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Stocking levels and height growth rates of noble fir and

associated species were measured on 51 clearcut study areas within

the Pacific silver fir zone of the Oregon and Washington Cascades.

Clearcut study areas were approximately 20 years old and had either

planted noble fir or natural regeneration of noble fir from a seed

source adjacent to the clearcut. Study areas occupied a variety of

slope aspects, Inclinations and elevations. Clearcut study areas

were grouped by ecological types (groups of environmentally similar

plant associations) and the regeneration method used to reforest the

clearcut.

Stocking levels were generally high on 1/400 hectare plots

(1/162 acre). The average percent stocking (the ratio of

unstocked versus stocked plots) for naturally regenerated clearcuts

ranged from 71.6 percent on cool-dry sites to 93.3 percent for the

cool-moist ecological types. Planted clearcuts had less variation,

with the average percent stocking ranging from 78.3 to 89.0 pecent

on cool-dry and cool-moist ecological types, respectively.

The stocking density on the Pacific silver fir zone clearcuts

sampled was very high, ranging from 528 to 13,696 trees per
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hectare. The mean density for all the clearcuts surveyed was 3962

trees per hectare (1604 trees per acre).

The relative stocking by individual tree species was clearly

dominated by noble fir. The relative composition (the proportion of

each species sampled on a clearcut) for noble fir was 44.6 percent

on naturally regenerated clearcuts compared with 39.2 percent for

planted clearcuts. Other species ranged from less than 1 to 21

percent relative composition.

In comparisons with Douglas-fir, noble fir stocking was

significantly greater on naturally regenerated clearcuts at the

south and north extremes of its natural range, the Willamette and

Mount Baker-Snoqualmie Natiomal Forests, respectively. The

difference in composition for noble fir and Douglas-fir was

significant on planted clearcuts only on the Gifford Pinchot

National Forest.

Mean height growth for the trees sampled varied little among

tree species and ecological types. Only western hemlock was

significantly less than the other species, and then, only at

locations north of the Columbia River. Noble fir, Douglas-fir and

Pacific silver fir were nearly equal in height growth on all

ecological types for all National Forests. There was however a

trend for height growth to be more on low elevation, warm ecological

types and less on the high elevation, cool-dry ecological types.

The use of broadcast burning for site preparation caused Pacific

silver fir to have lower densities and relative composition than on

clearcuts that had not been broadcast burned. The use of broadcast

burning on severe upper-slope clearcuts, where advance regeneration

Pacific silver fir is present, should probably be restricted.

On clearcuts where adjacent forested stands contain substantial



densities of mature noble fir or where noble fir has been planted,

noble fir is able to survive and grow well (greater than 23

centimeters per year) on Pacific silver fir zone clearcuts of the

Oregon and Washington Cascades.

Implications based on the results of this study are that plant

associations may not be good predictors of regeneration stocking and

growth of noble fir and other upper-slope species over large areas.

Predictions may be possible on a more local basis.
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Frontispiece A well stocked stand dominated by noble fir

regeneration on a warm, well-drained ecological type. Naturally

regenerated clearcuts averaged 79 percent stocking with average tree

densities over 4000 trees per hectare on approximately 20 year old

clearcuts.



STOCKING AND GROWTH OF NOBLE FIR IN THE CASCADE MOUNTAINS

OF OREGON AND WASHINGTON

INTRODUCTION

As the supply of low elevation, old growth timber in the western

hemlock (Tsuga heterophylla (Raf.) Sarg.) zone (Franklin and Dyrness

1973) becomes exhausted, harvesting operations have proceeded in to

the higher-elevation forests of the Pacific silver fir (Abies

amabilis (Dougi.) Forbes) zone (Franklin and Dyrness 1973). The

Pacific silver fir zone covers over 3 million acres on the upper

slopes of the Pacific Northwest (Franklin 1965a). The Pacific

silver fir zone is a valuable resource that is prized for its

pristine watersheds, wildlife habitat and recreational

opportunities. If the multiple use objectives of the National

Forests are to be realized, intensive silviculture must be practised

in many Pacific silver fir zone forest sites.

Historically, the standard harvest method in the Pacific silver

fir zone has been clearcutting, usually coupled with burning to

prepare the site for planting or natural regeneration. Scott (1980)

states "these practices are simply a continuation of those used at

lower elevation and not necessarily well-thought-out silvicultural

prescriptions." Regeneration failures are common in the Pacific

silver fir zone (Franklin l965a, Sullivan 1976, Halverson and

Emmingham 1982) or at least, regeneration success has been variable

(Scott 1980). In order to improve regeneration success on many

clearcuts, management strategies may need to be altered. The

seedling environment must be surveyed and interpreted, and then,

species must be selected to match the site (Franklin l965a; Sullivan

1978; Cleary and Greaves 1981; Hemstrom et al. 1982; Halverson and

Emmingham 1982).
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The proposition of selecting the most suitable species for

reforestation in high-elevation areas of the Cascade Mountains is a

difficult task. Environments range from relatively warm,

mid-elevation sites to extremely cold and wet to dry, high-elevation

sites where growth is restricted by the short growing season

(Williams l968b; Harrington and Murray 1982). The growing season is

approximately one-half as long in the Pacific silver fir zone than

the lower elevation, western hemlock zone

(Emmingham and Waring 1977). A number of studies (Murray 1973;

Sullivan 1976; Hemstrom et al. 1982; Halverson and Emmingham 1982)

have suggested that noble fir Abies procera (Rehd.) is the preferred

species for regeneration on many sites of the Pacific silver fir

zone due to its ability to survive and grow well.

The objective of this study was to ,urvey the stocking and

growth rates of noble fir in re1ationto the environments within the

natural range of noble fir. Very little information has been

reported on noble fir regeneration characteristics following

clear cutting.

This study was designed to provide answers to the following

questions.

What are the stocking levels and growth rates of noble

fir on 20-year-old clearcuts in the Pacific silver fir zone

of the Cascade Mountains of Oregon and Washington?

Does stocking and growth differ between 3 ecological

types represented by (a) warm, well drained (b) cool-moist

and (c) cool-dry plant associations?

(3)Does growth of artifically-regenerated noble fir differ

front naturally-regenerated noble fir?
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(4)Does slope, aspect, and elevation affect the growth and

stocking of artificial and natural noble fir regeneration?

(5)Does stocking and growth of noble fir improve north to

south within its natural range?



REVIEW OF THE LITERATURE

Distribution of Noble fir

The distribution and silvics of noble fir have been reported by

Staebler (1958) and updated by Fowells (1965). Subsequent research

investigating the distribution, silvics, and ecology of noble fir

have been compiled by Franklin (1964, 1982b). The consensus of

these authors is that noble fir grows well on a wide range of

aspects and soil types, provided the soils are well drained and

adequate moisture is available.

Noble fir is generally found in mixed stands with Douglas-fir

(Pseudotsuga menziesii [Mirb.] Franco),.Pacific silver fir, western

hemlock, mountain hemlock (Tsuga mertensiana (Bong.) Carr and lesser

amounts of western white pine (Pinus monticola Dougl. ex D. Don) and

western redeedar (Thuja plicata Donu). The tree species sampled in

this study included noble fir, Douglas-fir, Pacific silver fir,

western hemlock, western white pine, mountain hemlock, western

redcedar, Alaska cedar, grand and white fir, subalpine fir,

Engelmann spruce and lodgepole pine (Table 1).

Noble fir is a component of 5 Society of American Foresters

forest cover types (Eyre 1980); it reaches its fullest development

as a seral species in the Coastal True fir-Hemlock type (#226) which

is represented in the Cascade Mountains by the Pacific silver fir

zone. Noble fir is a minor component of the Pacific Douglas fir

type (#229), the western hemlock type (#224), the Douglas

fir-western hemlock type (#230), and the mountain hemlock type

(#205).

Noble fir's distribution within the Pacific silver fir zone is quite

erratic (Franklin 1982b) presumably due to heavy seed that limits

seed dispersal distance and its relatively intolerant nature.

4



Table 1--Tree spec.ies" sampled on Pacific silver fir zone

clearcuts within the natural range of noble fir.

Importance
Abbreviation for

Tree Species Code regeneration

Abies procera (Noble fir) Abpr Ms

Abies amabilis (Pacific silver fir) Abam M

Pseudotsuga inenziesii (Douglas-fir) Psme Ms

Tsuga heterophylla (Western hemlock) Tshe M

Tsuga mertenslana (Mountain hemlock) Tsme in

Pinus monticola (Western white pine) Pimo Ms

Thuja plicata (Western redeedar) Thpl in

Chamaecyparis nootkatensis (Alaska cedar) Chno in

Abies grandis (Grand fir) Abgr in

Abies concolor (White fir) Abcc in

Abies lasiocarpa (Subalpine fir) Abla in

Picea engelmarinii (Engelmann spruce) Pien in

Pinus contorta var. latifolia (Lodgepole pine) Pico in

M = major Ms = major seral in = minor

Nomenclature and abbreviations according to Garrison et al.

5

(1976).
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The occurrence of pure stands (containing more than 80% stocking

of one species) of noble fir has been reported (Hanzlik 1925,

Fowells 1965; Franklin 1964, 1982b). Franklin (1982b) has

documented a dozen pure stands throughout the natur4 range of noble

fir. These stands can be extremely productive with volumes of

51,000 (12,500 ft.3/acre) to more than 280,000 bd. ft./acre

(approximately 56,000 ft.3/acre) for 110 and 300 year old stands,

respectively. In total, there is about 1 billion cubic feet of

noble fir timber in the Pacific Northwest (Franklin 1982a).

