
Southwest Oregon.

i A

Signature redacted for privacy.
Abstract approved:.f

Arctostanhylos viscida is a broad-leaved, evergreen, sclerophyl-

bus shrub which grows in northern California and the Siskiyou

Mountain region of southwest Oregon. After site disturbance, A. viscida

competes with conifer regeneration, and may dominate a site for ninety

years.

This study examined the rate at which full site occupancy occurs in

A. viscida brushfields in southwest Oregon, and estimated the amount of

biomass and leaf area at several ages from 2 years to 16 years.

It was found that full site occupancy (as indicated by canopy

closure) could occur as early as six years after site disturbance, and

at basal areas as low as 2200 mm2/in2. At this point, leaf area,

biomass, and basal area accumulation began to level off. The maximum

Ltd observed on plots of 6-year-old shrubs was 2.99. By 16 years old,

maximum LAI had increased to 3.69. Examination of individual open-grown

shrubs (which should provide estimates of the potential maximum LAI at a

given age) showed that the maximum LAI's were very similar to those of

fully occupied plots. Open-grown shrubs could reach a leaf area index
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greater than 3.5 by 4 years of age. Little change in maximum LAI

occurred between 4 and 10 years. The close agreement between the LAI's

of open-grown and stand-grown shrubs seems to indicate that the maximum

LAI of whiteleaf manzanita communities between 6 and 16 years old is

between 3.0 and 4.0.

The rate of biomass accumulation slowed at the time of canopy

closure. At 16 years old, mean leaf biomass was 1010 g/m2, and mean

total aboveground biomass was 3176 g/m2. These figures are similar to

those reported for other chaparral shrub species.

Regression equations for estimating the biomass and leaf area of

individual A. viscida, and of A. viscida communities, were developed.

Logarithmically-transformed equations with trunk basal diameter as the

dependent variable gave the most accurate estimates of individual shrub

biomass and leaf area (r2 = 0.97 or 0.98). Community biomass and leaf

area were most strongly correlated with basal area per square meter

(r2 = 0.94 to 0.999).
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THE DEVELOPMENT OF LEAF AREA AND BIOMASS IN THE WHITELEAF MANZANITA

(ARCTOSTAPHYLOS VISCIDA PARRY.) BRUSUFIELDS OF SOUTHWEST OREGON

INTRODUCTION

In southwest Oregon, extensive areas of commercial forestland are

now occupied by brushfields or stands of undesirable hardwoods

(Gratkowski etal. 1973, Bassett 1979). Numerous studies have

demonstrated the detrimental effect of competing vegetation on conifer

growth and survival (Newton 1981, Stewart 1980, Bentley et al. 1971, Roy

1981). Despite the important role of brush in southwest Oregon conifer

plantations, little is known about the biological and ecological

characteristics of the species involved. Without such knowledge,

effective shrub control strategies cannot be developed.

This study focuses on whiteleaf manzanita (Arctostaphylos viscida

Parry.), a common shrub on the more xeric timber producing sites in

southwest Oregon. It examines the development of structure, aboveground

biomass, and leaf area in A. viscida brushfields, and explores the

relationship of stand densities and community biomass. This information

will benefit forest managers by allowing accurate projections of

potential A. viscida occupancy in young conifer plantations.

There are two general goals of this study:

To assemble pertinent literature on the ecology and stand

development of whiteleaf manzanita and other species from

summer-dry Mediterranean-like climates.

To study the rate at which leaf area and biomass develop in the

whiteleaf manzanita brushfields of southwest Oregon.
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LITERATURE REVIEW

Arctostaphylos [from Greek, Arctos - a bear, and staphule - bunch

of grapes (Jepson 1939)] Is a genus of the family Ericaceae. According

to Mason (1934), the earliest fossil specimens of Arctostaphylos come

from the lower Pliocene Clarendon beds of Texas. During and since the

Pleistocene Epoch, the genus moved northward into its present range.

The center of greatest abundance and diversity is now in the San

Francisco Bay area (Mason 1934).

The approximately fifty species comprising this genus are found

mostly in western North America, from Central America to British

Columbia, but one species has a circumpolar distribution (Munz 1959).

Aretostaphylos species are woody, evergreen, scierophyllous plants

typical of the chaparral community which occurs in regions of

Mediterranean-type climate (McMinn 1951). Species vary in habit from

prostrate to shrubby or subarborescent, but can be recognized by the

smooth branches, dark red bark, and the stiff, somewhat vertically-borne

leaves (Adams 1940, Jepson 1939).

Description and Range of A. viscida

Whiteleaf manzanita is an erect, spreading shrub which can attain a

height of 4.5 meters (Adams 1940, Jepson 1939). Jepson (1939) reported

one subarborescent specimen 4.3 meters tall with a trunk diameter of

26.7 cm., 15 cm. above the ground. Typically, there are several crooked

branches spreading from the base (McMinn 1951, Adams 1940). Leaves are

thick and stiff (Peck 1961), 3 to 5 cm. long, and glaucous (Jepson



1939). Whiteleaf manzanita is a non-sprouting species which can be

killed outright by fire (Jepson 1939).

A. viscida grows on dry slopes at elevations from 150 to 1525

meters (Munz 1959). Its range extends through the Sierra Nevada

foothills of California from Tulare County to Shasta County, around the

north end of the Sacramento Valley, and along the inner Coast Range of

California from Lake and Napa Counties northward to the Siskiyou

Mountains in southern Oregon (McMinn 1951, Peck 1961).

Several researchers have noted that within portions of its range,

A. viscida is restricted to serpentine soils. Th±s is often true in the

western Siskiyou Mountains (Whittaker 1960, Gottlieb 1968), and in the

Coast Range of California (Koenigs etal. 1982).

Taxonomy

The genus Arctostaphylos evolved rapidly during the Pliocene and

Pleistocene Epochs, and is probably still undergoing rapid evolution

(Thomas 1961). This has resulted in numerous intermediate forms which

make Arctostaphylos a taxonomically difficult genus (Thomas 1961).

There is no single feature which can be used throughout the genus to

determine discrete species. Rather, it is necessary to examine a range

of factors including habit, manner of branching, glandularity of plant

parts, leaf and inflorescence characteristics, fire behavior, ecological

data, and geographic range (Adams 1940).

