a
multi-cohort stand: a 25-year-old understory white spruce component, a 40-53-year-old
dominant and codominant white spruce and aspen component, and an 85-year-old dominant
aspen component. The apparent multi-cohort appearance of the age structure may be real or an
artifact of the sampling procedure; including breast high age versus stump (or year of origin

age), or simply the selection of the trees cored.
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Breast height age of stands varied by component species within and between stands. The range
of mean stand age for white spruce was 45 to 113 years; 47 to 109 years for paper birch; and 49
to 108 years for aspen. The mean age spread for black spruce ranged from 40 to 96 years. The
mean age spread for balsam poplar was ranged from 53 to 67 years and included crown classes
from understory to the dominant. This age spread was primarily due to stand selection.

In looking at Figures 4.6 through 4.13, cohort types were apparent for most of the stands. The

stands were grouped as follows:

Seven or 32 percent were single cohort stands (1, 3, 8, 10, 18, 21, and 22);
Three or 14 percent were double cohort stands (5, 6, and 7); and,
Twelve or 54 percent were multicohort stands (2, 4, 9, 11, 12, 13, 14, 15, 16, 17, 19, and

20).

Thus, the initial selection process of choosing a stand visually as an even age or single cohort

stand was only accurate 32 percent of the time.



TABLE: 4.12: STAND DENSITY BY SPECIES, PLOT, AND STAND FOR 22
MIXED FOREST STANDS IN THE TANANA VALLEY, ALASKA (continued)

Stand Plot Stand Species Stems DBH Total Q. Mean’ SDI
No. Ne. Age /plot Mean BA? DBH stems/a
(yrs) /acre! (in.) e/ .1a) (in.) Sum*
10 28 Pigi 55.0 4.18 7.0 4.82 156
Pima 3.0 3.09 02 3.22 5
- - -~ {Bepa— - - }—- 164 - 2161 - 08— - 26 A
Potre 28.0 6.28 6.8 6.65 141
Poba 4.0 5.88 0.8 6.10 18
Plot 91.0 4.84 14.7 35.45 320
29 Pigl 41.0 443 53 4.87 122
Pima ‘ 20 4.07 0.2 4.07 5
Bepa 2.0 4.06 0.2 4.30 5
Potre 41.0 7.58 143 7.99 277
Plot 86.0 5.91 20.0 6.52 409
30 Pigl 28.0 4.89 42 5.27 96
Pima 1.0 3.00 0.0 3.00 1
Bepa 3.0 2.10 0.1 2.14 2
Potre 37.0 6.98 10.1 7.07 209
Poba 4.0 5.20 0.6 5.30 14
Plot 73.0 5.83 15.1 6.15 323
T T Swand TS0 (PRl [ A133] a4z 350 T T rea T T i
54 Pima 20.0 340 1.3 3.49 4
59 Bepa 20.0 2.76 1.0 3.04 3
62 Potre 3533 7.03 103.7 7.34 209
70 Poba 26.7 5.54 4.8 5.72 11
Stand 833.3 5.50 165.8 6.04 351
11 31 Pigl 19.0 448 2.6 5.02 59
Pima 1.0 3.22 0.1 3.22 2
Bepa 320 7.17 10.0 7.58 198
Plot 52.0 6.11 12.7 6.69 259
32 Pigl 22.0 3.44 1.7 371 43
Bepa 41.0 7.24 124 7.45 251
Plot 63.0 5.91 14.1 6.40 294
33 Pigl 2.0 3.57 02 391 4
Bepa 36.0 6.19 9.5 6.96 188
Plot 38.0 6.05 9.7 6.83 192
TTT T Siand T 66 (Pl | 1433] 380 148] 435 35
ND’  |Pima 33 3 02 322 1
69 Bepa 363.3 6.87 106.5 7.33 212
Stand 510.0 6.02 121.5 6.6] 248
12 34 Pigl 15.0 5.92 33 6.34 69
Bepa 20.0 8.24 7.8 8.47 151
Plot 35.0 7.25 11.1 7.63 220
35 Pigl 52.0 5.71 10.8 6.16 228
Bepa 16.0 7.57 5.2 7.71 104
Plot 68.0 6.14 16.0 6.56 333
36 Pigl 36.0 6.41 103 7.23 199
Bepa 12.0 8.54 49 8.62 94
Plot 48.0 6.94 15.1 7.60 _29_3_
TT T T Stand [ A1 (PRl | 3433 598|  8ii| 6.8 186
109 |Bepa 160.0 8.09 59.5 8.26 116
Stand 503.3 6.65 140.6 7.16 282




TABLE: 4.12: STAND DENSITY BY SPECIES, PLOT, AND STAND FOR 22
MIXED FOREST STANDS IN THE TANANA VALLEY, ALASKA (continued)

105

1oy

Stand Plot Stand Species Stems DBH Total Q. Mear’ SDi
No. No. Age Iplot Mean BA? DBH stems/a
(yrs.) facre' (in.) (ft/ .1a) (in.) Sum*
13 37 Pigl 51.0 2.72 24 291 67
Potre 96.0 422 10.0 4.37 249
- - + -{Poba - 5.0 - 3.541 Q4T 3631

Plot 152.0 3.70 12.7 3.91 326
38 Pigl 36.0 3.37 2.5 3.60 67
Bepa 4.0 7.31 1.3 7.75 26
Potre 36.0 5.49 6.6 5.80 145
Plot 76.0 4.58 10.5 5.02 238
39 Pigl 23.0 339 1.8 3.74 44
Potre 129.0 3.67 10.4 3.84 270
Poba 12.0 3.55 0.9 3.76 24
Plot - 164.0 3.62 13.0 382 338
TTT T Stand [T70 (PRl | 3667|307 222 T TR T T e
78 Bepa 13.3 731 44 7.75 9
61 Potre 870.0 4.12 89.8 435 221
54 Poba 56.7 3.55 43 3.72 11
Stand 1306.7 3.84 120.6 4.11 301
14 40 Pigl 43.0 6.06 133 7.52 241
Bepa 13.0 3.36 0.9 3.57 24
Potre 9.0 7.18 2.7 7.36 54
Plot 65.0 5.67 16.8 6.89 319
41 Pigl 21.0 5.67 4.6 6.30 94
Potre 220 7.21 6.6 7.39 133
Plot 43.0 6.46 11.1 6.88 227
42 Pigl 18.0 5.50 43 6.65 84
Bepa 5.0 2.72 0.2 2.81 6
Potre 23.0 8.45 9.4 8.64 179
Plot 46.0 667] 139 N _7.4._7_ 269
TU T T Sand T 008 (Pl | 2733] S84 79 T 704l T Tip
77 Bepa 60.0 3.18 3.7 3.38 10
95 Potre 180.0 7.73 61.9 7.94 122
Stand 513.3 6.19 139.6 7.06 272
15 43 Pigl 12.0 3.05 0.7 3.38 20
Bepa 73.0 4.21 8.1 4.51 195
Potre 13.0 5.86 2.7 6.16 58
Plot 98.0 4.29 115 4.65 273
44 Pigl 14.0 3.48 1.2 3.93 29
Bepa 41.0 3.76 37 4.08 93
Potre 63.0 4.84 8.7 5.04 205
Plot 118.0 4.31 13.6 4.60 326
45 Pigl 32.0 5.09 7.1 6.36 134
Pima 16.0 393 1.5 4.20 38
Bepa 62.0 3.95 6.1 4.23 149
8 Plot 110.0 428 14.6 _194 322
T T T Stand TS0 TPl | 1933 a28| 6ol T a3 T T el
123  |Pima 533 3.93 5.1 420 13
62 Bepa 586.7 4.01 59.6 432 146
68 Potre 2533 5.02 38.1 525 88
Stand 1086.7 4.29 132.8 4.73 307
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Stand Plot Stand Species Stems DBH Total | Q, Mean® SbI
Ne. No. Age Iplot Mean BA? DBH stems/a
(yrs.) Iacre' (in.) (ft*/ .1a) (in.) Sum’
16 46 Pigl 16.0 3.82 19 4.66 42
Pima 1.0 2.11 0.0 2.11 1
Bepa 1 83.0f 426 921 452 - 2241
Plot 100.0 4.17 11.2 4.52 266
47 Pigl 13.0 3.98 13 4.27 32
Pima 3.0 3.42 0.2 3.73 6
Bepa 94.0 333 6.4 3.53 171
Potre 10.0 2.63 0.4 2.73 12
Plot 120.0 3.35 8.3 3.57 221
48 Pigl 13.0 2.72 0.6 2.84 17
Bepa 82.0 398 83 4.32 203
| _flgt_ - 95_@_ - _3.8L _8._53 4.]4 220
T T T T Sand [ 671 Pigl ~ 7400 3537 12.5———4-.?).5-.———3-6
108 Pima 13.3 3.10 0.8 3.39 2
67 Bepa 863.3 3.84 79.9 4.12 199
49 Potre 333 2.63 14 2.73 4
Stand 1050.0 3.75 94.6 4.07 236
17 49 Pigl 17.0 6.95 58 791 108
Bepa 250 6.57 8.0 7.66 149
Plot 42.0 6.72 13.8 7.77 257
50 Pigl 36.0 5.34 8.6 6.63 163
Bepa 37.0 390 4.0 443 92
Potre 7.0 8.67 29 8.73 56
Plot 80.0 4.96 15.5 5.96 311
51 Pigl 56.0 4.62 10.9 5.97 207
Bepa 16.0 3.80 14 4.04 36
Potre 48.0 4.89 6.7 5.07 158
_Plot __12(1._(.) - 4._§1 - l9£ ___5.39 ! __‘_1.00
T T T " Stand |58 |Pigl 3633 522|844 653|159
82 Bepa 260.0 4.73 44.6 5.61 92
51 Potre 183.3 5.37 32.1 5.67 71
Stand 806.7 5.10 161.1 6.05 323
18 52 Pigl 1.0 9.08 0.4 9.08 9
Bepa 1.0 2.07 0.0 2.07 1
Potre 51.0 320 32 3.42 87
Plot 53.0 3.29 3.7 3.59 97
53 Pigl 7.0 5.02 1.2 5.53 26
Bepa 39.0 2.74 1.9 2.96 53
Potre 91.0 2.60 3.7 2.72 109
Plot 137.0 2.76 6.7 2.99 188
54 Pigl 10.0 6.59 2.7 7.05 55
Pima 8.0 4.70 1.0 4.86 25
Bepa 42.0 2.54 1.7 2.74 50
Potre 31.0 3.50 24 3.74 61
L Plot | 910 _330] 78| _ 3971 191
T T T [ Sand [ 60 [Pigl TT600] 611 144[ " 6ea]l 30
49 Pima 26.7 4.70 34 4.86 8
58 Bepa 2733 2.63 12.0 2.84 34
66 Potre 576.7 2.94 309 3.14 86
Stand 936.7 310 60.8 3.45 158
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TABLE: 4.12: STAND DENSITY BY SPECIES, PLOT, AND STAND FOR 22
MIXED FOREST STANDS IN THE TANANA VALLEY, ALASKA (continued)