With the advent of intensive forest management in the Pacific

silver fir zone, the shift from natural mixed stands to pure managed

stands should increase the proportion of noble fir as it is planted

and retained during thinning operations (Franklin 1982b).

Young Stand Growth

Oliver (1981) examined the development of forest stands after

disturbance. He states that the rapidity of "stand initiation" is

dependent on seed crop size, seed dispersal distance and the

availability of a suitable seed bed.

Growth of noble fir is initially slow (Hanzlik 1925;

Murray 1973; Sullivan 1976; Franklin l982b; Harrington and

Murray 1982). Hanzlik (1925) reported that eleven years were needed

for noble fir to reach breast height (138 cm); estimates by Sullivan

(1976) are much longer, with noble fir attaining heights of only

30-50 cm at seven years. On the other hand, Williams (1968b)

reported a much lower age of 7.3 years to breast height. Harrington

and Murray (1982) maintain that noble fir begins slowly, as is the

case for most true fir species (Baker 1940).

Noble fir continues to grow at or near its maximum height growth

rate for a much longer period that Douglas-fir and other associates

(Harrington and Murray 1982; Franklin l982b). This linear, maximum
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height growth phase begins at approximately breast height

(Harrington and Murray 1982). Recent studies by Harrington and

Murray (1982) report an extended period of rapid height growth of

noble fir extending into the first century with continued good

growth into the second century. This extended height growth period

enables noble fir to bypass most of its associate species and attain

dominant canopy positions (Herman et al. 1978).

The height growth of noble fir seedlings is slow but, as

previously reviewed it has been shown that noble fir can overtake

its associates (Harrington and Murray 1982) during the sapling to

mature stages. Grown in dense stands, noble fir will produce larger

cubic volumes than its associated species (Hanziik 1925; Henistrom et

al. 1982; Franklin 1982b; Brockway et al. 1983). Murray (1973) did

an exhaustive study on the site index of true fir species compared

with Douglas-fir site index. Noble fir was found to have a greater

site index than Douglas-fir on high Douglas-fir sites at low

elevations in western Washington. Williams (1968a) found noble fir

to have superior growth rates to Douglas-fir at only one study

location. Halverson and Emmingham's (1982) results were similar to

Williams (1968) with the mean Douglas-fir height growth greater than

noble fir in all provinces they examined. On five of the 6

provinces studied by Halversori and Emmingham, the mean height growth

of planted noble fir exceeded that of naturally regenerated noble

fir seedlings. In a study by Sullivan (1976) mean height growth of

noble fir was greater than Douglas-fir on 2 of 5 habitat types he

investigated.

Seed and Seed Dispersal

The dispersal distance of viable seeds into clearcut openings is

an important factor limiting natural regeneration. Noble fir, as

with all true fir, have large, heavy seeds (Minore 1979;

Franklin et al. 1978; Franklin l982b), averaging 13,500 seeds

per pound (Schopmeyer 1974). Seed flight distance is short, less

than 10 percent of the seed falls beyond 122 m (400 ft.) from an
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to cone crop size (Franklin et al. 1978), on the average

30-40 percent of the seed is viable (Schopmeyer 1974). Noble fir's

heavy seed is commonly cited as the reason for its uneven

distribution within the Pacific silver fir zone.

Pests, Pathogens and Physical Damage

Noble fir is relatively free of damaging pests. Only one

insect, the noble fir bark beetle (Pseudohylesinus nobilis) is known

to actually kill the tree (Fowells, 1965). Noble fir is far less

susceptible to attack by the balsam woolly aphid than Pacific silver

fir or subalpine fir (Abies lasiocarpa) (Fowells 1965;

Mitchell 1966). Noble fir may suffer light to moderate Infestations

by the balsam woolly aphid, but damage is limited and no mortality

should be expected; on well-drained sites, noble fir will display

resistence and should thrive (Mitchell 1966).

Resistance to snow damage is better for noble fir than

Douglas-fir (Williams l966a; Minore 1979). Minore (1979) rated

noble fir as more tolerant of cold and moist environments than

Douglas-fir. Williams (1966a) found that Douglas-fir seedlings and

saplings were the most severely injured of Pacific silver fir zone

species. Most damage occurred on trees between 1.2 and 6 meters

tall; trees beneath the snowpack were generally uninjured. Williams

(1966b) also reported damage to terminal and branch buds of true fir

species by the sooty blue grouse (Dendragapous obsurus fuliginosus

Ridgeway).

Growth and Productivity

Noble fir has long been considered an important timber species

of high elevation forests (Hanzlik 1925; Franklin 1964, 1966, 1982a,

l982b; Herman and Demars 1970; Murray 1973; Franklin and

Herman 1973; Herman et. al. 1978; Harrington and Murray 1982;
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Hemstrom et al. 1982; Brockway et al. 1983). Noble fir is often

found as a dominant component of the forest canopy (Staebler 1958;

Williams l968b; Scott 1980). In old-growth stands, noble fir may

attain a superdominant position and become emergent over the general

forest canopy (Franklin 1964, 1982; Herman and Demars 1970; Herman

et al. 1978; Harrington and Murray 1982).

The high productivity of noble fir is in part related to its

excellent form class and thin bark (Herman and Demars 1970;

Franklin l982b). In Britain, Christie and Lewis (1961) reported

that the volume increment per one foot of height growth of noble fir

is higher than that of any other conifer grown in. Great Britain.

Hanzlik (1925) stated that noble fir produced a greater volume for

its diameter at breast height than any of its associate species.

Plant Associations

A number of recent studies have described plant associations of

the Pacific silver fir zone (Dryness et al. 1974; Franklin 1966;

Thornburgh 1969; Hemstrom et al. 1982; Henderson and Peter 1981;

Brockway et al. 1983). Knowledge of plant associations provide

valuable information about the environment in which plants occur.

Where similar environmental conditions exist, similar plant

associations will recur on the landscape. The use of plant

associations, to determine potential vegetation and productivity

provides a common base for evaluating the response of individuals or

populations to management. Plant associations sampled in this study

were arranged within ecological types for each National Forest

(Table 2).

Growth rates of noble fir and Douglas-fir have been reported for

an array of Pacific silver fir zone plant associations (Hemstrom

et al. 1982, Brockway et al. 1983; Thornburgh 1969).

Franklin (1982) compared noble fir site index with Douglas-fir yield

table data. In each study, the site index of noble fir exceeded or
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was equal to Douglas fir except on relatively warm plant

associations at low elevations. With increasing elevation, noble

fir was clearly at an advantage over Douglas-fir (Murray 1973;

Harrington and Murray 1982). Plentiful moisture was the common

environmental feature of each plant association where noble fir

growth surpassed Douglas-fir.



Table 2. Distribution of Ecological Typee based on Plant Associations sampled on each National Forest.

ECOLOGICAL TYPES

National Forest Warm, Well - Drained Cool - Moist Cool-Dry

Willamette

Mt. Hood

Gi fford Pinchot

Mt. Baker-Snoqualmie

Abam/Rhma/Dene
Abam/Acci /Tiun

Abam/Acci/Bene

Abam/Bene
Abam/Cash

Abam/Stro
Abaa/Bene

Abam/Rhma-Vaal /Coca

Abam/Vame/Clun
Abam/Rhma-Vaal/Coca

Abam/Vame/Clun
Abam/Mefe
Abam/Vaal
Abain/Tiun

Abam/Rhal

Abam/Vaal

Aham/Vame/Xete

Abam/Rhma/Xete
Abam/Vame/Xete
Abam-Tsme/Vame/Xete

Abam/Vame/Xete

Abani/Vame

Abam/Xete

Key to Alpha Codes (Garrison et al. 1976)

Trees Shrubs Herbs

Abam - Pacific silver fir

Tsae - Mountain hemlock

Acci - Vine maple
Rhma - Pacific Rhododendron
Bene - Oregon grape
Gash - Salal
Vaal - Alaska huckleberry
Vame - Big huckleberry
Mefe - Rustyleaf
Rhal - Cascade Azalea

Clun - Queenscup bead lilly
Coca - Bunchberry dogwood
Stro - Rosy twlstedstalk
Tiun - coolwort foamfiower
Xete - Beargrass



Logging History in the Pacific silver fir zone

Logging activity in the Pacific silver fir zone began in earnest

in the early 1950's (Sullivan 1976; Halverson and Emmingliam 1982)

and has greatly increased during the subsequent 30 years. Data

compiled by Harris and others (1982) for the Willamette National

Forest (Figure 1) probably represents the tretd of each National

Forest sampled in this study and clearly illustrates the

elevatiotal shift in logging operations from low elevations to

higher elevations.

WILLAMETTE NATIONAL FOREST

(1940 940-50 l95-60 I96- 70 s97! -80

Figure 1. Percentage of total annual cut from two elevation classes

in the Willamette N.F.. Data Extracted from Total Resource

Inventory (TRI) system. Forest supervisor's office, Eugene, Ore.

Used by permission of the authors (Harris et al. 1982).

12

JO0

less than
80 4,000

U
a 60

I-.

F-

/ ,reater than
// 4000

20 /
/

0



DESCRIPTION OF THE STUDY AREA

Location

The study area encompasses the natural range of noble fir within

the Pacific silver fir zone of the Cascade Mountains in Oregon and

Washington. Noble fir is the most limited in distribution of all

western true firs (Franklin l982b). Noble fir's northern limit is

northeast of Stevens Pass in the Rainy Creek drainage of Washington

(approximately 48 degrees north) and its southern limit is McKenzie

Pass in Oregon (approximately 44 degrees north). South of Mckenzie

Pass, noble fir hybridizes with Shasta red fir (Abies magnifica

Murr. var. shastensis Lemm.) - populations south of this artificial

boundary were excluded from the study. Scattered populations of

noble fir also occur in the northern Oregon Coast Ranges and the

Willapa Hills of southwestern Washington, these populations were

also excluded, as the study sampled only the Cascade mountains

populations. See Figure 2 for range map and sample plot

distribution.