The taxonomic difficulty in defining species within this genus is

apparent with A. viscida. Various authors have identified populations

of A. viscida as separate species, subspecies, or varieties. Cases of



hybridization are not uncommon. Based on differences of glandulosity

and pubescence, Wells (1968) suggested three subspecies of A. viscida:

A. viscida ssp. viscida, A. viscida ssp. mariposa (Dudley) Wells, and A.

viscida ssp. puichella (Howell) Wells.

Subspecies viscida is the typical A. viscida with glabrous ovary

and fruit, and usually glabrous branchlets and leaves. It occurs in the

Sierra Nevada foothills from Kern County north to Shasta County.

From Mnador County south to Kern County, subspecies mariposa

largely replaces subspecies viscida. Subspecies mariposa has

glandular-viscid ovary and fruit, and pubescent leaves, branchlets and

inflorescences. Adams (1940) and McMinn (1951) accepted A. mariposa

Dudley. as a separate species, although McMinn noted intermediate forms

of A. viscida with A. mariposa in Amador County, California. Jepson

(1939) felt that A. mariposa was a weak or unallowable species.

Subspecies pulchella occurs through California's North Coast Ranges

to the Siskiyou Mountains of Oregon. Like subspecies viscida,

subspecies puichella has glabrous leaves and branchiets, but its

glandular-viscid ovary and fruit sets it apart from subspecies viscida.

McMinn (1951) identifies a variety of A. viscida which occupies

basically the same range as subspecies pulchella. Since Arctostaphylos

viscida var. oblongifolia (Howell) Adams Ms. has pubescent branchlets

and leaves, it does not seem to be another name for subspecies

puichella. However, as mentioned earlier, it is often difficult to

define clearcut species boundaries in the genus Arctostaphylos. This is

true in the case of glandulosity and pubescence. Wells (1968) notes

that throughout A. viscida's range glandular-pubescent individuals can

occur in glabrous populations.



Further complicating the taxonomic picture, A. viscida is known to

hybridize with other manzanita species. In the Siskiyou Mountains of

southwest Oregon, A. canescens Eastw. grows on non-serpentine soils,

while A. viscida grows on serpentine soils. Where populations of the

two species meet in areas of abutting soil types, hybridization occurs

(Gottlieb 1968). An extensive series of morphological intermediates can

be found, most of them on non-serpentine or transitional soils.

Wells (1968) has reported probable hybridization between A. patula

Greene and A. viscida. In the Sierra Nevada, these two species

segregate along an elevational gradient. A third species, A. newukka

Merriam., occurs in sporadic colonies which are restricted to an

elevational zone where A. patula and A. viscida overlap. Morphological

analysis of A. newukka indicates hybridization of A. viscida with

A. patula, followed by character stabilization in A. newukka.

There is also clear evidence of hybridization between A. viscida

and A. nissenana Merriam., an endemic found near Placerville, California

(Schmid et al. 1968).

Presence in Siskiyou Mountain Plant Communities

Whiteleaf manzanita is characteristic of the driest sites In the

Siskiyou Mountains (Whittaker 1960, Waring 1969, Badura and Jahn 1977,

Gratkowski 1961). Waring (1969) found that in the eastern Siskiyou

Mountains, the presence of A. viscida signified sites where the highest

moisture stresses occurred. Maximum pre-dawn moisture stress

measurements on one- to two-meter-tall Douglas-fir (Pseudotsuga

menzIesil) ranged from 15 to 25 atm, or higher, on sites with
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A. viscida. Waring identified two plant communities in which whiteleaf

manzanita is an important shrub. The Ponderosa Pine (Pinus ponderosa)

Type is the most xeric of Waring's conifer types. In this community,

Ponderosa pine, Douglas-fir, madrone (Arbutus menziesii), and sometimes

white fir (Abies concolor) comprise the overstory. This type is

extremely rare in the Siskiyous.

The Black Oak (Quercus kelloggil) Type is more common. Douglas-fir

and Ponderosa pine dominate, but madrone and occasionally Oregon white

oak(Quercus garryana) are also components of the overstory. The

understory is dominated by grasses, poison oak (Rhus diversiloba), and

California honeysuckle (Lonicera hispidula).

Three environmental zones have been identified in the Siskiyou

Mountain portion of the Rogue River National Forest (Badura and Jahn

1977). The Lower Forest Zone seems to correspond with Waring's Black

Oak Type. A. viscida is commonly found in the understory. Dominant

conifers are Douglas-fir and Ponderosa pine. Hardwoods and shrubs

include black oak, poison oak, Ceanothus cuneatus, Garrya fremontii,

Oregon white oak, and Lonicera hispidula.

Whittaker (1960) includes A. viscida as one of the important high

shrubs of the Oak Woodland. Located adjacent to the Rogue River Valley,

this is the driest forested formation in his transect across the

Siskiyou Mountains. Black oak and Oregon white oak comprise the

overstory, while grasses dominate the understory. In addition to

A. viscida, deerbrush (Ceanothus integerrimus) and mountain mahogany

(Cercocarpus betuloides) are common members of the shrub layer.



In the western Siskiyou Mountains, Whittaker (1960) found

A viscida only on serpentine sites Jeffrey pine (Pinus 3effreyi)

and incense cedar(Librocedrus decurrens) composed the overstory.

Adaptations of Evergreen Sclerophyllous Shrubs

The following discussion examines adaptations of evergreen,

selerophyllous shrubs in general, and makes reference to A. viscida

whenever possible. The evergreen, scierophyllous shrubs which dominate

regions of Mediterranean climate throughout the world tend to have many

properties in common (Miller and Stoner 1979). In order to survive and

grow in these drought stress environments, plants must control water

loss while maintaining the ability to photosynthesize whenever favorable

conditions occur (Morrow and Mooney 1974). A number of adaptations have

evolved for this purpose.

The xeromorphic features of the leaves are probably the most

obvious adaptations. In comparison to leaves of plants from more mesic

areas, scierophyllous shrub leaves usually have smaller cell size,

thicker cell walls, more veins per unit surface area, thicker cuticle,

higher stomatal frequency, and stronger mechanical tissue (Kummerow

1973). Transpiration losses are reduced by efficient stomatal closure

mechanisms and high cuticular resistance (Poole and Miller 1975; Miller

and Poole 1979).