Stand Plot Stand Species Stems DBH Total Q. Mean® SDI
No. Ne. Age /plot Mean BA® DBH stems/a
(yrs.) /acre’ (in.) (ft*/ .1a) (in.) Sum*
19 55 Pigl 25.0 3.69 2.1 3.94 54
Potre 89.0 3.43 6.2 3.57 166
Y T T fPoba T Y T T 41 odib o aanr I B
Plot 115.0 3.49 8.4 3.66 175
56 Pigl 78.0 2.58 3.6 2.92 99}
Potre 85.0 3.62 6.7 3.81 274
Plot 163.0 3.12 10.4 3.41 373
57 Pigl 36.0 4.16 4.0 4.49 95
Potre 96.0 3.01 5.1 3.13 145
Plot_ 132.0 3.32 91| 356 240
(T T T | Swand | a5 [P | #6339 "33 T TIsslT T T ®
67  |Potre 900.0 3.34 60.3 3.50 162
ND’ |Poba 33 4.11 0.3 4.1 1
Stand 1366.7 3.29 92.9 3.53 246
20 58 Pigl 19.0 3.96 3.0 5.34 57
Potre 94.0 4.65 12.4 491 290}
Poba 1.0 4.05 0.1 4.05 2
Plot 114.0 4.53 15.4 4.98 349
59 Pigl 6.0 3.13 0.4 3.29 10
Potre 63.0 4.54 8.0 482 188
Poba 15.0 3.99 1.6 438 38
Plot 84.0 4.34 9.9 4.65 236
60 Pigl 22.0 2.98 1.2 3.18 34
Potre 62.0 4.77 8.1 4.89 194
Poba 13.0 2.83 0.7 3.20 19
Plot 97.0] 411 10.0] 4.36 247
(T T T T Swand | T 82 Pl | 156 340l s T T anlT T T H
66  |Potre 730.0 4.65 94.7 4.88 224
ND’  |Poba 96.7 3.47 7.9 3.88 20}
Stand 983.3 4.34 117.8 4.69 277
21 61 Pigl 4.0 4.63 0.5 4.66 12
Bepa 33.0 4.64 47 5.09 106
Potre 30.0 6.69 8.0 7.00 164
Plot 67.0 5.55 13.1 6.00 282
62 Pigl 3.0 2.71 0.1 2.73 4
Bepa 2.0 235 0.1 235 2
Potre 91.0 5.34 15.9 5.66 55
Plot 96.0 5.19 16.1 5.55 61
63 Pigl 7.0 3.51 0.6 3.81 14
Potre 143.0 3.34 10.2 3.61 266
Plot 150.0 335] 107 362{ 280
(T T T T Stand [T 39T P | 46| 368 38| 388l " To
47  |Bepa 116.7 4.50 15.8 4.98 36
50  |Potre 880.0 4.41 113.7 487 162
Stand 1043.3 439 133.3 4.84 208
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* BA = basal area.
’ Q. Mean = quadratic mean.
* sum = SDI values are summed for the plot and the stand.
*ND = no data.

Stand Plot Stand Species Stems DBH Total Q. Mean® SDI
No. Ne. Age /plot Mean BA? DBH stems/a
(yrs.) /acre’ (in.) Tt/ .1a) (in.) Sum*
22 64 Pigl 8.0 6.45 22 7.16 44
Bepa 26.0 6.19 6.0 6.52 127
B Potre 1ol 540 02 540 0 4
Poba 1.0 10.31 0.6 10.31 11
Plot 36.0 6.34 9.0 6.77 185
65 Pigl 2.0 5.21 0.3 5.40 7
Potre 108.0 5.21 17.3 542 394
Plot 110.0 5.21 17.6 5.42 401
66 Pigl 69.0 3.55 5.5 3.83 141
Bepa 89.0 3.79 7.8 4.02 199
Poba 1.0 5.34 0.2 5.34 4
. Plot 159.0 3.69 - 13.5 3.94 - 343
(T T [ Stand | 54 |Pig | 2633 388 269 433 &
60  [Bepa 383.3 433 46.2 4.70 108
67  |Potre 363.3 521 58.1 5.42 133
55 Poba 6.7 7.83 2.5 8.21 5
Stand 1016.7 4.55 133.6 4.91 310
Notes: " acre = stems per acre are given for the stand.
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Basal area and volume provide information on stand productivity and potential yield. In this
study, productivity addressed the amount of wood fiber a tree or stand contains. Yield refers to
the amount of wood that is harvested (Smith 1986). The focus in this study was productivity.

The "total" or smallest size (e.g., to 1.5 inch) was used.

- Farr (1967) suggested that basal area for pure stands of white spruce greater than 30 years of
age ranged from 126 to 218 square feet. Gregory and Haack (1965) suggested that basal area
for birch greater than 30 years of age ranged from 70 to 126 square feet. For aspen greater than
20 years of age, basal area ranged from 68 to 153 square feet (Gregory and Haack 1965). No
stand in this study had an accumulated (all species) basal area greater than 170 square feet and
only one stand (stand 18 with 60.8 square feet) had less than 68 square feet per acre.