Noble fir is generally found on upper-slope, montane

environments; elevations range from 1000 to 1500 meters

(3300 - 5000 ft) in Oregon and 800 to 1500 meters (2650 - 5000 ft)

in the southern Washington Cascades. Noble fir grows on all

aspects. Productivity studies have shown that it grows best on

southern (warm) aspects (Franklin et al. l982b; Thornburgh 1969;

Dyrness et al. 1974).

13
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Figure 2. Distribution of regeneration survey plots within the

natural range of noble fir. Willamette, Mt. Hood, Gifford Pinchot

and Mt. Baker-Snoqualinie National Forests. The dashed line

represents noble fir's natural range.



Climate of Study Area

The Pacific silver fir zone is wet and cool in winter, with deep

snowpacks accumulating at upper elevations, summers are relatively

warm and dry. Patterns of precipitation are strongly influenced by

topography. Over the range of noble fir, precipitation increases

from south to north; approximately 180cm (70 inches) falls in the

south of noble fir's range to greater than 355cm (140 inches) on

some high ridges in the north. Snowpacks may persist until late

June. Precipitation is greatest on the upper, west slopes of major

Cascade Mountains; local rain shadows occur on the lee slope of

major Cascade peaks, e.g., The White River Ranger District northeast

of Mt. Rainier.

Temperatures vary over the latitudinal range of the study area

and on a local basis within the Pacific silver fir zone, see

Table 3. Mean maximum temperature normally occurs during July and

August, mean minimum temperature occurs in January.

Table 3. Mean July and January temperature for two forested

ecological types on the Willamette (Hemstrom et al. 1982) and

Gifford Pinchot (Brockway et al. 1983) National Forests.

15

LOCATION ECOLOGICAL
TYPE

Mean
JULY

Temperature

Mean
JANUARY
Temperature

WILLANETTE N. F. Warm, Well-Drained 24°C. -2.5°C.

(75°F.) (27°F.)

Cool-Moist 17°C. -3.9°C.
(63°F.) (26°F.)

GIFFORD PINCHOT N.F. Warm, Well-Drained 11.2°C. -3.8°C.

(53°F.) (26°F.)

Cool-Moist 8.2°C. -3.8°C.
(47°F.) (26°F.)
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Temperature values in Table 3 are from forested conditions, the

variation on clearcuts is probably distinctly different from

adjacent closed stands. Clearcuts on gentle topography of the high

Cascades often have summer frost (Halverson and Emmingham 1982).

Geology and Soils

The study area spans 4 major geographic provinces in Western

Oregon and Washington (Franklin and Dyrness 1973). The Western

Cascades province consists of older volcanic and pryoclastic flows

(Fratk1in and Dyrness 1973). Theprovince is deeply dissected,

composed of high ridges of andesites and lesser amounts of basalts.

Soils are developed from pyroclastic parent materials or basic

igneous rocks (Franklin and Dyrness 1973). Glacial deposits are

present, mainly in major drainages.

The High Cascades province is a broad plateau with gently

rolling topography. Major voJcanic peaks and smaller cinder cones

jut out of the surrounding landscape. Geologically, the High

Cascades province is younger than the Western Cascades, with rocks

of the late Pliocene and Pleistocene epochs (Franklin and Dyrness

1973). The parent material of this province has been successively

covered by pumice and ash from numerous volcanic eruptions.



The Southern Washington Cascades Province occurs from

Snoquamimie Pass to the Columbia River. This province is primarily

composed of andesite and basalt flows. Pumice and ash deposits from

recent volcanic activity are typical forest soil parent material.

The province is dominated by Mount Rainier, Mount St. Helens and

Mount Adams surrounding high ridge crests and separated by deeply

dissected valleys.

The most northern portion of the study area, between Snoqualmie

and Stevens Pass, is a part of the Northern Cascade Province.

Unlike the Western and High Cascades of Oregon, or the Southern

Cascades of Washington, these mountains are composed primarily of

ancient sedimentary rock. Granitic intrusions are common throughout

the province. Glaciation has left till in all the major valleys

(Franklin and Dyrness 1973). The soils of this province are highly

complex and composed of diverse parent materials, including glacial

till and colluvium.
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METHODS

Selection of Study Plots

To locate potential study clearcuts, a detailed search was made

of the U.S. Forest Service's T.R.I. (Total Resource Inventory) files

for each ranger district within the natural range of noble fir.

Criteria for choosing plots was:

Clearcuts units were harvested between 1956 and 1965 and

The clearcut unit was naturally regenerated by seed from

the adjacent stand. The adjacent, uncut stand and the harvested

stand contained noble fir as a major or minor species or

Noble fir had been planted on the harvested unit and

The clearcut selected filled the needed ecological type and

regeneration method combination for each National Forest, see

table 4.

The selection criteria was specifically chosen to look at noble

fir stocking and growth in the Pacific silver fir zone where noble

fir occurred naturally or where it had been planted..

I tried to sample 20-year old clearcuts. Clearcuts in the

natural regeneration catagory were selected in areas where the

adjacent stands contained a noble fir seed source that would supply

seeds for. natural regeneration of the clearcut. Because of the

criteria used to select clearcut areas, many potential areas were

rejected. Two clearcuts initially sampled were dropped from the

data set in order to distribute the sample sizes equally for each

National Forest, Ecological type and Regeneration method. National

Forests were used as selection criteria because they provided a

18
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basis to analyze differences in stocking and growth associated with

latitude or south and north of the Columbia River. Clearcut ages

ranged from 16 to 23 years, based on the time since harvesting.

Clearcuts were on United States Forest Service land, except for

five harvest areas on Weyerhaeuser Company's White River Tree Farm,

located immediately north of Mount Rainier. A detailed discription

of each clearcut sampled is in Appendix A.

The distribution and availability of clearcuts in the cool-moist

ecological type was limited in the Oregon Cascades and therefore the

total number of samples taken in this type was restricted to four

for each regeneration method.

Table 4. Distribution of clearcuts sampled within each ecological

type and according to regeneration method.

REGENERATION METHOD

NATURAL PLANTED

ECOLOGICAL TYPE Clearcuts
Sampled

Clearcuts
Sampled

TOTALS
Sampled

Warm, well drained 12 8 20

Cool-moist 4 4 8

Cool-dry 11 12 23

Totals 27 24 51
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Sample areas were either (1) planted with noble fir, in most

cases in combination with Douglas-fir, or (2) adjacent to an uncut

forest stand with a component of noble fir to supply seed into the

clearcut for natural regeneration. The uncut forest stand was

usually a mixed stand with noble fir, Pacific silver fir,

Douglas-fir and western hemlock accounting for most of the available

seed source.

Noble fir and Douglas-fir were the only species planted and even

on the "planted sites", natural regeneration of both species also

contributed to stocking.

Differences in site preparation, planting technique and the

condition of planting stock among the clearcuts sampled could not be

accounted for.

Classification of Clearcuts

Fifty one clearcut units were selected for sampling and

analysis. Clearcuts were stratified environmentally by grouping

plant associations into three distinct temperature and moisture

catagories. These three groups were called ecological types

(Table 2). Plant associations were determined in adjacent, mature

old-growth forest stands. Plant associations keys developed for

each National Forest were used to classify the forest vegetation.

Ecological types were named and characterized as:

1. Warm, well-drained: This type was located at low-to

mid-elevations of the Pacific silver fir zone. Vegetation was

dominated by "warm site" shrub species, like vine maple (Acer

circinatum Pursh) and baldhip rose (Rosa gymnocarpa Nutt.), in

association with well developed herb layers, including vanilla leaf

(Achlys triphylla (Smith) Dc.), three-leaved anemone (Anemone

occidentalis Wats.), starry solomonpiume (Smilacina stellata (L.)

Desf.), coolwort foamflower (Tiarella unifol.iata Hook.), bunchberry
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dogwood (Cornus canadensis L.), inside-out flower (Vancouveria

hexandra (Hook.) Morr. and Dec.) and others.

Cool-moist: this type characteristically had a dense cover

of tall shrub species such as rustyleaf (Menziesia ferruginea

Smith), Alaska huckleberry (Vaccintum alaskaense How.), and in

Washington, Cascade azalea (Rhododendren albiflorum Hook.).

Cool-dry: this type was always distinguished by the

presence of beargrass (Xerophyllum tenax (Pursh) Mutt and usually

mountain hemlock.

Field Methods for Selected Clearcuts

Fifteen circular sample plots were positioned on three transects

extending from the forest clearcut boundary into the clearcut. Plot

size was 25 m2 or 1/400 hectare). Transects were parallel and 25

meters apart. Care was taken to position the transects on the

clearcut so that the area sampled had similar topography and

vegetation as the adjacent forest stand. The five plots on each

transect were placed 5, 10, 20, 40, and 80 meters from the uncut

forest edge (figure 3). These distances were chosen to determine if

stocking was affected by distance from the seed source. The

arrangement used to position plots was also chosen to determine if

the changing environment created by moving away from the shade and

partial shade of the uncut forest into the open areas of a clearcut

would affect stocking and growth. This plot spacing was used

because I believed that the environment of the clearcut would show

the greatest differences as sampling moved farther away from the

influence of the adjacent stand.

