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ABSTRACT

The objective of this study was to develop empirical regression
equations for describing forest overstory-understory relationships in
Arizona mixed conifer forests, and for predicting responses of potential

mule deer (Odocoileus hemionus crooki) and elk (Cervus canadensis

nelsoni) forage resources following thinning and clearcutting. Data
were collected in the White Mountains from unlogged stands, a 2-year-old
thinned stand, a 4-year-old thinned stand, an 8-year-old clearcut, and a
l6-year-old clearcut.

A combination of high variability in understory production (due
presumably to inherent structurally-complex overstory conditions) and
substantial intercorrelation between independent variables yielded mul-
tiple regression equations of questionable value. However, average
understory production levels can be predicted using stand basal area
alone. Relationships between basal area and understory production com-
ponents were generally best described using log or log-log functions,

Despite considerable diversity in slope and aspect conditions,
potential insolation was generally not correlated with understory pro-
duction; nor was potential insolation per unit of basal area often a
better predictor than basal area alone. On unlogged sites production
of potential deer forage was positively correlated with presence of
spruce and fir, but negatively correlated with combined pine and

Douglas-fir composition, and not significantly correlated with aspen

xi



xii
composition. Potential elk forage was positively correlated with spruce
and combined pine and Douglas~fir composition, but inversely correlated
with aspen and fir composition. Understory production was generally
inversely related to periodic amnual forest growth and thickness of the
forest floor.

Browse production was generally less related to overstory con-
ditions than herbage components, but was correlated with slope gradient
and soil rockiness. Although total browse production could be estimated
from basal area data, production of browse potentially useful to deer
and elk could not be.

Total understory production under virgin mixed conifer stands
ranged from about 150 pounds per acre at SO square feet of basal area
(BA) to about 40 pounds at BA 400. The portion of this biomass poten-
tially valuable as deer forage declined from 30% at BA S50 to & at BA
LOO, while elk forage declined from 49 to 11%. Forbs were the dominant
understory component for all stand densities higher than about BA75, but
were out-produced by graminoids below this level. Browse was the least
productive understory component and increased only slightly with
decreasing stand densitye.

Total understory production on the k-year-old thinned site was
higher, but not statistically different than on unlogged sites; however,
from 65 to 74% of the biomass consisted of forage potentially valuable
to deer and elk. Depending on stand density, understory production
under the 2-year-old thinning was comparable to or less than that of
unlogged sites. Overstory-understory regression curves were often

statistically different between thinned and unlogged stands.



xiii

Diversity of principal deer and elk forage species increased as
stand density declined under both unlogged and thinned stands. Unlogged
stands produqed slightly more potential elk than deer forage at lower
stand densities, but production of deer and elk forage after thinning
was nearly identical over the entire range of stand densities sampled
on both thinned sites.

The 8~ and l6-year-old clearcuts produced about 750 and 1160
pounds per acre of biomass, respectively, with about 34% consisting of
potential deer and elk forage on the younger site, versus 56% in the
older clearcut. The 8-~year-old clearcut produced 30% more elk than deer
forage, and the l6-year-old site 7% more. The duration of beneficial
deer and elk forage responses following clearcutting appears substan-

tially longer than 16 years where tree regeneration is unsuccessful.



INTRODUCTION

Knowledge of the effects of forest management practices on
wildlife habitat is a prerequisite to multiple use management of forest
ecosystems. Logging practices may dramatically influence animal popu-
lations through alteration of cover conditions and availability and
quality of forage supplies. Yield, composition, and availability of
these supplies are primarily a function of successional events following
disturbance imposed by management. The significance of these succes-
sional events, in terms of their duration and benefit to wildlife, may
be greatly influenced by the combination of silvicultural options
selected. These options may include different types of cutting (clear-
cutting, group selection, etc), different types of logging equipment
(which in turn may affect the degree of site disturbance), and numerous
options regarding method of site preparation and regeneration, slash
treatment, thinning, prescribed burning, fertilization, and rotation
length.

While specific understory responses resulting from any given
combination of these options may differ to some degree, it has been
demonstrated that carefully designed and implemented logging prescrip-
tions may greatly benefit those species favored by early successional
stages.

Together with associated aspen stands, Arizona's mixed conifer
forests comprise only O.4% of the state's total area, but produce more

1l



than 6% of its water. Under intensive forest management these sites
could furnish an addition 36,500 acre-feet of water (Rich and Thompson
1974). More intensive logging of these sites is inevitable under ever-
increasing demands for water and other resources.

Knowledge regarding effects of forest management practices on
forage supplies of wildlife inhabiting mixed conifer forests of Arizona
is not available., These forests, together with associated grasslands
and wet meadows, provide important summer range for mule deer

(Odocoileus hemionus crooki Mearns), elk (Cervus canadensis nelsoni V.

Bailey), and white-tailed deer (Odocoileus virginianus couesi Coues and

Yarrow). Inadequate nutrition has been suggested as one possible cause
of relatively low fawn recfuitment associated with declines in South-
western deer populations since the late 1950s (Schneegas and Bumstead
1977; Short 1979). Considerable evidence suggests that quality and
quantity of forage produced on summer range can directly influence pro-
ductivity of western deer herds (Swank 1958; Julander, Robinette and
Jones 1961; Russo 1964; Hungerford 1970; Knight 1970; Pederson and
Harper 1978).

To aid in decision-making involving multiple use management of
mixed conifer forests, information is needed for predicting effects of
alternative vegetation management practices on deer and elk forage

resources. This study was initiated to help provide this information.



OBJECTIVES

The primary objective of this study was the development of
empirical regression models for describing forest overstory-understory
relationships in Arizona mixed conifer forests. The purpose of these
models is the prediction of forage production components (browse,
grasses, forbs, etc.) important to deer and elk. A second objective was
development of a conceptual framework that can be used in the develop-
ment of a mixed conifer forest overstory-understory computer simulator.
This computer simulator would provide forest managers with a basis for
before-the-fact evaluation of potential effects of proposed management
prescriptions on deer and elk forage resources. While total herbage
and other subdivisions of understory vegetation (e.g., grass and forb
production) will be treated, emphasis will be directed toward important
forage components for deer and elk.

To satisfy these objectives, the following steps were taken:

1. Forest stand and habitat factors showing significant associa-
tion with understory production were identified.

2. Effects of specific logging practices on early secondary
succession were evaluated.

3. Potentially important deer and elk forage species were identi-
fied from field observations and available literature.

lk, Regression procedures were used to develop deer and elk forage
prediction equations based on identified inventory-prediction variables.

3



5. Based on literature and information derived from this study, a
conceptual framework for a mixed conifer forest overstory-understory

simulator was structured.



SOUTHWESTERN MIXED CONIFER FORESTS

Overstory Composition and Succession

This and the following section (titled '"Understory Vegetation")
have been included to briefly summarize available literature describing
overstory and understory characteristics and successional patterns of
Southwestern mixed conifer forests. A complete literature review on
overstory-understory studies throughout the United States was not under-
'taken. An annotated bibliography on this subject has been compiled by
Ffolliott and Clary (1972). Only forest overstory-understory literature
having direct bearing on this study will be treated.

Southwestern mixed conifer forests (as defined by Jones 1974)
occupy approximately 2.5 million acres1 in Arizona, New Mexico, and the
San Juan Basin of southwestern Colorado (Jones 1974). In Arizona, this
type is represented by about 300,000 acres of predominantly uncut, all-
age stands composed of various combinations of the following tree
species:2 Douglas-fir, ponderosa pine, southwestern white pine, white
fir, corkbark fir, Engelmann spruce, blue spruce, and aspen (Embry and
Gottfried 1971la). One or more of these species may be absent in some
stands; in others, all eight may be intermixed. On the Kaibab Plateau

in northern Arizona, subalpine fir occurs in place of corkbark fir,

lEnglish to metric conversion factors are provided in Appendix A.

2Scientific and common names of plants discussed and/or found on study
areas appear in Appendix B.



Stand conditions and characteristics of mixed conifer forests
are highly variable., A large percentage of these stands are mature or
overmature, and many contain considerable advanced regeneration. Multi-
storied stands are most common, but one-, two-, and three-storied stands
do occur (Jones 1974).

Specific criteria for differentiating mixed conifer stands
(sometimes referred to as pine-fir, spruce-fir, or Douglas~fir stands)
from ponderosa pine stands occurring below and Englemann spruce=-corkbark
fir stands above appear to be arbitrary. Thompson (1974) referred to
this complex mixture as a mixed conifer forest type when less than 60%
of the total volume was ponderosa pine. In a status-of-knowledge report
on Southwestern mixed conifers forests, Jones (1974) indicated that the
majority of these stands occur from above 8,000 feet to just below
10,000 feet and are characterized as follows:

Mixed conifer stands have this in common: the moisture regime
has permitted the more or less abundant establishment of conif-
erous species whose seedlings are more sensitive to drought
than are ponderosa pine seedlings. At one extreme the over-
story may be almost pure ponderosa pine, with other species
abundant only in the understory. At the other ecological
extreme, the stand may be predominantly Englemann spruce and
corkbark fir.
Recent forest classification work by Moir and Ludwig (1979) should aid
substantially in our understanding of this complex of habitat types.
Based on extensive work in Arizona and New Mexico they described 19
major habitat types: eight within spruce-~fir forests and 11 within
mixed conifer forests.
While small stands of mixed conifer occur on several southern

isolated mountain ranges of Arizona, the largest concentrations occur

on the San Francisco Mountains, the Kaibab Plateau, and the White



Mountains on the Coconino, Kaibab, Apache-Sitgreaves National Forests,
respectively (Lowe 1964; Spencer 1966).

White Mountain mixed conifer sites investigated in this study
are composed of overstory components representing three of Merriam's
life zones as described by Lowe (1964) for Arizona. Ponderosa pine
(the dominant species of the Trénsitional Zone) most commonly occurs in
pure stands between 7,000 and 8,000 feet. As a component of mixed
conifer forests, ponderosa pine is usually confined more or less to
ridges and southerly exposures. The Canadian Zone, dominated by Douglas-
fir and white fir in Arizona, ranges from 7,500-8,000 to 9,000-9,500
feet (depending on slope exposure) and intermixes with the Hudsonian
Zone which typically occurs between 8,500-9,000 and 11,500 feet. Pri-
mary tree species of the Hudsonian Zone are Englemann spruce, blue
spruce, subalpine (or corkbark) fir, and Southwestern white pine (Lowe
1964).

Stands comprised only of Engelmann spruce and/or subalpine (or
corkbark) fir are classified separately as spruce-fir forests (Layser
and Schubert 1979; Moir and Ludwig 1979), and as such are not the sub-
ject of this study. However, based on vegetation classification work
by Moir and Ludwig (1979), some sampling points may have occurred with-
in ecotones between several spruce-fir associations and subtending
mixed conifer associations.

Most mixed conifer forest associations appear to have been
initiated by wildfire (Pearson 1914). Revegetation following fire may
follow any of several successional paths, depending on availability of

seed sources and other environmental conditions (Jones 1973, 1974).



Succession following fire typically involves three stages: (1) forbs;
(2) deciduous shrubs and trees; and (3) coniferous forests (Ahlgren and
Ahlgren 1960; Hanks and Dick-Peddie 1974). The forb stage often lasts
only several years until the first shrubs appear, but some early invad-
ing forb species may persist through late successional development.
Dominate species in the second stage typically include aspen, Gambel
oak, New Mexico locust, and ponderosa pine (Krauch 1956; Jones 1973;
Hanks and Dick-Peddie 1974). This second stage may last as long as 80
years (Hanks and Dick-Peddie 1974).

Where dense stands of graes and forbs become established,
natural regeneration may be slowed considerably, and artificial re-
generation of clearcuts is often unsuccessful (Jones 1967; Embry 1971).
Poor regeneration success if often due also to extreme environmental
factors including intense solar radiation and high temperatures, low
temperatures and frost heaving, and drying winds (Alexander 1969).
Under the most favorable conditions some conifers may occur within 15
to 20 years, but substantial natural reforestation normally requires 50
to 100 years (Stahelin 1943; Hanks and Dick-Peddie 1974). If coniferous
seed sources are available, burned or clearcut sites that have de-
veloped into aspen stands soon develop a coniferous understory of shade
tolerant species such as Douglas-fir, white fir, corkbark fir, and
Engelmann spruce. If conifer seed sources are inadequate, aspen may
persist for centuries, replacing itself by suckering, even in the
absence of burning or clearcutting (Jones 1974). Following logging or

burning, stands which previously contained considerable aspen are often



quickly and rather completely reoccupied by aspen suckers (Patton and

Avant 1970; Jones 1975).

Understory Vegetation

As used here, understory vegetation refers collectively to the
herbaceous strata (graminoids and forbs) and all woody plants (except
conifers) that produced browse below a height of S-feet above ground.
Understory production refers to the amount of current-year growth pro-
duced by these two plant groups.

Generalized information regarding botanical composition of South-
western mixed conifer forests is readily available (Rasmussen 194l;
Nichol 1937; Merkle 1954; Castetter 1956; Merkle 1962, Lowe 196L4;
Whittaker and Niering 1965; Robinson 1968; Hanks and Dick-Peddie 19743
Jones 1974; Moir and Ludwig 1979). However, no references were found
providing detailed information on successional patterns following log-
ging, or regarding understory production as influenced by site or stand
conditions.

A review of the literature suggests that the following shrub
genera or species are typically common inhabitants of unlogged South-

western mixed conifer stands: Berberis repens, Lonicera spp., Robinia

neomexicana, Pachystima myrsinites, Ribes spp., Rosa spp., and Rubus

spp. Common herbaceous genera and species include: Bromus spp., Carex

spp.y Erigeron spp., Fragaria spp., Geranium spp., Goodyera spp.,

Koeleria cristata, Lathyrus spp., Muhlenbergia spp., Poa spp.,

Pedicularis spp., Potentilla spp., Pteridium aquilinium, Pyrola sppe,

Senecio spp., Solidago spp., Smilacina spp., Thalictrum spp., Vicia spp.,

and Viola spp.
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Climate3

Work by Beschta (1976) suggests that most Southwestern mixed
conifer forests occur where mean annual precipitation exceeds about 30
inches, and mean snowfall depths exceed 100 inches. Higher precipita-
tion values are generally associated with higher elevation and/or closer
proximity to the Mogollon Rim (Leven and Stender 1967). May and June
are typically the driest months of the year, but initially wet soils
coupled.with relatively cool temperatures help to ameloriate soil mois-
ture conditions. Distribution of precipitation is fairly evenly
divided between the seven "winter" months (October 1 through April 30)
and the five '"'summer" months (May 1 through September 30) (Sellers
1960; Thompson 1974). A summer rainy season typically beéins in July
and generally lasts through mid September. During this period afternoon
thunderstorms often produce measurable precipitation on 50% or more of
the days (Sellers 1960). Summer nights are cool, with a few nights of
below freezing temperatures often occurring during May and June. Snow
cover generally extends from November into April (Gottfried and Jones

1975).

Study sites were confined to soils developed from basic basalt
materials under cool, humid conditions. With the possible exception of
the Bear Wallow site, all study areas occur on a Sponseller soil series

(Leven and Stender 1967). Soil survey maps were not available for the

3Appendix C summarizes maximum, minimum and average temperatures re-
corded on South Thomas Creek for water years 1975 and 1976.



Bear Wallow area, but adjacent sites having similar physiographic and
vegetative characteristics are classified as Sponseller soils. The

following description of this series is quoted from Leven and Stender
(1967):

These are moderately deep and deep, brownish-colored, non-
calcareous, well-drained, moderately well developed, moderately
fine-textured, residual soils. They occur on gently sloping
high elevation plateaus and steep mountains under ponderosa
pine and mixed conifer. The surface is a dark brown loam with
a gravel and stone content range of O to 30 percent. The sub-
soil is loam to clay loam. The depth to basalt or welded
cinders is 2.5 or more feet.

11



STUDY AREAS

Generalized successional curves relating understory production
to time since logging occurred have been developed for a number of
forest types (Giles and Snyder 1970; Basile and Jensen 1971; Bunnell
and Eastman 1976; Bartos 1978; Cooperrider and Behrend 1980). This kind
of information is necessary for development of any simulation program
designed to predict understory responses following logging. Unfor-
tunately, this information is not available for Southwestern mixed
conifer forests.

Two general approaches have been used to acquire successional
information following logging. In regions where successional changes
occur rapidly, such as the Southeast, individual stands can be logged
and plant succession can be monitored throughout all or portions of a
rotation. This approach is not suitable for short-term studies of
western coniferous forests. A second approach is to study successional
patterns on an array of representative sites treated differently at
several points in time. This was the approach used in this study, but
sites representing late successional condition were not available since
significant logging of mixed forests in the region of interest did not
begin until 1966 (Embry and Gottfried 197la). Furthermore, since past
logging has generally been by selective methods (Jones 1967), suitable

clearcuts older than about 16 years were not found.

12
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Field data were obtained from seven mixed conifer sites on the
Apache-Sitgreaves National Forest, Greenlee County, White Mountains,
Arizona (Fig. 1): (1) North Thomas Creek; (2) South Thomas Creek; (3)
West Willow Creek; (4) East Willow Creek; (5) Hannagan Creek; (6) Bear
Wallow; and (7) Burro Creek. Data from the first three areas were used
for characterizing unlogged, old-growth mixed conifer stands. Post-
logging data from East Willow Creek and Hannagan Creek were used for
characterizing thinned stands. Bear Wallow and Burro Mountain were
sampled as clearcut sites. A description of areas within these three

categories (unlogged, thinned, and clearcut) follows.

Unlogged Mixed Conifer Sites

Data for unlogged, old-growth stands were obtained primarily
from four experimental watersheds established by the Rocky Mountain
Forest and Range Experimental Station (RMFRES) on the uppermost extrem-
ities of the north and south forks of Thomas Creek and the east and west
forks of Willow Creek. These four watersheds, approximately 1800 acres
in total, are considered typical of Arizona's mixed conifer forests
(Embry and Gottfried 197la). The RMFRES had established 556 permanent
sampling points on these sites for various timber, watershed, and wild-
life inventories. Measurements taken by this investigator on these
areas were made at these established points.

Points located in meadows and stream channels were not sampled.
Forty-two additional plots were inventoried in 1976 to augment informa-
tion for west and southwest aspects. These plots were located on the
hillside directly opposite the service road leading from Highway 666 to

the Thomas Creek weirs. Data from these plots were combined with data
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from west Willow Creek and Thomas Creek watersheds and will not be dis-
cussed separately.

Steep slopes and narrow drainages are typical of these and many
mixed conifer sites. Elevation of plots inventoried in 1976 averaged
8874 feet with extremes of 7900 and 9400 feet. Slope gradient averaged
2% and ranged from level (one plot only) to 60%. Distribution of plots
inventoried in 1976 by aspects were as follows: 46 faced north, 26
northeast, 49 northwest, 33 south, 82 southeast, 39 southwest, 80 east,
and 24 west. -

Based on an inventory of the entire 1800 acres, average basal
area prior to logging of East Willow Creek was 178 square feet per acre
(Embry and Gottfried 1971b). Douglas-fir accounted for 31% of this
total; aspen 16%; white fir, ponderosa pine and Englemann spruce 1l4%
each; Southwestern white pine 6%; corkbark fir *¥%; and blue spruce 2%.
Trees 23.0 inches dbh or larger made up 29 of the basal area, followed
by small sawtimber (11.0-16.9 inches dbh) at 23%, poles (7.0-10.9 inches
dbh) and medium sawtimber (17.0-22.9 inches dbh) at 18% each, and sap-

lings and small poles (0.1-6.9 inches dbh) at 16%.

Thinned Mixed Conifer Sites

East Willow Creek was logged in 1972 using a combination of
selection and overstory removal methods. On selectively cut areas
(representing approximately 23% of the 492 acre watershed) 32% of the
basal area was removed, primarily as individual or small groups of
trees., Eighty four percent of the basal area was cut from the overstory
removal area, primarily as trees 10 inches or larger in diameter,

Slash was lopped and left in place over most of the area. Despite
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precautionary measures, considerable damage occurred to advanced re-
generation on the overstory removal area; this, coupled with extensive
blow down, left portions of this area sparsely timbered. Extensive
aspen suckering subsequently occurred on many of these areas. Most of
the selectively cut area remained satisfactorily stocked. A detailed
description of the East Willow Creek logging operation and its effects
on advanced regeneration was reported by Gottfried and Jones (1975).

Elevation of East Willow Creek plots inventoried in 1976 aver-
aged 9080 feet and ranged from 8900 to 9300 feet. Slope gradient
ranged from 5 to 4O% and averaged about 21%. Distribution of plots by
aspect was as follows: 17 faced north, 18 northeast, 11 northwest,

12 south, 35 southeast, 34 east, and 15 west. No plots occurred on a
southwest exposure,

The study area referred here as Hannagan Creek was that part of
the Powerline Timher Sale lying northeast of the entrance road leading
to the Willow Creek watersheds and adjacent to the southeastern edge
of South Thomas Creek watershed. Logging of Hannagan Creek began in
1974 with removal of all trees 25 inches dbh and larger, removal of poor
risk trees, and additional thinning to a basal area of approximately
100 square feet per acre.1 This sale was followed by a pulpwood cut
during late 1974 and mid-1975, which left a residual basal area of
approximately 80-90 square feet per acre. During inventory of this
area in 1976, sites which had been obviously disturbed in 1975 were not
sampled; consequently, data for this area will be used for characteriz-

ing mixed conifer forests two.years after thinning.