Control of leaf energy balance also helps control transpiration

losses. The small leaf size typical of scierophyllous shrubs provides

efficient convective heat exchange, and thereby minimizes dependence on

evaporative cooling (Rundel 1977). The somewhat vertical orientation of

7
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leaves in some species, including manzanita, also helps reduce leaf heat

load and water loss by providing a means of controlling the amount of

solar radiation a leaf absorbs (Rundel 1977; Shaver 1978). In a study

of seven Arctostaphylos species, Shaver (1978) found that A. viscida,

the species from the warmest, highest insolation environment, absorbed

much less radiation than any other species. The mean leaf angle from

horizontal in whiteleaf manzanita was 76.24°, higher than for any

species except A. mariposa which had a leaf angle of 77.35°. As

mentioned in an earlier section of this paper, A. mariposa is considered

by Wells (1968) to be a subspecies of A. viscida.

Evergreen leaves are commonly found on plants growing in

Mediterranean climates. This strategy is common in areas where the

length of the growing season is too short to recover leaf construction

costs in one season (Miller and Stoner 1979), where the cost of

maintaining leaves during periods unfavorable to photosynthesis is less

than that of producing new leaves (Mooney and Dunn 1970; Miller and

Stoner 1979), or where the period favorable to photosynthesis precedes

the period favorable to leaf growth (Miller and Stoner 1979).

Evergreeness not only conserves food reserves and energy, but allows

positive net photosynthesis during brief favorable periods (McDonald

1982).

A number of selerophyllous shrub characteristics, other than

leaves, contribute to the ability of these plants to survive in drought

stress situations. McDonald (1982) mentions several advantages inherent

in a shrub form. One of the most important is that the transpiring

crown is out of the wind, thus decreasing water losses due to



transpiration. Lower, usually smaller, crowns also lead to better

root:shoot balance.

Hamilton and Rowe (1949) found that in some chaparral species the

plant form may help to trap and direct the flow of precipitation. A

relatively large proportion of rainfall (almost 1/3 in some species)

reached the soil surface as stem-flow. Since stem-flow provides

moisture right at the base of the plant where infiltration rates are

highest, it is a particularly useful source of moisture. Plants with

stiff upright branches and smooth bark have the greatest stem-flow.

Root Systems

Sclerophyllous shrubs have extensive root systems with the capacity

to absorb water from a large volume of soil, or to tap ground water

supplies (Rundel 1977). Hellmers etal. (1955) examined the root

systems of four chaparral plants including Arctostaphylos glauca, a

close relative of A. viscida. In all species, the lateral spread of the

roots was greater than that of the branches. The four specimens of

A. glauca (2 meter tall average, 54-72 years old) had an average maximum

radial spread of roots equal to 3.8 meters, while the average maximum

radial spread of shrub tops was 1.1 meters. The ratio of average

maximum spreads (root to top) was 3.5. In a similar measure, Miller and

Ng (1977) found the ratio of ground surface underlain by roots to

vertical projection of the crown to be 2.1 for an A. glauca 1.05 meters

tall, with a 1 meter crown diameter. For the same A. glauca specimen,

the root:shoot biomass ratio was 0.87. None of the six species examined

by Miller and Ng had root:shoot ratios greater than 1.

9
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Both of the above root studies found A. lauca to be a shallow

rooting species. Miller and Ng (1977) reported that roots were

concentrated in the top 0.3 meters of soil, while Heilmers et al. (1955)

found the roots confined mostly to the top 0.6 meters of soil even in

deep gravel soils. A few roots penetrated as deep as 2.6 meters

(Hellmers etal. 1955). Excavatioi of several specimens of A. viscida

suggests the rooting habit is similar to that of A. glauca (Mike Newton,

personal communication).

Patterns of Water Use

Very little research has been done on the water relations of

A. viscida, but several studies have examined A. glauca in southern

California. In a study which included eight species of chaparral

plants, A. glauca and Ceanothus greggii developed the lowest pre-dawn

xylem pressure potentials, and showed the least responsive stomata to

declining water potentials (Poole and Miller 1975). By July or August,

xylem pressure potentials were lower than -65 bars. A. glauca had a

lower minimum stomatal diffusion resistance to CO2 (f2sm1) than

C. greggli (f6scm2), but manzanita resistances increased more rapidly

with decreasing water potentials. For both species stomatal closure

occurred between -55 and -60 bars. High xylem pressure potentials were

quickly recovered once the summer drought ended.

In a related study, Miller and Poole (1979) found pronounced

seasonality in A. glauca's pattern of water use. At high water

potentials, A. glauca had the highest stomatal conductance of all the

chaparral species studied, but during the drought it had zero
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conductance for the longest period. Maximum transpiration occurred in

the spring when transpiration was approximately 2.0 mm day on a square

meter leaf area basis. For zero water potential, maximum conductance

was about 047 cms1. During the drought, A. glauca showed complete

cessation of transpiration for almost 21/2 months.

In stands of mixed species where water is limiting, a "water

waster" strategy can have competitive value (Miller and Poole 1979).

Species use water rapidly when it is available resulting in earlier soil

water depletion and a longer dry period. However, during wet periods,

relatively rapid growth is possible.

Parsons etal. (1981) suggest that drought survival by A. visc±da

may depend on a mechanism by which certain branches are sacrificed, with

the survivors preferentially receiving available resources. These

researchers evaluated the effect of a severe two-year drought on

sixty-year-old whiteleaf manzanita. Although midday water potentials as

low as -74 bars were measured, only three out of ninety shrubs died.

All but one of the surviving shrubs showed signs of drought-induced

dieback. Shrubs which suffered the highest branch mortality (90% or

more) had significantly greater post-drought twig growth than plants

with lesser dieback.