The middle transect determined where the other two transects

were positioned. A coin was flipped to choose which orientation of

the clearcut and forest boundary would be sampled. Heads for north

or south, while tails designated east or west, depending on the
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orientation of the forest edge that was perpendicular to the

topographic contours. On clearcuts with greater than 25% slope, the

transects always followed the contours to reduce variation In

elevation along each transect, On naturally regenerated sites, the

first plot was located where a noble fir tree was growing along the

edge of the uncut forests and at least 2 tree-heights distance from

the road. On planted sites, the sampling began at a random point

selected along the uncut forest edge. The first plot on each

transect was randomly positioned within 5 meters of the uncut

stand. On clearcuts where wide fire-breaks surrounded the area, I

randomly positioned the first plot within 5 meters of the fire break

lane.
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2 1PJt size 25 m or / rcctar
15 Plots were samp1d per cJarut

Figure 3. Transect and study plot design for sampling regeneration

stocking and growth on Pacific silver fir zone clearcuts.



Measurements and Observations

Height growth increment and diameter breast height (d.b.h.) were

recorded for two trees in each plot. The tallest noble f.ir (i-f

present) and the tallest tree of another species was measured. The

tallest trees were measured because these trees would most likely

represent the crop trees. By measuring the tallest tree in each

plot, an approximate estimate of each sites potential for growth

could be determined. The second tree was choosen subjectively by a

hierarchy of importance as a timber species, I.e., Psme>Abam>Pimo

Tshe' Tsme 'Abgr (Abco) Thpl PIco Pien Chno Abla. Height

growth was determined by measuring up two in.ternodes (two years

growth) from the nearest branch whorl to 1.5 meters above ground

level (figure 4). This method was used to standardize height growth

and reduce the variation associated with measuring trees of variable

size or age. Slope was determined with a clinometer, aspect with a

compass, and elevation was measured with a metric altimeter

calibrated daily against know benchmarks. Animal, physical or

pathological damage was recorded for all trees measured. Stocking

density was determined for each species in each plot. Percent cover

of logs and stumps greater than 10 cm, rocks greater than two cm,

and all shrubs. and herbaceous vegetation cover was determined for

each plot. Topography (concave, convex and flat) was also recorded

for each plot.

24
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Analysis Methods

Results were compared within arid between species for the

independent variables of percent stocking, stocking density and

height growth. Statistical tests included student's t-test for

comparing height growth increment between spec.ies. Analysis of

variance and a mixed-model analysis of variance (Ostle and Mensing

1954) was used to test for differences in height growth, percent

stocking and stocking density between locations and environmental

variables. Regression analyses were used to calculate coefficients

of determination for significant dependent variables (latitude and

distance from seed source) as they related to growth and stocking

density, respectively.

Data analysis concentrated primarily on stocking and height

growth of noble fir. Where between species comparisons were made,

other species included: Douglas-fir, Pacific silver fir, western

white pine and western hemlock. Other species were encountered and

measured in the field but were not analyzed because of small sample

size i.e., less than 30 samples.

Stocking percent was determined by weighting seedling height.

Plots were judged to be stocked if the following criteria was met:

At least 5 seedlings greater than 10 centimeters and less

than 140 cm. height were present.

At least 2 seedlings greater than breast height (140 cm)

were present.

One seedling greater than breast height and 2 seedlings

greater than 10 cm. but less than 140 cm. were resent.

26
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Stocking percent for each clearcut was determined by dividing

the total number of plots into the number of plots that were stocked

according to the above criteria. Because plot size was 1/400

hectare or 1/162 acre the stocking percentage should be

interpreted as percent of 400 possible sites per hectare. 100%

stocking would indicate 400 trees per hectare (162 trees per acre).

Stocking density was determined by counting the number of trees of

each species within each plot, summing the total for all the plots

and then dividing by 15 for a mean stocking density per plot. The

per plot value was then multiplied by 400 to estimate density on a

per hectare basis. The size of the plot was 1/400 of a hectare

(1/162 of a acre).



RESULTS

Regeneration Stocking and Density

Based on percent stocking for plots and mean trees per hectare

for all species by ecological type or regeneration method, stocking

levels were generally high throughout the study area. Percent

stocking ranged from 07 to 100 percent. Mean percent stocking was

83 percent for planted clearcut plots and 79 percent for naturally

regenerated clearcut plots (Figure 5). Percent stocking was not

significantly different in relation to regeneration method and

ecological type using student's t-test at the .05 probabiljty level

(Figure 6). The trend was for planted clearcuts to have higher

percent stocked plots, except on cool-moist environments where they

were nearly equal. The cool-dry clearcuts had the lowest percent of

stocked plots, although few clearcuts had less than 70 percent

stocking in this survey.
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Mean stocking levels ranged from 520 to 8700 trees per hectare

with one naturally regenerated clearcut sample containing over

13,500 trees per hectare (FIgure 7). Stocking density tended to be

higher on the naturally regenerated clearcuts except for cool-dry

ecological types where densities on planted and naturally

regenerated clearcuts were essentially equal. Stocking density did

not differ statistically among ecological types or regeneration

method.

Noble fir dominated species composition on the clearcuts

sampled, constituting 45 and 39 percent of the stocking on natural

and planted clearcuts, respectively. Douglas-fir, Pacific silver

fir and western hemlock made up the majority of the remaining

stocking, these four species comprised more than 90 percent of the

stocking on 83% of the clearcuts sampled (Figure 8). The relative

percent composition of noble fir was not statistically different on

naturally regenerated clearcuts than on clearcuts that were

planted. Percent composition of silver fir and western hemlock were

significantly different between regeneration methods (p = .05).

However, because neither species was planted the reason Is unclear.

The relative composition of noble fir was generally higher on

clearcuts with natural compared with planted regeneration, although

not statistically different (Figure 9). Douglas-fir was the reverse

of noble fir, with planted clearcuts tending to have higher percent

composition of Douglas-fir than clearcuts stocked by natural

regeneration. The Gif ford Plnchot National Forest (N.F.) differed

from these trends with regards to both species ( Figure 9 ). The

relative composition of noble fir was significantly higher on

naturally regenerated clearcuts in the extreme south and north of

the study area, or the Willamette and Mt. Baker-Snoqualmie N.F.

(Figure 9). The relative composition of noble fir compared wtth

Douglas-fir on planted clearcuts was significantly higher only on

the Gifford Pinchot N.F.
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The pioneer species, noble fir, Douglas-fir and western white

pine had higher relative composition of stocking on burned compared

with non-burned clearcuts (Figure 10). Western hemlock was also

better represented on burned versus non-burned sites, and had high

average stocking densities on more that 70 percent of the clearcuts

sampled. Percent composition of silver fir was more on non-burned

clearcuts, probably on clearcuts where silver fir was retained as

advance regeneration from the previous stand. Differences in

relative composition were not significant for any of the species

sampled.

Stocking Density Related to Distance from Seed Source

The density of stocking by all species decreased significantly

(P.05) with distance from the uncut forest up to plots located

80 meters (262 feet) into the clearcut (Figure 11). Simple linear

regressions for both planted and natural regeneration produced

negative relationships, with the stocking density decreasing with

increasing distance from the seed source. The relationship

accounted for 66 and 50 percent of the variability, respectively.

Density of regeneration exceeded 7400 and 5200 stems per hectare

at the forest and clearcut boundary for natural and planted

clearcuts, respectively. Density decreased more quickly for natural

than planted regeneration. Both methods of regeneration still

contained very high densities of trees in the plots farthest (over

80 meters) from the uncut forest. At 80 meters from the forest and

clearcut boundary, planted and naturally regenerated clearcuts

contained approximately 3000 and 2800 trees per hectare,

respectively, but were not significantly different.
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Mean Height Growth Related to Location

The mean height growth rates for the major trees regenerating oii

Pacific silver fir zone clearcuts ranged from 17.5 to 26 centimeterS

per year (Figure 12). These growth rates are typical of the best

growing trees of approximately 20 years of age within the natural

range of noble fir. The mean height growth rate for each species

within the study area was: noble fir, 23.0 cm; Douglas-fir, 23.1 cm;

Pacific silver fir, 23.6 cm; western white pine, 26.4 cm; and

western hemlock, 17.7 cm. Using student's t-test, only western

hemlock height growth differed significantly in being less than the

other species (P.05).

Within species differences between each National Forest (N.F.)

were analyzed using student's t-test at the .05 probability level

(Figure 13). The trend was for noble fir and the other species to

grow better as the sampling moved north. The position of the

National Forests sampled provided a south to north gradient for

analysis. Noble fir grew significantly better on the Gifford

Pinchot and Mt. Baker-Snoqualmie N.F. than on the Willamette and

Mt. Heod N.F. Douglas-fir and Pacific silver fir grew significantly

better on the Mt. Baker-Snoqualmie than the other three National

Forests. Western white pine grew better only on the

Mt. Baker-Snoqualmie compared to the Mt. Hood N.F. Western hemlock

grew better on the Mt. Baker-Snoqualmie than on the Gifford Pinchot

and Mt. Hood N.F.

To further test for differences in growth by the various species

at north and south locations, I pooled and compared the growth rates

for each species on National Forests north of the Columbia River

with those south of the Columbia River (Figure 14). The Willamette

and Mt. Hood N.F. were south and the Gifford Pinchot and Mt.

Baker-Snoqualmie N.F. were north with the Columbia River as the

natural geographic boundary. A mixed-model ANOVA was used to test

35
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for differences between species, location and the interaction of

species and location. Between species differences were not

significant (P.05). However, location and the interaction of

location and species were significantly different at the .05

probability level. The mean height growth rates of each species at

north and south locations were: noble fir, 25.6 and 20.0;

Douglas-fir, 25.7 and 21.1; Pacific silver fir, 24.9 and 21.2;

western wh.ite pine, 29.4 and 24.0; and western hemlock, 19.1 and

15.8 centimeters, respectively.