1Personalvcorrespondence with Bill Moehn, May 23, 1977.
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Elevation of plots inventoried on Hannagan Creek ranged from
8425'to 9050 feet and averaged 8687 feet. Slope gradient averaged 6.6%
and ranged from level to 25%. Distribution of these plots by aspect was
as follows: 5 faced north, 6 northeast, 12 south, 17 southeast, 4
southwest, 10 east, and 3 west. Eighteen plots occurred on level

ground.

Clearcut Mixed Conifer Sites

Two clearcut sites were sampled during the summer of 1975. The
oldest was one of seven blocks which were cut on the Burro Creek Drain-
age in 1958-59 to examine th:- effects of clearcutting on water yield,
forest regeneration, and other multiple-use aspects (Jones 1967) The
second area was part of the Bear Wallow Timber Sale which was logged in
1967. Therefore, these two sites, referred to hereafter as Bear Wallow
and Burro Mountain, will be used for describing forage conditions on
8 and 16 year-old clearcuts, respectively.

Information on prelogging stand conditions could not be obtained,
but overstory and understory conditions in adjacent stands appeared
comparable to other sampling areas. Logging slash on both sites had
been partially removed by broadcast burning. Destruction of advanced
regeneration during logging and slash disposal, as well as subsequent
regeneration failure, resulted in a very poorly stocked stand on Burro
Mountain (Jones 1967). A similar situation existed on Bear Wallow,
presumably due to the same factors. The few small clumps of older re-
generation which were present on these sites were not sampled.

Both clearcuts were selected on the basis of similarity in

relief, aspect, and past livestock use. There was no evidence of recent
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cattle grazing on Bear Wallow, and only occasional light use on Burro
Mountain. Forest Service records for the Burro Mountain Allotment (which
has been grazed between May 16 and October 31 on a deferred rotation
system since 1967) indicated that utilization ranged from 5 to 15% and
averaged 10% for the Burro Mountains Pastures in 1967, and that similar
or lighter use had probably occurred since then.2 Personal observation
in 1975 indicated that the sampled opening was receiving considerably
less cattle use in recent years than several more level nearby openings.
Consequently, data from both sites are considered representative of
clearcut sites developing under little or no impact from domestic live-
stock.

Elevation on Burro Mountain and Bear Wallow, ranged from 9,450
to 9,625 and 8,725 to 8,875 feet, respectively. Aspect on both sites
was predominantly south and southwest. Slope gradient averaged 20,4
and 13.6% and ranged from zero to 45 and zero to 30% for Bear Wallow
and Burro Mountain, respectively. Seventy-three plots were inventoried

on Burro Mountain, 54 on Bear Wallow.

2Personal correspondence with Donald M. Case, January 17, 1977.



PROCEDURES

Sampling Design

A systematic sampling design (Shiue 1960) employing three strata
and four to five random starts had been established by the RMFRES on
Thomas and Willow Creek watersheds prior to their initial survey of
these areas in 1969. Randomly selected starting points were used to
establish transects which were oriented perpendicular to the major
drainage. At equally spaced intervals along these transects, permanent
sampling points were established for collection of timber and physio-
graphic data. This sampling design greatly facilitates field location
of sampling units, and is often used as an objective means of obtaining
o random sample (Freese 1962). Since some Forest Service data were to
be made available for Thomas and Willow Creek, it was decided that a
similar sampling design would be used on all additional areas selected

for study.

Production Measurements

Understory production data reported here consist of current-
year growth expressed in pounds per acre of oven-dried material. Browse
production consists of the combined weight of stems (3/16-inch or less
in diameter) and leaves of woody plants (except coniferous tree species)
up to a height of 5 feet above ground. Fungi are common mixed conifer
inhabitants, and many are important wildlife foods; however, they were

not inventoried due to their ephemeral nature.
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. Sampling was conducted from August 13-26 in both years. Produc-
tion estimates of herbaceous and woody plants were made using 9.6 square
foot and 1/100~-acre circular plots, respectively. Herbaceous measure-
ments were made with the edge of the sampling frame positioned next to
the plot marker. On areas sampled more than one year, the sampling
frame was moved to a different side of the stake each year to avoid
unrepresentative conditions often resulting from repeated, close clip-
ping. Similarly, plots on Thomas Creek on which browse had been clipped
during 1975 were not remeasured during 1976. Hundredth-acre plots were
circumscribed using a 11.8 foot cord attached to the center of the 9.6
square foot sampling frame.

All production measurements made during 1975 and 1976 were taken
using a weight-estimate (Pechanec and Pickford 1937a), double-sampling
(Wilm, Costello and Klipple 1944) procedures as modified by Blair (1959).
During these sampling years, production was determined for each species
encountered so that understory production data could be partitioned
into forage components having potential forage value for deer and elk.,
To accomplish this during a sampling period already limited by early
fall frost and the almost daily occurrence of rain would have been im-
possible without resorting to weight-estimate procedures.

’ In weight-estimate procedures, employing double-sampling, pro-
duction estimates are made on all sampling units, and actual weights
are obtained on a subsample of these units. Each weight estimate (Xy)

is then adjusted as follows:

Y:Rxl
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where R equals Y/Z, Y is an estimate of actual green weight, and Y and
7 are means of actual and estimated green weights, respectively, ob-
tained from subsamples of weighed material. This procedure forces the
regression through the origin and avoids the situation which often
occurs on sparsely vegetated sites (when an alternative regression,
Y=a+ le. is used) of predicting positive or negative weight-
estimates for plots having no vegetation (Blair 1959).

The above procedure was employed in this study for each woody
and herbaceous species encountered. Actuallweights were obtained at
approximately 1/7th of the sampling points in a systematic fashion. A
minimum of ten estimate and actual weights were obtained for each
species. When this minimum could not be obtained within sampling plots
(because of infrequent occurrence of a given species), measurements
were taken wherever the species was found. Therefore, double-sampling
adjustment factors derived for commonly occurring species were based on
a larger sample size than for less common species.

Samples of each species encountered in 1975 and 1976 were col-
lected, weighed, dried to a constant weight, and reweighed to derive

factors for converting green weights to dry weights.

Forage Utilization Estimates

Percent utilization by weight was estimated for each species
(except coniferous trees) encountered during 1975 and 1976, This infor-
mation was later used in conjunction with double-sampling and dry-weight
conversions to adjust production data to a total unutilized, dry-weight
bagis. For areas ungrazed by livestock, utilization data also gave some

indication of locally important forage species for deer and elk.
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Percent utilization was determined by an ocular estimate by plot
procedure (Pechanec and Pickford i937b). This procedure requires an
ability to create mental images of plants as they are believed to have
appeared before use occurred based on comparisons with unutilized plants
possessing similar characteristics such as stem diameter, height, and
projected ground coverage. To gain this ability, the observer clips a
gmall plot (or individual species) to stimulate grazing and estimates
the percent "utilization" which has occurred. The remainder of the cur-
rent growth is clipped, and weighed. The weight of the initially
clipped material is then divided by the total weight. The quotient,
multiplied by 100, represents percent utilization of current-year
growth. Repeated estimation and checking enables the observer to
approximate varying degrees of utilization.

Few species encountered in this study were utilized to any ex-
tent; training efforts were concentrated on these species. To further
minimize error, one observer estimated production and utilization of
woody species, while a second dealt only with herbaceous species.

Complete conversion of green-weight estimates for utilized
plants to a nonutilized, dry-weight basis, involved three separate
steps: conversion from green to dry weight, double-sampling adjustment,

and adjustment for utilization.

Deer and Elk Forage Preference Ratings

A complete assessment of the effects of logging on deer and elk
forage resources would require quantification of changes in forage pro-

duction, quality, and availability prior to and throughout the



23
regeneration of a logged area. An assessment of this nature was beyond
the scope of this study. However, an attempt was made to quantify deer
and elk forage production at several points in time (both before and
after logging), and to relate this production to site and forest over-
story characteristics. To accomplish this, it was necessary to deter-
mine which study area plants were potentially useful to deer and elk.

Detailed forage preference information for deer and elk using
Southwestern mixed conifer forests as summer range is unavailable.
Information found for Arizona was restricted to rumen samples collected
near Willow Creek (Wallmo and McCulloch 1963), 30 mule deer rumen
samples collected from heavily overgrazed sites on the Kaibab Plateau
between 1925 and 1948,1 and Hungerford's (1970) observations, also from
the Kaibab Plateau. Information of this nature was apparently not
available for similar sites in New Mexico.2

Rumen samples collected near Willow Creek consisted of 63 mule

‘deer, 6 elk, and 2 white-tailed deer. Except for two mule deer samples

collected on July 25, 1962, these samples were all obtained between
September 22 and 27, 1961, and between September 21 and 29, 1962. While
useful, these data are restricted almost entirely to late September,

and much of the rumen material could not be identified to particular
species., On a percentage by volume and frequency of occurrence basis,
the most important elk food items, in approximate order of importance,

were: aspen, grasses plus grasslike plants, groundsel, mushrooms, and

1Unpublished data collected by J. T. Wright and E. R. Hall, and obtained
from Clay Y. McCulloch, Research Biologist, Arizona Game and Fish
Department.

2Personal correspondence with Walter A. Snyder, March 22, 1977.
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lupine. Aspen, lupine, mushrooms, '""Potentilla and/or Fragaria spp.,"
true firs, yarrow, grasses, and grasslike plants rated high for deer.

| Limited forage preference data dealing specifically with South-
western mixed conifer forest sites necessitated considerable reliance
on literature sources from other western areas. Therefore, ratings of
study area plants were based upon on-site observations, the Arizona
studies described above (with the exception of the earlier Kaibab data),
and literature from other areas where local species have been utilized
by mule deer or elk. These ratings represented a best estimate of each
plant's potential forage value to mule deer or elk. Plants which could
not be classified below the generic level were not given forage value
ratings unless all species which could be expected to occur on these
areas were listed in the literature as valuable forage items. Some
species within these unrated generic groupings were presumably used by
deer or elk. Additionally there were many species for which no prefer-
ence information was available, or which were not normally preferred.
Consequently, that portion of the understory having potential value to
deer and elk has probably been underestimated. More intensive food
habit studies within mixed conifer forests of Arizona may necessitate
some modification of these ratings.

Plants were not rated for Coues white~-tailed deer, as this sub-
species represented only a small portion of the deer using these sites.
Furthermore, the mixed conifer areas discussed here were considered to
be marginal habitat for them, and very little is known regarding their

food habits on these high elevation summer range sites.
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Plants were rated as either valuable or not valuable as forage
for deer and elk (Appendix B). Ratings for deer were based on the
following literature sources: Hungerford (1970), Kufeld, Wallmo and
Feddema (1973), Neff (1974), and Urness, Neff and Watkins (1975). The
source used for elk was Kufeld (1973). Final ratings were checked by
Roger Hungerford, Professor of Wildlife Management, University of
Arizona. Species rated as valuable generally correspond to Kufeld's
(1973) "highly valuable' or '"valuable' categories. As such these plants
would be moderately to highly preferred and would be expected to make up
a moderate tc major portion of the animals' diet if encountered. Spe-
cies rated in the above references as only being valuable during spring
(March through May) or winter (December through February) were not
rated for purposes of this study, as deer and elk use of the study area
was normally restricted to a period between May and early October.3

Predictive equations developed in this study provide estimates
of total seasonal forage production close to the end of the growing
season and are not directly convertible into a season-long carrying
capacity for either deer'or elk. They provide a relative index of
understory production responses to various site and stand conditions.
Whether or not this forage is ever utilized by deer or elk depends on
numerous factors beyond the scope of this paper. Thomas (1979) provides

considerable insight into some of these aspects.

Dependent Variables

For correlation and regression analyses purposes, a number of

understory rroduction components were treated as dependent variables,

3Personal correspondence with Jack O'Neal, June 22, 1977.
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" As previously indicated, these components represent current-year produc-
tion in pounds per acre, oven-dry weight., The following dependent

variables were initially established:

Yl = graminoid (grasses plus grasslike plants) production
Y2 = forb production

Y3 = browse production

Y4 = total understory production (Y1l + Y2 + Y3).

Production data for all sites sampled in 1975 and 1976 were
further partitioned into production components potentially important to
deer, elk, and either deer or elk as follows:

Y5
Y6

herbage (graminoids and forbs) important to deer

browse important to deer
Y7 = total deer forage (Y5 + Y6)

Y8 = herbage important to elk

Y9 = browse important to elk

Y10 = total forage (Y8 + Y9) important to elk
Y11l = herbage important to either deer or elk
Y12 = browse important to either deer or elk

Y13 = total forage (Y11l + Y12) important to either deer or elk
Y14 = aspen production
Aspen was the only understory species of common enough occur-
rence which was consistently utilized to warrant individual treatment.
Consequently, it was the only individual species for which an attempt
was made to develop equations for estimating its production under

different stand and site conditions,
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Creation of variables Y5 through Y13 was justified for two

reasons. First, based on literature and personal observations, many of
the species growing on mixed conifer forest sites were of little or no
forage value to deer or elk, at least not at existing population levels.
Second, deer and elk food habits often differ substantially. It was
felt that if predictive equations could be developed for these vari-
ables, they would provide a more desirable basis for assessing effects
of forest management practices on deer and elk forage resources. For
example, the extent of differential benefit afforded elk or deer as a

result of selected management options could be determined,

Independent Variables

This study was initiated with the objective of developing forage
production models based on readily available inventory data, such as
those collected by the RMFRES on Thomas and Willow Creek watersheds,
During these inventories, the following information was collected at
each permanent sampling point:

1. Slope gradient -- measured to nearest F¥.
2. Elevation -- measured to nearest 25 feet.

3. Aspect -- recorded as one of eight primary directions: north,
northeast, east, etc.

4, Number and diameter of trees (by species) tallied with a 25
basal area factor prism.

5« Periodic annual growth in cubic feet per acre.
Independent variables which were synthesized from the above data
as well as from additional data obtained in 1976 (together with ration-.
ale for their inclusion in correlation and regression analyses) will be

discussed below,.
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In developing inventory-prediction equations, primary emphasis
was given to forest overstory variables because wildlife management and
water yield improvement programs (both of which are prime management
considerations for these sites) consist essentially of vegetation

manipulation,

Forest Overstory Variables

The amount of light reaching the forest floor directly influ-
ences transpiration, evaporation, soil moisture, snow melt and accumu-
lation, frost occurrence, soil and air temperatures, decomposition
rates, and other important factors influencing plant occurrence and
growth. Consequently, on forested sites timber overstory conditions
largely determine botanical composition and yield of understory vegeta-
tion (Schuster and Halls 1962; Ffolliott and Clary 1974), as well as
phenological processes (Halls and Alcaniz 1972), and nutritional quality
of forage (McEwen and Dietz 1965; Hendrick et al. 1968; Wolters 1973;
Crawford et al. 1975).

A number of indices or expressions of forest density (including
stems per acre, sum of tree diameters, canopy coverage, and basal area)
have been used as inventory-predition variables for predicting under-
story production. Of these indices, basal area is one of the more -
widely used due to ease of measurement and comparatively high correla-
tion with understory production.

Due to its high association (positive correlation) with forest
canopy coverage, basal area is assumed to index a number of overstory
influences including: 1light interception and transmissivity (Jackson

and Harper 1955; Perry, Sellers and Blanchard 1969; Solomon, Ffolliott
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and Thompson 1976), temperature, wind velocity, and relative humidity
~= all of which directly affect photosynthetic processes. Basal area is
also assumed to index degree of soil nutrient and moisture competition
between overstory and understory vegetation., Furthermore, basal area
is understood and applied by land managers, and as such has become an
important independent variable in existing multiple-use models (Halls
and Schuster 1965; Ffolliott and Thorud 1972; Clary, Kruse and Larson
1975; Myers 1977).

As used in this study, basal area is defined as the sum of the
cross-sectional area (in square feet at 4.5 feet above ground expressed
on a per acre basis) of trees tallied with a 25 basal area factor (BAF)
wedge prism. Basal area values at each sampling point were determined
using the Bitterlich point-sampling method as described by Grosenbach
(1952). Point-sampling is a plotless method of selecting sampling trees
on the basis of their diameter at breast height (dbh) rather than fre-
quency of occurrence. From a specified point (corresvonding in this
study to the permanent plot markers on Thomas and Willow Creek water-
sheds and the center of the 9.6 square foot sampling frame elsewhere)

a wedge prism or angle guage that subtends a fixed angle of view was
used to determine which trees were tallied. Trees larger than the pro-
jécted angle were tallied, while smaller trees were ignored, Therefore,
the number of trees tallied at any given point was a function of diam-
eters of trees around that point, their distance from the sampling
point, and the BAF used. The BAF represents the square feet of basal
area per acre that each tallied tree represented, regardless of its

diameter. Therefore, if 10 trees were tallied at a given point using
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a 25 BAF prism, total basal area at that point would be 250 square feet

per acre.
Two independent variables were developed using plot basal area

information:

X1 = total basal area for all trees of pole size (7 inches dbh) or

larger,

X2

total basal area for all tallied trees, regardless of dbh.

By examining both these variables, the potential differential influence
of smaller trees could be assessed. With the Bitterlich point-sampling
method, smaller diameter trees had to be closer to the understory
measurement plot in order to be tallied; consequently their influence
on understory production could be substantial. If their influence was
found to be negligible, future inventory time could be saved by dis-
regarding smaller-size classes.

Literature and personal observations suggested the need for
evaluating the influence of forest stand composition on understory pro-
duction. For example, within the Douglas-fir zone of southern British
Colombia, Tisdale and McLean (1957) found that total ground cover and
forage yields were highest on aspen sites and lowest on Douglas fir
sites. In mixed conifer forests of central Utah, Harper (1973) found
that understory production was not significantly correlated with tree
basal area if only aspen was present. However, where conifers mixed
with aspen, understory production declined rapidly as basal area in-
creased. Severson and Kranz (1976) found similar relationships in
aspen-pine sites in South Dakota. Moir and Ludwig (1979) also observed
differences in understory yield among different mixed conifer habitat

types in Arizona and New Mexico. Stands dominated by aspen typically



31
produce considerably more understory vegetation than associated mixed
conifer communities (Castetter 1956; Morgan 1969; Reynolds 1969). With
these considerations in mind, four additional independent variables were

developed and tested:

X5 = percent of total basal area that consisted of aspen,

X6 = percent of total basal area that consisted of spruce,

X7 = percent of total basal area that consisted of true firs
(Abies spp.),

X8 = percent of total basal area that consisted of pine and

Douglas fir.

Potential Insolation

Aspect (the direction a sloping land surface faces) is a major
influence in controlling distribution and growth of plant communities
(Read 1951; Medin 1960; Klemmedson 1964; Robinson 1968). In this re-
gard, aspect may serve as a means of indexing effects of solar radiation
intensity on such factors as soil temperature, potential evapotranspira-
tion, and s0il moisture availability. The relationship between aspect
and understory production has been investigated in a number of forest
overstory-understory studies (Whelan 1962; Schuster 1967; Basile and
Jensen 1971).

Since aspect was not measured as a continuous variable in this
study, it was not suitable for correlation and regression analyses.
However, aspect can be used with slope gradient to develop a continuous-
like variable for comparing potential emergy differences among sites
(Ffolliott and Thorud 1972). This index, termed potential insolation,
represented the total amount of solar radiation that would strike a

surface plane located just above the tallest vegetation growing on a
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site -if attenuating effects of the atmosphere were disregarded. If we
assume that for any given site atmosphere attenuation is constant over
long-term considerations, the total potential insolation striking a
surface during one day is a function of time of year and three site
‘parameters -- slope gradient, latitude, and aspect. Tables based on
these parameters (Frank and Lee 1966) were used to derive potential
insolation values (measured in gram-calories/cm2 or langleys for each
sampling point. August 10th was selected as the index date to coincide
with sampling; tables for 34 degrees north latitude were used.

For forested sites, that portion of the potential insolation
which was available for use by understory plants is a function of the
overstory characteristics (e.g., crown cover, height, crown volume), and
time of year, and stand composition. As an index to overstory density,
stand basal area was closely associated with light transmissivity in
forest stands (Wellner 1948; Jackson and Harper 1955; Perry, Sellers and
Blanchard 1969; Ffolliott and Thorud 1972). Since understory production
is directly related to light transmissivity and inversely related to
basal area, a logical expression of this interaction should be the quo-
tient obtained by dividing potential insolation (X3) by total basal area
(X2). This interaction variable (X13) was computed and evaluated along
with the other independent variables. When basal area for a given plot

was zero, X13 was assigned the value of X3 for that plot.

Elevation
Over broad elevational ranges, differences in temperature and

the amount and type of precipitation are reflected in dramatic



33

differences in plant communities. In mountainous regions of Arizona,
total annusal precipitation increases at a rate of four to five inches
per 1000 feet rise in elevation (Lowe 1964). Mesophytic species gener-
ally increase under the combined effects of higher rainfall and cooler
temperatures at higher elevation, but mountain summits may actually be
more xeric than lower slopes due to drying effects of wind.

In predictive equations developed for lodgepole pine clearcuts
in Montana, elevation accounted for an additional 10% of the variation
in herbage production when added to an equation containing a variable
for number of years since clearcutting (Basile and Jensen 1971). How-
ever, range in elevation among their study sites was not indicated.
Arizona mixes conifer stands occupy a relatively narrow range of eleva-
tion. Consequently, the importance of elevation as a predictive index
of herbage production was expected to be small. Nevertheless, its im-
portance as an independent variable was evaluated, since this informa-

tion has already been obtained for a majority of the sampling points.