Without consideration of age, the sampled stands’ (all species) basal area fell within the
published ranges of pure stands. No sampled stands approached the maximum basal area value
given for white spruce (Farr 1967). Three stands (all species) did exceed the maximum value
for aspen (Gregory and Haack 1965) and 11 stands exceeded the maximum value for birch
(Gregory and Haack 1965).

SAF forest cover types (Eyre 1980) are defined based on basal area of the dominant species. A
pure stand of a single species consists of 80 percent or more of that species. A mixed stand
consists of two or more species each represented by 20 percent or more of the stand basal area.

Based on these criteria, 10 cover types were found:

Aspen;

Aspen-Birch;
Aspen-Birch-White Spruce;
Aspen-White Spruce;
Birch;

Birch-Aspen- White Spruce;
Birch-White Spruce;

White Spruce-Aspen;
White Spruce-Birch; and,

& 0 00 00 0 o0 o



110

a White Spruce-Balsam Poplar.

The small number of stands (22), the large number of forest cover types (10), the variability in
stands within the cover types, and plot variability within stands precluded any in-depth analysis
of the basal area data. Table 4.13 presents the cover types along with the basal area

~ characteristics. The table indicates there are three cover-type groupings based on the dominant

species: aspen, birch, or white spruce.

The mean rank, the sum of the ranks divided by the number of stands in each grouping, suggests
white spruce dominated stands have higher basal areas than aspen dominated stands. Aspen
dominated stands in turn appear to have higher basal areas than birch dominated stands. A
much larger sample is needed to determine whether the mean rankings are real or an artifact of

sampling.

White spruce dominated five stands (2, 4, 12, 14, and 17). Cumulative (all species) basal areas
ranged from 120.8 to 161.1 square feet per acre. Except for stand 4 with 120.8 square feet, the
remaining values fell within the range of basal area for pure stands of white spruce. Stand 4

was a 96 year old stand.

Birch dominated seven stands (1, 3, 6, 7, 11, 15, and 16). Cumulative basal areas ranged from
93.9 to 132.7 square feet per acre. Except for stand 15 with 132.7 square feet of basal area,
these stands fell within the range of basal area for pure stands of birch.

Aspen dominated ten stands (5, 8, 9, 10, 13, 18, 19, 20, 21, and 22). Cumulative basal areas
ranged from 60.8 to 165.6 square feet per acre. Stand 18 with 60.8 square feet per acre had the
lowest basal area of the 22 stands. Stand 10 with 165.6 square feet per acre had the highest
basal area of the 22 stands. Except for stands 10 and 22, the basal areas of these stands fell

within the range of basal area for pure stands of aspen.

The range of basal areas can be determined in Farr’s and Gregory and Haack’s tables by using

the average ages of the dominant and codominant trees and site index. Ages are provided in
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Table 4.12 and the range of approximate basal areas for each dominant species is provided in
Table 4.13. Minimum and maximum tabular basal areas ranged from 100 to 155 square feet per
acre for aspen, 77 to 126 square feet per acre for birch, and 128 to 188 square feet per acre for

spruce dominated stands.

‘For the 10 aspen dominated cover type stands, three had less accumulated basal area per acre

than what is reported by Gregory and Haack (1965) for pure stands of aspen with similar ages.
Only one stand (stand 10) exceeded the reported values. For the seven birch dominated cover
type stands, one (stand 15) had a basal area greater than reported by Gregory and Haack (1965).
For white spruce dominated cover type stands, one (stand 17) had a total basal area indicated by
Farr (1967).

There was no evidence that mixed stands consistently had greater basal area than pure stands.
There should be concern that the majority of these stands with white spruce basal areas greater
than 20 percent had overall total basal areas less than the range suggested by Farr (1967) or at

the lower end of the range. This may be a result of light stocking at the time of establishment.

On a plot basis, basal area ranged from a low of 37.2 square feet per acre (plot 52 in stand 18, a
mixed aspen-white spruce stand) to 199.6 square feet per acre (plot 29 in stand 10, a mixed
aspen-birch stand). Plot 52 was a more accurately a pure stand of aspen (96 percent) and plot
29 was a mixed stand of aspen (71.5 percent) and white spruce (26.5 percent). No plots had a
basal area that approached the maximum values suggested by Farr (1967). Thirty-one plots had
higher basal areas than the maximum suggested for birch, and 11 plots had higher basal areas

suggested for aspen by Gregory and Haack (1965).

Plots 21, 32, and 49 with birch as the dominant, had basal areas greater than for pure stands of
birch. These plots typically had white spruce contributing to the basal area. Plots 13, 15, 27,
29, 58, 62, and 65 with aspen as the dominant, had basal areas greater than for pure stands of
aspen. These plots also typically had white spruce contributing to the basal area. Plots, 62 and
65, however, were essentially pure stands of aspen with their basal areas acre 15.9 and 17.3
square feet per plot, respectively. Additionally, these two plots had the highest aspen basal area
of all plots.
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Stand Density Index

The 22 sampled stands had a broad range of basal areas that were difficult to compare because
of varying site quality and age. Before combining basal area and tree height to obtain stand
volumes, the SDI was worth examining. Reliable density measures are needed to define forest
stands conditions including growing space occupancy, biomass, wildlife habitat, and succession

(potential rate of change) (Davis and associates 2001).

SDI is independent of age and site quality. Stands sampled in this study varied in species
composition, age structure (i.e.; even-age and uneven-age), diameter, stems per acre, and basal
area. Therefore, the stands in this study violate the criteria of Reineke’s SDI which are for pure
and even-aged stands. Long and Daniel (1990) and Shaw’s method (2000) was the only method
found that allowed comparison for mixed stands in interior.Alaska. SDI values for mixed
stands in the Tanana Valley are provided in Table 4.12. Table 4.12 provides stand density

indices at three levels: stand (per acre), plot, and species.

SDIs including all species for the 22 stands ranged from 158 (stand 18) to 351 (stand 10) trees
per acre. The maximum stand density for any one plot was 422 trees per acre on plot 21. In
comparing the stand density indices for the stands in this thesis with those of Yarie (1983), it

must be recognized that in this thesis, the modified approach of Shaw (2000) was used.

It was not stated clearly as to how Yarie (1983) calculated his SDI values. However, SDI
values in this study fell within the range of 16 to 731 trees per acre provided by Yarie (1983) for

_immature and mature mixed stands. For stands 29 to 62 years old, the minimum SDI provided
by Yarie is 254 trees per acre. Nine of this study’s stands had SDIs below 254.

Farr (1967) and Gregory and Haack (1965) correlated trees per acre as function of average
diameter. These correlations can be used as surrogates for SDI to define the natural thinning
line for a species. By using an average diameter (both indicate this is really the quadratic mean

diameter) of 10 inches, a surrogate approximate maximum SDI could be determined.

Based on this approach, the approximate surrogate maximum SDI for 10-inch average stand

diameter was 358 stems per acre for white spruce, 321 stems per acre for aspen, and 251 stems
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per acre for paper birch®. SDI values for mixed stands in this thesis bracketed the SDI range
suggested for the line of natural thinning of white spruce, birch, and aspen in the mixed forest
cover type. Six stands were below the suggested SDI for paper birch of which one-half were
more than 10 percent below the SDI of 251.

~ The SDI values for twelve of the study stands were within the range between birch and aspen,
two were within the range between aspen and white spruce. The maximum stand SDI was 351
trees per acre in stand 10. SDI values for species within the mixed stands ranged from 2 to 240
trees per acre for white spruce, 1 to 340 trees per acre for paper birch, and 4 to 394 trees per

acre for aspen.

Based on the data in Table 4.12 , there was little evidence to suggest that mixed stands have an
SDI greater than the most shade tolerant species, white spruce. In comparison to pure stands,
provided the data are correct and equal to the approach for this study, SDI values suggested that
growing space was not fully occupied and, hence, thinning or stand conversion opportunities

would be limited in unmanaged mixed stands.

Question b: What is the range of volume for all species and by individual species by plot? How
does this volume data compare with published vield tables?

Plot volume (Table 4.10) in cubic feet ranged a low of 33.84 ft* on plot 52 to a high of 553.49
ft’ on plot 29. As expected, these same two plots had the low and high basal areas previously
discussed. Plot 52 had only 53 trees, with 51 aspen. Additionally, only 24 aspen were
measured for volume due to the others being bent or leaning trees. Plot 29 had 78 trees that
were measured for volume. The major difference in volume was due to lesser number of white

spruce measured on plot 52 compared to those on plot 29, i.e., 25 verses 78 trees, respectively.