A similar drought adaptation was noted by Davis (1973), who

observed that mature Arctostaphylos shrubs, including A. viscida

(Parsons et al. 1981), often have only narrow stripes of living bark on

the trunk. These stripes are separated by areas of bleached dead xylem

which are usually distally associated with dead portions of the shrub,

e.g. shaded branches. Davis suggested that this adaptation allows

shrubs in areas of summer drought to accrue sufficient height each year



to maintain the canopy in sunlight, but allows the loss of all but the

most healthy leaves, and therefore reduces water loss through

transpiration. In large shrubs, the percentage of shoot composed of

living stripes is often small compared to that composed of dead wood.

Davis described the result as "a 'vine-like' manzanita supported and

held aloft by its own dead remains."

Biomass Accumulation

Photosynthetic rates, patterns of carbon allocation, and biomass

accumulation rates are similar in all areas with Mediterranean-type

climate (Mooney 1977). Evergreen, sclerophyllous shrubs are able to

maintain photosynthesis and net assimilation throughout the year,

although at reduced levels during drought periods (Mooney and Dunn 1970;

Harrison etal. 1971). Annual carbon fixation seems to be directly

related to annual precipitation, and only slightly limited by

temperature (Dunn 1975; Mooney etal. 1975; Baker etal. 1982).

Mooney (1977) reviewed data on the carbon cycle of Mediterranean-

climate evergreen scrub communities. The inherent carbon-gaining

capacity (net photosynthesis) of evergreen, scierophyllous shrubs is

generally low when compared to plants of other climatic regions

(ca. 5-15 mg CO2 dm2h1). Rates of shoot biomass accumulation range

between 100 and 200 g m2y1, and probably decrease with age. Annual

aboveground production is about 400 g m2y1. This is considerably

lower than that of temperate and tropical forests. Approximately

40 percent of total carbon fixed is allocated to root growth (Kummerow

et al. 1977).

12



Fire and Reproductive Strategy

Frequency of fires has a large Impact on the reproduction of

chaparral shrubs. Following fires there are two reproductive

strategies: 1) vegetative sprouting from root crowns, and

2) germination of previously dormant seed (Wells 1969). Of the

twenty-five genera comprising the evergreen scierophyll vegetation of

California, only species of Arctostaphylos and Ceanothus have lost the

ability to sprout, and have adopted an obligate-seeding strategy. In

each of these two genera about 79 percent of the species are

non-sprouters (Wells 1969). In Oregon, however, all Ceanothus species

can sprout.

Wells (1969) believes that the non-sprouting species are more

biologically specialized to the fire cycle than are sprouting species.

In areas with frequent fires, non-sprouters will have a greater number

of sexual generations, and offspring will undergo more intensive

selection pressure than will sprouters. This may explain the

exceptional extent of speciation in Aretostaphylos and Ceanothus.

Keeley and Zedler (1978) claim that the advantage of more rapid

adjustment to the environment through an increased number of sexual

generations does not adequately explain the evolution of an

obligate-seeding strategy. They suggest a model based on fire

frequency. After a fire, all members of the population reestablish at

the same time, resulting in a homogeneous sampling of potential

genotypes. Between fires, shrubs which fail to maximize the variety of

genotypes may have their genes left Out of the next fire-spawned

sampling of genotypes as a result ofcompetition-induced mortality.

13
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Therefore, infrequency of fire provides the selective pressure for an

obligate-seeding strategy.

According to Keeley and Zedler's (1978) model, in short fire cycles

(about 25 years) there will be less mortality due to thinning pressure

prior to the fire so more potential resprouts. The fire will be less

intense so more sprouters will survive. The result will be smaller

openings for seedlings, and low selection pressure for an

obligate-seeding strategy.

On the other hand, with long fire cycles there are more dead shrubs

prior to the fire (fewer potential resprouts); the fire will be more

intense (higher sprouter mortality); and large openings will be formed.

Under this fire regime, there is high selection pressure for an

obligate-seeding strategy. Whiteleaf manzanita appears to have followed

this strategy because it lives up to 90 years (Baker etal. 1982) and is

a non-sprouting, obligate-seeding species (Jepson 1939; Adams 1940).

Phenology

The timing and duration of growth in chaparral shrubs is greatly

affected by water stress (Baker et al. 1982). The most active growth

period is in late winter, and spring when temperatures are increasing

but water is not yet limiting (Baker etal. 1982).

Baker etal. (1982) examined the phenology of A. viscida in the

Sierra Nevada foothills. They observed sequential development with a

protracted bud stage. New leaves were the first sign of developmental

activity as they unfolded in early February and March. Branch

elongation followed within one month, and continued until midday water



potentials reached -23 to -27 bars. Flower buds were observed in April

and Nay, but these did not open until early March of the following year

after leaf development and branch elongation had begun. Most of the

fruit was set by April and took several months to ripen. It was mature

by June and dispersed throughout the summer.

Keeley (1977) found a significant correlation between fruit

production and precipitation in the previous year, in A. glauca. He

hypothesized that in high precipitation years there was a high carbon

gain, which resulted in high numbers of flower primordia which would

open the following spring. He also

not dependent on high precipitation

fruits were using carbon stored the

Control of Whiteleaf Manzanita

As noted in the introduction, brush species compete with conifers

for site resources. In order to maximize conifer growth, it is

therefore desirable to control brush.

Conard and Emmlngham (1984) compiled data on the effectiveness of

various herbicides on shrubs and trees in southwest Oregon. Severe

injury (60-90%) to manzanita was attained usIng 2,4-D in spring or early

summer. Triclopyr ester (in oil and water, or Moract® and water) also

gave severe, but variable, injury levels with spring spplications. The

most severe injury level (90-100%) was reported for an early summer

application of a picloram and triclopyr mix. This mix is for site

preparation only, not for conifer release.

15
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Lanini and Radosevich (1982) found that there is a general trend of

decreasing shrub control as herbicide application dates move from spring

to fall. They reported that only 2,4-D ester and glyphosate were

moderately effective (>50%) in reducing canopy volumes on all three

application dates (May 3, July 30, October 6). There was a positive

correlation between canopy volume reduction and predawn xylem pressure

potential. Herbicides were most effective when water stress was lowest.