Forest Floor Depth

Dead organic material accumulated under forest stands (hereafter
referred to as the forest floor) influences a number of biologically
important processes, including soil moisture evaporation, infiltration
and percolation, erosion, and soil heating and cooling. These processes
may, in turn, influence other biological processes. For example, soil
temperature influences seed germination, plant establishment, and length

of growing season (Gary 1968; McConnell and Smith 1971).
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Understory herbage production has been shown to be inversely
related to the total depth of the forest floor (Wahlenberg, Green and
Reed 1939; Gaines, Campbell and Brasington 1954; Pase 1958; Jameson
19663 Clary, Ffolliott and Jameson 1968). Herbage production under
ponderosa pine is related not only to total forest floor thickness, but
also to thickness of individual layers making up the forest floor --
litter, duff, and humus layers (Clary et al. 1968). Total forest floor
depth and thickness of the humus 1ayer were more highly correlated with
herbage production than thickness of either the litter or duff layers,
but the amount of variation accounted for by total and humus thick-
nesses was not significantly different.,

Thickness of the forest floor, like understory production, is
directly related to various expressions of forest density (Pase and
Hurd 1957; Williston 1965; Ffolliott, Larson and Thill 1977), but Gaines
et al. (1954) suggested herbage production under longleaf pine may dbe
more correlated to amount of litter (r2 = 0.,21) than with overstory
basal area (r2 = 0.1h4).

Observations made in 1975 suggested that understory production
in mixed conifer forests might also be related to depth of the forest
floor.' Therefore, forest floor depth measurements were taken at all
sampling points inventoried in 1976. Three measurementé of total forest
floor depth were taken at each sampling point within the 9.6 square foot
frame. Measurements were recorded to the nearest millimeter using a
transparent ruler and later converted to inches. Care was taken to
avoid compression of layers, and recently deposited slash was excluded

from measurement. The mean of the three forest floor measurements
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obtained at each sampling point was used as an independent variable in

correlation and regression analyses.

Periodic Annual Growth

Herbage production and ring width of many woody plants are both
affected by precipitation (as well as site quality and other factors),
and several investigators have found significant correlation between
annual ring widths and forage production. McGinnies (1967) obtained
significant positive correlation coefficients for 10 of 31 woody plant-
herbaceous plant combinations from 11 locations in the western United
States. Dévis, Tueller and Bruner (1972) had similar success predicting
forage production from ring widths for five shrub species in Nevada.
Ffolliott and Clary (1974) developed highly significant regression equa-
tions for predicting herbage production under Arizona ponderosa pine
from annual forest growth data. Decisions relative to multiple-use
trade-of fs could often be facilitated if production of natural resources
(herbage and wood) were on a common time scale, such as annual forage
production and annual forest growth.

Since current annual growth (the increase in tree or stand
volume over one year) is often difficult to measure, the average annual
growth over a 5 to 10 year period is often substituted. The difference
in tree volume between the start and end of the growth period, divided
by the number of years involved, is termed periodic annual growth (PAG).
Since basal area increment is usually proportional to their basal area,
voint sampling is an ideal method for selecting trees to be sanpled in
that trees are sampled approximately in proportion to their growth

potential (Stage 1960).
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Data for computing periodic annual growth were obtained from one
of every four trees selected with a 25 BAF angle guage at all permanent
sampling points on the four Willow-Thomas Creek watersheds by the RMFRES
(Embry and Gottfried 1971b, 1971lc). PAG, expressed in cubit feet per
acre, was tested as an independent variable for predicting understory
production. Post-logging PAG data were used for East Willow Creek.
Growth data were not available for temporary plois inventoried on

Hannagan Creek or the hillside opposite the Thomas Creek service road.

Surface Rock Cover

Percent of ground cover occupied by exposed rock was visually
estimated on all 9.6 square foot sampling plots inventoried in 1976.
It was felt that these estimates would reflect space not occupied by
plants, and perhaps might index other soil characteristics that could
influence forage production, such as soil depth or drainage character-

istics. Estimates were recorded to the nearest %.

Slope Gradient

Aside from its influence on potential insolation, slope gradient
influences a number of key s0il properties closely associated with site
productivity, including soil depth, thickness and organic matter content
of the A horizon, soil moisture storage, and soil temperature (Buol,
Hole and McCracken 1973). Steeper slopes are usually associated with
shallower and rockier soils and greater runoff and, consequently, de-
creased site productivity. Site index values for most tree species are
negatively related to slope gradient (Einspahr and McComb 1951; Zahner

1958; Myers and Van Deusen 1960), but can be positively related where
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excéssive soil moisture is a limiting factor (Graney 1977). Herbaceous
plants are similarly related to these same soil properties (Tomanek
1964).,
Slope gradient was measured on all plots with an Abney level and

recorded to the nearest %%.



ANALYTIC PROCEDURES

Correlation Analysis

Simple correlation coefficients were computed as an initial step
in screening independent variables, and in determining relationships
among independent variables and between dependent and independent vari-
ables. A significance level of 0.05 was employed in this and all other
statistical procedure§ used in this study.

Overstory-understory literature and visual examination of
plottéd data suggested the need for evaluating relationships in trans-
formation detail (Ezekiel and Fox 1959; Freese 1964), Therefore, the
following functional relationships were evaluated:

(1) Y= £(X)

(2) Y = £f(LgX)
(3) Y= £(x%)
) Y = £(1/X)

(5) Lg¥ = £(X)

(6) LgY = £(LgX)

(7) Le¥ = £(x)

(8) LgY = £(1/X)
Y and X denote dependent and independent variables, respectively; Lg
denotes a common log to base 10 transformation. One was added to all
values of any variable containing zeros prior to logarithmic transfor-

mation.

38
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Bivariate Regression Analysis

Least square regression procedures were used to develop equa-
tions for predicting production of various understory vegetation com-
ponents as a function of forest overstory variables (X1, X2, and X13),
. since these are the only independent variables considered which can be
manipulated through management. Bivariate equations for understory
production as a function of forest composition variables (X5, X6, X7 and
X8) were not considered, as these variables were created to be used in
conjunction with basal area variables.

Of the eight functional relationships tested, only the one with
the highest r-value for each dependent variable will be presented.

Where differences in correlation coefficient among two or more of the
eight functions were less than or equal to 0.03, the one which consis-
tently produced the highest r values with the majority of the other
dependent variables was used. In those instances where understory com-
ponents were not related significantly to variables X1, X2, or X13, a
bivariate equation was computed using the independent variable which

was most highly related to the dependent variable in question.

Multiple Regression Analysis

Multiple regression analysis was used to determine if more
precige estimates of the various dependent variables could be obtained
through inclusion of additional site factor variables to equations con-
taining only basal area (X1 or X2) or the potential insolation-basal
area interaction variable (X13). Multiple regression analysis also

provided a means of evaluating the influence of a particular independent
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variable on the various dependent variables while controlling the in-
fluence of other independent variables.

Dependent variables used in multiple regression analysis were
not transformed since they were often linearly related to one or more
independent variables and logarithmically related to one or more addi-
tional variables. However, LgY as function of basal area (X2) was often
a better model than Y = f(LgX2). Where this occurred, total basal area
(X2) was transformed to an exponential form. To accomplish this, the
regression coefficient (b) was obtained for the equation

InY = a + b(X2)
where Ln denotes the natural log to base e (2.718). Using this coef-

b(X2) and used in place of X2

b(X2)

ficient, X2 values were transformed as e
in multiple regression analyses. Where the relationship Y = ae
was better than the other eight bivariate models tested, it will be
presented.

Multiple regression analysis was by the standard regression
method (as opposed to the hierarchial method) with forward (stepwise)
inclusion of independent variables (Nie et al. 1975). 1In the standard
method, independent variables are entered one by one, with the order of
inclusion determined by the respective contribution of each variable to
explained variance of the dependent variable. Variables were added to
the equation only as long as the entry and overall F value remained
significant at 0.05 level. Only one forest density variable (X1, X2 or
X13) was permitted in each equation, as correlation among these vari-

ables was high.
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Standard error of estimate (SEE) and coefficient of determina=-

2_in the case 6f multiple regression) values were computed

tion (r2. or R
for all regression equations developed., These statistics describe how
closely understory production can be estimated from the various forest
and site variables and the proportion of observed variance in under-
story production associated with the independent variables, resﬁectively.
In addition to these statistics, the following information will be pre-
sented in discussing the results of stepwise regression analyses:

simple correlation coefficients (r), incremental changes in R2, regres-

sion coefficients and their standard error values (sb), and an overall

equation F ratio and its significance level.

Weighted Regression Analyses

The relationship between understory production and various sife
factors (such as elevation, and slope gradient), as determined by pre-
viously described regression analyses, are ecologically important and
have management implications, as discussed later. However, from the
standpoint of the forest manager responsible for designing logging
prescriptions compatable with deer and elk forage needs, equations which
predict understory production responses as a function of changing stand
densities may‘be most important. Development of simple bivariate re-
gressions equations {(using unclassified data) was an initial effort
towards this end. Weighted regression procedures were employed as a
further refinement.

Regression procedures used in unweighted bivariate and multiple

regression analyses provide unbiased estimates of regression
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coefficients, even when the variance of Y (the dependent variables) is
not homogeneous. However, where variance is not homogeneous, weighted
regression procedures may provide more precise estimates of regression
coefficients (Freese 1964). Field observations and examination of
plotted data indicated that yield of understory vegetation tended to be
more variable at higher than lower BA levels. Therefore, a single ob-
servation at a lower BA level tells more about the location of the
regression line than does a single observation at a higher BA level.

In most weighted regression analyses, the observations are
weighted by using the reciprocals of the variance: ¢that is, W = i/sz,
where v, represents the weight of the ith observation. If the observa-
tions are means (as was the case in this phase of the analyses) the
inverse of the standard error of the mean is an appropriate weighting
factor, particularly where sample sizes vary considerably for each level
of the independent variable (Steel and Torrie 1960). Therefore, the

factor used to weight each mean production value was:

- b
W, = (ni) /si
where n, and s; are the sample size and standard deviation, respectively,

associated with each production mean, Y; associated with a given BA.

The following models were screened using weighted regression

procedures:
(1) Y= £(X)
(2) Y = £(1gX)
(3) 1gY = £(X)
(4) 1gY = £(1gX)
(5) Y = £(I/X)
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The equation having the highest significant r value was the only one
treated in later discussion. As before, standard error of estimate
(SEE) and coefficient of determination (r2) statistics were computed
for all regression formulae developed. In weighted regression, SEE and
r2 values describe how closely mean values of understory production
variables can be estimated from the independent variable and the pro-
portion of the observed variance of the means in the understory produc-
tion variables associated with the independent variable, respectively.

Procedures outlined by Meyer (1942) and exemplified by Clary
and Ffolliott (1966) were used to test for differences in production of
understory components between weighted regression curves developed for
unlogged and thinned stands. Comparisons between the unlogged treatment
and each of the thinned sites were made between BA 50 (the lowest BA
sampled on the unlogged sites) and 225 (the highest BA on Hannagan
Creek and Willow Creek for which there were at least two plots inven-
toried). East Willow Creek and Hannagan Creek were compared for BA O
to 225. Production differences were tested at 25 square foot increments

(ieeey BA O, 25, 50, « « « 225) along the curves.



RESULTS AND DISCUSSION

Independent Variable Levels

Minimum, maximum, and mean values of each untransformed inde-
pendent variable measured in 1976 are presented in Table 1 through 3
for unlogged sites, East Willow Creek, and Hannagan Creek, respectively.
Trees less than 7-inches dbh (saplings and small poles) were not com-
monly found on any of these timbered sites; consequently, differences
between mean values of X1 and X2 were negligible (13-14 square feet per
acre) on both thinned sites, and not much greater (33 square feet per
acre) for unlogged sites.

Mean potential insolation values were highest on Hannagan Creek
and lowest for unlogged sites. Elevation extremes were highest for
unlogged sites and lowest for East Willow Creek. Considering means,
Douglas-fir and pine (mostly ponderosa pine) made up nearly 60% of the
total basal area (X2) on both unlogged sites and Hannagan Creek, but
only 23.2% on East Willow Creek. As a percent of total basal area, mean
spruce composition was nearly identical for all three treatments. Aspen
was more abundant and fir less abundant on East Willow Creek in compari-
son with the other two areas., The greatest forest floor depth (5.6
inches) occurred on an unlogged site, but the mean value was slightly
higher for the 2-year-old thinning on Hannagan Creek, presumably due to

fairly recent additions of logging slash during timber thinning. The

ub



Table 1. Minimum, mean, and maximum values of independent variables measured on unlogged

mixed conifer sites, 1976.

Variable Symbol Unit of Measure Min. Mean Max.
Basal area of trees =7 inches dbh X1 Square feet 25 156 375
Basal area of trees =k.5 feet tall X2 Square feet 50 189 450
Potential insolation X3  Langleys/day 765 922 949
Elevation X4 Feet 7900 8874 9400
Portion of X2 that was aspen X5 Percent 0 11.2 100
Portion of X2 that was spruce X6 Percent o] 12.1 100
Portion of X2 that was fir X7 Percent 0] 20.4 100
Portion of X2 that was pine or Douglas-fir X8 Percent 0 5646 100
Forest floor depth ’ X9 Inches 0] 1.4 5.6
Periodic annual growth X10°  Cubic feet/acre 0 2.8  86.5
Surface rock cover X1l Percent 0 7.7 80
Slope gradient X12 Percent 0 2kl 60
Potential insolation per unit of basal area X13 Langleys/ft2 2.1 6.0 19.0

basal area

8pugust 10th index date (Frank and Lee 1966).

Growth data not available for 42 plots inventoried on hillside opposite Thomas Creek entrance

roade.
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Table 2. Minimum, mean, and maximum values of independent variables measured on East Willow
Creek, 1976.

Variable Symbol Unit of Measure Min. Mean Maxe
Basal area of trees >7 inches dbh X1 Square feet 0 58 275
Basal area of trees 24.5 feet tall X2 Square feet 0 72 300
Potential insolation Xx32  Langleys/day 828 92k 949
Elevation Xk Feet 8900 9080 9300
Portion of X2 that was aspen X5 Percent 0 29.3 100
Portion of X2 that was spruce X6 Percent 0 14,6 100
Portion of X2 that was fir X7 Percent 0 7+5 100
Portion of X2 that was pine or Douglas-fir X8 Percent 0 23.2 100
Forest floor depth X9 Inches 0 0.7 349
Periodic annual growth X10 Cubic feet/acre o] 87 U445
Surface rock cover X111 Percent - 0 2.4 35
Slope gradient Xi2 Percent 0 20.7 Lo
Potential insolation per unit of basal area X13  Langleys/ft> 2.9 261.0 948.9

basal area

fpugust 10th index date (Frank and Lee 1966).

9%



Table 3. Minimum, mean, and maximum values of independent variables measured on Hannagan

Creek, 1976.

Variable Symbol Unit of Measure in. Mean Max,
Basal area of trees =7 inches dbh X1 Square feet 0 93 275
Basal area of trees =4.5 feet tall X2 Square feet 0 107 275
Potential insolation X3®  Langleys/day 895 9k1 949
Elevation x4 Feet 8425 8687 9050
Portion of X2 that was aspen ' X5 Percent 0 14.6 100
Portion of X2 that was spruce X6 Percent 0 14,1 100
Portion of X2 that was fir X7 Percent 0 9.3 100
Portion of X2 that was pine or Douglas-fir X8 Percent 0 59.3 100 .
Forest floor depth X9 Inches 0 1.6 b7
Surface rock cover X11 Percent 0 1.6 30
Slope gradient x12 Percent 0 6.6 25
Potential insolation per unit of basal area X13 Langleys/ft2 3.4 37.5 9474
basal area

8pugust 10th index date (Frank and Lee 1966).

A



48
average forest floor thickness on East Willow Creek was approximately
half that of the other two treatments.

Periodic annual growth (which was not measured on Hannagan
Creek) was higher on the unlogged sites where tree density was higher
than on East Willow Creek, but average growth per unit of total basal
area was identical (0.12 cubic feet per acre) on both sites.

Surface rock cover averaged 7.7% for unlogged sites versus 2.4
and 1.6% for East Willow Creek and Hannagan Creek, respectively. Mean
slope gradient was highest for unlogéed sites (24.1%), intermediate
(20.7%) for East Willow Creek, and lowest (6.6%) for Hannagan Creek.
Potential insolation per units of total basal area (X13) varied widely
for both thinned stands, but little for the unlogged sites due to their

much higher average basal area.

Correlation Among Independent Variables

Results of simple correlation analyses among independent vari-
ables measured in 1976 are summarized in Tables 4 through 6. These
tables show all significant correlation coefficients between each inde-
pendent and all other independent variables. The large number of
significant correlations indicates considerable interactions among
independent variables, which must be kept in mind when examining rela-
tionships between production, site, and stand variables. Due to the
small differences between X1 and X2 and the high correlation between
them and with X13, only one of these variables were permitted in mul-
tiple regression equations,

The correlation information in Table 4 is interesting in that

it describes relationships for undisturbed forest conditions., Note



Table 4,

Correlation coefficient matrix of

unlogged mixed conifer sites.

significant independent variable interactions for

ok » X3 Xk X5 X6 X7 X8 X9 X10 X11 X12

X2 .85

X3 NS NS

Xk .29 .23 .32

X5 NS 20 =.13* .20

X6 NS NS -2k NS NS

X7 .21 J5 -.18 NS -J11* -,13¢

X8 .26 -.2h 36 =18 -8 -52 .5k

X9 Jdb* 21 -.12* NS NS NS NS NS

X10 .34 .Sh NS 21 L3 .25 NS =36 .13*

X11 =24k .23 NS -.29 -.15 =,12*¢ -,12* .25 NS -o16

X12 -39 -.33 ~.58 -.57 NS NS NS Jd1* NS -.15 3h
13 -.71 =83 NS -2k -.16 -.10* NS 2h =17 =50 22 <29

B8NS denotes nonsignificance at .05 level. Asterisks denote significance at

without asterisks are significant at <.0l level.

«05 level; values

le = basal area of trees =7 in. dbh; X2 = basal area of all tallied trees; X3 = potential insola-
tion; X4 = elevation; X5 = percent of X2 as aspen; X6 = percent of X2 as spruce; X7 = percent of
X2 as fir; X8 = percent of X2 as pine or Douglas-fir; X9 = forest floor depth; X10 = periodic
annual growth; X11 = surface rock cover; X12 = slope gradient; X13 = potential insolation-basal

area interaction.

6



Table 5. Correlation coefficient matrix of significant independent variable interactions for
East Willow Creek.?

b

X1 X2 X3 Xi X5 X6 X7 X8 X9 X10 X1l X12
X2 .93
X3 =29 =.30
Xh NS NS .23
X5 031 «33 NS 35
X6 NS NS -.29 NS -23
) 4 NS NS NS NS -.17* NS
X8 .28 .26 NS -.28 -.28 -.20 NS ,
X9 .32 o35 =22 NS NS NS NS NS
X10 «Sh .68 -.22 NS .18+ NS NS «25 43
X11 NS NS NS -.27 NS NS NS .18+ NS NS
X12 NS NS =60 -.50 -3k .17* NS 22 NS NS .18+
X13 -.57 -.61 NS NS -.46 -2U -.21 -.36 -27 -147 NS NS

aNS denotes nonsignificance at .05 level. Asterisks denote significance at .05 level; values
without asterisks are significant at <.0l level.

bx1 = basal area of trees 27 in. dbh; X2 = basal area of all tallied trees; X3 = potential insola-
tion; X4 = elevation; X5 = percent of X2 as aspen; X6 = percent of X2 as spruce; X7 = percent of

X2 as fir; X8 = percent of X2 as pine or Douglas-fir; X9 = forest floor depth; X10 = periodic
annual growth; X11 = surface rock cover; X12 = slope gradient; X13 = potential insolation-basal
area interaction.




Table 6.

Hannagan Creek.?

Correlation coefficient matrix of significant independent variable interactions for

b

X1 X2 X3 Xk X5 X6 X7 X8 X9 X11 x12

X2 .92

X3 NS NS

Xk NS NS NS

X5 NS NS NS NS

X6 NS NS NS «29 NS

X7 NS NS NS NS -.22* NS

X8 NS NS NS -e33 -6 -.55 -.25*

X9 NS NS NS - 2U* NS NS NS 2

X11 NS NS NS NS NS NS NS NS NS
x12 NS NS NS -e33 NS -.28* NS 24 NS 23
X13 =31 -e35 NS L2u* NS NS NS -.28* Ns NS NS

8NS denotes nonsignificance at .05 level. Asterisks denote significance at .05 level; values
without asterisks are significant at <,01 level,

bXl = basal area of trees 27 in. dbh; X2 = basal area of all tallied trees; X3 = potential
insolation; X4 = elevation; X5 = percent of X2 as aspen; X6 = percent of X2 as spruce; X7 =
percent of X2 as fir; X8 = percent of X2 as pine or Douglas-fir; X9 = forest floor depth;
X11 = surface rock cover; X12 = slope gradient; X13 = potential insolation-basal area

interaction.

X10 not measured on this area.
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that while total basal area (X2) was not significantly related to‘poten-
tial insolation (X3), all four stand composition variables were; aspen
(X5), spruce (X6), and fir (X7) composition were inversely related,
while pine and Dougla;~-fir composition was directly related to potential
insolation. Aspen composition was directly related to elevation, while
pine and Douglas-fir varied inversely to elevation. Relationships
between spruce and fir and elevation were not significant. Basal area
variables (X1 and X2) were positively related to elevation (X4), but
inversely related to surface rock cover (X11) and slope gradient (X12).
Slope gradient and rock cover were positively correlated on all sites.