The average plot volume for all plots was 290.73 ft’. Volume per acre was calculated in the
same manner as number of trees per acre and basal area per acre: volumes of the three plots
were added together and multiplied by 3.333. Calculated stand volumes per acre ranged from a
low of 866.7 ft*/acre in stand 18 to a high of 4,403.2 ft*/acre on stand 17. The average volume
per acre for all the stands was 2,906.9 ft’/acre.

21 Personal comenunication from J. D. Shaw.
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The range of volume for aspen in the 22 stands ranged from 15.6 to 2728.5 ft*/acre, with a mean
of 1370.4 ft*/acre. The range of volume for birch in the 22 stands ranged from 8.2 to 2379.7
ft'/acre, with a mean of 874.4 ft*/acre. The range of volume for white spruce in the 22 stands
ranged from 58.5 to 3138.0 ft*/acre, with a mean of 1144.7 ft*/acre. Direct comparison with
tabular volumes from Farr (1967) and Gregory and Haack (1965) was not possible due to

- different minimum diameters and tree tops. - S ' o

Question ¢:_Are the mixed stands helping or hindering white spruce growth? What might
happen if all the hardwood competition were taken away?

Van Cleve and associates (1991) noted that white spruce is a slow growing species that grows in
the shade of the faster growing hardwoods and eventually overtakes and outlives the
hardwoods. Based on that assumption, white spruce should not directly compete with the

hardwoods for light and growing space (regarding crown cover).

The hardwoods do compete with white spruce for seedling establishment, water, and nutrients
however. The values in Farr’s tables were compared to the number of trees measured in this
project. Column six in Table 4.5 lists average basal areas based on site index and average age.
None of the calculated white spruce basal areas per acre in Table 4.10 reached the lower

number of the range listed in Table 4.5.

The same is true for the number of trees per acre. The trees per acre found in these stands were
less than the lower range of trees per acre in Table 4.5. In comparing the volume, 2 stands
(stands 17 and 19) fell within the listed range for volume greater than 4.5 inches, and one
additional stand (4) had a volume per acre greater than the range listed in Table 4.5. The
comparisons showing lower numbers than found in pure stands suggest that the hardwoods (and
black spruce) occupy space and use resources so that white spruce numbers and growth are less

than optimal. It also may be the stand conditions were inferior.

On average, white spruce 3 plot cluster basal area and volume were 37.2 ft* and 1144.7 f%,
respectively. The average 3 plot cluster basal area and volume for paper birch were 13.8 fi and

262.4 ft*. The average 3 plot cluster basal area and volume for trembling aspen were19.0 f*



116

and 1370.4 ft’. Based on these numbers, it appeared that aspen was better at competing for

growing space than paper birch.

In comparing basal area and volume data for white spruce in Table 4.10 with those in Table 4.7,
it can be seen that white spruce contributed an inconsistent amount to the total basal area and
volume of a-mixed stand: For example, total basal area in stand 5 was 144.6 f* per acre. The
total basal area of white spruce on stand 5 was only 3.2 ft’ per acre. The contribution of white
spruce on this stand was less than 3 percent. In stand 2, with a total basal area per acre of 154.0
ft?, white spruce contributed approximately 66 percent or 101.6 fi>. As expected, same was true
for volume. Using the same stands, volume per acre attributable to white spruce in stand 5 was

two to three percent, and in stand 2 was approximately 76 percent.

Regeneration — Seedlings and Saplings

In the understory of all plots, 737 white spruce, 45 black spruce, 68 paper birch, 18 trembling
aspen and 3 balsam poplar trees were found in the understory. These stands appeared to offer
good growing conditions for white spruce growing into the overstory. Varying amounts of
white spruce regeneration were found on 49 plots (74 percent). The greatest amount of white
spruce regeneration was found in stand 4 (plots 10, 11 and 12) located adjacent to Red Fox

Drive in Tok, Alaska.

No other stand even came close. On plot 10, there were 265 white spruce regenerating between
0.5-4.5 inches in height and 5 white spruce regenerating greater than 4.5 inches in height. On
plot 11, there were 125 white spruce between 0.5-4.5 inches in height and 33 trees greater than
4.5 inches in height. On plot 12, there were 253 white spruce between 0.5-4.5 inches in height
and 44 trees greater than 4.5 inches in height. None of the three plots had any white spruce
regeneration less than 0.5 inches counted. The next most abundant white spruce regeneration

was found in stand 9 with 77 trees.
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4.3.3 Classification Scheme

Question a: What is the range of mixed stands’ composition?

The range of mixed stands found on these plots varied from only two tree species to all five tree
species on a plot (Figure 4.14). Plot 17 was the only plot without a single overstory white
spruce. Refer to Table 4.12 for the number of stems for each tree species found ona plot and
Table 4.13 for the stand cover types based on basal area. The stands showed groupings of
aspen, birch and white spruce. Many stands had less than 20 percent of the basal area
attributable to white spruce. Only stand 22 had similar amounts of birch and aspen, in terms of

both stems per acre and basal area.
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Question b: What influences do abiotic factors such as slope, aspect, elevation and solar

radiation have on stand characteristics and tree species regeneration?

Van Cleve and associates (1991) hypothesized that nutrient cycling and thus the interior taiga
forest growth are influenced by the great varying seasonal solar radiation angle, different
topography and parent material (state factors). For northern tree species, light and temperature
appear as the most limiting factors for growth (Junttila and Nilsen 1993).

Figure 4.2 shows that the majority of the 66 plots in this study had aspects located between 90
and 270 degrees. Approximately the same number of plots occurred on southwest and

southeast-facing slopes.

The Logistic Procedure using the SAS System was completed for each of the five overstory
species to determine if any one abiotic factor appeared to have a correlation to their existence.
Plot data factors were inputted including: species presence/absence, longitude (east to west),

elevation, aspect, slope, and solar radiation data.
For both the growing season (SE) and year round (YR) radiation, the output consisted of the:

Total potential radiation on the slope (RADSLP) in MJ/m’;

Total potential radiation on the horizontal (RADHOR) in M)/m’;
Potential daylight hours on the slope (HRSLP); and,

Potential daylight hours on the horizontal (HRHOR).

O o o o

Appendix B presents the Logistic Procedure’s regression model scores for the most correlating
abiotic variable on each of the five overstory species, selected by score criterion. The highest
score was given to the most influential parameter (i.e., slope or RADHOR, etc.). The score

values ranged from 0 to 23.

The single most correlating factor to the three hardwoods was the year long potential radiation
on the horizontal (YRRADHOR) which scored a 19.497, 17.675, and 7.010 for birch, aspen,

and balsam poplar, respectively. Potential seasonal radiation on the slope (SERADSLP) was
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the most influential factor for the softwoods scoring a 22.563 and 2.475 for white and black

spruce, respectively.

The SERADSLP score for black spruce at 2.475, was only slightly higher than the second
highest value at 1.808 (YRRADSLP). The overall low scores and closeness in values indicate

~ that no single dominating factor correlated with the presence of black spruce.

Similarly, though not as dramatic, was the high YRRADHOR score for balsam poplar at 7.010.
This score was far below the YRRADHOR scores for paper birch and aspen, 19.497 and
17.675, respectively.

The second most correlating factor for the hardwoods was longitude with scores for paper birch
at 13.356, trembling aspen at 12.606, and balsam poplar at 2.442. The second most correlating
factor for white spruce was the yearly potential daylight hours on the slope (YRHRSLP) scoring
11.375.

The third most important factor for three of the five species was elevation. The score was 4.475
for paper birch, 10.354 for trembling aspen, and 1.609 for black spruce. Yearly potential
radiation on the slope for white spruce had a score of 10.869. Seasonal potential radiation on

the slope for balsam poplar was a score 1.217.