Estimation of Biomass and Leaf Area

In order to understand the dynamics of brushfield development, it

is very useful to have estimates of leaf area and biomass. Knowledge of

leaf area is especially important since leaf area influences processes

such as photosynthesis, respiration, transpiration, canopy interception,

and energy transmission to the ground (Cholz etal. 1976). The leaf

area in pure stands increases only until a certain level (crown

closure), after which it remains relatively stable (Marks 1974). In

pincherry, this level was reached after only 4 years of growth (Marks

1974). Woody and total biomass continue to accumulate after foliage

biomass has stabilized, but they eventually level off as well (Marks

1974).

It is not practical to measure directly the leaf area and biomass

of an entire brushfield, but a number of studies have demonstrated the

feasibility of using regressions to estimate these variables (Gholz

et al. 1979; Whittaker and Woodwell 1968; Peek 1970; Baskerville 1972).

Leaf area within a species can vary as a result of differing moisture

and temperature regimes (Crier and Running 1977; Waring etal. 1978;
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Poole and Miller 1981). For this reason, regression equations should be

developed in the area where they will be used.

Measures of Density

Marks (1974) states that full site occupancy occurs when all site

resources are being fully exploited by vegetation. Full occupancy can

be achieved whether by a large number of small individuals or a small

number of large individuals, but is attained more rapidly when initial

density is high (Marks 1974). When a stand reaches its maximum foliage

per unit land surface, it is thought to be at full occupancy

(Baskerville 1962).

Regardless of initial density, stands on similar sites tend to

approach a constant biomass per unit ground surface at the completion of

self-thinning (White and Harper 1970).

In a chaparral stand (Ceanothus megacarpus), Schlesinger and Gill

(1978) observed that self-thinning seemed to begin five years after

stand establishment, when individual canopies began to overlap. They

suggest that density-dependent competition for water may drive the self-

thinning process in chaparral stands, but that decreasing availability

of light may determine the steady-state levels of vertical structure and

biomass (Schlesinger and Gill 1980). These researchers also noted that

as the self-thinning process advanced, the size-frequency distributions

of surviving plants changed as a result of mortality in the smaller size

classes (Schlesinger and Gill 1978).



Summary and Study Objectives

Arctostaphylos viscida is a member of a large genus of evergreen,

sclerophyllous shrubs. In southwest Oregon, it occurs on the most xeric

sites, where it competes for resources with conifers. A. viscida has a

number of adaptations which make it a particularly effective competitor

on water-limited sites:

xeromorphic leaf characteristics, vertical leaf orientation,

and efficient stomatal control.

extensive root system.

a "water waster" strategy during moist periods, but high

drought tolerance during dry periods.

branch-thinning during drought.

phenology of growth coordinated with periods of favorable

moisture conditions.

long life, which allows A. viscida to dominate a site for over

90 years.

Although these characteristics make A. viscida a definite threat to

conifer regeneration on the dry sites of southwest Oregon, little

information on the leaf area and biomass of whiteleaf manzanita

individuals or communities is currently available. This study is

designed to provide such information by meeting the following

objectives:

1) To develop regression equations for estimating leaf area,

foliage biomass, aboveground woody biomass, and total

aboveground biomass of whiteleaf manzanita.

18



To estimate the ount of leaf area, foliage bLomass,

aboveground woody biomass, and total aboveground biomass in

whiteleaf inanzanita brushfields at different densities, and at

different ages (from 2 through 16 years).

To estimate the maximum leaf area index attainable in whiteleaf

manzanita brushfields.

To estimate the fastest fullsiteoccupancy by whiteleaf

manzanita, by examining large opengrown individuals, and

community plots, at ages 2 through 16 years.

19



METHODS

Site Selection and Description

Only stands with white].eaf manzanita as the dominant species were

included in this study. The presence of other species did not

disqualify a site, but patches containing solely A. viscida had to be

present.

An attempt was made to include only potential timber growing sites,

but one study site (16) is probably a climax brushfield. Sites with

serpentine soils, or with obviously hybridized populations of inanzanita,

were excluded.

Nine sites were studied. There were two stands each of 2 (2a,

2b), 4- (4a, 4b), 6- (6a, 6b) and 10 (lOa, lOb) year old shrubs, and

one site with 16-year-old shrubs (16). Including two sites of each age

class, whenever possible, allowed between-site comparisons at specific

ages, and also gave the results a more general applicability.

All sites are located in the Siskiyou Mountains region of southwest

Oregon (Figure 1).

Five sites were cleared during logging or site preparation activi-

ties (2a, 2b, 4a, 6a, 6b), three sites were burned by natural fires (4b,

lOa, 16), and one site was cleared for roadbuilding (lob). Table 1

gives the dates of disturbance, as well as location, estimated brush

age, elevation, aspect, slope of each site, the species, especially

shrubs, presently growing on the study sites, and also the major species

growing adjacent to the study sites. Soil descriptions are contained in

Table 2.
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Table 1. Site Descriptions
Date of Age of

Site Location Disturbance Manzanita Elevation Aspect Slope

2b T38S,R4W,
S. 23 ,NEI/4

7/1980 2 490-550m SSW 20%

NE 1/4

T39S,R2W,
S. 33, SWI/4

7/1980 2 830-880* SSW 35-60%

SWI /4

T4OS,R.3W,

S.2,SE1/4
Pall 1978 4 885* S 20-30%

NEl/4

4b T38S,R5W Sueaer 1978 4 490* SSE 35-60%
S. 13,SE1/4

6b T4OS,R2W Spring 1976 6 1000* SSE 40%S."
6a T4OS,R3W,

S.i1,14
1973 and 1977 6 855* SW 10-30%

10* t39S,R1E Suer 1973 10 855* SSE 20-25%
S. 22,NWI/4
SW 1/4

lOb T38S,RSW 1972 or 1973 10/11 525* SE 4050%
S. 2 ,SW1/4
SEI /4

16 T39S,P3W Suimuer 1966 16 550* WSW 10-30%
S.3,NWI/4
SEl /4



Table 1. Site Descriptions (continued)

Site On-site vegetation' (Z cover) Vegetation adjacent to site

2b ARVI 40%, CECU 5%, CEIN < 5% PIPO, PSME, ARME, Mature A&VI
RBDI < 5%, Quercus spp. SZ
Grass and forbs 50%