Thickness of the forest floor (X9) was directly related to basal
area (X1 and X2) and periodic annual growth (X10), inversely related to
potential insolation per unit of basal area (X13), but not significantly
correlated with stand composition variables. Periodic annual growth
(X10) was positively related to basal area, elevation (X4), aspen (X5)
and spruce composition (X6), and forest floor depth (X9), but inversely
related to surface rock cover (Xll), slope gradient (X12), and pine and
Douglas-fir composition (X8).

Despite of the effects of logging, several of the relationships
observed for unlogged sites also held for the four~year-old thinning on
East Willow Creek (Table 5). Forest floor depth was again related to
basal area (X1 and X2), and indirectly related to potential insulation
(X3), indicating that the more mesic and cooler stands with higher basal
areas tended to have greater forest floor depths. As with the unlogged
sites, higher elevation sites typically had less surface rock and lower

slope gradients.
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Correlation Between Dependent and
Independent Variables

Results of simple correlation analyses between dependent (pro-
duction) and independent variables are summarized for the three forested
treatments in Tables 7 through 9. Table values consist of significant
simple correlation coefficients (r values) followed by a number corre=-
sponding to the transformation model for which the r value was derived
(see table footnote). Note that the sign of the r values is opposite
for inverse models 4 and 8. Note also that since X13 involves an in-
verse of X2, its r values will be opposite those of X1 and X2 unless
inverse models 4 or 8 are inﬁolved.

Potential insolation (which was incorporated into X13) was not
significantly correlated with any of the production variables on
Hannagan Creek, and it was only marginally significant on the unlogged
and East Willow Creek sites. Consequently, X3 was deleted from these

tables to save space.

Unlogged Sites

On undisturbed sites understory components (except browse vari-
ables Y3, Y6, Y9, and Y12) were most correlated with either total basal
area (X2) or potential insolation per unit of total basal area (X13)
(Table 7). Although producfion of certain understory species appeared
(from personal observations) to be influenced by slope aspect, combined
production of understory groups was apparently not greatly influenced
by slope gradient or aspect (the two principal determinants of potential
insolation). Had this been otherwise, potential insolation per unit of

basal area should have had higher r values than basal area alone. Due



Table 7 .

variables for unlogged mixed conifer sites.?

Summary of significant'simple correlation coefficients between dependent and independent

X1 X2 Xbh X5 X6 X7 X8 X9 x10 X11 X12 X13
Y1 -.29,6 =.35,6 -.16,6 =2l 6 .22,7 =e29,6 <=.20,6 25,6 .20,6 .35,6
Y2 -.10,2 -.16,2 16,5  .16,5 -.14,2 -.17,5 -.28,5 -.11,6 -.12.4
Y3 -.21,6 =.22,6 .27,4 -.11,5 .10,5 Ah,5 -.23,6 37,5 .38,5 .22,2
W -.23,6 -.29,2 -.14,8 -.20,2 -.23,5 «.23,6 .19,5 -.16,8 .30,6
Y5 -.1h4,1 -.20,5 .12,8 26,5 =.11,2 -.19,5 =-.15,5 =.18,6 12,5 .28,3
Y6 -.22,5 -.23,5 .27,4 -.14,6 J1,5 -.24,6  .35,7  .38,7 .24,6
Y7 -.23,1 -.28,5 .22,8 18,5 -.13,4 -.11,5 27,6 27,5 32,5 .28,1
Y8 -,29,6 -.35,6 =.16,8 <=.11,8 -=.23,6 .19,3 =.26,5 =.20,6 26,6 22,6 .36,6
Y9 -.16,2 -.18,5 .33,4 -.14,5 .11,5 .15,2 -.11,6 -.24,6  .32,3  .30,7 .18,2
Y10 -.28,6 -.35,6 .16,8 -.18,6 .11,7 -.18,2 .18,3 -.18,5 -.26,6 .30,5 .28,5 .33,6
Y11 -.30,6 -.36,6 -17,8  .11,8 -.24,6  .17,3 -.27,5 =.21,6 .26,6 .21,6 .37,6
Y12 =.22,5 =23,5 27,4 -.14,6 .10,7 13,5 =23,6  .37,5 40,7 .22,6
Y13 -.32,6 -.38,6 .17,8 -.18,6 -.11,8 -.19,2 .17,3 =.17,5 =.26,6 33,5 33,5 .39,6
Y1h A8, .17,8 ~e23,7 =.11,7 -.26,6 =.20,5
8The first number is the correlation coefficient and the second corresponds to one of the following

model numbers for which the coefficient was obtained:
f(Xa); (B) Y = £(1/X); (5) LegY = £(X); (6) LeY = £(LgX); (7) Lg¥ = £(X2); (8) LeY = £(1/X).

M Y=£X);@Y=71f1eX); B3 Y =

1]



Table 8., Summary of significant simple correlation coefficients between dependent and independent
variables for East Willow Creek.2

X1 X2 Xk X5 X6 X7 X8 X9 X10 X12 X13

Y1 «uB8,6 =o51,5 «u22,5 =e31,6 =.27,8 =.23,8 =.23,6 -.52,6 =.49,6 -.50,8
Y2 =.35,6 =.37,6 -e25,8 ~.25,8 -.29,8 -.25,6 -.50,5 =.40,6 «36,6
Y3 «29,5 20,7 17,k .19,8

Yh -.11,6 -.46,5 -«.29,8 -.21,8 =.35,8 =.32,6 =.53,6 =l48,6 =420,3 44,6
Y5 -.41,6 -.47,6 -.14,5 -.29,6 -.29,8 -.18,8 =-.25,6 -.57,5 =.46,6 46,6
Y6 «3245 25,7 17,4 24,8

Y7 -.38,6 -.42,5 -e23,8 22,8 =.29,6 =.51,6 =.h4,6 -.17,3 H1,6
Y8 -.40,6 -.U45,5 —e25,2 ~o30,8 -.22,8 =.27,6 ~.56,5 -.U49,6 45,6
Y9 ¢30,5 20,7 W17,k .20,8

Y10 -.37,5 -.44,5 -.24,8 24,8 29,6 -.50,6 =.46,6 =-.18,3 -.U43.8
Y11 -.41,6 -.47,6 ~e2742 =.28,8 -.21,8 -.29,6 =.58,5 -.49,6 17,6
Y12 «29,5 «19,1 17,k .18,8
Y13 -.39,6 -.bh,6 -.24,8 -2l,8 =.30,6 =.53,6 -.47,6 =.18,3 b6
Y14 13,5  .28,7 -.18,1 «30,8

8The first number is the correlation coefficient and the second corresponds to one of the follow=
ing model numbers for which the coefficient was obtained: (1) ¥ = £(X); (2) Y = £(LgX); (3)
Y = £(x2); (8) Y = £(1/X); (5) Lg¥ = £(X)3 (6) Lg¥ = £(LgX); (7) LgY = £(x2)5 (8) Lg¥ = £(1/X).
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Table

9. Summary of significant simple correlation coefficients between dependent and

independent variables for Hannagan Creek.?

X1 X2 X5 X6 X7 X8 X9 X13
Y1 -.46,6 -.48,6 -.24,8 -.49,6 48,6
Y2 -.b0,2 -.hh,2 -e23%3,8  ~.37,5 Al 2
Y3
Y  =.45,2  -.50,2 -.26,8 -.25,8 -.37,6 50,2
Y5 -.52,6 =.55,6 -.38,6  J43,2
Y6 -e25,8 =.23,8
Y7 -.40,6 -.48,6 -.28,8 -e25,2 A5,2
Y8 -.50,6 =.51,6 -e26,8 -.23,8 -.24,8 -.4h4,6 52,2
Yo -e23,8
Y10 -.39,6 - b4,2 -.31,8 «.25,8 <.30,6 45,2
Y11 -.51,6 =.51,6 =-.23,8 -e23,8 -k 6 10,2
Y12 -.23%,8
Y13 -.40,6 <=.45,6 -.30,8 =.26,8 -.31,2 oAl 2
Y1k
BThe first number is the correlation coefficient and the second corresponds to one of
the following model numbers for which the coefficient was obtained: (1) Y = £(X);
(2) Y = £(LgX); (3) ¥ = £(X2); (4) Y = £(1/X); (5) LegY¥ = £(X); (6) Lg¥ = £(LgX); (7)
LgY = £(%2); (8) Lg¥ = £f(1/X). Coefficients for potential insolation (X3), elevation

(X4), surface rock cover (X11), and slope gradient (X12) were not significant.
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to the negligible influence of potential insolation, there was little
difference in r values associated with X2 and X13, Correlation co-
efficients between X2 and X13% and understory production variables were
generally highest for log or log~-log functions (models 2 and 6).

Browse production variables were most correlated with surface
rock cover (X11l) and slope gradient (X12), with all but aspen (Y14)
being positively related to both factors. Aspen tended to be more abun-
dant on the more level sites which typically had less exposed rock.

Total basal area (X2) consistently gave higher r values with
all production variables (though less so for browse variables) than did
basal area for trees 7-inches dbh or larger (X1). The average differ=-
ence in r values between X1 and X2 was 0.04 across all significant
relationships, and 0.06 if browse variables were excluded. Though small
this latter difference (0.06) represents an average improvement in r
values of 28.4% even though the difference in mean values of X1 and X2
was only 33 square feet per acre. Difference between X1 and X2 were
less for both thinned sites, but similar relationships in r values were
evident. Consequently, total basal area (X2) was used instead of X1 for
all subsequent analyses. Nearly identical r values for X1 and X2 with
browse components suggest that browse production was less influenced by
presence of saplings and small poles than was herbage production.:

Except for aspen (Y1lhk), browse components were positively re-
lated to forest floor thickneés (X9): other understory components were
inversely related to X9. All production variables were positively
related to surface rock cover (X1ll) and slope gradient (X12), but

inversely related to periodic annual growth (X10). Production of those
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variables significantly correlated with elevation (X4) tended to be
greater on higher sites..

Correlation between understory production varisbles and stand
composition variables (X5 through X8) was generally low and not con-
sistent in terms of sign. Graminoid production (Y1) tended to be
favored by presence of pine and Douglas-fir which tended to occur in
more open stands on the more xeric sites, but adversely affected by
aspen (X5) and spruce (X6) which tended to occur in denser stands. Ford
production was positively related to aspen and spruce presence, but
negatively related to fir (X7) and pine and Douglas-fir (X8) presence.
Total browse production (Y3) was negatively related to aspen composition,
but positively related to fir composition. Total understory production
(Y4) was positively related to aspen composition (X5), and inversely
related to fir composition (X7). Production of total deer forage (Y7)
was positively correlated with presence of spruce (X6) and fir (X7),
but negatively correlated with combined pine and Douglas-fir composi-
tion, and not significantly correlated with aspen composition. Produc-
tion of total elk (Y10) forage was positively correlated with spruce
(x6) andApine and Douglas-fir (X8), but negatively correlated with aspen

(X5) and fir (X7) composition.

East Willow Creek

As with the unlogged sites, potential insolation was only
slightly correlated with production variables; consequently, there was
little difference in r values between total basal area (X2) and poten-

tial insolation per unit of basal area (X13), (Table 8). Unlike
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unlogged sites, browse production on East Willow Creek tended to be
greater at higher elevations; graminoid (Y1) and deer herbage production
(Y5) were greater at lower elefations.

Production variables which were significantly related to stand
composition variables were all positively related to spruce (X6) and
fir (X7) composition, but inversely related to pine and Douglas-fir
(X8) composition. Graminoid (Y1) and deer and elk herbage components
(Y5, Y8, and Y11) were negatively related to aspen composition (X5); all
other production variables were positively related to aspen composition.

Production variables which were significantly correlated with
forest floor depth (X9), periodic annual growth (X10), and surface rock
cover (X11) were inversely related to these factors. Browse production
variables- were not significantly correlated with either forest floor
depth or periodic annual growth, but were negatively correlated with
surface rock cover (X12). With the exception of browse variables, under-
story components on this l4-year-old thinned site were slightly more
correlated with forest floor depth than with total basal area (X2) or
potential insolation per unit of basal area (X13). Periodic annual
growth (X10) typically had comparable or higher r values than X2 or X13,
Surface rock cover (X11) was not significantly related to any of the

understory variables.

Hannagan Creek

Since potential insolation (X3) was not significantly related to
understory production variables, there was once again little difference

in r values between total basal area (X2) and potential insolation per
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unit of basal area (X13) (Table 9). Total browse production (¥3) was
not significantly correlated with any of the independent variables
tested; elk browse (Y9) and deer or elk bfowse (Y12) were only signifi-
cantly correlated with fir composition (X7). Compared with unlogged
stands and East Willow Creek, there were fewer significant r values
associated with aspen (X5), spruce (X6), and pine and Douglas-fir com-
position (X8). Where significant, production variables were all posi-
tively related to fir (X7) and combined pine and Douglas-fir (X8)
composition., All understory components which were significantly corre=
lated with forest floor depth (X9) were inversely related to this
factor.

Hannagan Creek had little exposed rock, and the lowest average
slope gradient of the three timbered treatments studied. Consequently,
surface rock cover (X1l) and slope gradient (X12) were not significant

factors on this site.

Bivariate and Multiple Regression Analyses

Unlogged Sites

Bivariate and multiple regression equations for predicting
production of understory vegetation groups and deer and elk forage com-
ponents are summarized in Tables 10 and 11. Tables D=1 through D=4 of
Appendix D summarize stepwise multiple regression results. All equa-
tions shown are significant, but coefficient of determination (Rz)
value are disappointingly low; however, they are not unreasonable,
given the size of the sampling frame employed and the extent of inherent

understory production variability typical of these sites. The best



Table 10. Summary of bivariate and multiple regression analyses of understory vegetation

groups and deer forage components for unlogged mixed conifer sites.

Vegetation Group Regression Equationsa SEE R2
Graminoids Lg(Y1+l) = 1.42Lg(X13+1) -~ .531 Ol 12
Y1 = 79.3Lg(X13+1) - .264(X7) -41.2 ks,1 .10
Forbes Y2 = 166 -53.0Lg(X2+1) 77.5 .03
Y2 = 176 =59.7Lg(X2+1) +.472(X5) 77.0 Ok
Browse Lg(¥3+1) = 1.74 -,560Lg(X2+1) 490 .05
Y3 = .289(X12) +.235(X11) +9.75Lg(X13+1) -9.85 15.4 .16
Total Understory Lg(¥l) = 533 +l.14Lg(X13+1) 666 .09
Production Y4 = 140Lg(X13+1) -.491(X7) 94,6 .08
Deer Herbage Lg(Y5+1) = 145 +.037(X13) 515 .05
¥5 = 37.7Lg(X13+1) +.179(X6) -26.2 25.2 .08
Deer Browse Lg(Y6+1) = .675Lg(X13+1) -.079 488 06
Y6 = +273(X12) +.236(X11) +10.6Lg(X13+1) -10.6 15.1 .16
Total Deer Lg(Y7+1) = 2.65 -.883Lg(X2+1) 563 .09
Forage Y7 = b7.3Lg(X13+1) +.4OL(X12) -35.3 29.3 .12

8yariables: X2 = total basal area; X5 = percent of X2 that was aspen; X6 = percent of X2
that was spruce; X7 = percent of X2 that was true fir; X1l = percent surface rock cover;

X12 = percent slope gradient; X13 = potential insolation (X3) divided by X2.
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Table 1l. Summary of bivariate and multiple regression analyses of elk and total deer and elk
forage for unlogged mixed conifer sites.

Vegetation Group Regressgion Equationsa SEE RZ
Elk Herbage Leg(¥8+1) = 1.42Lg(X13+1) -.519 650 .13

Y8 = 62.4Lg(X13+1) -.260(X7) +.393(X11) -30.4 bp,0 .11
Elk Browse Lg(Y9+1) = .581 -.094X1072(X2) 425 .03

Y9 = Lhox103(X4=1) 4.122(X11) +.088(X12) -49.6 9.00 .15
Total Elk Lg(Y10+1) = 3.00 -.964Lg(X2+1) 621 .12
Forage Y10 = 67.0Lg(X13+1) +.593(X11) -.228(X7) -32.6 43,3 .1b4
Deer and Elk Lg(Y11+1) = .217 +.077(X13) 647 13
Herbage Y11 = 73.4Lg(X13+1) -.275(X7) -31.1Lg(X9) +.342(X11) 45,9 .1k
Deer and Elk Lg(Y1241) = 1.80 -.584Lg(X2+1) 489 .05
Browse Y12 = .288(X12) +.238(X11) +9.96Lg(X13+1) -10.1 15.2 .17
Total Deer and Lg(Y13+1) = 1l.44Lg(X13+1) -.253 613 .15
Elk Forage Y13 = 91.8Lg(X13+1) +.606(X11l) -260(X7) -48.0 L8.2 .16
Aspen” Y1k = 1.68 -.284(X12) 2.59 .02

3Variables: X2 = total basal area; Xh‘l = inverse of elevation; X7 = percent of X2 that was
true fir; X9 = forest floor depth; X11 = percent surface rock cover; X12 = percent slope
gradient; X13 = potential insolation (X3) divided by X2.

bMultiple regression equations for aspen were not significant.
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equation developed for unlogged sites explained only 17% of the varia-
tion in yield of desirable deer and elk browse (Y12). Telfer (1972)
also found that regressions of individual plot yields against measures
of stand density often gave poor correlations for dense mixed conifer
stands,

Multiple regression consistently gave higher R2 values for
browse components than did bivariate regressions. However, through
selection of appropriate transformation, bivariate regressions often
yielded equations of equal or higher R2 values than multiple regression
for other vegetation components. For example, potential insolation per
unit of basal area (X13) accounted for 12% of the variation in gramin-
oid production (Y1) using a log-log relationship, but only 8.8% for Yl
as a function of log X13 (Table D-1 of Appendix D). Fir composition
(X7) explained an additional 1l.7% for a total of 10.5%, which was still
1.5% less than explained by the log-log bivariate equation.

Total basal area (X2) or potential insolation per unit of basal
area (X13) were incorporated into all but one of the 13 multiple re-
gression equations shown in Tables 10 and 11, and were the first vari-
ables entered in all but three of these equations (those for Y3, Y6, and
Y1l2). Equations containing X2 or X13 also typically contained one
stand composition variable and/or surface rock cover (X11l). Except for
aspen, multiple regression equations for browse components contained
surface rock cover (X11) and slope gradient (X12); slope gradient was
the only variable entered into the aspen equation. Elevation (X&) was
the first variable entered into the equation for elk browse (Y9), and

explained 10.9% of the variation in Y9. Despite its relatively high
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correlation with most of the dependent variables, periodic annual growth
(X10)was not incorporated into any equation, presumably because of its
relatively high correlation (0.54) with total basal area (X2). Simi-
larily, forest floor depth (Y9) was only entered into the equation for

'total deer and elk herbage (Y1l), where it accounted for just 1% of the

variation.

East Willow Creek

Bivariate and multiple regression equations for the l4-year-old
thinning on East Willow Creek are summarized in Tables 12 and 13. Step~
wise regression results are presented in Tables D-5 through D-8 of
Appendix D,

Equations for browse variables do not appear in Tables 12 and
13 since browse production was not significantly correlated with any of
the overstory variables except aspen (X5) and combined pine and Douglas-~
fir composition (X8). Examination of response means in Tables D-5
through D-8 of Appendix D indicate that 89% of total browse production
(Y3), 94% of deer browse, and 90% of elk and deer or elk browse con=-
sisted of aspen. Cohsequently, it is not surprising that brone Pro-
duction variables were directly related to aspen composition. Aspen
tended to be less abundant on the steeper drier sites dominated by pine
and Douglas-fir and, therefore, browse variables were inversely related
to pine and Douglas-fir composition (X8) and slope gradient (X12).

Since most of each browse component consisted of aspen, the regression
coefficients for Y3, Y6, Y9, and Y12 are nearly identical (Tables D=5

through D-8).



Table 12, Summary of bivariate and multiple regression analyses of understory vegetation

groups and deer forage components for East Willow Creek.

Vegetation Groupa Regression Equationsb SEE R2
Graminoids Leg(Y141) = 1.72 -.709X10”2(X2) .8%6 .26

Y1 = 85.4 -166e~-016(X2) 8o (xg41) 196 .21
Forbs Lg(Y2+41) = 2.02 -.436X1072(X2) 825 .13

Y2 = 302 -318Lg(X9+1) -101Lg(X10+1) 2k 16
Total Understory Lg(Thel) = 2.48 - hh7X1072(xX2) 635 .21
Production Th = 580 -633Lg(XM1) -177Lg(X10+1) 359 .23
Deer Herbage Lg(¥5+1) = 2.08 -.531Lg(X2+1) 870 .23

Y5 = 69.4Lg(X13+1) -336Lg(X9+1) 223  L19
Total Deer Le(Y7+1) = 2.10 -.434X1072(X2) 691 .17
Forage : Y7 = 159 =371Lg(X9+1) +56.1Lg(X13+1) 263 .14

aMultiple and bivariate regression equations for browse production (Y3 and Y6) were not

significant.
b
X13 = potential insolation (X3) divided by X2.

Variables: X2 = total basal area; X9 = forest floor depth; X10 = periodic annual growth;
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Table 13. Summary of bivariate and multiple regression analyses of elk and total deer and
elk forage components for East Willow Creek.