Based on the these rankings, it appears that potential solar radiation, whether yearly on the
horizontal for hardwoods or potential seasonal on the slope for softwoods, was the most
important factor for the tree species presence in eastern interior Alaska. That yearly potential
radiation on the horizontal, instead of seasonal, was most important for the hardwoods was
interesting because the hardwoods are without foliage for the majority of the year. As expected,
black spruce was the most tolerant of all five species and does not correlate to any one

particular factor.

Slope was ranked last or second to last for all but aspen. Slope was ranked sixth for aspen with
a score of 5.928. Aspect ranked dead last for aspen and black spruce with a score of 0.005 and
0.0, respectively. Aspect ranked sixth for paper birch (score 2.289) and balsam poplar (score
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0.827); and, fifth for white spruce (score 6.325). Elevation ranked dead last for balsam poplar
with a score of 0.0. This is most likely because balsam poplar was found on 16 plots with a
wide elevation range from 475 feet to 2,200 feet above sea level., and as mentioned previously,
42 percent of the stands with balsam poplar were found on upland sites. The second greatest
number of balsam poplar was counted in stand 20 at Mile 105.3 Glennallen Highway. Stand 20
had an elevation of approximately 2,200 feet with undulating contours and southeast facing
slopes ranging from 35 to 77 percent. The nearest river was down along the highway

approximately 4 mile to the south.

Regeneration

Appendix C presents the Logistic Procedure scores of abiotic factors on interior Alaska
regeneration tree species. As with the overstory tree species, the abiotic variables were scored
for their correlation with tree species seedlings and saplings under 1.5 inch dbh. Score values
ranged from just above 0 to 9, depending on the species. The score for black spruce ranged
only from 0.0112 to 1.1784. This again indicates that no one abiotic factor correlated with the

presence of black spruce.

The yearly potential radiation on the horizontal (YRH) was scored as having the highest
correlation with paper birch (score 7.6180) and balsam poplar (score 3.7906). For aspen (score
9.2828), the yearly potential radiation on the slope (YRS) was most correlating factor.
Elevation was ranked as the highest correlating factor for white spruce with a score of 4.7999.
Seasonal potential radiation on the slope (SRS) was ranked with the highest correlation for
black spruce with a score of 1.4784.

The second most correlating factor for the five regeneration species was different for each. For
white spruce, the YRH ranked second (score 3.4405); for black spruce, YRS ranked second
(score 1.3449); for paper birch, aspect ranked second (score 3.9106); for aspen, SRS ranked
second (score 8.0380); and, for balsam poplar, slope ranked second (score 2.5255).

The least correlating variable for white spruce and balsam poplar was yearly potential daylight
hours on the slope (YHS) with scores of 0.0112 and 0.1487, respectively. For black spruce,
slope with a score of 0.0549 had the least correlation. The YRS with a score of 0.0032 was the
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least correlating factor for paper birch; and, the seasonal potential daylight hours on the

horizontal with a score of 0.0204 was the least correlating factor on regeneration of aspen.

Question c:_Does the understory vegetation show any trends? What community types are
present?

- Two-way indicator analysis was completed for species found on the 66 plots based on species -
presence/absence. Figure 4.15 presents the TWINSPAN results for species presence/absence.
Under TWINSPAN, each subset was independent of the others. The vegetation
presence/absence analyses completed up to six levels of data subsets. The plots and vegetation
were divided into increasingly homogeneous groups until the threshold of similarity was

reached.

For plot data, TWINSPAN correctly grouped 13 of the 22 stands (3, 4, 6,7, 8, 9, 12, 13, 15, 16,
18, 19, and 20) as having the most homogeneous plot vegetation. These stands were grouped
independently of each other. The grouping of the 13 three plot clusters (stands) would be
expected because the plots were grouped as they were found during PSP installation. The nine
remaining stands had plots that were grouped with outside stands more similar than the stands

in which the plots were found.

With respect vegetation groupings, the overstory tree species were grouped with the following

understory vegetation:

White spruce

0  Understory white spruce;

0 Common shrubs: American twinflower (Linnaea borealis),
Prickly rose (Rosa acicularis); and,
Mountain cranberry (Vaccinium vitis-idaea); and

0  Herb: Bluebells (Mertensia paniculata).

Black spruce

Q Herbs: Ground cedar (Lycopodium complanatum);,

Starflower (Trientalis europaea 1..); and,
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Dwarf marsh violet (Viola epipsila Ledeb.).

Trembling aspen:

0  Uncommon Herbs: Jakutsk snowparsley (Cnidium cnidiifolium (Turcz.)
Schischk); and,
Northern larkspur (Delphinium brachycentfrum Ledeb.)

Paper birch:

a Understory paper birch;
0 Common Shrub: Bunchberry (Cornus canadensis); and,

a Unknown mosses.

Balsam poplar:

0 Unknown herbs.

Only the spruces were paired with understory vegetation that would be expected. Although
aspen was found with snowparsley and northern larkspur, they were not commonly found on the
plots; snowparsley was found on only three percent of the plots. Paper birch is usually
associated with mesic sites but can also be found on colder, more northerly aspect sites, which

might explain being associated with mosses.

The following homogeneous grouping was found infrequently in plots. In looking at Figure
4.15, they can be seen to coincide only with stands 4, 18, 13, 19 and/or 20: The frequency at

which they were found on the plots is listed as a percent.

o  Shrubs: Red-fruit bearberry (Arctostaphylos rubra (Rehd. & Wilson) Fern.)
6.1 percent;
Crowberry (Empetrum nigrum L.) 9.1 percent;
0  Herbs: Golden corydalis (Corydalis aurea Willd.) 4.5 percent;
Wild pea (Lathyrus palustris L.) 4.5 percent;
Arctic lupine (Lupinus arcticus S. Wats.) 12.] percent;
Northern Jacob’s-ladder (Polemonium boreale) 1.5 percent; and,

White-camass (Zygadenus elegans (Pursh)) 19.7 percent.
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With the exception of white-camass at 20 percent plot frequency, this third group all contained
vegetation that was found on 12 percent or fewer plots. The vegetation groupings contain very
common or very rare species with respect to this study. A larger sample size is essential to
determine and confirm plant communities and expand the classification of Alaska’s vegetation
(Viereck and others 1992).



126

5.0 CONCLUSIONS AND RECOMMENDATIONS

Mixed stands in eastern Interior Alaska are diverse and complex ecosystems, more so than
previously recognized by many land managers. While many local land managers in Alaska
look to pure stands economics, mixed stands occur more frequently and are more tolerant of
-growing-in-a-much wider area and range of conditions than pure stands of white spruce -
(Toumey and Korstian 1947).

This study demonstrated that:

> Mixed stands were more complex than previously perceived by resource managers and
researchers and in the future should be segregated into cover types based on species
composition;

> Species composition was highly variable between and within stands;

> On average, the number of white spruce, birch, and aspen were generally significantly
less in the mixed stands than the number predicted for each in pure stands;

> SDI values, a method of assessing species’ use of growing space, ranged from 61 to 484
per acre with a mean of 269 per acre;

> Existing individual tree volume tables essential to yield and growth calculations need
revision to avoid negative values for small trees (this was a problem when attempting to
determine volume);

> Birch and aspen were found co-existing in 12 stands (54 percent), indicating the species
shared the same stand and stand conditions more often than was assumed; and,

> Site index curves for pure stands of Interior species were inadequate for addressing

mixed stands.

Age, stems per acre, and site quality impact stand characteristics such as diameter, height, and
basal area. This complicates stand comparisons in terms of area occupied by trees. Reliable
density measures are needed to define forest stands conditions including growing-space
occupancy, biomass, wildlife habitat, and succession (potential rate of change) (Davis and

associates 2001).
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SDI is independent of age and site quality. The stands sampled in this study varied in species
composition, age structure (i.e.; even-age and uneven-age), diameter, stems per acre, and basal
area. Although the stands in this study violated the criteria of Reineke’s (1933) SDI, Torres-
Rojo and Velaquez-Martinez (2000) and Shaw (2000) developed methodology that permitted

comparison of mixed stands.

For mixed stands in which both aspen and birch are present, either species can dominate. The
range of stems (all species) per acre was 333 to 1,367; with a maximum for aspen in stands at
900 trees and 863 trees for birch. This suggests that birch dominated stands may carry fewer
stems per acre. Percent cover (all species) ranged from 28 to 99 percent; with a maximum for
aspen in stands at 62 and 80 for birch. This suggests that aspen dominated stands may have

slightly more open overstory canopies.