2a ARVI 30%, RMDI 20%, QUIZ 5% PIPO, PSME, ARIIE, Mature LEVI
Bare ground 50%

4a ARVI 90%, CECU 5%, Trace-CEIN, PIPO, PSME, ARME, QUERC, Mature ARVI
ARME, QUGA

4b ARVI 70%, CEIN 5%, ERCA 5% PSME, ARNE, Mature LEVI, occasfonal
RHDI < 5%, QU1 < 5%, grass 50% PILL

6b LEVI 80%, C].IN 8%, ARME 8%, PSME, ARME
QU <5%

6a LEVI 85%, CEIN < 5%, ARME < 5%, PIPO, PSME
QUGA < 5%

lOa ARVI 75%, CEIN 10%, ARME 5% PIPO, PSME, Mature ARVI

lOb ARVI 95%, CEIN < 5%, RED]. trace PIPO, PSME PILL, ARIIE, QUItE, Mature
LEVI

16 LEVI 80%, ARNE 5%, QUGA 5%, CECU, open grassland
GAFP. < 5%, RIIDI 5%

1 Plant codes follow Garrison et a]. 1976
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Table 2. Descriptions of Soils on StudySites

A. Based on Soil Resource Inventory for the Rogue River National Forest
(Badura and Jahn. 1917).

Soil
Site Landtype Description

4a 77 Loams, clay loans, clays; deep (100-150 cm); formed in
residuum and alluvium from metavolcanic and
aetasedimentary rocks.

741 Loans and clay loans; from metavolcanic and
metasedimentary rocks.
60% unit 74...deep soil (100-150 cm) formed in colluviuin
and residuum; 35-50% gravel and cobble.
40% unit 11...aoderately deep soil (50-150 cm) formed in
colluvium; 45-60+Z gravel and cobble.

6b 771 50% unit 73. .loams and clay loans; deep soil (100-150
cm) formed in colluvjua and residuum from metavoleanic and
metasediaentary rocks; 35-50+Z gravel and cobble.
50% unit 91. .unditferentiated soils formed in residuum
and colluvium; depth usually less than 100 cm.

lOs 832 Sandy loans; moderately deep soil (50-150 cm) formed in
residuum from quartz diorite; 10-20% gravel and cobble.

2
Landtype placement was based on adjacent Forest Service land.
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Table 2. Descriptions of Soils on Study Sites (continued)

Based on Soil Inventory of the Medford District (de Moulin et. al., 1975)

Soil
Site Series Descrition

2a,16 718-701 Formed in colluvium from metavolcanic and metasedimentary
rocks.

75% unit 718.. .Beekman very gravelly loam; moderately deep
(50-100 cm); 35-70% coarse fragments. 25% unit 701. .701
very gravelly loam; shallow (30-50 cm); 35-75% coarse
fragments.

Zb 7 18-781 FOrmed in colluvium from metavolcanic and metasedimentary
rocks.
70% unit 718.. .Beekman very gravelly loam
30% unit 781 Colestine loam moderately deep (50-100
cm); 10-35% coarse fragments.

4b 721 Siskiyou sandy loam; modetately deep (50-100 cm); formed
in colluvium from granitoid rocks; 5-35% coarse
fragments.

Based on Soil Survey of Josephine County (U.S. Soil Conservation Service
1983).

Site Soil Type Description

lOb 72F Formed in cofluvium or residuum from altered sedimentary
and extensive igneous rocks.
55% Speaker gravelly loam; moderately deep (50-100 cm)
30% Josephine gravelly loam; deep (100-150 cm).
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All sites fall within the Black Oak Type of Waring (1969), and the

Lower Forest Environmental Zone described by Badura and Jahn (1977).

Annual precipitation ranges from 500 to 890 mm., most of it falling

during the winter months (Badura and Jahn 1977). In the Medford area,

which is the driest part of southwest Oregon (Gratkowski 1961), average

annual precipitation is 497 mm, with only 35 mm falling from June

through August (Franklin and Dyrness 1973). Summer temperatures often

exceed 38°C, and the daily temperature range is greater than 11°C more

than 95Z of the time (Waring 1969).

Productivity is low in the Black Oak Type, with maximum tree

heights of only 30 meters (Waring 1969). Study sites on Forest Service

land have Douglas-fir site classes of IV or V (Badura and Jahn 1977).

Those administered by the Bureau of Land Management generally have low

or very low Douglas-fir site indices (de Moulin et al. 1975).

Plot Establishment

Six plots were established on eachsite except site 16 where only

four plots were established because of the patchiness of the manzanita.

I stratified the manzanita on each site into density classes based on

the number of plants per square meter. Two plots each of low, medium,

and high density were then randomly selected on each site. The

16-year-old site had three low density plots and one high density plot.

Densities were relative to each site, and absolute density could vary

between sites, even of the same age.

I used 1 x 1 meter plots on sites with 2 year old manzanita, and

1.5 x 1.5 meter plots on all other sites.



Biomass and Leaf Area Estimates

Procedures used to estimate leaf area and biomass follow those of

Gholz (1979 and 1980), and Uresketal. (1977), who used double sampling

with regression (Cochran 1963). This technique employs two methods of

estimating plant components: (1) the measurement, complete harvest, and

destructive analysis of selected plants, and (2) the non-destructive

measurement of all plants within established plots.

Non-destructive measurements included shrub height (cm), two canopy

widths (cm) at right angles to each other, and trunk basal diameter

(mm). Trunk basal diameter measurements were usually taken 2 cm. above

the ground, but on shrubs with branches near ground level, measurements

were taken immediately below the trunk-swelling caused by branching.

Shoot internodes were counted to estimate shrub age. The number of

Arctostaphylos viscida per plot was recorded. All sampling was done

from August to February after the active growth period.

A number of shrubs, representing the full range of trunk basal

diameters on each site, were selected for destructive harvest. The

number of harvested shrubs varied according to brushfield age. A total

of sixty stand-grown shrubs were harvested: eight from each 2, 4, and 6

year old stand, five from each 10 year old stand, and two from the 16

year old stand.