I
10

=0

=

30

x

20
V.,

10
C

z
z

30

Figure 12. Mean height growth of major Pacific silver fir zone

species throuhout the range of the study. Bars represent 95 %

confidence intervals.

.

. ..
S

S
S

Species Symbols
f or figures

12 and 13

Noble fir

Douglas-fir

37

Pac silver fir

W. White pine

Western hetnlock

N

WLIT2E ? HOOD GIIYORD PflCHOT MT BAKER
SNOQUALiIIE

SOUTB LOCATION by NATIONAL FOREST and LATITUDE NORTH

Figure 13. Mean height growth of major Pacific silver fir zone

species by National Forest. Bars represent 95 % confidence

intervals.



SAMPLING LOCATION

SOUTH

NORTH
UUUUI

...UI
SIUU'

NOBLE DOUGLAS PACIFIC WESTERN WESTERN
FIR FIR SILVER WHITE HEMLOCK

FIR PINE

SPECIES COMPARISONS AT SOUTH AND NORTH
SAMPLING LOCATIONS
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Using one-way analysis of variance, the dependent variable,

latitude, was significantly correlated with height growth of noble

fir at the .01 probability level. Simple linear regression of noble

fir height growth and latitude was a weak relationship, accounting

for 27 percent of the variability (Figure 15).
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Figure 15. Relationship between noble fir height growth and

latitude.

39

-3030-
U) .

-z S.
.z S.

E .0
S -20

-
z .
z 10 - Y = 2.7842X - 104.47 -10

r2 .2655



Mean Height Growth Related to Regeneration Method

The mean height growth of major tree species shows a trend for

better growth on planted clearcuts than on naturally regenerated

clearcuts (Figure 16). This trend is consistent for all species

except for western hemlock.

Using student's t-test, within species differences of height

growth by regeneration method are significant (p=.05) for noble fir

and Douglas-fir. In my sampling, noble fir and Douglas-fir were the

only species actually planted. However, there was no guarentee that

the individual tree sampled was in fact planted, because of natural

seeding-in on many of the "planted" clearcuts. These results do

suggest that that planted seedlings may grow faster than naturally

regenerated seedlings.

Height Growth Related to Ecological Types

The comparison of mean height growth of each species for each

ecological type was not significantly different (P.05)

(Figure 17). Between species differences were also not

significant. Mean height growth of western white pine was greater

than that of all other species for each ecological type, 30.2 cm on

warm types and just over 25 cm on the cool-moist and cool-dry

ecological types. The height growth rates of noble fir, Douglas-fir

and silver fir were quite similar for each ecological type. Noble

fir height growth was lowest for the cool-moist ecological type,

21.5 cm. This was expected for an initially slow growing species,

like noble fir, to have depressed height growth rates on sites

dominated by tall shrubs. Western hemlock responded as would be

expected, with increasing elevation and harshness of the environment

its height growth rate dropped off. From 20 cm on warm ecological

types to less than 15 cm on the cool-dry ecological types.
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The Relationship of Slope, Aspect and Elevation

with Stocking and Growth

Stocking density, percent stocking and height growth of noble fir and

other major species of the Pacific silver fir zone was not well

correlated to the dependent variables of slope, aspect and elevation.

Slope and aspect are interacting factors and were analyzed separately and

as interaction terms. Neither variable was statistically significant

using analysis of variance at the .05 probability level.

Elevation explained little of the variation in height growth, percent

stocking and density. Mean percent stocked plots tended to be less on

high-elevation, cool-dry ecological types than other types, although not

significantly. Planted clearcuts on the cool-dry ecological types had

the lowest percent stocking of any ecological type (Figure 6). Height

growth of noble fir and the other major species was not significantly

related to either slope or aspect.

Pests, Pathogens and Physical Damage

Six categories of pest, pathogen and physical damage were noted for

the trees measured in each plot (Table 5): 1) browsing by deer or elk, 2)

gopher activity, 3) insect sign or presence, 4) disease, 5) frost, and 6)

snow.
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Browsing by deer or elk or both was the most common damaging agent,

affecting all the species measured; the percent of trees affected was

low, however, ranging from 2 to 6 percent. Insect damage was observed

only on noble fir, Douglas-fir and Pacific silver fir. The balsam woolly

aphid (Adelges piceae) infested noble and Pacific silver fir 6% and 13%

of the time, respectively. Douglas-fir was infested by aphids (Cinara

pseudotaxifoliae) most often, but signs of beetles, most likely the

Douglas-fir pole beetle (Pseudohylesinus nebulosus) were present.

The damaging agent causing the largest growth reduction was heavy

snow fall. Douglas-fir were damaged by snow 10% of the time, most often

of any species. Damage was usually apparent as broken stems or leaders

that reduced the tree's total height and will probably reduce the yearly

height growth for a few years. Noble fir, Pacific silver fir and western

hemlock were infrequently damaged by snow, less than 2 percent of the

time.

White pine blister rust was observed but was not common, affecting

only 2 percent of the western white pine sampled. However, rust killed

western white pine are commonly observed where western white pine

regeneration are abundant. Less than 4 percent of the trees sampled in

this study were western white pine.
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Table 5. Percent damage to Pacific silver fir zone species by 6

catagories of pests, pathogens and physical damage.

2/
I investigated but did not sample some clearcuts that had

been planted with ponderosa pine and Douglas-fir. These clearcuts

were located at high elevations on the relatively flat plateau of

the high Cascades on the Detroit Ranger District. Heavy sn.owfalls

from the 1982 winter had broken many ponderosa pine and Douglas-fir

leaders and resulted in total height and annual height growth

reduction.

Noble fir 4.0 6.0 0.3. - 2.0

Douglas-fir 6.0 10.0 0.4 1.0 10.0

Silver fir 2.0 0.5 13.0 0.5 0.5

Western White Pine 2.0 7.0 2.0 2.0

Western hemlock 6.0 2.0 -- 1.0

SPECIES Browsing Gopher Insect Disease Frost snow2'



DISCUSSION

Percent Stocking, Composition of Stocking and Density

for Pacific silver fir zone Species

The results of this study indicate that stocking density and

percent stocking were generally adequate on the 16 to 23 year old

clearcuts examined in this study. Clearcuts had regenerated by

either artficial or natural regeneration methods throughout the

study area. On cool-dry ecological types, where cold, droughty

environmental conditions were the most severe, five clearcuts (22

percent) had less than 50 percent stocking. The only other clearcut

with stocking percent below 50 percent was on a warm, well-drained

ecological type.

A number of factors interact to influence the stocking and

growth of seedlings on these Pacific silver fir zone clearcuts. The

high levels of stocking, tree densities and height growth is

partially attributable to the advanced age of the clearcuts

sampled. The high stocking densities and percent stocked plots may

be attributed to the size of the sample plot, a 400 hectare plot

size is large compared to standard stocking surveys in general use.

With plots this large many trees were tallied and meeting the

criteria for stocked plots was easier than with the standard milacre

plots normally employed. A plot size of 1/800 hectare would have

more closely approximated milacre stocking levels of other

regeneration studies and might have been more appropriate for

determining percent stocking. Commonly used stocking levels after

precommercial thinning are 330 trees per acre or about 800 trees per

hectare.

Another factor contributing to high densities was that seedlings

as small as 10 cm. total height were measured. At twenty years age,

all the clearcuts sampled still had adjacent uncut forest stands

46
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that were capable of continually supplying a seed source into the

clearcut opening. These mature to old-growth stands

characteristically had three to five or more seed-producing species

(including noble fir, Douglas-fir, Pacific silver fir, western

hemlock, western white pine and others) which could be expected to

provide some seed on an annual basis (Franklin et al. 1983). Based

on densities of 4000 trees per hectare and 79 percent stocked plots

on naturally regenerated clearcuts, managers may choose to remove

the adjacent, forested stand at less than 20 years after

clearcutting.

The data suggests that on clearcuts of the Pacific silver fir

zone, where many species of seed producing trees are found in

adjacent stands, clearcuts can be adequately reforested using

natural regeneration. In this case managers will need to accept

other species as timber products and wait as many as 20 years for a

fully stocked stand.

Five species -- noble fir, Douglas-fir, Pacific silver fir,

western white pine and western hemlock -- accounted for more than

90 percent of the stocking on all of the clearcuts sampled,

regardless of the regeneration method employed.

The remaining stocking was made up of varying combinations of

mountain hemlock, Engelmann spruce, western redcedar, Alaska-cedar,

lodgepole pine, subalpine fir and white and grand fir depending on

the seedbed, year and plant association. On clearcuts that were

difficult to regenerate, these species were probably able to

seed-in, germinate and occupy microhabitats on the clearcuts where

the five major species were unable to. Although these species were

rarely measured because they seldom were the tallest trees within

the plot, they did contribute to stocking density.

Each species plays an important role in specific plant

associations or within certain microhabitats of a clearcut.
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Mountain hemlock is very frost tolerant (Minore 1979; Hemstrom

et al. 1982) and was found on cool-moist and especially cool-dry

ecological types. On the plateaus of the High Cascades, mountain

hemlock was found in association with beargrass and sedge-dominated

clearcuts. Engelmann. spruce is very frost tolerant (Minore 1979,

Hemstroni et al. 1982) and was most abundant on flat ground or small

frost prone depressions of cool-moist ecological types. Lodgepole

pine is very frost and drought tolerant (Minore 1979; Hemstrom

et al. 1982) and has good growth rates at an early age, one

individual tree I measured had a height growth rate of more than 1

meter. Lodgepole pine is suggested for environmentally severe

clearcuts or portions of clearcuts that require rehabilitation

(Hemstrom et al.1982). Both western redcedar and Alaska-cedar are

relatively slow growing species (Hemstrom et al. 1982). Each will

tolerate moist soil conditions, is shade tolerant, and would,

therefore, be important as advance regeneration. Western redcedar

is important on the low-elevation, warm, well-drained sites, whereas

Alaska-cedar is Important at higher-elevations on cool-dry sites.