Vegetation Groupa Regression Equationsb SEE R2
Elk Herbage Lg(¥8+1) = 1.8% -.620X1072(X2) .903 .20

Y8 = 267 -L468Lg(X%H+1) ~1.11(X5) 232,18
Total Elk Forage Le(Y10+1) = 2.16 -.470X10"2(X2) .708 .19

Y10 = 291 -501Lg(X9+1) 272 .12
Deer and Elk Lg(Y11+1) = 2,22 -.538Lg(X2+1) 884 22
Herbage Y11 = 333 -419Lg(X%+1) -120Le(X10+1) 263 .20
Total Deer and Lg(Y13+1) = 2.21 -.A473(X2) 697 .20
Elk Forage Y13 = 333 -600Lg(X9+1) 299 .1b4

®Multiple and bivariate regression equations for browse (Y9 and Y12) and aspen (Y14)
were not significant,.

bVaria.bles: X2 = total basal areaj; X5 = percent of X2 that was aspen; X9 = forest floor
depth; X10 = periodic annual growth; X13 = potential insolation (X3) divided by X2.
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Production of browse components ﬁas more highly correlated with
elevation (X4) than aspen composition (X5) when transformations were
used (Table 8). However, in multiple regression analyses where only un-
transformed dependent variables were used, only aspen composition (X5)
was entered as a significant independent variable (Tables D-5 through
D-8 of Appendix D).

Results of bivariate regressions involving the functions LgY =
f(X2) or Lg¥ = f(LgX2) yielded generally higher R® values than did mul-
tiple regression analyses where only transformation of the independent
variables were used. Equations resulting from bivariate analyses had
an average R2 of 0.20 versus an average of 0,17 for those resulting from
stepwise multiple regression analysis.

In addition to variables X2 and X13, forest floor depth (X9)
and/or periodic annual growth (X10) were important inventory prediction
variable on this thinned site. In multiple regression analyses, X2
accounted for 15.3% of the variation in graminoid porduction (Y1) and X9
accounted for an additionsl 5.4%. As the first variable entered in the
multiple regression analysis of forb production (Y2), X9 accounted for
12.%% of the variation in Y2; periodic annual growth added an additional
3.3% to explained variation. Forest floor depth and periodic annual

growth together accounted for 23.2% of the variation in total understory
production (Y4). Forest floor depth was the first variable entered
during multiple regression analyses of all deer and elk forage com-
ponents, and was the only variable entered for total elk forage (Y10)
and for total deer or elk forage (Yl13)e. In each of these equations,
production was inversely related to forest floor depth, and an average

of 13.7% of the variation in deer or elk forage production was accounted
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for by X9. Additional variables that were entered included potential
insolation per unit of basal area (X13), periodic annual growth (X10),

and aspen composition (X5).

Hannagan Creek

Bivariate and multiple regression equations for the 2-year-old
thinning on Hannagan Creek are summarized in Tables 14 and 15. Step-
wise regression results are presented in Tables D-9 through D-11 of
Appendix D. Recall that browse production variables were only signifi-
cantly related to spruce (Y6) and fir (Y¥7) composition, and therefore
do not appear in these tables. »

Total basal area (X2) or potential insolation per unit of X2
(X13) had highest partial correlation coefficients and, therefore, were
the first variable entered during stepwise analyses. As with the other
two treatments, through appropriate selection of transformations,
bivariate regressions involving X2 or X13 yielded comparable or superior
results compared with multiple regressions. As the only other variable
to be entered during multiple regressions,forest floor depth (X9) ex~
plained an additional 4 to 8 of variation in dependent variables after

X2 or X13 had been entered.

Weighted Regression Results

Unlogged Sites

Weighted regressions of means of understory production com-
ponents with total basal area (X2) yielded an average r2 of 0.70 for
those relationships having significant regression coefficients; r2

values ranged from 0.21 for forbs (Y2) to 0.83 for browse (Y3)



Table 14, Summary of bivariate and multiple regression analyses of understory vegetation
groups and deer forage components for Hannagan Creek.

Vegetation Groupa Regression Equationsb SEE R2
Graminoids Le(Yl+41l) = 2.4 =,929Lg(X2+1) 17 W23

Yl = 103e-.129x1o‘1(x2) -120Lg(X9+1) 69.0 .22
Forbs Y2 = 2700=+11401071(x2) 121 .20
Total Understory Y4 = hlle-'IISXIo-l(XZ) 150 .28
Froduction yh = 37em+118K107 (x2) ~191Lg(X9+1) 7 .32
Deer Herbage Lg(¥5+1) = 2.26 =.913Lg(X2+1) 606 .29

Y5 = 73.7Lg(X13+1) -62.4 61.8 .19
Total Deer Forage Leg(Y7+1) = 2.41 -.783Lg(X2+1) 606 .23

Y7 = 78.4Lg(X13+1) -60.0 61l.7 .21

aMultiple regression equation for forbs (Y2) was not significant, nor were bivariate
and multiple regression equations for deer browse (Y6).

bVariables: X2 = total basal area; X9 = forest floor depth; X13 = potential insolation
(X3) divided by X2.
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Table 15, Summary of bivariate and multiple regression analyses of elk and total deer and

elk forage components for Hannagan Creek.

Vegetation Groupa Regression Equationsb SEE R2
Total Elk Forage Y10 = 65.6Lg(X13+1) =-39.k 53.1 20
Total Deer and Lg(Y1l+l) = 2.62 =.986Lg(X2+1) L7001 26
Elk Herbage

Y11 = 69.1Lg(X13+1) -103Lg(X9+1) 4.4 21
Total Deer and Lg(¥Y13+1) = 2.55 -.775Lg(X2+1) 650 .20
Elk Forage 1

Y13 = 134e~*111X10 "(X2) _op o1 o (x9e1) 7.8 .21

8Regression equations for elk browse (Y9) and aspen (Y14) were not significant, nor was

the multiple regression equation for total elk forage (Y10).
b
(X3) divided by X2.

Variables: X2 = total basal area; X9 = forest floor depth; X13 = potential insolation

od
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(Table 16). With forbs excluded, the average re was 0.76. Log and log-
log functions produced highest r2 values for all understory components
except forbs. The linear model gave the highest r2 for forbs. None of
the models tested gave significant regression coefficients for deer and
elk browse components (Y6, Y9, Y12, and Yl4). However, estimates of
browse production can be obtained as the difference between respective
"total" and '"herbage" components, but such estimates may reflect in-
herent errors associated with equations for these components.

On the unlogged mixed conifer sites graminoids (Y1) were a
minor understory component except in fairly open stands (Fig. 2). At
BA 100 or higher, less than 35 pounds per acre of graminoids would be
e*pected, versus about 100 pounds at BA 50. Forbs (Y2) were the most
important understory component fof all basal area levels higher than
about 75, but were cut-produced by graminoids below this level. Nearly
all the understory production in the highest basal area classes con-
sisted of shade tolerant forbs. The regression line for total browse
production (Y3) was nearly linear, and production increased only
slightly with decreasing stand density; even at the lowest basal area
sampled (BA 50), less than 15 pounds per acre would be expected.

Predicted levels of total understory production and various
deer and elk forage components at selected basal area levels are pre-
sented in Table 17. Predicted total understory production (Y4) would
range from a low of about 40 pounds per acre at BA 4OO to a high of 150
pounds at BA 50. As indicated in this table, not only does total under-
story production rapidly decline with increasing stand density, but the

percentage of this total having potential value to deer and elk also



Table 16, Weighted regression equations of mean understory production components with total
basal area (X2) for unlogged mixed conifer watersheds.

Vegetation Groupa Veighted Regression Equation SEE r2
Graminoids (Y1) Lg(Y1+l) = 5.119 - 1.810 Lg(X2+1) JA82 .77
Forbs (Y2) Y2 = 52,22 - 0541 (X2) 12.7 .21
Browse (Y3) Y3 = 41,02 - 15.53 Lg(X2+1) 1.40 .83
Total Understory Production (Y4) 1Lg(¥l+l) = 3.332 - .6791 Lg(X2+1) O7h .82
Herbage for Deer (YS) Lg(Y5+1) = 2.767 - .9372 Lg(X2+1) 158 .5k
Total Deer Forage (Y7) Lg(Y7+1) = 3.735 - 1.217 Lg(X2+1) W10 .82
Herbage for Elk (Y8) Lg(¥8+1) = 4.3209 - 1.453 Lg(X2+1) 165  J7h4
Total Elk Forage (Y10) Lg(Y10+1) = 4,068 -~ 1.288 Lg(X2+1) ‘ JA40 .77
Deer and Elk Herbage (Y11) Lg(¥Y1141) = 4,503 - 1.527 Lg(X2+1) JA72 .73
Total Deer and Elk Forage (Y13) Lg(Y13+1l) = 4,497 - 1,452 Lg(X2+1) d43 .80

aRegression coefficients for predicting production of browse potentially useful for deer
and elk (Y6, Y9, Y12 and Y14) were not significant at the .05 level.
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Table 17. Predicted amounts (1b/ac) of total understory production and various deer and elk forage
components at selected basal area levels for 1976 unlogged mixed conifer data set.

Basal Area

Vegetation Group 50 100 200 500

Total Production (Y4) 148 93 58 36

Deer Herbage (Y5) 1 (9)P 7 (8) 3 (5) 1 (3)
Deer Browse (Y6) 30 (20) 12 (13) S (9) 2 (6)
Total Deer Forage (Y7) Lk (30) 19 (20) 8 (14) 3 (8)
Elk Herbage (Y8) 66 (45) 2l (26) 8 (14) 2 (6)
Elk Browse (Y9) 7 (5) 6 (6) L (7) 2 (6)
Total Elk Forage (Y10) 73 (49) 30 (32) 12 (21) b (11)
Deer or Elk Herbage (Y11) - 78 (53) 27 (29) 9 (16) 2 (6)
Deer or Elk Browse (Y12) 25 (17) 11 (12) L () 2 (6)
Total Deer or Elk Forage (Y13) 103 (70) 38 (41) 13 (22) 4 (11)

%Yalues for herbage and total forage categories were obtained from weighted regression
equations presented in Table 163 browse values were obtained by subtraction.

bValues in parentheses indicate the percent that the rreceding value is of total understory
production (Y4). All values rounded to nearest whole number.
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rapidly declines with increasing density. For example, valuable elk
forage (Y10) as a percent of Y4 decreases from 49% at BA 50 to 11¥ at
BA hoo.

Information in Table 17 indicate that unlogged stands produce
greater quantities of elk forage than deer forage at lower stand den-
sities, but approximately equal amounts for both at higher stand den-
sities. At BA 50, about 30, 49, and 70% of total understory production
would consist of deer, elk, and deer or elk forage, respectively.
Potential deer forage (Y7) would consist of about half herbage (YS) and
- half browse (Y6) throughout the range of stand densities sampled. Elk
forage (Y10) would consist primarily of herbage (Y8) at lower basal area
levels, and equal amounts of herbage and browse at BA 400, Total pro-
duction of species having potential Qalue to either deer or elk (Y13)
would account for 70% of total understory production at BAS50 versus 11%
at BA 40O,

Those deer and elk forage species making up half a percent or
more of total understory production (Y4) which were present at the
loyest. intermediate, and highest stand densities sampled on the un-
logged sites are presented in Table 18. It is apparent from this table
that the bulk of deer and elk forage is produced by a greater diversity
of plant species at lower than at higher stand densities. For example,
94% of the deer and elk forage for BA 375 and 40O was produced by four
species, while 11 species produced 97% at BA 50 through 75. The three
most important species for the highest basal area class were also
present at the low and medium basal area levels, Five species present

at the BA 50-75 and BA 225 classes were not principal species in the



Table 18. Principal deer and elk forage species present at low, medium, and high basal area
classes on unlogged mixed conifer sites.

Basal Area Class (fta/ac)

50-75 (n=33)

225 (n:}D

375-400 (n=10)

Muhlenbergia virescens (30)

Muhlenbergia montana (20)

Robinia neomexicana  (11)
Bromus inermis (8
Quercus gambelii (7)
Vicia americana (6)

Pachystima myrsinites (5)

Geranium richardsonii (3)

Lupinus argenteus (3
Populus tremuloides (2)
Sitanion hystrix (2)

Muhlenbergia virescens (28)

Lupinus argenteus (15)

Pachystima myrsinites (11)

Bromus inermis (7
Quercus gambelii (6)
Populus tremuloides (5)
Koeleria cristata (4)
Robinia neomexicana (h)
Senecio bigelovii (W)

Geranium richardsonii (3)

Thalictrum fendleri (3)

Achillea lanulosa (3)

Bromus inermis (41)

Geranium richardsonii  (24)

Populus tremuloides (23)

Pseudocymopterus montana (6)

aOnly species making up 20.5 percent of total understory production (Y4) within the indicated
Values in parentheses indicate percent of total deer and elk
forage (Y13), rounded to nearest whole number.

basal area classes are listed.
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highest class. Despite the fact that they were a minor understory com-
ponent in terms of total understory production (except at the.lowest'

levels), grasses led the list for all three basal area classes.

Fast Willow Creek

For the h-year-old thinning on East Willow Creek, logarithmic
functions produced highest r2 values for all significant relationships
except browse (Y3) when means of understory production components were
regressed with total basal area (X2); the linear model gave the highest
rZ value for browse (Table 19). Values of e ranged from 0.54 for
browse (Y3) to 0.84 for deer herbage (Y5), and averaged 0.75. As with
the unlogged sites, none of the models produced significant regression
coefficients for deer and elk browse components (v6, Y9, Y12, and Y1k).

Weighted regression curves for production of graminoids (Y1),
forbs (Y2), browse (Y3), and total understory production (Y4) as a func-
tion of total basal area (X2) are shown in Figure 3. Based on these
curves, predicted graminoid production (Y1) would be less than 100
pounds per acre for all densities above BA 25, and would reach a maximum
of about 180 pounds per acre at BA O. Forbs (Y2) would be expected to
out-produce graminoid (Y1) and woody plants (Y3) at lower basal area
level, but less so at higher basal area levels where production of all
three components is very low. Like unlogged stands, 5rowse production
was inversely related to basal area, and increased only slightly with
decreasing stand density to a maximum of 50 pounds per acre at BA O.

At BA 50 (the lowest density sampled on unlogged sites), browse produc-
tion would be 2.8 times greater (39 vs 1k pounds per acre) on this

4oyear-old thinned stand than for unlogged stands. Predicted total



Table 19, Weighted regression equations of mean understory production components with total
basal area (X2) for East Willow Creek four years after logging.

Vegetation Groupa Weighted Regression Equation SEE r2
Graminoids (Y1) ¥l = 177.0 = 75.79 Lg(X2+1) 16.1 .59
Forbs (Y2) Y2 = 327.9 - 136.6 Lg(X2+1) 31.8 .73
Browse (Y3) Y3 = 48,71 - .19% (X2) b2 S5k
Total Understory Production (Y4) Y4 = 662.2 - 272.7 Leg(X2+1) 56,6 .80
Herbage for Deer (YS) Y5 = 272.0 - 114.7 Lg(X2+1) 19.6 .84
Total Deer Forage (Y7) Y7 = 352.3 - 143,7 Lg(X2+1) 27.4 8k
Herbage for Elk (Y8) Lg(Y8+1) = 2.208 - .0093 (X2) 231 .83
Total Elk Forage (Y10) Y10 = 367.2 - 151.8 Lg(X2+1) L 2767 W77
Deer and Elk Herbage (Y11) Y11 = 333.6 - 141.0 Lg(X2+1) 28.4 .79
Total Deer and Elk Forage (Y13) Y13 = 430.3 - 176.1 Lg(X2+1) ©38.7 .79

aRegression coefficients for predicting production of browse potentially useful or deer and
elk (Y6, Y9, Y12 and Y14) were not significant at the .05 level.
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understory production (Y4) would range from a low of 8 pounds per acre
at BA 250 to a high of 662 pounds at BA O.

Predicted levels of total understory production (Y4) and various
deer and elk forage components at selected basal area levels are pre-
sented in Table 20. As with Table 17, browse estimates (Y6, Y9, and Y12)
were obtained by subtraction. In contrast with unlogged sites, deer
and elk forage (Y7, Y10, and Y13) as a percent of total production (Y4),
remained nearly the same or increased with increasing basal area.
Therefore, though less vegetation is present at higher basal area levels,
more of what is present is potentially useful deer and elk forage. Data
in Table 20 suggest that similar 4-year-old thinned stands would produce
more deer herbage (Y5) than elk herbage (Y8); but approximately equal
amounts of total deer (Y7), and elk (Y10) forage at similar basal levels
throughout the range of stand densities sampled; conversely,?greater

amounts of elk browse (principally Vaccinium myrtillus) might be present

at higher basal area levels.

Principal deer and elk forage species present at the lowest,
intermediate, and highest basal areas sampled on East Willow Creek four
years after thinning are presented in Table 21l. As with unlogged sites,
forage species diversity was greater for lower than for higher basal
area classes; therefore, about 96% of the deer and elk forage was pro-
duced by 3, 6, and 11 species for basal area classes 225-250, 125, and

0-25, respectively. Populus tremuloides and Bromus inermis ranked with-

in the top three positions for all three basal area olasses. A mixture

of grasses and forbs produced most of the forage for the lowest basal



Table 20. Predicted amounts (1b/ac) of total understory production and various deer and elk a
forage components at selected basal area levels for 1976 East Willow Creek data set.

Basal Area

Vegetation Group , 0 50 100 200

Total Production (Y&) 662 197 116 34

Deer Herbage (YS) 272 (41)P 76 (39) | k2 (36) 8 (24)
Deer Browse (Y6) 80 (12) 31 (16) 22 (19) 13 (38)
Total Deer Forage (Y7) 352 (53) 107 (54%) 6l (55) 21 (62)
Elk Herbage (Y8) 161 (24) 55 (28) 18 (16) ‘ 1 (3
Elk Browse (Y9) 206 (31) 53 (27) Ls (39) 17 (50)
Total Elk Forage (Y10) 367 (55) 108 (55) 63 (54) 18 (53)
Deer or Elk Herbage (Y¥11) 334 (50) 93 (47) 51 (4b) 9 (26)
Deer or Elk Browse (Y12) 96 (14) 37 (19) 26 (22) 16 (47)
Total Deer or Elk Forage (Y13) 430 (65) 130 (66) 77 (66) 25 (74)

a\Ialues for herbage and total forage categories were obtained from weighted regression
equations presented in Table 19; browse values were obtained by subtraction.

bValues in parentheses indicate the percent that the preceding value is of total understory
production (Y4). All values rounded to nearest whole number.
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Table 21. Principal deer and elk forage species present at low, medium, and high basal area

classes on East Willow Creek four years after logging.

Basal Area Class (ft?/ac)

0=25 (n=62) 125 (n=8) 225-250 (n=7)

Bromus inermis (39) Populus tremuloides (68) Populus tremuloides (56)
Phacelia magellanica (15) Bromus inermis (16) Bromus inermis (20)
Populus tremuloides (13) Geranium richardsonii (%) Vaccinium myrtillus (20)
Sitanion hystrix (10) Pachystima myrsinites (&) Frigeron flagellaris (3)
Geranium richardsonii (5) Brigeron flagellaris (3) Pseudocymopterus montanus (1)
Koeleria cristata (3) Lupinus argenteus (2) Rubug parviflorus (1)
Lupinus argenteus (3 Vaccinium myrtillus (1)

Achillea lanulosa (3 Pseudocymopterus montanus (1)

Erigeron flagellaris (2)

Vicia americana (2)
Dactylis glomerata (1)
Ribes pinetorum (1)
Cirsium spp. (1)
Phleum pratense (1)

aOnly species making up 20,5 percent of total understory production (Y4) within the indicated
basal area classes are listed. Values in parentheses indicate percent of total deer and elk

forage (Y13), rounded to nearest whole number.
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area class; woody plants produced about three-fourths of the forage at

the two higher basal area classes.

Hannagan Creek

For the 2-year-old thinning on Hannagan Creek logarithmic func-
tions produced highest r2 values when means of understory components
were regressed with total BA (X2). Values of r2 shown in Table 22
ranged from 0.67 for graminoids (Y1) to 0.96 for total understory pro-
duction (Y3), and averaged 0.83. Once again, none of five models tested
provided significant regression coefficients for deer and elk browse
variables (Y6, Y9, Y12, and Y14).

Weighted regression curves for production of graminoids (Y1),
forbs'(YZ), browse (Y3), and total understory (Y4) as a function of
total basal area from O to 225 square.feet per acre are shown in Figure
4, Based on these curves, predicted total understory production (Y4)
would range from 25 pounds per acre at BA 225 to 40O pounds at BA O.
Forbs were the dominant understory component at all basal area levels,
Little browse was produced at any stand density. Graminoids were also
a minor understory component except at very low stand densities.

Predicted levels of total understory production (Y4) and deer
and elk forage resources at selected basal area levels are presented in
Table 23. Like unlogged stands (but unlike the 4-year-old East Willow
Creek thinning), that portion of total understory production which con-
sisted of deer (Y?7) and elk (Y10) forage decreased substantially with
increasing stand density. As with East Willow Creek four years after

logging, similar 2-year-old thinned stand would be expected to produce



Table 22. Weighted regression equations of mean understory production components with total
basal area (X2) for Hannagan Creek two years after logging.