Twenty-one large, open-grown shrubs were also harvested: five each

from the 2 year old stands and a 4 year old stand, and two each from the

remaining 4 year old stand and the 6 year old stands. Two open-grown

shrubs on each 10 year old stand were non-destructively measured as

well.
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All harvested shrubs were measured like th non-destructively

sampled shrubs, then they were cut off at ground level and bagged for

transportation to the lab. On large shrubs with strong basal branching

(all shrubs from sites lOa, lOb, and 16, and open-grown shrubs from

sites 6a, 6b and 4a), basal diameter of each stem was recorded in addi-

tion to the other measurements.

At the lab, the leaves and woody biomass of each shrub were

separated, bagged, and oven-dried at 70°C for 48 hours. On large shrubs

with stem measurements, each stem was bagged separately. Foliar and

woody biomass were then weighed to the nearest gram.

The annual growth rings of each shrub trunk were counted as a check

on the validity of estimating shrub age by internode counts. Ring and

internode counts were generally quite close (ca. >1 year). Length of

time since site disturbance provided another check on age, and also sup-

ported the accuracy of internode counts.

Shrub leaf areas were estimated by calculating the specific leaf

area (ctn2 leaf area g dry weight) of foliage subsamples (Gholz 1979).

Thirty six leaves were collected at each site; three current year leaves

and three second year leaves from each of six different shrubs.

Subsataples were placed in a plant press immediately after collecting.

A Li-Cor model Li-3100 portable surface area meter (Lamba Instr.

Corp.) was used to measure the leaf surface area (one-sided; without

petioles) of each subsample. All leaf subsamples, and the petioles

removed from each subsample, were then oven-dried at 70°C for 48 hours,

and weighed to the nearest milligram. The petioles were used to calcu-

late the proportion of each subsample dry weight which was composed of

petioles rather than leaf blades. This proportion was then used to

28
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remove petiole weight from the total foliage weight of harvested shrubs

(Harrington 1983). Only leaf blade dry weight was used in shrub leaf

area estimates. A specific leaf area and petiolar percentage were

calculated for each site, and were used in conjunction with the foliar

biomass of harvested- shrubs to estimate shrub leaf area on that site.

The specific leaf area constants, and petiolar percentages for each

site, are listed in Appendix 1.

Regression Equations

Regression equations were developed to relate leaf area, leaf

bioinass, abovegrourid woody biomass including bark, and total aboveground

biomass (dependent variables) with trunk basal diameter, trunk basal

area, height, age, canopy area, canopy volume, and when measured, stem

basal diameter (independent variables) (Table 4, Results and Discussion

section). Linear regression, multiple regression, and double logarith-

mic regressions were tried. A separate set of equations was computed

for stand-collected shrubs, open-grown shrubs, and stems of large

shrubs. The equation with the highest coefficient of determination

(r2), smallest variance, and most normal residual plot was used to esti-

mate the bioniass and leaf area of each non-destructively measured shrub

in the established plots. Summing the biomass and the leaf area of all

individuals within a plot gave estimates of community biomass and leaf

area at different ages and at different densities. These estimates were

used to calculate equations for estimating stand biomass, and for

determining the mean amount of leaf area and biomass per meter squared

on the sites. On 7 of the 6-year-old plots, and all of the 10 and
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16-year-old plots, the canopies of the plants within the plots

overlapped the plot boundaries. In such cases, the canopy area of the

plants exceeded the area of the plots. There is very little

intermingling of canopies in whiteleaf manzanita communities, therefore

after canopy-closure has been attained, the total canopy area of plants

within a plot accurately defines the amount of space occupied by those

plants. When canopy area exceeded plot area, I used canopy area as the

plot size. By doing this, I avoided overestimations of leaf area,

biomass, and density per square meter which would have occurred if plot

area, rather than canopy area (the more accurate indicator of the space

occupied), had been used.

Leaf Area Index

Leaf area Indices (LAI; unit of leaf area per unit of ground

surface) were calculated in order to estimate the stand age and density

at which leaf area is no longer added. This point would approximate the

maximum leaf area attainable in southwest Oregon's whiteleaf manzanita

brushfields.

Open-Grown Shrubs as Estimators of Site Occupancy

In many brushfields, it is common to find some large individuals

growing in relatively open areas. Since apparent competition is at a

minimum on such locations, these individual shrubs should have reached a

size and leaf area near the maximum for a particular site and age class.

Large, open-grown shrubs on all but the 16 year old site were measured.



31

These estimates of maximum size were used to calculate the minimt

number of plants necessary for a closed canopy to develop on a site at a

particular age. Knowledge of the maximum size attainable at a certain

age also allows the earliest possible stand crown closure to be

estimated if Initial brushfield density is known.



ESTIMATING PLANT BIOMASS AND LEAP AREA: RESULTS AND DISCUSSION

Residual plots and scatter diagrams were examined for each pair of

dependent and independent variables (dependent variables leaf biomass,

woody biomass, total biomass, leaf area; independent variables trunk

basal diameter, stem basal diameter, canopy area, canopy volume, height,

age). The scatter diagrams usually indicated a curvilinear

relationship, while the residual plots showed that the variance of the

dependent variable was not uniform across the size range of the

independent variable. In the typical case, the variance increased with

larger values of the independent variable.

Logarithmic transformations were done on both the dependent and

independent variables in order to linearize the equations and normalize

the variance. This transformation is often necessary when estimating

plant biomass and leaf area (Gholz etal. 1979; Baskerville, 1972).

For both stand and open-grown shrubs, log-transformed equations

with trunk basal diameter as the independent variable had the highest

coefficients of determination (r2) and smallest standard errors of

estimate (Syx), but equations using canopy area as the independent

variable were also very good. Table 3 contains the log-transformed

prediction equations and the r2, Syx coefficient of variation (Cv),

number of shrubs (n), and range of the independent variable for each

equation.

Figures 2a, 2b, 3a, and 3b present scatter diagrams and best-fit

lines for logarithmic regressions with trunk basal diameter or canopy

area as the independent variable. These graphs, as well as the high

coefficients of determination, illustrate a strong correlation between

32



Table 3. Logarithmic prediction e9uations for Aretostaphylos viscda leaf area
and biomass Sy x and r' are calculated in logarithmic units For

stand-grown shrubs, the sample size (a) is 60, the range of diameters
is 2-140 me, and the range of canopy areas is 5-29865 cm2. For
open-grown shrubs, a - 21, the range of diameters is 9-62 mm, and the
range of canopy areas is 5-29865 cm2.