White and grand fir were encountered less commonly than any other

species. Both are quite shade tolerant (Ninore 1979) and were most

often found on warm, well-drained types or south facing slopes.

While discussing stocking on Pacific silver fir zone clearcuts,

it is important to again mention that on "planted" clearcuts, only

noble fir and Douglas-fir were actually planted. All other species

were of natural origin by seeding after clearcutting or as advance

regeneration that survived logging and residue treatments. Some

natural seeding by noble fir and Douglas-fir was present, even on

planted clearcuts. Naturally seeded individuals were not seperated

in the analysis because it was impossible to consistently determine

seedling origin (natural or planted).

Although stocking density and percent stocking was generally

high, very little of the variation in stocking could be explained by

slope steepness, elevation and aspect or the interaction of slope
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and aspect. This is similar to results reported by Halverson and

Emmingham (1982) and Seidel (1979). In a more localized study,

Sullivan (1976) was able to explain a great deal (r2 .83) of the

variation in stocking by the interaction of slope steepness and

aspect. Miaore et al. (1982) was also able to significantly

correlate aspect and the interaction between slope steepness and

elevation to stocking in his regeneration studies in southwest

Oregon.

The significantly greater relative composition of noble fir

(Figure 8) over other species sampled in the study is probably due

to a number of factors. It may be related to two of the criteria

used to select clearcuts for sampling. First, clearcuts selected

for sampling had noble fir as a major or minor species in the

previous stand and therefore, a noble fir seed source was present in

the adjacent stand. Second, noble fir had been planted. Another

possibility may be that noble fir is better adapted to these

environments and may have a higher survival rate which may account

for the relative composition of noble fir being higher than other

species present on the clearcuts sampled.

The trend for a higher relative composition of noble fir over

Douglas-fir may imply a higher survival rate for noble fir. For

each National Forest sampled, the trend was for the relative

composition of noble fir to be greater than Douglas-fir on planted

clearcuts (Figure 9). Naturally regenerated clearcuts repeated this

trend of higher percentage of noble fir than Douglas-fir for each

National Forest. The significantly higher relative composition of

noble fir over Douglas-fir on the Willamette and Mt.

Baker-Snoqualmie N.F. may be because the environment where I sampled

was more favorable to noble fir than Douglas-fir. Another reason

may be that Douglas-fir seed trees were less abundant than noble fir

seed trees. The larger numbers of noble fir may also reflect

greater seed production for noble fir than for Douglas-fir. Noble

fir produces abundant seed every 2 to 3 years (Thornburgh 1969;
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Carkin et al. 1978; FranklIn 1982b) while Douglas-fir has a good

crop every 6 to 7 years (Schopmeyer 1974).

Species Composition in Relation to Broadcast Burning

Species composition was reasonably related to broadcast burning

based upon the ecological roles of each species (Figure 10).

Differences In the relative composition by species on burned versus

non-burned clearcuts show burning favored pioneer species. The

seral species, noble fir, Douglas-fir and western white pine had

higher relative composition on the clearcuts that had been broadcast

burned. It is generally accepted that the shade intolerant species,

i.e., noble fir, Douglas-fir and western white pine, survive well

and grow best on mineral soil seedbeds (Ninore 1979; Franklin

et al. 1983). Nlnore (1979) reports that Douglas-fir is well suited

to seedbeds that have been burned. Pacific silver fir and western

hemlock can survive and grow on organic seedbeds (Franklin et al.

1983). Results from this study confirm this for Pacific silver fir

(Figure 10). Pacific silver fir densities were significantly

greater on non-burned compared to burned clearcuts. This is

probably due to improved survival of advance-regeneration Pacific

silver fir on non-burned clearcuts.

Western hemlock did not follow the same trend as Pacific silver

fir; there was a higher relative composition of western hemlock on

burned compared to non-burned clearcuts. This suggests that western

hemlock may play the role of an early seral species as elevations

increase or that little advance regeneration western hemlock was

growing on the sampled clearcuts.

Pacific silver fir is known to release well after canopy removal

(Williams 1968b; Sullivan 1976; Scott 1980). To assure retention of

advance regeneration, surveys could be taken after clearcut

harvesting and prior to broadcast burning. If stocking levels of

advance regeneration Pacific silver fir are high, the option of not
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burning the harvested area might be chosen. The seedlings that are

present could be retained to compliment the natural seeding by seral

species or the clearcut could be spot planted in areas of low

stocking.

Elimination of burning could greatly reduce the cost for site

preparation and planting. More effort and dollars could be used for

stand manipulation. Because the tendency is for high stocking on

Pacific silver fir zone clearcuts, thinning to a final crop density

(Scott 1980) and spacing should enhance the growth of the leave

trees. Advance regeneration that has released well and individuals

of species that are expected to grow well later during stand

development (e.g., noble fir) should be retained during thinning

operations.

Height Growth Patterns of Pacific silver fir zone Species

The height growth of the fastest growing noble fir and

associated species sampled in this study equaled or exceeded height

growth values for the same species reported by Williams (l968b) and

Halverson and Emmitigham (1982) (Figure 12). Height growth rate was

not significantly different between species except that western

hemlock grew significantly slower than the other major species.

Western white pine height growth tended to be faster than all

other species on all the National Forests sampled, 26.4 compared

with noble fir, 23.0; Douglas-fir, 23.1; Pacific silver fir, 23.6;

and western hemlock, 17.7 centimeters. Western white pine is very

frost tolerant (Ninore 1979; Hemstrom et al. 1982) and has rapid

height growth (Hemstrom et al. 1982; Brockway et al. 1983). Western

white pine could be utilized more often to improve stocking,

particularly on flat areas where frost is common, especially if rust

resistant planting stock is utilized (Brockway et al. 1983).

The mean height growth for noble fir was 23.0 centimeters.
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Noble fir constituted, on the average, more than 40 percent of the

stocking. Noble fir's high stocking densities might imply high

survival rates. Noble fir was judged more frost tolerant than

Douglas-fir (Ninore 1979). Based on physiological observations

(Hodges and Scott 1968), growth studies (Herman et al. 1978;

Hemstrom et al. 1982; Harrington and Murray 1982) and my results;

the facts confirm that noble fir regenerates well and may be the

best adapted species for growing on Pacific silver fir zone

clearcuts. Therefore, it should be favored for planting on most

plant associations of the Pacific silver fir zone.

Height growth of noble fir, Douglas-fir and Pacific silver fir

was significantly greater north, rather than south, of the Columbia

River (Figure 14). Also, noble fir growth was significantly related

to north latitude which supports the northward extension of noble

fir by using artificial regeneration. Although not significant, the

same trend was also apparent for western white pine and western

hemlock. The most likely explanation is 1) that precipitation is

more evenly distributed throughout the year in the north than the

south reducing the period when trees are affected by moisture stress

during droughty periods late in the summer. Halverson and Emmingham

(1982) reported less plant moisture stress in seedlings they

measured in the north compared to seedlings they measured in the

south; or 2) The fact that the clearcuts north of the Columbia

River averaged 80 meters lower in elevation should not make

temperatures more favorable. The possibility that the clearcuts

selected from further north were biased towards higher sites does

not seem likely because of the sampling criteria used.

On the Darrington District of the MT. Baker-Snoqualmie N.F., I

observed a plantation of noble fir planted in 1948 (approximately 70

miles north of noble firs natural range)
'. Noble fir trees were

surviving, and despite bear damage, appeared vigorous. Estimated

Located in sections 7 and 8, T33N, RilE.
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heights for the noble fir was 15 meters (45-50 feet) and dbh ranged

from
6.5-30 centimeters (2.6-11.8 inches) (Boeckstiegel 1982).

Boeckstiegel (1982) also reported 3 plantations of noble fir that

had been planted on. Vancouver Island, all north of 49 degree

latitude or 60-120 miles north of noble fir's natural range. At two

of the plantations, survival was 60 and 70% for 5 and 3 year old

plantations, respectively. A third plantation (1 year old) reported

"noble fir had the best growth and survival" when compared with

Douglas-fir or mountain hemlock (Boeckstiegel 1982, letter from R.C.

Bower, McMillan Bloedel LMT..)

Height growth of noble fir and Douglas-fir was significantly

greater on planted clearcuts than on naturally regenerated

clearcuts. Although there was no easy way to confirm that only

planted trees were measured, this observation suggests that planted

seedlings grow faster than natural seedlings. Planted seedlings

would have an advantage over natural seedlings because they would be

2-3 years older when they were outplanted onto a clearcut. Planted

seedlings would be initially taller and probably have an advantage

over competing vegetation. These results were similar to results

reported by Halverson and Emmingham (1982).

Stocking and Growth in Relation to Ecological Type

Stocking and growth was not significantly different between each

of the Ecological types (Figure 7 and 17). Even on the coldest and

most severe clearcut areas (the cool-dry ecological types) noble fir

grew well (22+ centimeters per year) and attained stocking densities

of more than 3500 trees per hectare. Because noble fir is not

extremely frost tolerant, Hemstrom at al. (1982) suggested

restricting noble fir on cool-dry ecological types if the slope

steepness is less than 15 percent because cold air is poorly drained

from relatively flat areas. My results show that cool-dry types can

be adequately reforested using natural or artificial regeneration.

but that stocking will be composed of many species.
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The diverse environments found on Pacific silver fir zone

clearcuts will probably exclude any single regeneration prescription

from being widely used. Many clearcuts within the Pacific silver

fir zone contain more than a single plant association (Sullivan

1976; Halverson and Emmingham 1982) and each type may need to be

managed differently using the species that best matches the site to

insure adequate stocking and maximum growth. Although this study

found little difference in the growth rates and stocking percent and

density of noble fir and its associate species between the different

ecological types, I believe that the variation between the types may

be greater. I suspect that the values obtained in this study are

biased due to the criteria used for selecting the clearcut sample

areas; i.e., the advanced age of the clearcuts; the abundant

presence of noble fir due to it being planted or seeded from a seed

source in the adjacent, uncut stands.