Vegetation Groupa Weighted Regression Equation SEE r2
Graminoids (Y1) Y1 = 100.6 - 43,16 Lg(X2+1) 8.12 .67
Forbs (Y2) Y2 = 318.1 - 128.4 Lg(X2+1) 18.5 .92
Browse (Y3) Lg(Y3+1) = 1.135 - .0031 (X2) 2125 W7k
Total Understory Production (Y4) Y4 = 415.2 - 166.5 Lg(X2+1) 29.0 .96
Herbage for Deer (Y5) Y5 = 111.6 - 49,77 Lg(X2+1) 5.03 .78
Total Deer Forage (Y7) Y7 = 129.8 - 55.35 Lg(X2+1) 8.06 .83
Herbage for Elk (Y8) Y8 = 123.6 - 53.54 Lg(X2+1) | 8.64 82"
Total Elk Forage (Y10) Y10 = 142.5 - 59.84 Lg(X2+1) \ 9.4 .86
Deer and Elk Herbage (Y11) Y11 = 145.0 - 62.88 Lg(X2+1) 9.9 .84
Total Deer and Elk Forage (Y13) Y13 = 162.4 -« 68.56 Lg(X2+1) 11.3 .86

aRegression coefficients for predicting production of browse potentially useful or deer and
elk (Y6, Y9, Y12 and Y14) were not significant at the .05 level,
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Table 23. Predicted amounts (1lb/ac) of total understory production and various deer and elk
forage components at selected basal area levels for 1976 Hannagan Creek data set,

Basal Area

Vegetation Group 0 50 100 200

Total Production (YL) s 131 81 32

Deer Herhage (Y5) 112 (27)° 27 (21) 12 (15) 1 (3)
Deer Browse (Y6) 18 (L) 8 (6) 7 (9) (3)
Total Deer Forage (Y7) 130 (31) 35 (27) 19 (23) 2 (6)
Elk Herbage (Y8) 124 (30) 32 (24) 16 (20) 1 (3
Elk Browse (Y9) 18 (4) 8 (6) 6 (7) 4 (12)
Total Elk Forage (Y10) 142 (34) Lo (31) 22 (27) 5 (16)
Deer or Elk Herbage (Y11) 145 (35) 28 (29) 19 (23) 1 (3)
Deer or Elk Browse (Y12) 17 (&) 7 (5) 6 (7 4 (12)
Total Deer or Elk Forage (Y13) 162 (39) Ls (34) 25 (31) 5 (16)

%alues for herbage and total forage categories were obtained from weighted regression

equations presented in Table 22; browse values were obtained by subtraction.

bValues in parentheses indicate the percent that the preceding value is of total understory
production (Y4). All values rounded to nearest whole number.
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approximately equal amounts of deer (Y7) and elk (Y10) forage throughout
the range of basal area sampled. Total forage potentially useful to
deer or elk would be about 39% of total understory production (Y4) at
BA O versus 16% at BA 200.

Principal deer and elk forage species present for lowest, inter-
mediate, and highest basal area classes inventoried on Hannagan Creek
are presented in Table 24. As with East Willow Creek and unlogged
sites, fewer species produced most of the forage at the higher basal
area levels than at lower levels. Three species produced 98% of total
deer and elk forage (Y13) for basal area classes 200-225, while 7
species produced the same percentage for basal area class 0-25. Most of
the forage was produced by a mixture of grasses and forbs at the lowest

basal area class, and Populus tremuloides and grasses at the highest

basal area class.

Comparison of Weighted Regressions Among Areas

Unlogged Stands vs Four-year-old
Thinning

Baéal area levels at which significant differences (P <.05) were

detected in predicted yields of various understory vegetation groups
vhen weighted regression curves developed for the three timbered treat-
ments were compared are summarized in Table 25. Tests for differences
between curves for the unlogged sites and the 4-year-old thinning indi-
cate that yield of graminoids (Y1), forbs (Y2), browse (¥3), total
understory (Y4), elk herbage (Y¥8), and total deer or elk herbage (Y1ll)
were not statistically different throughout the range of basal area

tested. Browse (Y3) and deer herbage (Y5) yields were within 2 pounds



Table 24. Principal deer and elk }orage species present at lgw, medium, and high basal area

classes on Hannagan Creek two years after logging.

Basal Area Class (ft%/ac)

0—25 ( n:lO)

100-125 (n=22)

200-225 (n=6)

Sitanion hystrix

Koeleria cristata

Phacelia magellanica

Populus tremuloides

Bromus inermis

Robinia neomexicana

Geranium richardsonii

Achilles lanulosa

(1)
(25)
(12)
(10)

(6)

(3)

(2)
(2)

Populus tremuloides (50)

Koeleria cristata (24)

Geranium richardsonii (9)

Bromus inermis (7

Phacelia magellanica (6)

Populus tremuloides (7%)

Muhlenbergia virescens (18)

Bromus inermis (6)

Sonly species making up 20.5 percent of total understory production (Y4) within the indicated
Values in parentheses indicate percent of total deer and elk
forage (Y13), rounded to nearest whole number,

basal area classes are listed.
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Table 25. Basal area levels at which significant differences (P <.05) were detected in
predicted yields of understory vegetation groups when weighted regression curves
developed for the three timbered treatments were compared at selected basal area

levels,

Treatments Compared ani Basal Area Ranges Tested?

) b UMC vs EWC UMC vs HC EWC vs HC
Vegetation Group BA 50-225 BA 50-225 BA 0-225
Graminoids Y1 50° 0-1001
Forbs Y2 50-100°, 175-225°
Browse Y3 0--100d
Total Production - Y4 200-225° 0.50d
Deer Herbage Y5 75--150d . 0-175d
Total Deer Forage 17 0-200% 0-225%
Elk Herbage Y8 50°
Total Elk Forage Y10 50-150% 0-1502
Deer or Elk Herbage Y11 50-75° 0-125d
Total Deer or Elk Forage Y13 75-150% 50° 0-1752

&yhere significant differences were detected, the treatment with the higher production in
each comparison is indicated by the following superscripts: ¢ = unlogged sites (UMC);

d = East Willow Creek (EWC); and e

= Hannagan Creek (HC).

bWeighted regression coefficients for deer and elk browse components (Y6, Y9, Y12 and Y1k4)

were not significant.
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of being significant at BA 50. Though not significant, predicted yield
of forbs (Y2) was 74 pounds per acre higher on East Willow Creek at BA
50. Yields of deer herbage (Y5), total deer forage (Y7), total elk
forage (Y10), and total deer or elk herbage (Y13) were significantly
greater for East Willow Creek throughout most of the stand densities
tested. |

The significant differences found here suggest that overstory-
understory equations developed for unthinned mixed conifer stands may
underestimate certain understory and deer and elk forage components
under U4-year-o0ld thinned stands at basal areas less than about 150-200
square feet per acre. In a comparison of thinned and unthinned ponderosa
pine, Clary and Ffolliott (1966) found significantly greater understory
production in thinned stands for given basal area levels of less than
70 square feet per acre. They suggested that these differences could
be caused by changes in forest overstory stocking arrangements and/or
size class distribution. For example, extensive removal of smaller
diameter trees (e.g., precommercial thinning or through natural thin-
ning processes) from an all-aged stand can result in a relatively high
residual basal area and yet substantial understory production due to
better light conditions (Gaines et al. 1954; Crawford 1976). Physical
disturbances from the logging operation itself (e.g., forest floor
alterations, reduction in competing shrub or hardwood cover, or a re-
duction in overstory crown cover due to limb breakage) may also con-

tribute to these differences.



o1

Unlogged Stands vs Two-year-old
Thinning
Predicted yields of browse (Y3), deer herbage (YS), total deer

forage (Y7), and total elk forage (Y10) were not statistically different
over the range of basal areas compared (Table 25). Where significant
differences occurred, the unlogged stands generally produced higher
yields than the 2-year old thinning, but only at the upper or lower
limits of stand densities. The only exception was that the 2-year-old

BA 50-100 plots produced more forbs than did those of unlogged stands.

Four-year-old vs Two-year-old
Thinning

Production of understory vegetation was generally greater on

the 4-year thinning than the 2-year-old thinning under all stand den-
sities (Table 25). These differences were significant for at least
some stand densities for all vegetation groups except forbs (¥2) and
elk herbage (Y8) and, except for total understory production (Y4), dif=-
ferences were significant for at least BA O through BA 100, Production
of total deer forage (Y7) was significantly higher for all stand den-
sities compared, ranging from 229 pounds per acre higher at BA O to

about 12 pounds per acre higher at BA 225.

Production and Forage Composition on Clearcuts

Production of herbage and browse on the two clearcuts in 1975
is summarized in Table 26. Of 752 pounds per acre produced on the
8-year-0ld clearcut (Bear Wallow), 24.3% consisted of graminoids, 71.1%
forbs, and L4.5% browse. Total production on the 16-year-old clearcut

(Burro Mountain) was 1158 pounds per acre; graminoids made up 46.0%,



Table 26. Herbage and browse production on two mixed conifer sites
clearcut eight (Bear Wallow) and sixteen years (Burro
Mountain) prior to 1975 inventory listed by plant groups
and by forage components potentially useful to deer and

elk.,
Vegetation Group I%;E%Jﬂé;lgﬂ B;§;:cMount;in
Total Production
Graminoids 183 24,3 533 46,0
Forbs 535  71.1 615 53.1
Browse 34 4,5 10 «9
Total 752 99.9 1158 100.0
Deer Foragea
Herbage 151  20.1 ' 371 32.0
Browse 16 2.1 3 o3
Total 167 22.2 37h 32,3
Elk Forage
Herbage 206 27k 393 33.9
Browse 12 1.6 _ 8 i
Total 218 29.0 4ol 3h.6
Deer or Elk Forage
Herbage 234 31.1 639  55.2
Browse : 21 2.8 10 o9
Total 255  33.9 649  56.1

aPercentage values from here down are percent of total production
values from preceding line.
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forbs 53.1%, and browse 0.9%. Sedges (25535 spp.) made up 18.3 (33
pounds per acre) and 25.% (136 pounds per acre) of the graminoid
production on Bear Wallow and Burro Mountain, respectively (Appendix E).
Forb production was comparable on both sites, but grass production was
nearly three times greater on the older clearcut. Though woody plants
were not prevalent on either site, browse production was about 3 times
greater on the younger opening.

Not only was total production nearly twice as high on Burro
Mountain, but 56% of vegetation produced consisted of species having
potential value to deer or elk, versus about 34% on Bear Wallow. Burro
Mountain produced 2.2 times as much total deer forage and 1.8 times as
‘much élk forage as Bear Wallow. Total production of forage potentially
useful to either deer or elk was 2.6 times greater on Burro Mountain,
Though both sites produced substantial amounts of forage for deer and
elk, potential elk forage exceeded deer forage by about 50 pounds per
acre on Bear Wallow and about 30 pounds on Burro Mountain.

Expected production of understory vegetation classes at BA O for
Hannagan Creek and East Willow Creek (from equations in Tables 22 and
20, respectively) and actual production values from Bear Wallow and
Burro Mountain are plotted against time since logging in Figure 5. In
speculating from these limited data, the following general trends are
suggested:

1. Forb production may have already peaked by age 16.
2« Browse production peaked shortly after logging.
3. Graminoid production may still increase for several years beyond

age 16.
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L, Peak total production, consequently, may be several years into
the future,.

Basile and Jensen (1971:Fig. 1) observed somewhat similar forb
and graminoid production trends on clearcut lodgepole pine sites in
Montana. They found that production of the dominant forb class peaked
at 10 years, while graminoid production peaked at about two to three
years later. Browse was also the least productive class initially, but
(unlike here) continually increased and exceeded production of each of
the other classes at about 14 years after clearcutting.

In mixed conifer stands between 7,000 and 9,000 feet elevation
in southern New Mexico, Hanks and Dick-Peddie (1974) found that a domi-
nant forb stage was typically followed by a second stage dominated by
Gambei oak and locust together with several other deciduous shrubs.
Moir and Ludwig (1979) also described several mixed conifer habitat
types having a more productive shrub component than those sampled in
this study. In searching for suitable clearcut sites, several sites
were observed which had developed relatively dense stands of locust,
raspberry (Rubus spp.), and gooseberry (Ribes spp.). However, except
for a few isolated concentrations of Gambel oak and locust (particu-
larily on portions of the South Fork of Thomas Creek), these species
‘were not a major understory component on any of the forested areas
sampled, Where Gambel oak and locust were present on unlogged sites,
they had generally grown beyond the reach of deer and elk. Given the
relative scarcity of these species on unlogged and thinned sampling
areas, it was felt that these species would probably not be a major

successional component had these areas been clearcut. ' Consequently,
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the two clearcuts which were sampled were selected as being representa-
tive of how these particular forest sites might respond following
clearcutting.

In addition to the influence of habitat types on occurrence of a
dominant shrub stage, extent of site disturbance and inherent soil mois-
ture conditions may also be important. On logged and burned Douglas-
fir sites in Oregon, Dyrness (1973) only observed a dominant shrub
stage on the more heavily burned, drier sites. He stated:

On the other hand, moister sites, especially those escaping
serious disturbance, now support nearly closed stands of ferns,
herbs, and low shrubs, Herb dominance will probably continue
on these areas until trees obtain dominance, and it is doubtful
that they will ever pass through a ''shrub stage."
Most of the shrub dominated clearcuts observed in this study appeared
to be fairly xeric sites having shallow, rocky soils.

Deer and elk may also have had some influence on initial shrub
abundance and vigor, at least on Burro Mountain. Jones (1967) indicated
that both animals were numerous on this area and caused serious browsing
damage to planted ponderosa pine shortly after logging and pine plant-‘
ing.

An invasion of conifers (with or without aspen) initiates the
final successional stage on mixed conifer sites. However, as previously
indicated, substantial natural regeneration often requires S50 to 100
years, especially where dense stands of grasses and forbs develop.

Given the conditions observed, it is likely that a similar response will
occur on both sampled clearcuts.

Given their inherent productivity, long life, and abundance of

desirable deer and elk forage, it would appear that mixed conifer
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clearcuts (at least those on predominantly south and southwest aspects)
provide a valuable long-term forage resource for both deer and elk,
However, additional information is needed on forage responses to clear-
cutting other topographic conditions, since productivity of high moun-
tain grasslands is closely related to precipitation, exposure, and
elevation (Mueggler 1972).

Precipitation and Understory Production
in Unlogged Stands

The largest data set for unlogged sites was collected in 1976,
but data from preliminary sampling in 1975 show substantial differences
when compared with 1976 deSpite the fact that sampling dates and loca-
tions were very similar. Sixty-six more plots were inventoried in
1976 than 1975 but they were well distributed over the range of basal
area present. Weighted regression lines for graminoid (Y1) and fordb
(¥Y2) production for these two data sets are shown in Figure 6. Regres-
sion lines for total browse production (Y3) were nearly identical in
both years and are not shown for sake of figure simplicity. Weighted
regression eguations for 1975 appear in Table 27. Regression lines for
total understory production (Y4) and total deer and elk forage com-
ponents (Y7, Y10, and Y13) for both years are shown in Figure 7, Sub-
stantial variation in production between years is evident in these
figures, and it is believed to be partly related to rainfall differences
during the usually driest months of May and June.

Monthly precipitation during these two years differed con-
siderably (Table 28)., Total January through April precipitation for

1975 was S.4 inches (88.1%) greater than the 1969 through 1974 average,
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Table 27. Weighted regression equations of mean understory production components with total
basal area (X2) for unlogged mixed conifer watersheds, 1975.

Vegetation Groupa Weighted Regression Equation SEE r2
Graminoids (Y1) Lg(Y1+41l) = 3.756 - 1.346 Lg(X2+1) 183 .65
Forbs (Y2) Y2 = 139.6 ~ 47.70 Lg(X2+1) 13.0 G2
Browse (Y3) : Lg(¥Y3+1) = 1,627 - .5183 Lg(X2+1) J110 .50
Total Understory Production (Y4) Y4 = 228.1 - 81.45 Lg(x2+1) 14,6 .62
Herbage for Deer (Y5) Lg(Y5+1) = .8113 - .001 (X2) 180 .36
Total Deer Forage (Y7) Y7 = 31,04 -« 11,36 Lg(X2+1) 1.96 .60
Herbage for Elk (Y8) Leg(¥8+1) = 2.432 - 8412 Lg(X2+1) 150 .5k
Total Elk Forage (Y10) Y10 = 29.24 - 10.85 Lg(X2+1) 1.64 .62
Deer and Elk Herbage (Y11) Y1l = 20.09 - 7.358 Lg(X2+1) 1.55 .48
Total Deer and Elk Forage (313) Y13 = 36.58 - 13.38 Lg(X2+1) 2.06 .65

aRegression coefficients for predicting production of browse potentially useful to deer and
elk (Y6, Y9, Y12, and Y14) were not significant at the .05 level,
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Table 28. Average monthly precipitation at Alpine and Thomas Creek
experimental watersheds, White Mountains, Arizona.

Alpine, Arizona® Thomas Creek (Elevation 8575')°
Month (elevation 8020') 1969-7% 1975 1976

------------- inches = = = = = = = = = = = = = =
January 1.56 1.67 3.36 .87
February 1.37 1.49 2.42 3.96
March 1.51 2.11 3.92 2.55
April .87 .88 1.87 1.28
May 63 97 73 2.1
June .82’ 1.13 .10 «55
July 3.80 3.86 5.48 5.86
August 3.73 L2k g 3.23
September 2.24 2.84 8.05 2.77
October 1.68 4,11 5.26 «30
November 1.09 1.23 «53 2.10
December 143 —2.45 Y 137
Annual 20.73 26.98 33.73 27.23

8nstitute of Atmospheric Physics, University of Arizona, and U.S.
Department of Commerce, Weather Bureau. 1969. Climatograph of the
U.S. No. 20-2: Climatological Summary, Alpine, Arizona, pages 75-76.

bSource: Rocky Mountain Forest and Range Experiment Station, Forestry
Sciences Laboratory, Arizona State University, Tempe, Arizona,
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and 2.9 inches (25.2%) greater than 1976. More important, perhaps,
combined May and June rainfall in 1976 was 2.1 inches (72.0%) greater
than in 1975 and 0.9 inches (41.0%) greater than the 1969-74 average.
Combined May and June 1975 rainfall was 1.3 inches lower than the 1969-
74 average. ‘

In an attempt to determine how representative the 1969-74 pre-
cipitation dat# might be, they were compared with long-term data for
Alpine, Arizona (Table 28). Linear regression analysis of Alpine and
Thomas Creek precipitation (1969-74) yielded an 2 of 0.71 with all
years and months included versus 0.93 with the unusually high October
1973 value omitteds This suggests that the 1969-74 precipitation data
are fairly representative of long-term (41 years) patterns for this
region. Consequently, understory production equations developed for
1976 may overestimate production for years with more normal May-June
rainfall. However, additional research (both for unlogged and logged
sites) is needed to substantiate these relationships.

Conceptual Framework for an Overstory-
Understory Simulator

Results from this study suggest that average levels of deer and
elk forage production on a given so0il parent material, under existing
conditions or following proposed timber harvesting activities, can be
estimated from inputs of forest overstory densities. Furthermore, other
investigations have indicated that additional refinement in estimates
of understory production can be achieved through knowledge of relation-
ships between understory production and precipitation amounts (Ffolliott

and Clary 1974; Grelen and Lohrey 1978). With these inventory-prediction
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input variables, a generalized flow chart for a prototype simulator fof
generating estimates of deer and elk forage production has been struc-
tured (Fige 8).

As a primari input to the simulator, forest density, herein
expressed in terms of total basal area (in square feet) per acre, can
be derived from results of forest inventories or, if these data are not
avaiiable, from a linkage with a forest overstory growth and yield
simulator, such as that described by Larson et al. (1978). Timber har-
vest options available to a user of this simulator includes no cutting,
remuval of all but a specified residual basal area, or clearcutting.
The forest overstory growth and yield simulator generates predictions
of future basal area at one or more stand ages (specified by the user),
based on initialized stand conditions and appropriate forest growth and
mortality factors.

Once basic relationships between understory production and pre-
cipitation amounts are quantified for mixed conifer forest sites in
Arizona, a user would also have options of forecasting understory pro-
duction associated with a range of precipitation amounts characterizing
these sites. Then, after basal area and precipitation inventory-
prediction variables had been input, the prototypical overstory-
understory simulator would select the appropriate regression coeffi-
cients (such as developed from this and future studies), depending upon
which timber harvest option and stand age chosen for simulation,
Depending upon the summary option selected by the user, understory

production estimates of any of the understory components for which
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Figure 8. Flow chart of a deer and elk forage production simulator for
Arizona mixed conifer forests. :
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regression equations are available would then be output, along with
appropriate confidence limits.

Under the no cutting option, generated understory production
estimates obtained provide a point of departure to which predicted
understory responges following implementation of timber harvesting
activities could be compared. By comparing understory production prior
to cutting with that predicted for an array of timber harvesting alter-
natives, relative impacts of the various timber harvesting activities on
abundance of deer and elk forage could be assessed.

Since significant differences in regression equations were found
between unlogged and thinned mixed conifer forest stands, and between
thinned stands of different ages, additional research may be necessary
to further quantify overstory-understory relationships in older thinned
stands. Presumably, overstory-understory relationships for thinned
stands will eventually approximate those representative of unlogged
stands, and these latter equations could be used for simulations for
later years in a rotation, If clearcutting continues to be a forest
management option for mixed conifer forests in Arizona, additional re-
search will also be needed to quantify deer and elk forage production
on older clearcut areas, including a variety of physiographic sites.