5.1 Implications for Forest Management

The data collected during 1994 and 1995 provide one of the few detailed looks at the growth
and dynamics of mixed stands in the Tanana Valley to date. The Alaska Department of Natural
Resources Division of Forestry supports the PSP approach for inclusion in management

planning and forecasting and intends to use the data for future management plans™.
Recommendations include:

1. Review and revise published individual tree volume equations for all interior tree species to
ensure that origin of equation (dbh = 0.0 inches) passes through zero rather than a value less

than zero.

2. Expand the current PSP effort by the University of Alaska Fairbanks Agricultural and
Forestry Experiment Station’s Forest Growth and Yield Program. The program should be
expanded to better describe existing stand types (communities), and to describe and
understand stand dynamics. Availability of specific community descriptions will improve

prescriptions for forest management and better facilitate an ecosystem management

22 Packes, E.C. 1997. Tree species growth and yield and site productivity for the Alaskan Northem Forest. Rescarch proposal to Agriculturs] and Forestry
Experiment Station for McIntire-Stennis Act Funding  Fairbanks, AK. University of Alaska Fairbanks.



128

approach to forest land management. A growth and yield cooperative would be highly
desirable and should include the university, state, and federal land managers, and the private

sector.

Age structure of mixed stands must be studied further. A common assumption of
succession in eastern interior Alaska on upland mixed stands has been that white spruce
establishes at the same time as the hardwoods and grows slowly in the understory until the
hardwoods fall out from old age. Some sites in this study showed that the white spruce
were older than the hardwoods. Even accounting for variations in age to breast height, this
suggests different successional patterns than were previously believed. Some sites, stands,
or communities might be amenable to alternative harvesting and reproduction methods

other than clear cutting.

Mixed species stand management should be monitored among professional resource
managers to better understand basal area, volume and crown composition. Stand volumes
and SDI values in this study suggest strongly that mixed stands may not be as productive as
pure stands. The reason(s) for lower stocking levels, basal areas, and SDIs (and so

volumes) require additional study.

Mixed stands cannot be referred to simply as "mixed stands"; there is simply too much
variability. This was demonstrated by the major groupings based on the dominant species

of white spruce, aspen, and birch and the 10 forest cover types as listed in Table 4.13.

Plant communities should be further described, based on both cover type and understory

compositions.

If mixed stand management is to be attempted, equations specific to mixed stand types must
be developed. This includes growth and yield tables, especially stand tables and stocking
tables. Data presented here demonstrate that problems exist when trying to apply the
existing yield equations and tables for well-stocked pure stands of white spruce, birch, or

aspen to mixed stands.
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SDI values should be developed for interior Alaska mixed and pure stands.

A standard coding system should be developed for field data for uniformity. Ideally, field
data should be gathered using more accurate recording systems such as the global

positioning system and portable computers. This would reduce data transfer errors and lost

 information.
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APPENDIX A: PERMANENT SAMPLE PLOT CLASSIFICATION CODES

L

IL.

Tree Species *

1 Picea glauca (Moench) Voss ~ White spruce
Picea mariana (Mill.) B. S. P. Black spruce
3 Betula papyrifera Marsh. var. humilis (Reg.) Fern. & Raup
AK Paper Birch
4 Populus tremuloides Michx.  Trembling aspen

5 Populus balsamiferal.. ~~  Balsam poplar

Tree Classification °

A. Total Height and Crown Height
-1 Leaning or bent tree
-2 Broken top
-3 Dead top

B. Crown Class

No Estimate
Dominant
Codominant
Intermediate
Suppressed
Understory

Overstory - emergents
Leaning or bent
Broken top

Crown dying back (dominants/codominants/emergents)

OO RN~ O

C. Location and Nature of Damage/Observation
0 No Damage or Information
Damage, local and nature unknown
Tip
Foliage
Limbs
Bole
Basal
Roots
Leaning or bent tree

R 3N WV AW -

D. Severity of Damage/Observation
Not applicable
Unspecified
Minor
Moderate
Severe

W — O3
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APPENDIX A: PERMANENT SAMPLE PLOT CLASSIFICATION CODES (continued)

E. Cause and Nature of Damage

General/ Specific:
n None (no damage observed)/
0 Unknown or unspecified/

1 Almost dead
2 Poor condition (unhealthy appearance)
1 Human activity/
0 Unknown or unspecified
1 Scar
2 Crown diseases and abnormalities/
0 Unknown or unspecified
1 Unhealthy appearance
2 Foliage diseases
3 Mistletoe
4 Forked top
5 Old dead top/broken top, new top growing
6 Very few, no needles, or needles dead at tip
7 Apical dominance
8 Small crown/almost no live crown/defoliation
9 Dieback
10 Bent tip
3 Bole diseases and abnormalities/
0 Unknown or unspecified
1 Bole rot
2 Multiple stems and forks
3 Stem canker and mistletoe
4 Sweep and crook
5 Dead or broken top
6 Epicormic branching/and/ or sprouting
7 Fluting (swelling at bole)
8 Pitching/discharge
9 Fused w/ adjacent tree
10 Deformed
11 Injury
12 Split at base
4 Root Diseases/Observations/
0 Unknown or unspecified
1 Uprooting

2 Layering
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APPENDIX A: PERMANENT SAMPLE PLOT CLASSIFICATION CODES (continued)

5

Insects/

0 Unknown or unspecified

1 Defoliators (e.g., budworm-spruce; spearmark blackmoth
- Bepa)

2 Bark beetles

3 Sucking insects (e.g., aphids, true insects)

4 Curling (e.g., leaf rollers)

Mammals and birds/

0 Unknown or unspecified

1 Moose

2 Bear

3 Livestock (not applicable)

4 Porcupine

5 Mountain beaver

6 Other small animals

7 Birds (i.e., woodpecker)

Fire/

0 Unspecified

1 Probable wildfire — blackened base/bole

Weather/

0 Unspecified

1 Wind

2 Snow, ice

3 Freeze

4 Drought

5 Other tree

Miscellaneous

0 Unspecified

1 Witches broom (rust fungus)

Miscellaneous (continued)
2

[ 2RS B SRRV TN S P

Competition from neighboring trees — clustering causing
poor growth

Fungus/other found on bark (e.g. orange bark)

Stump sprout or root sucker of adjacent tree

Joined at base with adjacent tree

Dbh measured above (or below) knot, rot

May be seasonal change - senescing, not damage

No positive id for spp.
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APPENDIX A: PERMANENT SAMPLE PLOT CLASSIFICATION CODES (continued)

1L Vegetation®

A. Cover Class Codes

0 Absent
.1 Trace
1 1 to 5 percent

2 5 to 25 percent
3 251050 percent
50 to 75 percent
75 to 95 percent
95 to 100 percent

QN W

Iv. Subplot Regeneration®

A. Vigor Classes
1 Poor — no obvious height growth, leader dead, few leaves/foliage.
2 Fair — slight chlorotic, terminal bud present, <50% foliage.
3 Good — good color, some leader growth, foliage on >50% of stem.
4 Excellent — good color, leader growth and form.

B. Notes (Observations/Damage)
- None
Moose browse
Insects
Weather (e.g., windthrow of other trees)
Stump sprout/sucker
Layering
No positive id for species
Stressed from competition/suppressed/crowded
Broken top with apical dominance set in
Growing horizontal due to 3
0 Broken/dead top

DY

—ND G0~ N Y W

B. Notes (Observations/Damage)
11 Needles falling off
12 Bole rot
13 In a ditch; possibly man-made

V. Site Data®

A. Permafrost in soil pit
0 None
1 Probably not
2 Probable
3 Near surface
4 Unknown



APPENDIX A: PERMANENT SAMPLE PLOT CLASSIFICATION CODES (continued)

B.