Noble fir was found to stock and grow as well on cool-moist

ecological types as the other ecological types sampled. This is a

significant finding in that the natural distribution of noble fir is

generally restricted on these plant associations (Hemstrom et al.

1982; Franklin l982b; Brockway et al. 1983). Therefore, on

cool-moist sites dominated by tall shrub species, noble fir can be

expected to grow well (greater than 20 cm./year).

Douglas-fir also performed well on the clearcuts sampled and

deserves mentioning. It was never present in high densities but was

consistently present (on 97 % of the clearcuts sampled). Its

presence will Increase diversity on Pacific silver fir zone

clearcuts and contribute to the stocking.

Soils throughout the study area were different only in the

extreme north; south of Snoqualmie Pass soils are generally of

volcanic origin, while to the north they are primarily sedimentary.
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I did not sample soils, assumniing that any differences accounted for

by soils would be integrated by the stratification of sample

clearcuts into ecological types.

Stocking Density in. Relation to Distance from Seed Source

Seedling density decreased significantly in. plots 80 meters from

the adjacent stand compared to plots next to the stand edge

(Figure 11.). Even at 80 meters into the clearcut, the density of

stocking was very high, approximately 3000 trees per hectare on both

planted and naturally regenerated clearcuts. In plots 80 meters

from the stand edge, the percent stocked plots for planted clearcuts

remained constant at 83 percent but on naturally regenerated

- clearcuts had declined to 70 percent stocked plots.

Carkin et al (1978) reported a similar decline with noble fir seed

fall declining more rapidly than Pacific silver fir. They also

reported high seedfall values for their seed traps set farthest away

from the stand edge, 114 meters (375 feet). An average of 390,000

noble fir and Pacific silver fir seeds per hectare fell during the

1968-1969 seed year. Seed production rates of this magnitude should

be more than adequate to restock small clearcuts, pIovided that

conditions for seedling establishment are favorable (Carkin

et àl. 1978).

Although densities of seedlings were extremely high in my study,

the variation in density was also high; mean stocking was 3962 trees

per hectare with a standard deviation of 2294.

Damage to Pacific silver fir zone Species

Damage to regeneration on Pacific silver fir zone clearcuts was

never observed to be affecting many individuals of any species on

the clearcuts sampled (Table 5). Browsing by deer and elk affected

only 4 percent of the sampled trees. This was probably because the

sample trees were generally above the height where deer and elk
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could browse them. Browsing on regeneration was relatively low,

considering the high stocking densities observed. The use of vexar

tubing, budcaps or chemicals to deter browsing does not seem to be

necessary in the Pacific silver fir zone.

The presence or possible damage by the balsam woolly aphid was

observed on 13 percent of the Pacific silver fir sampled. The

balsam woolly aphid can cause mortality and reduce height growth of

seedlings (Mitchell 1966). Problems associated with the balsam

woolly aphid are accentuated when Pacific silver fir is at or near

its lower elevation limit (Mitchell 1966), which is approximately

910 meters (3000 feet) but will vary with latitude. The most

successful reforestation policy for dealing with the balsam woolly

aphid has been to encourage resistant and nonsusceptible species

presently growing on a site (Mitchell 1966).

Snow damage to Douglas-fir was relatively common, affecting 10

percent of the sampled trees. Williams (1968a) reported that

Douglas-fir was damaged by snow more severely than any other species

he sampled which included noble fir, Douglas-fir, Pacific silver

fir, western white pine and western and mountain hemlock. Noble fir

and Pacific silver fir have stiff branches that bend but resist

breakage better than those of Douglas-fir (Williams 1968a;

Minore 1979). Western hemlock was rarely injured by snow; they have

supple, flexible stems that bend beneath snow loads but are

resilient and recover quickly (Williams 1968a). In areas where

heavy snows are expected i.e., the Pacific silver fir zone, the use

of true fir species was recommended by Williams (1968b).

Many factors, operating independently or as interacting factors

affecting stocking and growth , cannot be accounted for in this

study. The large area (4 National Forests spanning 4 degrees of

latitude) surveyed in this study may be an important factor in

producing variation. Other factors that were not analyzed but may

have significant affects on stocking and growth include: soil type,

soil depth, and competition from shrub and herb vegetation.



SUMMARY

The results of this study indicate that strong differences in

stocking density exist between noble fir and other major species of

the Pacific silver fir zone where noble fir was planted or naturally

regenerated from a seed source in the adjacent stand. Noble fir

comprised 39 andt 44 percent of the stocking on planted and naturally

regenerated clearcuts, respectively. Other species composed from 1

to 20 percent of the remaining stocking. Differences in percent

stocking, density and the composition of stocking were poorly

correlated with location (National Forest) or ecological type. The

superior stocking of noble fir over Douglas-fir at all locations and

on all ecological types appears to be related to the ability of

noble fir to survive on high elevation sites of the Pacific silver

fir zone.

Clearcuts of the Pacific silver fir zone are often heavily

stocked by many seral and late succession species. The high average

stocking densities (3962 trees per hectare) and percent stocking

(81%) are probably due, in part, to the sampling criteria employed;

noble fir was planted or naturally regenerated from a local seed

source and the age (16-23 years) of the clearcuts sampled. On 49 %

of the clearcuts sampled in this study stocking was excessive (over

4000 trees per hectare) . On approximately 20 year old clearcuts,

where overabundant stocking is present, stands could be thinned to

control stocking density and properly space the leave trees.

Thinning would increase the growth of the leave trees by reducing

competition for space and moisture.

On non-burned clearcuts, the density of advance-regeneration

Pacific silver fir, and to a lesser degree, western hemlock can be

very high. In total, 12 conifer species were encountered as

stocking over the range of the study. The constancy of stocking of

the major species--noble fir, Douglas-fir, Pacific silver fir,

57
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western white pine and western hemlock was high--with morethan

50 percent of all the clearcuts sampled containing all of these

species. Noble fir, Douglas-fir and Pacific silver fir were

observed on more than 90 percent of the clearcuts sampled.

Differences in the mean height growth of the major species did

not differ significantly among environmental variables or ecological

types. Height growth of noble fir, Douglas-fir and Pacific silver

fir was significantly greater at locations north of the Columbia

River compared with those south of the Columbia River. Noble fir's

height growth rate was significantly related to increasing north

latitude. This supports the idea of planting noble fir north of its

present natural range. The height growth of artificially

regenerated noble fir and Douglas-fir was significantly greater than

natural regeneration ofeither species.

The most important silvicultural implications of the results of

this study are:

(1) Noble fir is well adapted to most sites of the Pacific

silver fir zone.

Stocking of noble fir was consistent over the range

of the study, with an average composition of 42

percent.

Growth of noble fir was also consistent over the

range of the study with growth rates of greater than

23 cm./year.

Planted noble fir can grow well (greater than 21

cm./year) on cool-moist sites dominated by tall shrub

species (Huckleberry species, rustyleaf, or Cascade

azalea).
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The range of noble fir can probably be safely extended

north by using artificial regeneration.

If managers want to preserve advance regeneration of

Pacific silver fir, slash burning should be avoided.

Artificial regeneration of rust resistent western white

pine seems appropriate in the Pacific silver fir zone

because of the species frost tolerance and rapid juvenile

growth (greater than 26 cm./year).
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BATIOSAI PORSET LOCO

(TEl cell
Legal !cological Begenerat.on ilash

Deacr.pt3.on 3ype sethod Burn
11CC

(Year of
ige

(When
3lape

Steepness
Slope
ASpector unique S. C. S. harvest sampled) (percent) (Azimuth)

location code) 1.ear cut)

19 14 13S 68 1,1-C EPi. 1 1961 20 45 10
55 14 146 58 1,1-3 EPL 1 1960 22 25 65

125 23 US 711 1,1-C ENS 1 1963 18 15 285
117 24 115 7! 1,1-3 ENS 1 1961 20 10 300

Carp lInt 7 155 6! 1,1-3 ENS 2 1961 20 35 305
61 3 156 78 1,1-3 ENS 2 1961 20 10 20

Cadenza Cr 29 143 68 C-lI EPL 1 1964 17 25 305
13 31 136 62 C-N ENS 2 1959 22 20 45

IIILAMETTE

72 23 14.6 5! C-C RPL 1 196]. 21 20 280
105 10 135 5E C-C RPL 1 1962 20 10 230

Dead Car 4 133 58 C-C Eli. 1 1960 22 15 240
83 19 95 SE C-C ENS 2 1962 21 50 740
96 1 123 7! C-C ENS 1 1964 18 10 170

Rhododendren 3 166 7E C-C ENS 1 1963 18 65 335

22 18 6S 6! 1,1-C Eli. 1 1963 19 35 150
229 22 55 9E 1,1-3 ENS 1 1962 21 10 120

82 23 5S 78 C-N ENS 1 1962 21 40 90
MOUNT HOOD 64 44 113 88 C-K EPL 1 1961 21 55 210

66 16 85 SE c-C RPL 1 1962 19 5 205
107 32 7S 68 C-C EPi. 1 1963 21 5 70
150 19 55 GE C-C Eli. 1 1960 22 15 185
163 30 5S GE C-C ENS 1 1961 20 20 305