To provide an analytic framework for an overstory-understory
simulator to pgenerate estimates of deer and elk forage production in
mixed conifer forests of Arizona, computer software previously developed
to estimate herbage production under a range of different forest over-~
stories from knowledge of forest density, precipitation amount, and, if

appropriate, time since the implementation of a timber harvesting
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activity could be employed (Larson et al., 1978). This software package,
referred to as UNDER, is written in an interactive mode, and it has beeﬁ
designed for ready extrapolation to a variety of forest, woodland, and
range ecosystems. In specific,‘the basic inventory-prediction inputs
developed in the study described herein could be incorporated into the
general structure of UNDER as required subroutines for mixed conifer
forests.

Software for UNDER, as well as for an appropfiate forest over-~
story growth and yield simulator for possible linkage to an overstory-
understory simulator for mixed conifer forests in Arizona is on file at
the Rocky Mountain Forest and Range Experiment Station, Flagstaff,

Arizona,



CONCLUSIONS

A primary objective of this study was to determine if deer and
elk forage produced under unlogged and thinned mixed conifer stands
could be predicted using easily obtained, basic forest inventory data.
The results indicate that average production levels of these and other
understory components can be fairly accufately predicted using basal
area data alone. Where saplings and small poles are a common stand com-
ponent, their inclusion in basal area determinations may also be war-
ranted if more precise estimates are required.

Because of consiéerable correlation among many of the easily
obtainable independent variables (e.g., basal area, poteﬁtial insola-
tion per'unit of basal area, periodic annual growth, and forest floor
depth), multiple regression results were often disappointing. Selection
of appropriate transformations of basal area (or perhaps some other
expression of stand density) and use of weighted regression techniques
should yield adequate results without resorting to multiple regression
procedures. However, thei= may be other easily obtainable data which
could be used in conjunction with basal area that might yield substan=-
tial improvements. Precipitation would be one logical candidate for
consideration (Grelen and Lohrey 1978). Unfortunately, long-term
studies are necessary to develop these types of relationships.

Under the low levels of browse production observed in this
study, browse components were generally less related to overstory

107
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conditions than to soil factors associated with slope and soil rocki-
ness. On sites where browse is abundant, further evaluation of these
and other soil factors may be warranted.

Unlogged mixed conifer forests produce little understory even
under basal area levels as low as 50 square feet per acre. Though 70%
of total understory production at this lowest basal area consisted of
species potentially valuable to deer and elk, forage declined rapidly
with increasing stand density. At BA 189 (the overall mean for unlogged
sites) total production of deer and elk forage would be estimated at
about 14 pounds per acre. Though total understory production at 4 years
after thinning on East Willow Creek was not statistically different than
for unlogged sites throughout comparable BA levels, thinning resulted in
twice as much total deer and elk forage from BA 95 to at least BA 200,
and production differences were significant from BA 75 to 150. Further-
more, these increases in deer and elk forage following thinning were
accompanied by a gradual increase in deer and elk use as indexed by
accunmulated pellet groups (Patton 1976). From 1973 through 1975, both
deer and elk use averaged 1.8 times greater on East Willow Creek than
on the adjacent West Willow Creek where use had remained constant.

Though dense mature mixed conifer stands produce little in the
way of deer or elk forage as defined here, they do produce an abundance
of mushrooms following summer rains. Many of these fungi contribute
substantially to late summer diets of mule deer (Hungerford 1970), and
their presence is presumed to be at least a partial cause for consider-
able use of mature gtands during this season (Rasmussen 1941). These

stands also provide hiding and thermal cover,



109
Total understory production on the 2-year-old thinming on
Hannagan Creek was not statistically different than for unlogged sites
(except at BA 200-225), and production of total deer and elk forage was
actually significantly greater on the unlogged sites at BA 50. A re-
duction in understory production from prelogging levels during the first
year or two following logging is not unusual, and the extent of reduc-
tion is closely related to degree of site disturbance and method of
slash disposal (Reynolds 1962; Regelin and Wallmo 1978). Seeding
recently logged sites with preferred forage species (such as orchard
grass) would be one means of accelerating their value to deer and elk.
Total production of deer and elk forage was significantly
greater on East Willow Creek at 4 years than on ﬁannagan Creek at 2
years after logging over most of the basal area range sampled. It is
not known when forage production will peak on these thinned sites, but
herbage production on selectively logged ponderosa pine and mixed coni-
fer sites on the North Kaibab Plateau increased annually from the second
to the sixfh year after logging, and then declined until, at age 11-15,
it was comparable to uncut sites (Reynolds 1962). Consequently, it
appears that the beneficial deer and elk forage response resulting from
selective logging may be shorter lived than derived from clearcutting.
Thinning and clearcutting of mixed conifer forests does produce
temporary increases in deer and elk forage, but maximum utilization of
this additional forage can only be achieved through judicious integra-
tion of silvicultural and wildlife habitat requirements. Forest manage-
ment prescriptions must consider how size, shape, and juxtaposition of

treatment units will influence quality and availability of foraging
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areas, and hiding and thermal cover. Utilization of treated areas will
also be influenced by availability of water, the manner in which logging
slash is treated, and location and design of roads as they influence
disturbance from humans (Thomas 1979). Now, as always, implementation
of favorable silvicultural practices is the single best avenue for

ensuring forest wildlife abundance.



APPENDIX A

SELECTED ENGLISH TO METRIC CONVERSIONS

Multiply By To Obtain
Acre-Feet 1.2336 x 10° Cubic Meters
Acres 0. 40k7 Hectares
Fahrenheit (°F-32) 5/9 Centigrade

Feet 0.3048 Meters

Inches 2.5k Centimeters
Pounds/Acre 1.1208 Kilograms/Hectare
Square Feet 0.0929 Square Meters
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APPENDIX B

CHECKLIST OF PLANTS FOUND ON STUDY AREAS
OR MENTIONED IN TEXT2

aSymbols, scientific nomenclature, and common names follow Nickerson,
Brink, and Feddema (1976); they follow Kearny and Peebles (1960) and
Kelsey and Dayton (1942) if not listed by Nickerson et al. (1976).
Symbols are only listed for those plants encountered on study plots.
Entries are listed alphabetically by plant symbol.

bAsterisks denote species of potential forage value to deer or elk durinc
summer or early fall,

®Southwestern white pine is no longer considered a variety of
P. flexilis, as listed by Nickerson et al. (1976).

Symbol Deer Elk  Botanical Name Common Name

WOODY PLANTS

Abco Abies concolor (Gord. white fir

& Glend.) Hildebr.

Abies lasiocarpa (Hook.) subalpine fir

Nutt.
Ablaa Abies lasiocarpa var. corkbark fir

arizonica (Merriam)
Acgl «b Acer glabrum Torr. Rocky Mountain maple
AMEL » Amelanchier spp. serviceberry
Bere hd Berberis repens Lindl. creeping mahonia
Cefe * Ceanothus fendleri Gray Fendler ceanothus
Loar . Lonicera arizonica Rehd. Arizona honeysuckle
Lout Lonicera utahensis Wats. Utah honeysuckle
Pamy . Pachystima myrsinites myrtle pachistima

(Pursh) Raf.

Pinus contorta Dougl.

112
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Symbol

Botanical Name

Common Name

Woody Plants-~continued

Pieni

Pipo
Pipu

. _.C
Pist

Potri

Psme

Quga
Ripi
Roar
Ronei
Rupa
Rust
SAMB
Sasc
Sodu

Syori

Vamy

FORBS
Acla

Agpa

Anpal

Picea engelmannii Parry

Pinus palustris Mill.

Pinus ponderosa Laws.

Picea pungens Engelm,

Pinus strobiformis Engelm.

Populus tremuloides Michx.

Pseudotsuga menziesii
(Mirb.) Franco

Quercus gambelii Nutt.

Ribes pinetorum Greene

Rosa arizonica Rydb.

Robinia neomexicana Gray

Rubus parviflorus Nutt.

Rubus strigosus Michx.

Sambucus spp.

Salix scouleriana Barratt

Sorbus dumosa Greene

Symphoricarpos oreophilus
Gray

Vaccinium myrtillus L.

Achillea lanulosa Nutt.

Actaea rubra (Ait.) Willd.

Agastache pallidiflora
(Heller) Rydb.

Allium gereri Wats. var.
tererum M, E. Jones

Antennaria parvifolia Nutt.

Androsace septentrionalis
L.

Apocynum androsaenifolium
L.

Engelmann spruce
longleaf pine
ponderosa pine
blue spruce

Southwestern white
pine

quaking aspen

Douglas-fir

Gambel oak

orange gooseberry
Arizona rose

New Mexico locust
western thimbleberry
red raspberry
elderberry

Scouler willow
Arizona mountain ash

Mountain snowberry
Rocky Mountain

whortleberry

western yarrow
red baneberry

gaint hyssop
onion

pussy-toes

rock jasmine

spreading dogbane



11k

Symbol Deer Elk

Botanical Name

Common Name

Forbs-~continued
Agtr

Arfr2

Arlas

Asfo *

Cami
Capa
CAST

Cear

Checa
Chfr
Chum
Cipa2 .
Cipu .

Coau
Comaz2

Deri

Aquilegia triternata
Payson

Artemisia franserioides

Greene

Arenaria lanuginosa (Michx.)

" Ronrb. var. saxosa
Gray Maguire

Aster foliaceus Lindl.

Besseya plantaginea
(James) Rydb.

Castille ja austromontana

Standl. and Blumer

Castilleja miniata Hook.

Campanula parryi Gray
Castilleja spp.
Cerastium arvense L.

Chaptalia alsophila
Greene

Chenopodium capitatum
(L.) Asch.

Chenopodium fremontii
Wats .

Chimaphila umbellata (L.)

Nutt,

Cirsium parryi (Gray)
Petrak

Cirsium pulchellum

(Greene) Woot. & Standl,

Corydalis aurea Willd.

Corallorhiza maculata Raf,

Descurainia richardsonii

(Sweet) Schulz

Epilobium angustifolium L.

Erysimum capitatum
(Dougl.) Greene

columbine
ragweed=-sagebrush

sandwort

leafybract aster

plantainleaf
kittentails

paintbrush

scarlet paintbrush
Perry bellflower
paintedcup

starry cerastium

chaptalia

blite goosefoot
Fremont goosefoot
common pipsissewa
thistle

thistle

golden corydalis
spotted coralroot

Richardson tansy-
mustard

fireweed

coast erysimum
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Hieracium fendleri

Schultz Bip.

Houstonia wrightii Gray

Hymenopappus mexicanus

Gray

Symbol Deer Elk Botanical Name Common Name
Forbs--continued
Erdi2 Erigeron divergens Torr. spreading fleabane
& Gray
Erfll * Erigeron flagellaris Gray trailing fleabane
Erfo Erigeron formosissimus
Greene
ERIG Erigeron sppe. fleabane
Eror Erigeron oreophilus Greene
Ersc Erigeron schiedeanus Less.
FRAG Fragaria sppe. strawberry
Fragaria bracteata Heller bracted strawberry
Fragaria ovalis (Lehm.) wild strawberry
Rydb °
Gentiana affinis Hook. Rocky Mountain
pleated gentian
. Geranium caespitosum James vurple geranium
Geranium parryi (Engelm.) Parry geranium
Heller
GERA Geranium spp. geranium
hd he Geranium richardsonii Richardson geranium
Fisch. & Trautv.
Gestl Gentiana strictiflora gentian
(Rydb.) A. Nels.
Gnma Gnaphalium macounii Greene cudweed
Gore Goodyera repens (L.) rattlesnake plantain
Hafl Hackelia floribunda stickseed
(Lehm.) Johnst.
Hapa Haplopappus parryi Gray Parry goldenweed
Hare Halenia recurva (J. E. spur-gentian
Smith) Allen
Heho Helenium hoopesii Gray orange sneezeweed

hawkweed

Wrights bluets

mexican hymenopappus
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Rorippa obtusa (Nutt.)
Britton

Symbol Deer Elk Botanical Name Common Name
Forbs-~continued
Laar Lathyrus arizonicus Britt. Arizona peavine
Limu Lithospermum multiflorum manyflower gromwell
Gray
Lipo . Ligusticum porteri Coult. Porter ligusticum
& Rose
Luarl . . Lupinus argenteus Pursh silvery lupine
Mertensia franciscana Franciscan bluebells
Heller
Oeho Oenothera hookeri Torr. Hooker eveningprime
& Gray rose
Oenothera laciniata Hill cutleaf eveningprim-
rose
Osde . Osmorhiza depauperata Phil. bluntseed sweetroot
Oxco Oxybaphus comatus (Small) oxybaphus
Weatherby
Oxgr Oxalis Grayi (Rose) Knuth wood sorrel
Peba Penstemon barbatus (Cav.) beardlip penstemon
Roth
Pegr5 Pedicularis grayi A. Nels. Grays pedicularis
Pevi Penstemon virgatus Gray wandbloom penstemon
Phma he he Phacelia magellanica phacelia
(Lam.)
Poav * . Polygonum aviculare L. prostrate knotweed
Pofo Polemonium foliosissimum leafy polemonium
Gray
Pohi . Potentilla hippiana Lehm, horse cinquefoil
. Potentilla thurberi Gray Thurber cinquefoil
Prvu Prunella vulgaris L. common selfheal
Psmo * Pseudocymopterus montanus pseudocymopterus
(Gray) Coult. & Rose
Ptag Pteridum aguilinum (L.) bracken fern
Kuhn
Pyvi Pyrola virens Schweigg. pyrola

obtuse fieldcress
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Symbol Deer Elk Botanical Name Common Name
Forbs=--continued
Rorippa palustris (L.)
Besser
Rudbeckia laciniata L. cutleaf coneflower
Sebi . Senecio bigelovii Gray Bigelow groundsel
Secr?2 Senecio crocatus Rydb. saffron groundsel
Sencio cynthioides Green
Senecio eremophilus desert groundsel
Richards.
Sewo Senecio wootonii Green
Sil1i Sisymbrium linearifolium
(Gray) Payson
Sisc . Silene scouleri Hook Scouler silene
Smra * * . Smilacina racemosa (L.) feather solomonplume
Desf.
Smst Smilacina stellata (L.) starry solomonplume
Desf,
Sospn Solidago spathulata Dc. var. goldenrod
nana (Gray) Cronge.
Sowr Solidago wrightii Gray Wrights goldenrod
Sphaeralcea spp. (c.f. globemallow
digitata (Greene) Rybd.)
Swra * Swertia radiata (Kellogg) deer ears
Kuntze
Taof * - Taraxacum officinale Weber common dandelion
Thfe Thlaspi fendleri Gray Fendler pennycress
Thfel * Thalictrum fendleri Gray Fendler meadow-rue
Thlol Thelypodium longifolium thelypody
(Benth.) Wats.
Thpi Thermopsis pinetorum Greene vpine thermopsis
Tofo Townsendia formosa Greene Townsendia
Trpi * Trifolium pinetorium clover
Greene
Trpr2 Tragopogon prantensis L. meadow salsify
Valeriana edulis Nutte. edible valerian
Veth Verbascum thapsus L. flannel mullein
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Symbol Deer

Botanical Name

Common Name

Forbs=-~-continued

Vewo

Viam he
Vica
VICI

Vim .

Vipul .
Wyar

GRAMINOIDS
Agal
Agdei .

AGROL
Agscl

Bltr

Breci
Brinl .
CARE

Veronica wormskjoldii
Roem. & Schult

Vicia americana Muhl.

Viola canadensis L.

Vicia spp.

Viguiera multiflora
(Nutt.) Blake

Vicia pulchella H.B.K.

Wyethia arizonica Gray

Zigadenus virescens
(H.B.K.) Macbr,

Agrostis alba L.

Agro on desertorum
Fisch.) Schult,

Agro on intermedium
EHost5 Beauv,

Agropyron pseudorepens

Scribn. & Smith
Agropyron spp.

Agropyron scabra Willd.

Agropyron smithii Rydb.

Agro on subsecundum
ELink5 Hitche.

Blepharoneuron tricholepis

(Torr.) Nash

Bromus ciliatus L.

Bromus inermis Leysse.

Carex sppe.

Carex spp. (c.f. bolanderi

Olney)

Carex sppe. (c.f. siccata

Dewey)

Carex wootoni Mackenz

Speedwell

American vetch
Canada violet
vetch

showy goldeneye

sweetclover vetch
Arizona wyethia

death-camas

redtop

crested wheatgrass

intermediate wheat-
grass

false quackgrass

wheatgrass
rough bentgrass
bluestem wheatgrass

bearded wheatgrass
pine dropseed

fringed brome
smooth brome
sedges

Bolander sedge

silvertop sedge
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Symbol Deer Elk Botanical Name Common Name

Graminoids-~continued

Dagl * . Dactylis glomerata L. orchardgrass
Fearl * Festuca arizonica Vasey Arizona fescue
Feel Festuca elatior L. meadow fescue
.Ferul Festuca rubra L. red fescue
Feso Festuca sororia Piper ravine fescue
Hoju Hordeum jubatum L. foxtail barley
Kocr * * Koeleria cristata prairie junegrass
Pers.
Mumol * Muhlenbergia montana mountain muhly
(Nutt.) Hitchc.
Muvi . Muhlenbergia virescens screwleaf muhly
(H.B.K.) Kunth
Pabu * Panicum bulbosum H.B.K. bulb panicum
Phpr . Phleum pratense L. ’ timothy
POA Poa sppe. bluegrass
Pofe b b Poa fendleriana (Steud.) mutton bluegrass
Vasey
Pone Poa nevadensis Scribn. Nevada bluegrass
Pooc Poa occidentalis Vasey New Mexico bluegrass
Popr * . Poa pratensis L. Kentucky bluegrass
Sihy - Sitanion hystrix (Nutt.) bottle brush
Je Go Sme
Trmo Trisetum montanum Vasey Rocky mountain

trisetum




SOUTH THOMAS CREEK TEMPERATURE DATA

APPENDIX C

Table C-l. Maximum, minimum, and average temperatures for Gage No. 2
(Elev. 8575'), South Thomas Creek Experimental Watershed.
1975 1976
Month Maximum Minimum  Average Maximum Minimum  Average
October” 59 4o 50 57 31 b5
November k9 27 38 51 23 37
December 36 17 27 L2 18 30
January Lo 19 30 Ly 18 31
February g 16 29 Ly 23 33
March b3 20 32 45 19 32
April k9 22 36 55 27 b1
May 61 31 L6 6L 34 Lg
June 77 Ll 59 73 43 58
July 70 48 59 70 k6 58
August 74 46 60 70 Ll 57
September 62 41 52 62 L 52
8source: Rocky Mountain Forest and Range Experiment Station, Forest

Service Laboratory, Arizona State University Campus, Tempe, Arizona.

Values are in degrees Fahrenheit for water years 1975 and 1976.

bOctober 1975 values based on first seven days of month.
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APPENDIX D

STEPWISE MULTIPLE REGRESSION ANALYSIS SUMMARIES
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Table D=1, Summary of stepwise multiple regression analyses of understory vegetation groups for
unlogged mixed conifer sites, 1976.

Statistics Graminoids (Y1) Forbs (Y2) Browse (Y3) Total (Y4)
Var. Entered” LgX13 X7 LgX2 X5 X12 X11 LgX13 LgX13 X7
R® .088  .105 02%  .039 .12 L5k .162 064 078
Change in R ,088  ,017 024 01k J12 .0k .008 064 014
Simple R 296 -.162 -156  .092 335 W38 .217 2252  -.145
Y-Intercept 41,2 176 ~9.85 ngP

Corr. Coef.(b) 79.3 =264 -59.7 472 .289 235 9.75 140 -.491
Std. Error b 13.8 .98k 17.3 «200 .069 059 5.0k 29.4 .208
Overall F 22.0 7.61 23.7 15.4
Sign. of F <.001 <.001 <001 <.001
Response Mean 17.6 47.8 6.88 7242
Std. Error Est. 45,1 77.0 15.4 94,6

3yariables: X2 = total basal area; X5 = percent of X2 that was aspen; X7 = percent of X2 that
was true fir; X1l = percent surface rock cover; X12 = percent slope gradient; X13 = potential
insolation (X3) divided by X2. N = 379,

bNS = not significant at .05 level.
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Table D-2. Summary of stepwise multiple regression analyses of deer forage components for

unlogged mixed conifer sites, 1976.

Statistics Herbage (Y¥5) Browse (Y6) Total (Y7)
Var. Entered” LgX13 X6 X12 X11  LeX13 LeX13 X12
R® 053 .07 107 .51 162 09 .19
Change in R° 053  .022 107 .03 010 094,025
Simple R 231 .130 328 .320 224 2307 J2L3
Y-Intercept -26.2 -10.6 ~35.2

Corr. Coef.(b) 37.7 179 273 23 10.6 47.3 Lok
Std. Error b 7.7 059 067  .058  4.86 9.3+  .123
Overall F 15.h 2k, 2 25.4
Sign, of F <.001 <.001 <.001
Response Mean 6.51 6.45 12.8
Std. Error Est. 25.2 15.1 29.3

ariables: X6 = percent of X2 that was spruce; X1l = percent surface
X12 = percent slope gradient; X13 = potential insolation (X3) divided by total basal

area (X2). N = 379,

rock cover;
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Table D-3. Summary of stepwise multiple regression analyses of elk forage components for
unlogged mixed conifer sites, 1976.