Slope Position

NN R W - O

Contour

W N - O

Bedrock Type
0

1
2
3

Landform Soil

Soil Texture
0

o W N -

Soil Moisture
0

o R U R S

Crest

Upper slope
Mid slope
Lower slope
Toe
Depression
Stream bottom

Bench flat

Convex
Straight
Concave
Undulating

None/Unknown
Igneous
Metamorphic
Sedimentary

Colluvial

Aeolian

Floodplain (active)
Floodplain (abandoned)
Lowland “muck”
Glacial

Gravel - with silt, sand
Sand - loamy, silty
Loam - silty

Silt - loess

Clay - silty, sandy
Organic

Peraquic
Aquic
Subaquic
Perhumid
Humid
Subhumid
Subxeric
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APPENDIX A: PERMANENT SAMPLE PLOT CLASSIFICATION CODES (continued)

G. Soil Moisture (continued)

7 Xeric
ND No Data/No Description
NA Not Applicable

® Viereck, L. A.; Dryness, C. T.; Batten, A. R.; Wenzlick, K. J. 1992. The Alaska vegetation
classification. USDA Forest Service General Technical Report PNW-GTR-286.

® Curtis, R. O. Procedures for establishing and maintaining permanent sample plots for
silviculture and yield research. USDA Forest Service General Technical Report PNW-
155.

€ Packee, E.C. 1994. Unpublished PSP classification codes. Department of Forest Sciences.
University of Alaska Fairbanks.
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APPENDIX B: THE LOGISTIC PROCEDURE SCORES OF ABIOTIC VARIABLES ON
OVERSTORY TREE SPECIES IN INTERIOR ALASKA

BEPA — Paper birch

The SAS System 147
08:50 Thursday, October 28, 1999

The LOGISTIC Procedure

Regression Models Selected by Score Criterion

Number of Score
Variables value Variables Included in Model

19.497 YRRADHOR
13.356 LONG
.475 ELE
.332 SEHRHOR
.406 YRRADSLP
.289 ASPECT
836 SERADSLP
115 SERADHOR
.780 SEHRSLP
.581 SLOPE
.499 YRHRSLP

2 20.730 YRRADHOR YRHRSLP

2 20.099 ASPECT YRRADHOR

2 19.990 SEHRSLP YRRADHOR

2 19.940 SLOPE YRRADHOR

2 19.863 ELE YRRADHOR

2 19.635 LONG YRRADHOR

2

2

2

2

2

b b h b b b o kb
QOO =2 =NNWHM™

19.594 SERADHOR YRRADHOR

19.591 SEHRHOR YRRADHOR

19.584 SERADHOR SEHRHOR

19.557 YRRADSLP YRRADHOR

19.497 SERADSLP YRRADHOR

20.847 SLOPE YRRADHOR YRHRSLP

20.792 LONG YRRADHOR YRHRSLP

20.773 ASPECT YRRADHOR YRHRSLP

20.767 ELE YRRADHOR YRHRSLP
. YRRADSLP YRRADHOR YRHRSLP
20.737 SEHRHOR YRRADHOR YRHRSLP
20.737 SERADSLP YRRADHOR YRHRSLP
20.736 SERADHOR YRRADHOR YRHRSLP
20.733 SEHRSLP YRRADHOR YRHRSLP

W W WWWWWW
N
o
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APPENDIX B: THE LOGISTIC PROCEDURE SCORES OF ABIOTIC VARIABLES ON
OVERSTORY TREE SPECIES IN INTERIOR ALASKA (continued)

POTRE - Aspen

The SAS System 152
08:50 Thursday, October 28, 1999

The LOGISTIC Procedure

Regression Models Selected by Score Criterion

Number of Score
Variables Value Variables Included in Model

17.675 YRRADHOR

12.606 LONG

10.354 ELE

.722 YRRADSLP

.606 SERADSLP

.928 SLOPE

.924 SEHRSLP

.623 SERADHOR

.468 SEHRHOR

.010 YRHRSLP

.005 ASPECT
2 19.431 SERADSLP YRRADHOR
2 19.088 YRRADSLP YRRADHOR
2 19.036 SLOPE YRRADHOR
2 18.795 SERADHOR SEHRHOR
2 18.738 SEHRSLP YRRADHOR
2 18.522 SERADHOR YRRADHOR
2
2
2
2
2

B Wi G G S Y
Q=4 =N DH N

18.510 ELE YRRADHOR

18.467 SEHRHOR YRRADHOR

18.304 ASPECT YRRADHOR

18.069 YRRADHOR YRHRSLP

17.720 LONG YRRADHOR
3 20.859 LONG ELE YRRADHOR
3 20.775 SERADHOR SEHRSLP SEHRHOR
3 20.447 LONG SERADSLP YRRADHOR
3 20.423 SLOPE SERADHOR SEHRHOR
3 20.327 LONG YRRADSLP YRRADHOR
3 20.305 SERADHOR SEHRSLP YRRADHOR
3 20.266 ASPECT SERADSLP YRRADHOR
3 20.170 SEHRSLP SEHRHOR YRRADHOR
3 20.095 SLOPE SERADHOR YRRADHOR
3 20.082 SERADHOR SEHRHOR YRRADSLP
3 20.018 SLOPE SEHRHOR YRRADHOR
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APPENDIX B: THE LOGISTIC PROCEDURE SCORES OF ABIOTIC VARIABLES ON
OVERSTORY TREE SPECIES IN INTERIOR ALASKA (continued)

PIGL — White spruce

The SAS System 157
08:50 Thursday, October 28, 1999

The LOGISTIC Procedure

Regression Models Selected by Score Criterion

Number of Score
Variables Value Variables Included in Model
22.563 SERADSLP
.375 YRHRSLP
.869 YRRADSLP
.565 SERADHOR
.325 ASPECT
.556 SEHRHOR
.094 ELE
.389 LONG
.929 YRRADHOR
.767 SEHRSLP
.514 SLOPE
2 38.328 SERADSLP YRHRSLP
2 35.561 YRRADSLP YRHRSLP
2 33.391 SLOPE SERADSLP
2 31.874 SLOPE YRRADSLP
2 28.257 SEHRSLP YRRADSLP
2 28.142 SEHRSLP YRHRSLP
2
2
2
2
2

—h b b ok b b b ok wd b
—— o,
QOO L NUNOOO -

26.721 SERADSLP SEHRSLP

26.130 ASPECT SERADSLP

25.296 ELE YRHRSLP

24,544 SERADSLP YRRADSLP

23.593 ELE SERADSLP

40.227 SERADSLP SERADHOR YRHRSLP

39.552 SERADSLP SEHRSLP YRHRSLP

38.951 SERADSLP SERADHOR SEHRSLP

38.932 SERADSLP YRRADSLP YRHRSLP

38.850 SERADSLP SEHRHOR YRHRSLP
ELE SERADSLP YRHRSLP
38.431 SERADSLP YRRADHOR YRHRSLP
38.422 ASPECT SERADSLP YRHRSLP
38.334 SLOPE SERADSLP YRHRSLP

WWwWwWwWwwawaowwaw
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APPENDIX B: THE LOGISTIC PROCEDURE SCORES OF ABIOTIC VARIABLES ON
OVERSTORY TREE SPECIES IN INTERIOR ALASKA (continued)

PIMA — Black spruce

The SAS System
08:50 Thursday, October 28, 1999

The LOGISTIC Procedure

162

Regression Models Selected by Score Criterion

Number of
variables

[T S N G I G G U (G

Score

Value

2.475
1.808
.609
.284
.844
.749
.395

QOO0 OQO = =
W
.ks
@

Variables Included in Model

SERADSLP
YRRADSLP
ELE
YRHRSLP
SEHRHOR
LONG '
SEHRSLP
SERADHOR
SLOPE
YRRADHOR
ASPECT

LONG YRRADHOR
SLOPE YRRADSLP
YRRADSLP YRHRSLP
SEHRSLP YRHRSLP
ELE YRHRSLP
SLOPE SERADSLP
SERADSLP YRHRSLP
ELE SLOPE

ELE YRRADHOR
SERADSLP YRRADHOR
SLOPE SEHRSLP

WWWWWwWwwow
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LONG YRRADHOR YRHRSLP
LONG SLOPE YRRADHOR