Radish (92) 36 75 SE C-C ENS 2 1961 20 5 210
457 9 56 88 C-C ENS 1 1962 19 10 135

18 34 SN 9E W.V-C RPi. 1 1963 19 . 5 275
Swaapy 18 23 SN 9E 1,1-C RPL 2 1963 18 10 45

20 3]. 88 1OE 1,1-C ENS 1 1965 17 10 160
429. 15 UN 108 1,1-3 ENS 2 1964 17 25. 85
43 10 7N 98 1,1-3 ENS 1 1960 22 25 240

GIFFORD-PINCHOT Goat Marsh 12 SN 48 1,1-C ENS 2 1965 16 15 130

Elk Pace 8 9N 711 C-N EPi. 1 1961 20 15 120
43 36 108 6E C-N ENS 1 1963 18 15 '5

42 3 75 98 C-C EPL 1 1959 23 20 270
38 26 SN 98 C-C apt 1 1963 19 45 310
59 22. 711 88 C-C aPi. 1 1961 21 10 25
41 14 SN 9! C-C ENS 1 1955 17 10 280

133 20 731 SE C-C ENS 1 1959 23 5 220

VeyCo 1 35 198 711 1,1-3 EPL 1 1960 22 15 270
leyCo 4 29 198 98 1,1-C EPL 2 1961 2]. 10 235
leyCo 5 31 198 98 1,1-C EP]. 1 1965 17 30 20

MOUNT BARE Hailer Pass 10 1811 98 1.1-C ENS 2 1960 22 15 105
SNOQUALMIE Naszard 6 188 9E 1.1-C ENS 1 1962 20 35 180(Includes 5 stands Nosadive
on 1eyeriaeuaer Ce.
land and 1 stand 14

3 188 98

30 2131 11E

1,1-3

C-N

ENS

HIt

1

1

1960

1961

22

21

20

30

20

50on Wsatch.o N.!.) Pinochle 7 188 98 C-N ENS 2 1964 18 15 285

Crystal lInt 12 1711 10! C-C Ept 1 1960 22 40 50
WeyCo 2 29 198 98 C-C Eli. 2 1962 20 20 150
Iey-Co 3 29 19N 9! C-C EPi. 2 1962 20 30 30

125 23 2211 92 C-C ENS 2 1959 23 65 238
127 16 2211 98 C-C ENS 2 1962 20 65 138

Mill Crk 18 275 148 C-C ENS 2 1962 20 50 280

Iariable Description Symbol
Eegeneration
Method

Planted
Natural

apt
ailS

Slash
Euro

Yes
No 2

Ecological
Type

4am, .e11 trained
Coo1-oist
Cool-4ry

W,W-D
C-N
C-C
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LOCATIc1I 3

C

1NCRENT HI. GROWTH smCg.1NGDENS1T

19 rpi 44.45 1.74 10 1160 45 1 16.9 23.5 24.0 87 4720 1557 1604 378 661 142 378

55 rpl 44.35 1.95 65 1280 25 1 28.5 31.1 27.5 41.7 100 4624 1526 971 740 925 231 231

128 mc 44.60 .47 285 1225 15 1 24.9 19.2 87 3104 2110 870 26 25 25 47

117 rae 44.62 .62 300 1360 10 1 18.7 10.3 80 3208 2760 225 22 192

Carp. Mat. rae 44.28 .71 305 1295 35 2 21.9 17.5 30.3 19.0 67 3840 1267 384 1804 269 77

61 mac 44.30 1.85 20 1250 10 2 20.4 14.5 20.0 22.4 73 3576 715 322 715 1752 72

Cad. Crk. rpl 44.37 .71 305 1165 25 1 26.9 26.5 1.9.0 87 5208 1614 2343 260 990
13 rae 44.38 2.00 45 1290 20 2 13.2 18.0 22.0 20.5 22.0 1.00 5424 1573 434 2278 976 22 87

72 rpl 44.33 .40 280 1405 20 1 21.2 16.5 19.0 87 2312 1457 162 162 532

105 rpl 44.47 .00 230 138010 1 174. 20.0 07 528 290 137 79 21

Dead Car rpl 44.56 .02 240 1260 15 1 24.5 30.8 93 4552 3368 592 592
83 ml 44.77 1.31. 340 1480 50 2 15.2 19.6 12.0 93 8416 1094 25 4629 84 84 2440
96 rae 44.57 .46 170 1240 10 1 23.5 18.8 17.0 11.3 31.0 100 6760 4596 473 541 473

Rhododen. rae 44.17 1.22 335 1240 65 1 8.6 14.8 14.3 47 2296 941 643 207 482
22 rae 45.03 .61. 160 1065 35 1 22.6 27.3 14.8 93 2400 389 576 1536

229 rpl. 45.07 1.29 120 1310 10 1 17.2 13.6 27.0 24.5 60 2576 1816 464 77 77 103 39

82 rue 44.85 1.73 90 1275 40 1 11.7 13.6 4.0 25.0 80 4584 3942 413 183 46

64 rpl 45.42 .04 210 1115 55 1 26.2 31.3 28.0 100 3604 793 973 721 360 757
66 rpl 44.87 .07 205 1220 5 1 13.5 14.3 16.0 4.5 60 1850 393 905 215 98 117
107 rpl 44.93 1.92 70 1360 5 1 24.7 27.7 26.0 87 7112 2774 890 569 36 71 2774
150 rpi. 45.17 .26 185 1175 15 1 19.8 31.3 17.0 11.8 93 8720 2441 349 2093 3488 349

163 rae 45.15 .71 305 1440 20 1 20.9 21.8 15.0 80 6096 1402 25 3840 61 732

Radieh rae 44.93 .04 210 1380 5 2 23.5 8.3 16.3 20.5 33 1480 666 177 118
457 rae 45.18 1.03 135 1300 10 1 13.8 19.8 19.0 27.0 40 2748 412 330 1044 83 880
18 rpl 46.08 .33 275 1270 5 1 26.5 13.3 29.0 87 2688 2069 269 134 215
Swampy 18 mpl 46.13 2.00 45 1190 10 2 23.4 13.2 6.0 33.0 73 5640 3158 902 620 226 959
20 mne 46.12 .61 160 1285 10 1 19.6 22.2 80 4568 2615 1713 45 135
429 mae 46.63 1.79 85 1180 25 2 19.3 18.3 25.3 1001.3696 5478 548 5068 2328 27 273

43 rae 46.05 .02 240 1250 25 1 26.5 29.5 53 1096 614 400
GOat March rae 46.20 1.12 130 1170 15 2 31.1 32.1 80 5968 3938 24 2029
Elk Pace rpl 46.28 1.29 120 1140 15 1 22.7 12.0 16.5 14.1 80 1848 536 92 351 480 55 259
48 rpl 46.30 1.88 75 1180 15 1 27.0 11.0 23.3 15.8 19.0 93 3952 237 276 1976 1067 395

42 rae 46.05 .27 270 1210 20 1 18.8 18.3 26.1 10.0 93 3824 2792 688 306 11 27

38 rpl. 46.12 .79 310 1235 45 1 23.5 16.0 14.0 21.0 87 6776 5353 339 339 102 508
59 rpl 46.05 1.89 25 1180 10 1 25.5 21.0 13.4 27.3 80 2728 409 136 1282 136 764
41 rae 46.18 .40 280 1165 10 1 22.9 15.0 10.8 6.0 40 1512 393 212 302 76 1512 302

133 rae 46.05 .81 220 1070 5 1 26.6 26.7 12.0 13.0 39.0 73 3248 845 747 390 1039 227

WeyCo1 rpl 41.05 .27 270 1080 15 1. 37.8 41.3 22.0 73 1848 462 314 961 74

WeyCo4 rpl 47.05 .01 235 1260 10 2 34.4 27.0 36.7 21.6 90 3360 1445 202 638 1008
WeyCo5 rpl 47.03 1.85 20 1340 30 1 17.8 41.0 24.3 14.0 90 3242 1037 130 1037 1005 32

Hailer Pace rae 46.97 1.53 105 1380 15 2 22.2 27.8 25.6 24.0 25.0 100 5216 3912 261 522 52 470
Hazzard rae 47.03 .32 180 1345 35 1 31.4 18.7 24.3 93 1280 922 418 574 469
Hocedive mas 46.95 1.85 20 1285 20 1 21.3 18.0 22.6 16.5 35.5 93 4320 1166 173 1860 1036 130
14 rpl 47.33 2.00 50 990 30 1 25.5 31.0 28.5 22.3 100 4440 622 311 977 1376 89 1057
Pinochle rae 46.97 .47 285 1190 15 2 21.1 26.7 23.1 16.0 27.3 100 4246 425 584 849 1189 297 934
Cryetal Mnt.mpj 46.93 2.00 50 1205 40 1 35.0 24.6 25.5 21.0 80 1664 449 349 1.33 483 250
WeyCo2 rpl 47.07 .78 150 1230 20 2 22.8 30.5 33.6 29.5 38.0 73 2540 457 737 1016 254 76
WeyCo3 rpl 47.05 1.93 30 1220 30 2 28.8 36.2 31.0 18.0 100 3760 752 1692 452 376 188
125 rue 47.40 .01 235 1170 65 2 26.6 26.3 29.2 100 3520 2217 264 422 616
127 rae 47.42 1.03 135 1175 65 2 19.8 24.7 26.5 87 2640 811 106 1373 290
Mill Crk. rae 47.72 .40 280 1125 50 2 29.2 31.3 26.8 40.0 93 2744 549 302 631 686 82 494