Statistiss Herbage (Y8) Browse (Y9) Total (Y10)

Var. Entered® LegX13 X7 X1 wt o ox11 xe LgX13 X1l X7
R 080  .097 .113 108 143,153 091 J122 135
Change in R° 080  .017 116 .108  .035 .009 .091 .03l .013
Simple R 283  -,161 .182 $329 311 285 2302 242 -,137
Y-Intercept =30.k4 =49.6 =32,6

Corr, Coef.(b) 6.4  =.260 .393 448802 122 .088 67.0 .593 -.228
Std. Error b 13.2 092  .152 136955 036 .03 13.7 157  .095
Overall F 15.9 22.5 19.5
Sign. of F ' <.001 <.001 <001
Response Mean 17.9 4,06 21.7
Std. Error Est. k2,0 8.98 43,3

&yariables: Xk-l = inverse of elevation; X7 = percent of X2 that was true fir; X1l =
percent surface rock cover; X12 = percent slope gradient; X13 = potential insolation
(X3) divided by total basal area (X2).

N = 379.
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‘Table D-k. Summary of stepwise multiple regression analyses of total deer and elk forage for

unlogged mixed conifer sites, 1976.

Statistics Herbage (Y11) Browse (Y12) Total (Y13) Aspen (Y1h4)
Var. Entered® LgX13 X7 LegX9 X1l X12 X1l LgXl3  LgXl3 X1l X7 X12
R® 100 .118 .128 ,138 113,156  .165 Jd22 L1477 .160 .019 ‘
Change in R° 100 .018 -,010 .010 JA13 043,009 122 .025 .01k .019
Simple R $316 -.169 -.182 .160 2336 322 .219 349,236 -.14b .139
Y-Intercept NSP -10.1 -48.0 1.68
Corr. Coef.(b) 73.4 =-.275 -31.1 .342 288 238  9.96 91.8 .606 -.260 -.284
Std. Error b 14.9 .101 14.5 166 068 .058 4.89 15.2  .175 .105  .010
Overall F ‘ 14,9 24.8 23.8 7.4
Sign. of F <.001 <,001 <.001 .007
Response Mean 19.6 6.73 25.8 1.00
Std. Error Est. 4s.9 15.2 48.2  2.59

8Yariables: X7 = percent of X2 that was true fir; X9 = forest floor depth; X1l = percent

surface rock cover; X12 = percent slope gradient; X13 = potential insolation (X3) divided by

total basal area (X2). N = 379.

bNS = not significant at .05 level.
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Table D~5. Summary of stepwise multiple regression analyses of understory vegetation groups

for East Willow Creek, 1976.

Statistics Graminoids (Y1) Forbs (Y2) Browse (Y3) Total (Y4)
Var. Entered® e Lexo LgX9  LgX10 XS BgX9  LgXl0
R® JA53 .207 125 156 .036 189 .232
Change in R° 153 .05k J123 033 036 .189 LOol2
Simple R 2391 -.381 =351 =.337 «190 -.435 ;.401
Y-Intercept 85.4 302 Ns® 580

Corr. Coef.(b) 166 282 -318 <101 778 -633 -177
Std. Error b 50.4  91.9 120 43,2 J3h1 177 63.8
Overall F 18.1 12.8 5.2 21.0
Sign. of F <.001 <.001 .02k <.001
Response Mean 118 176 507 346
Std. Error Est. 196 2Ll 158 359

8Yariables: X2 = total basal area; XS
depth; X10 = periodic annual growth.

b

NS = not significant at .05 level.

=P
N =

ercent of X2 that was aspen; X9 = forest floor
142,
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Table D=-6. Summary of stepwise multiple regression analyses of deer forage components for
East Willow Creek, 1976,

Statistics Herbage (Y¥5) Browse (Y6) Total (Y7)
Var. Entered” LgX9 LeXl3 X5 LgX9 LgX13
R .138 .188 .039 - an 135
Change in R .138 .0k9 .039 a1 .02k
Simple R —.372 354 .198 -.333 278
Y-Intercept NsP NS 159

Corr. Coef.(b) -336 69.4 815 =371 56.1
Std. Error b 103 24,0 .340 121 28.3
Overall F 16.0 5.7 10.9
Sign. of F <.001 .018 <.0CL
Response Mean 136 L8.0 - 18k
Std. Error Est. 223 158 263

8Variablea: X5 = percent of X2 that was aspen; X9 = forest floor depth; X13 = potential
insolation (X3) divided by total basal area (X2). N = 142,

bNS = not significant at .05 level.,
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Table D-7. Summary of stepwise multiple regression analyses of elk forage components for

East Willow Creek, 1976.

Statistics Herbage (Y8) Browse (Y9) Total (Y10)
Var. Entered® LgX9 X5 X5 LgX9
R 149 177 .036 .120
Change in R° .149 .028 <036 .120
Simple R -.386 -.210 191 =347
Y-Intercept 267 NSb 291
Corr. Coef.(b) -468 -1.11 .785 =501
Std. Error b 98,6 «505 <340 115
Overall F 15.0 53 19.1
Sign, of F < +001 «023 <.001
Response Mean 152 50.1 202
Std. Error Est. 233 158 272

8yariables: X5 = percent of total basal area (X2) that was aspen; X9 = forest floor

depth. N = 142,

b

NS = not significant at .05 level.
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Table D-8. Summary of stepwise multiple regression analyses of total deer or elk forage
components for East Willow Creek, 1976.

Statistics Herbage (Y11) Browse (Y12) Total (Y13) Aspen (Y1)
Var. Entered® LgX9  LgXl0 X5 LegX9 X5
R2 164 201 035 140 Oh2
Change in R a6k - 038 .035 .140 Ol2
Simple R ok -.375 .186 | .37k .20k
Y-Intercept 333 NSb 333 NS
Corr, Coef.(b) =419 =120 «764 ~-600 .81
Std. Error b 129 46.6 o341 126 340
Overall F 17.5 5.0 22.8 6.1
Sign, of F <,001 026 | <.001 015
Response Mean 176 50.2 226 ks.2
Std. Error Est. 263 158 299 158

3Variables: XS = percent of total basal area (X2) that was aspen; X9 = forest floor
depth; X10 = periodic annual growth. N = 142,

bNS = not significant at .05 level,
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Table D-9. Summary of stepwise multiple regression analyses of understory vegetation groups
for Hannagan Creek, 1976.

Statistics Graminoids (Y1) Forbs (Y2) Total (Y4)
Var. Entered?® X2 LgX9 e eX2 LegX9
R2 45 225 .205 .282 322
Change in R° 145 .080 .205 .282 .0k0
Simple R 381 -.372 453 531 -.326
Y-Intercept NSb NS . NS

Corr. Coef.(b) 103 =120 270 371 -191
Std. Error b 36.4 43,9 62.2 77.6 93.2
Overall F 10.4 18.9 17.1
Sign. of F <,001 <.001 <,001
Response Mean 29.5 85.0 122
Std. Error Est. 69.0 121 147

aVariables: X2 = total basal area; X9 = forest floor depth. N = 75,

bys = not significant at .05 level.
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Table D-10, Summary of stepwise multiple regression analyses of deer and elk forage components
for Hannagan Creek, 1976.

Statistics Herbage (Y5)  Total (Y7) Herbage (Y8) Total (Y10)
Var. Entered” LgX13 LegX13 LgX13 LeX9 LgX13
R® .186 .206 a8k 227 197
Change in R .186 .206 8% LOb3 197
Simple R 432 sk B29 o323 N
Y-Intercept -62.4 -60.0 NSP =39,k
Corr. Coef.(b) 73.7 78.4 530 -66.0 65.6
Std. Error b 18.0 18.0 15.7 33.1 15.5
Overall F . 1647 19.0 10.6 18.0
Sign. of F <.001 <001 <.001 <.001
Response Mean 19.0 26.7 \ 25.9 33.2
Std. Error Est. 61.8 61.7 51.5 53.1

8yariables: X9 = forest floor depth; X13 = potential insolation (X3) divided by total
basal area (X2). N = 75. :

bNS = not significant at .05 level.
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Table D-11l. Summary of stepwise multiple regression analyses of total deer and elk forage
for Hannagan Creek, 1976.

Statistics Herbage (Y11) Total (Y13)
Var. Entered® LeX13 LeX9 RE LgX9
R® .162 .212 A7 .218
Change in R .162 .050 74 Ol
Simple R Lo2 -.333 H17 =307
Y-Intercept NSb NS -

Corr. Coef.(b) 69.1 ~103 134 -95.6
Std. Error b 22.7 47.8 ' 39.8 h7.4
Overall F 9.7 10.0
Signe of F 001 .00L
Response Mean 32,4 ho.1
Std. Error Est. 7h 4 74.8

8yariables: X2 = total basal area; X9 = forest floor depth; X13 = potential insolation
(X3) divided by X2.

bNS = not significant at .05 level.
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APPENDIX E

COMPOSITION AND FREQUENCY OF OCCURRENCE DATA

8percent frequency of occurrence values for woody and herbaceous plants
are for .0l acre and 9.6 square foot sampling plots, respectively,
except for Burro Creek where a 3.2 square foot plot was used for her-
baceous species. Composition values represent percent of total weight
for each of these plant groups: woody plants, graminoids, and forbs.
T's denote <.l percent. Sample sizes for the five treatments (from
left to right) were 379, 1k2, 75, 73, Sh.

bThese are combined data for all the unlogged mixed conifer sampling
areas.

®Unidentified herbaceous species.
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Table E~1. Percent composition and frequency of occurrence of plants by study areas.®

Species ¢ Uncutb E. Willow Creek : Hannagan Creek : Burro Mountain : Bear Wallow
Symbol ¢ Comp. ¢ Freq. @ Comp. ¢ Freqa ¢ Compe. ¢ Freq. : Comp. : Freq. : Comp. : Freq.
Woody Plants

Acgl o1 o3 .0 .0 .0 .0 .0 .0 .0 -0
AMEL .1 3 .0 <0 0 .0 .0 «0 0 «0
Bere 2 5 -0 .0 0 <0 0 0 0 0
Cefe o1 3.0 T o7 T 1.3 .0 0 5 1.8
Loar 3.3 16.2 .1 b2 .6 - 6.7 .0 .0 Ne «0
Lout 1.0 5.9 T 1.h4 .0 .0 <0 0 <0 0
Pamy 14,1 12.4 243 2.8 -0 0 0 0 0 <0
Potr 16.0 54,0 89.6 71.1 93.1 65.3 o2 2e7 10.3 11.2
Quga 20,4 11.9 2 o7 .0 -0 .0 0 <0 .0
Ripi 5 1.b 2.6 10.6 0 0 80.4 23.3 31.8 13.0
Roar 1.5 13.2 ol 5.6 <0 0 0 <0 0 0
Ronel 38.0 16.2 o2 1.k 563 1.3 0 0 7.6 3.7
Rupa 1.1 15.9 3 15.5 5 6.7 ol 1.k .0 .0
Rust .0 .0 1.0 7.0 .2 4.0 28.9 17.8 24,8 2k,1
SAMB T 3 .6 o7 o 1.3 0 .0 223 7.4
Sasc 2.0 1.9 <9 3.5 0 .0 0 0 .0 .0
Syorl o7 3.0 T 7 -0 20 0 <0 2.8 1.8
Vaor <9 2.7 1.8 5.6 .0 <0 .0 .0 .0 .0
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Table E-l-~-continued Percent composition and frequency of occurrence of plants by study areas.a

Species Uncutb E. Willow Creek : Hannagan Creek : Burro Mountain : Bear Wallow
Symbol Comp. : Freq. : Comp. ¢ Freqe ¢ Comp., : Freqe : Comp. : Freqs. : Comp. : Freq.
Graminoids

Agdel .0 -0 .0 0 .0 «0 .0 .0 2.4 5.6
Agscl .0 .0 5 7 1.5 1.3 .8 17.8 .0 .0
AGRO1 .0 .0 b1 1.4 .0 .0 8.0 384 2.6 5.6
Bltr L b 3.7 1.0 1.4 -0 .0 .0 .0 .0 <0
Brinl 31.8 26.4 52.3 54,2 30.8 26.7 15.8 78.1 45,9 57.4
CARE 35.9 29.8 13.1  28.2 47.8 30.7 25.5 76.7 18.3 29.6
Dagl 0 .0 6.4 2.1 .0 .0 o0 .0 7.7 11.1
Fearl .0 .0 .0 .0 0 0 34,0 39.7 0 «0
Feel 0 .0 -0 .0 0 .0 .0 .0 <9 1.8
Kocr 3.8 3.2 b b 10.6 16.9 14,7 3.0 19.2 .0 0
Mumol 1.0 .8 .0 .0 .0 .0 3.6 12.3 .0 .0
Muvi 15.9 13.2 3.7 o7 4,6 k.0 <0 0 0 0
Pabu 3 > .0 .0 <0 «0 0 «0 0 0
Phpr <0 .0 .8 2.1 -0 <0 .0 0 9.9 25.9
POA bk 347 2.3 5.6 9.2 8.0 2.4 21.9 0 .0
Pofe .0 .0 .0 .0 .0 0 T 1.4 ko 9.3
Popr .0 .0 .0 .0 .0 .0 T 1.4 9 1.8
Sihy 2.2 1.8 10.4 5.6 1.5 1.3 6.6 4s,2 6.6 135.0
Trmo 3 o3 <9 1.b4 0 0 ol 2.7 0 0
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Table E-l~-continued Percent composition and frequency of occurrence of plants by study areas.?

Species Uncutb ¢ E. Willow Creek : Hannagan Creek : Burro Mountain : Bear Wallow
Symbol Comp. : Freqe t¢ Comp, : Freqe : Comp. : Freq., : Comp. : Freq. : Compe : Freq.
Forbs

Acla .3 4.8 2.5 9.9 3 2.7 6.2 2h,7 7 1l.1
Agpa 4.8 1.1 o7 .7 .0 .0 .0 .0 .0 .0
Anpal T o3 «0 o0 0 0 0 .0 .0 0
Appa 0 -0 0 .0 0 0 2.2 35.6 .0 <0
Aqtr T 5 T o7 o1 1.3 0 .0 0 0
Arlas T 3 8 2.8 o3 4,0 _ &3 8.2 0 «0
Arfr2 .0 .0 .0 .0 .0 .0 ol k.1 .0 .0
Asfo T 5 0 .0 0 0 0 0 .0 0
Caau <0 .0 .l 1.k <0 .0 0 .0 .0 0
Capa .0 .0 T 2. .0 .0 T 2.7 .0 .0
Cear .0 .0 .l 2.1 2.1 9.3 3.6 46.6 R 9.3
Chca T 3 .0 .0 .0 0 «0 0 .0 «0
Chfr «0 0 .8u b2 -0 «0 T 1.4 1.0 2242
Chum 2 1.1 .0 .0 ol 1.3 0 0 .0 0
Cipa2 .0 .0 .0 .0 .0 .0 20.0 4.8 .0 .0
Cipu .1 1.1 .5 b2 .0 .0 .0 .0 .0 .0
Coma2 .2 3 .0 .0 .1 1.3 .0 .0 .0 .0
Coau .0 0 T o7 .0 .0 0 .0 .0 «0
Deri .0 .0 .0 .0 3 2.7 5.2 2k.7 2.b 3.7
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Table E-1--continued Percent composition and frequency of occurrence of plants by study areas.?

Species @ Uncutb : E. Willow Creek : Hannagan Creek : Burro Mountain : Bear Wallow
Symbol @ Comp. : Freq. : Compe ¢ Freq. : Comp. ¢ Freq. : Comp. ¢ Freq. : Comp. : Freqe.
Forbg--continued

Epan T 3 3 2.8 .0 «0 o2 2.7 0 «0
ERIG 3.2 13.2 3.7 18.3 3 5¢3 T 1.4 o0 «0
Erdi2 .0 «0 «0 «0 «0 «0 «0 o0 3163 759
Erfl1l 0 0 .0 «0 =0 0 5 5.5 0 0
Erfo -0 0 3 1.k 0 .0 ol 2.7 .0 0
Eror .0 .0 .0 .0 .0 .0 .0 .0 5 3.7
Ersc T 3 .0 0 -0 0 1.5 3h,2 18.5 79.6
FRAG L,5 25.6 5.9 33.1 2.5 3343 h,2 52.0 1.6 16.7
Gestl - 1.3 ] 2.8 .0 <0 «0 0 «0 .0
GERA 1.3 9.5 8.0 20.b .9 10.7 ol 19.2 5.6 42.6
Gnma .0 .0 .8 2.8 .0 0 <0 .0 0 0
Gore R 2.9 T o7 .0 .0 <0 .0 o0 «0
Hafl 0 .0 .0 .0 .0 .0 1.2 8.2 .0 .0
Hare T .8 T 2.1 3 4.0 -0 =0 «0 0
Heho 6.7 6.9 15.8 11.3 9.3 21.3 5.4 26.0 .0 -0
Laar 9.7 20.3 1.6 10.6 .8 5¢3 10.4 67.1 o2 7ol
Lipo ol 8 8 o7 .0 .0 .0 .0 .0 0
Limu R 2.4 .0 .0 2 1.3 «0 .0 .0 «0
Luarl 242 3.2 Belt 8l .0 «0 0 .0 <0 «0
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Table E-l--continued Percent composition and frequency of occurrence of plants by study areas.>

Species Uncutb ¢ E. Willow Creek : Hannagan Creek : Burro Mountain : Bear Wallow
Symbol @ Compe ¢ Freq. @ Comp. ¢ Freqe ¢ Compe ¢ Frea., : Comp. : Freq. : Comp. : Freqe.
Forbs--continued

Oeho .0 «0 .0 .0 .0 .0 «0 .0 2.6 13.0
Osob T 3 0 0 .0 -0 0 -0 .0 .0
Oxgr T <5 1.4 9.9 o2 2.7 1.8 38.4 3 13.0
Oxce 0 0 .1 o7 «0 .0 0 .0 0 .0
Pegr5 .0 <0 .0 .0 .0 .0 T 1.4 «0 <0
Peba -0 0 0 .0 .0 .0 0 .0 T 1.8
Pevi 2 1.1 .0 .0 . 1.3 .0 .0 .0 .0
Phma .0 .0 11.2 18.3 5¢2 6.7 1.4 19.2 3.1 27.8
Poav -0 -0 T o7 .0 <0 o0 0 Ne 0
Pofo .0 0 T o7 .0 L0 .0 .0 .0 .0
Pohi .1l 1.1 .1 1.4 <0 .0 0 .0 0 .0
Prvu .0 0 .0 0 o2 1.3 -0 0 .0 .0
Psmo .2 3.4 3 L2 .2 8.0 .0 .0 .0 .0
Ptaq 25.9 16.4 15.2 21.1 50.9 h1.3 29.1 38.4 25.0 18.5
Pyvi o1 1.3 T .7 .0 .0 .0 .0 .0 .0
Sebi .1 3 .9 1.4 .0 .0 «0 0 .0 .0
Secr2 18.2 28.5 L7 2h.6 «5 4,0 .0 .0 «0 0
Secy o3 2.1 R 1.4 .1 1.3 .0 0 .0 .0
Sema .0 -0 .0 .0 .0 .0 1.5 2h.7 k,9 37.0
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Table E-l--continued Percent composition and frequency of occurrence of plants by study areas.”

Species Uncutb

s Bear Wallow
Symbol : Comp. : Freq.

Comp. ¢ Freq.

Burro Mountain
Comp. ¢ Freqe

Hannagan Creek
Comp. ¢ Freqe.

E. Willow Creek
Comp. : Freq.

Forbs--continued

Sewo 11.7 23.2 75 23.9 17.1 30.7 1.4 164 6 _ 5.6
Sisc ol 5 .0 .0 0 0 .0 0 .0 0
Sili .0 <0 0 0 .0 0 0 <0 T 1.9
Smra ol .8 0 -0 0 .0 .0 .0 0 0
Smst 2 2.9 9 10.6 -2 9.3 T 1.h <0 «0
Sode 3.0 13.5 1.7 b2 5.9 18.7 .0 .0 .0 0
Sowr 0 .0 .0 .0 0 .0 o1 4,1 .0 0
Swra 0 -0 <0 «0 .0 «0 o7 1.4 0 «0
Taof T 3 o1 k.9 «0 -0 o2 32.9 T 3.7
Thfel o3 5.8 o3 6.3 0 .0 o4 2e7 0 «0
Thlol T o5 0 .0 0 0 o2 5.5 0 0
Thpi 3.0 1.8 0 .0 .8 1.3 .0 .0 0 «0
Tofo .0 .0 0 .0 o2 1.3 .0 .0 0 0
Trpi .0 .0 T o7 0 0 0 o0 T 1.8
Tepr2 .0 .0 .0 .0 .0 .0 ol L.l ;0 0
Veth «0 0 0 0 .0 «0 T 1.4 o6 3.7
Vewo 0 0 .0 .0 0 0 .0 .0 o5 1.8
VICI 9 1.8 2.6  18.3 T 2.7 5 37.0 .2 22.2
Vipul .0 0 oA .7 .0 .0 .0 .0 .0 .0

6¢T



Table E-l--continued Percent composition and frequency of occurrence of plants by study areas,>

Species Uncutb ¢ E. Willow Creek : Hannagan Creek : Burro Mountain : Bear Wallow
Symbol Compe ¢ Freqe. : Compe. : Freq. ¢ Comp. ¢ Freq. : Comp. : Freq. : Comp. : Freq.
Forbs--continued

Vimu .0 .0 o1 .7 .0 .0 .0 .0 o2 1.8
Vica 1.2 264 6 1843 .8 34,7 T 4,1 .0 .0
Wyar 0 0 -0 0 «0 .0 el 1.k 0 «0
Unk® 0 .0 .0 0 .0 O 1.2 5.5 .0 .0

oht
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