ELE YRRADHOR YRHRSLP
LONG SERADHOR SEHRHOR
SLOPE YRRADSLP YRRADHOR
ASPECT SLOPE YRRADSLP
LONG SERADSLP YRRADHOR
LONG SEHRHOR YRRADHOR
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APPENDIX B: THE LOGISTIC PROCEDURE SCORES OF ABIOTIC VARIABLES ON
OVERSTORY TREE SPECIES IN INTERIOR ALASKA (continued)

POBA — Balsam Poplar

The SAS System

08:50 Thursday, October 28, 1999

The LOGISTIC Procedure

167

Regression Models Selected by Score Criterion

Number of Score
Variables Value

. b b ek b b b o k-
QOO OO0 OO NN

.010
.442
.217

861

.855
.827
.703

vVariables Included in Model

YRRADHOR
LONG
SERADSLP
SEHRHOR
YRRADSLP
ASPECT
YRHRSLP
SERADHOR
SEHRSLP
SLOPE
ELE

ELE YRRADHOR
LONG YRRADHOR
YRRADHOR YRHRSLP
LONG ELE

SLOPE YRRADHOR
SEHRSLP YRRADHOR
SERADHOR SEHRHOR
ASPECT YRRADHOR
SERADHOR YRRADHOR
SEHRHOR YRRADHOR
SERADSLP YRRADHOR

ELE YRRADSLP YRRADHOR
ELE SERADSLP YRRADHOR
ELE SEHRSLP YRRADHOR
LONG ELE YRRADSLP

ELE SERADSLP SEHRHOR
ELE SEHRHOR YRRADHOR
ELE SERADHOR YRRADHOR
ELE SLOPE YRRADHOR
ELE YRRADHOR YRHRSLP
ELE ASPECT YRRADHOR
LONG ELE YRRADHOR

ELE SERADSLP SEHRHOR YRRADSLP

ELE SERADS
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APPENDIX C: THE LOGISTIC PROCEDURE OF ABIOTIC VARIABLES ON
REGENERATION TREE SPECIES IN INTERIOR ALASKA

Pigl — White spruce

The LOGISTIC Procedure

Regression Models Selected by Score Criterion

. Number of . Score . .

Variables Value

. 7999
.4405
.3140
1164
.5202
.5039
3034
. 2568
.0363
L0112

e I R e S S Gl W §
COO0OO0OO-2WWWh

VéFiables Included”iﬁ ﬂodei

ELE
YRH
SRH
SRS
YRS
SHS

WWWWWWWWwww
NNNSNNN®®Oo®EOo
©
5
Qo
N

SRH SHH YRH
ELE SRH YRS
ELE SRS SRH
ELE SRS YRS
ELE SRH SHS
ELE SLOPE SRH
ELE SHH YRH
ELE SRH YRH
ELE SHS SHH
ELE SHH YRS
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APPENDIX C: THE LOGISTIC PROCEDURE OF ABIOTIC VARIABLES ON
REGENERATION TREE SPECIES IN INTERIOR ALASKA (continued)

PIMA Black spruce

The LOGISTIC Procedure

Regression Models Selected by Score Criterion

Number of
Variables

OCOOO0OO0OOOO = =

Score
Value
.4784
.3449
.8866
.8404
. 5206
.3950
.3850
. 3257
.1436
.0549

Variables Included in Model

SRS
YRS
SHH
YRH
YHS
ELE
ASP
SHS
SRH

SHS YHS
SHH YRS
SRS YHS
SHS YRS
SLOPE YRS
ASP SRS
SLOPE YHS
SHS SHH
ASP YHS
SRS SRH
ASP YRS
SHS YRH
SRS SHH
ELE SHH
SLOPE SRS
ELE YRS

WWWWWWWwWwwww

ADbhbLbLbEL,H2OO

SHS YRS YRH
ASP SLOPE YHS
SLOPE YRS YRH
SLOPE YRH YHS
SHS SHH YHS
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APPENDIX C: THE LOGISTIC PROCEDURE OF ABIOTIC VARIABLES ON
REGENERATION TREE SPECIES IN INTERIOR ALASKA (continued)

Bepa — Paper birch

The LOGISTIC Procedure

Regression Models Selected by Score Criterion

Number of Score
Variables Value Variables Included in Model
1 7.6180 YRH
1 3.9106 ASP
1 2.8923 YHS
1 1.1867 ELE
1 1.1188  SRH
1 0.5913 SHH
1 0.2807 SLOPE
1 0.2432 SRS
1 0.2012 SHS
1 0.0032 YRS
2 11.4526 YRH YHS
2 9.9657 ASP YRH
2 9.8886 SHS YRH
2 9.7997 SLOPE YRH
2 8.9421 YRS YRH
2 8.0630 ELE YRH
2 7.9955 SHH YRH
2 7.9763 SRH YRH
2 7.8284  SRH SHH
2 7.7677 SRS YRH
2 6.2380 ELE YHS
2 5.0318 ELE SHS
2 4.8686 ELE ASP
2 4.7391 ASP SHH
2 4.5420 ASP YHS
2 4.4410 SLOPE YHS

11.7685  ASP YRH YHS
11.6614 YRS YRH YHS
11.5221 SHS YRH YHS
11.5047 SHH YRH YHS
11.4919 SRS YRH YHS
11,4905 SRH YRH YHS
SLOPE YRH YHS
11.4610 ELE YRH YHS
11.2348  ASP SHS YRH
11.1953 SRH SHH YHS
11.1358 ASP YRS YRH
11.0009  ASP SLOPE YRH
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APPENDIX C: THE LOGISTIC PROCEDURE OF ABIOTIC VARIABLES ON
REGENERATION TREE SPECIES IN INTERIOR ALASKA (continued)

Potr — Trembling aspen

The LOGISTIC Procedure

Regression Models Selected by Score Criterion

Number of
Variables

— ek b ok ok =k ed e ko

COO=-2NUTLL®Y

Score

Value

.2828
.0380
.8578
. 7991
.4120
. 3957
.5549
. 7696
.4276
.0204

Variables Included in Model

YRS
SRS
SHS
ELE
SLOPE
YRH
SRH
YHS
ASP

WWWWWWWWWWWWW

ASP YRS
SRH YRS
SHS YRS
SRS YRS
YRS YRH
SHH YRS
YRS YHS
SLOPE SRS
SLOPE YRS
ELE YRS
SRS SHH
ASP SRS
SRS SHS
SRH SHS
SRS SRH
ELE SRS
SRS YRH

SRS SRH YRS
ASP YRS YRH
ASP SHH YRS
ASP SLOPE YRS
ASP SRS YRH
SRH SHH YRS
SLOPE SRH YRS
ELE ASP YRS
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APPENDIX C: THE LOGISTIC PROCEDURE OF ABIOTIC VARIABLES ON
REGENERATION TREE SPECIES IN INTERIOR ALASKA (continued)

Poba —~ Balsam poplar

The LOGISTIC Procedure

Regression Models Selected by Score Criterion

Numbeﬁ of Scdre

Variables Value Variables Included in Model
1 3.7906 YRH
1 2.5255  SLOPE
1 0.7677 YRS
1 0.6865 ELE
1 0.5840 SHH
1 0.3904 SRS
1 0.3442 SRH
1 0.2714  SHS
1 0.2378 ASP
1 0.1487 YHS

2 4.8451 SLOPE YRH

2 4.3104  SLOPE YHS

2 4.2770  SRH SHH

2 4.2066  SLOPE SHS

2 3.9475 ELE YRH

2 3.8584  SRH YRH

2 3.8349  YRH YHS

2 3.8235 SHH YRH

2 3.8192  SHS YRH

2 3.8163  ASP YRH

2 3.8009 YRS YRH

2 3.7909 SRS YRH

2 3.4098  ASP SLOPE

2 2.9289  SLOPE SRH
.3250  SLOPE SHS YRH
. 1381 SRH SHH YRH
.1502 ELE SLOPE YRH
.9858 SRS SRH YRS
.8007 SLOPE YRH YHS
.7300  SLOPE SHS YHS
.5847  SLOPE YRS YHS

SLOPE YRS YRH

.3426  SLOPE SRH SHH

.1644  ASP SLOPE SHS

.1376  ASP SLOPE YRH

.0873  SLOPE SHS SHH

.0332 SLOPE SRS YRH

.9703  SLOPE SRH YRH
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