Dependent
Equation Variable çy)

Stand-grown shrubs:

-2.2729 + 2.3079 (jn)Da in Wb
-1.4074 + 2.0090 (ln)D in TC
-1.9227 + 2.0537 (ln)D in Ld

1 9529 + 1 9730 (in)D in IA
-3.8608 + 1.1617 (ln)CAb in W

-2.9478 + 1.1190 (in)CA mT
-3 5235 + 1 0608 (ln)CA in 1..

0.4362 + 1.0202 (in)CA in LA

Open-grown shrubs:

-3.2436 + 2.6083 (in)D in W
-1.8042 + 2.3486 (jn)D in T
-1.7020 + 2.0557 (lñ)D in I.

2.4839 + 1.9034 (in)D in IA
-7.0378 + 1.5378 (in)CA in W
-5.2479 + 1.3886 (in)A in T
-3.5235 + 1.0608 (ia)CA in L
0.4362 + 1.0202 (ln)CA in LA

- basal diameter (me)

- woody biomass (g)

CT totai bioaass (g)

ieaf biomass (g)

= leaf area (cm2)

CA canopy area (cm2)

'Baskervilie (1972)
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Correction1
for

log bias
Coefficient of

Sy x Variation (Z)

1.12 0.4699 13.2 0.97

1.07 0.3667 8.8 0.98
1.08 0.3922 12.0 0.97

1 08 0 3901 5 6 0 97

1.27 0.6960 19.6 0.93

1.18 0.5762 13.9 0.95

1 11 0 4606 13 0 0 95

1.11 0.4553 6.3 0.95

1.01 0. 1595 3.6 0.99

1.01 0.1426 2.8 0.99

1.02 0.1886 4.4 0.99

1.02 0.2147 2.7 0.98
1.12 0.4750 10.8 0.94

1.09 0.4077 8.0 0.95

1.11 0.4606 13.0 0.95

1.11 0.4553 6.3 0.95
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Figure 2a. Scatter diagram and regression line of the log-trans-
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basal diameter, for stand grown whiteleaf manzanita.
N = 60 shrubs.
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Figure 3a. Scatter diagram and regression line for the log-
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the dependent variables and trunk basal diameter or canopy area. Trunk

basal diameter explains between 97% and 99% of the variation in the

dependent variables, while canopy area explains between 93% and 95% of

the variation (Table 3).

Logarithmic equations for open-grown shrubs and stand-grown shrubs

were compared to determine whether the data sets could be combined into

a single equation. Greater precision would result from a pooled

regression (Neter and Wasserman 1974). All but two sets of equations

had unequal variances so combination was not possible. The remaining

two sets of equations (leaf area and leaf biomass with canopy area) had

variances, slopes, and y-intercepts which were not significantly dif-

ferent. These two data sets were combined, and the equations in Table 3

are the resultant pooled regressions. Details of this analysis are con-

tained in Appendix 2. The analysis does not prove that the relationship

of leaf area and leaf biomass with canopy area is always the same in

whiteleaf manzanita, whether it is open-grown or stand-grown. However,

within the range of data examined for this study, the same equations can

be used to estimate leaf area and leaf biomass from canopy area.

Variances of the equations for stand-grown shrubs are larger than

those of open-grown shrubs (except for the leaf area, and leaf biomass

with canopy area, equations). This is probably caused by the wider

range of ages, and therefore sizes, of plants encompassed by the stand-

grown shrub equations, and by the effects of competition on stand-grown

shrubs. These equations are based on shrubs from 2 to 16 years old,

while the open-grown shrubs ranged from 2 to 6 years. The fact that

leaf area and weight regressed on canopy area had variances which were
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not significantly different indicates that this relationship is

relatively stable over a wide range of canopy sizes and ages.

Many of the non-transformed regressions have coefficients of deter-

mination higher than 0.90. These include equations with canopy area,

canopy volume, trunk basal diameter, and trunk basal diameter2 as the

independent variables. While regressions using these variables are less

complicated to apply than log-transformed equations, they may cause

errors in estimates as a result of non-uniform variances and lack of

linearity in the data set. In all cases, the variance increased as the

independent variable increased. This can invalidate confidence limits

(Baskerville 1972). Often, negative biomass values are obtained for

small plants, or biomass is overestimated or underestimated based on

whether the independent variable is large or small. Table 4 contains a

list of non-logarithmic equations examined for this study. The list

is basically for comparison purposes, but if the equations are used for

estimates, it should be remembered that only rough estimates are

possible.

Multiple regressions with either age and height or age and canopy

area as the independent variables were examined, but the addition of age

to the equations did not substantially improve r2's or standard errors

(Table 4). Quadratic equations using trunk diameter and trunk diameter

squared as independent variables were found to have r2 values and stan-

dard errors similar to regressions using only trunk diameter squared.

Residual plots of the trunk diameter squared equations were much more

regular, however.

Based on examinations of residual plots, the most accurate non-

transformed equations were identified. For stand-grown shrubs, canopy



Table 4. Non-logarithmic prediction equations for Arctostaphylos viscida leaf
area and biomasa Por stand-grown shrubs ii - 60 Ranges are trunk
basal diameter (2-140 am), canopy area (5-29865 cm2), canopy volume
(25-5,674,350 cm3), height (5-190 cm), age (2-16 years). Por
open-grown shrubs, n 21. Ranges are: trunk basal diameter (9-62
ma), canopy area (363-10751 cm2), canopy volume (13672-1,236,401 cm3),
height (29-115 cm), age (2-6 years).

a - trunk basal diameter (am)

woody biomass (g)

CCA - canopy area (cm2)

dCVOL - canopy volume (cm3)

e - height (cm)

a total biomass (g)

leaf biomass (g)

hj leaf area (cm2)
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Dependent
Equation Vartable(y) Sy x

Coefficient of
Variation (Z) r2

Stand-grown shrubs:

-502.58 + 44.03 D Wb 507.0 109.3 0.83
- 6.69 + 0.42 D2 V 244.6 52.7 0.96
- 78.01 + 5.53 0 + 0.38 D2 W 91.6 53.0 0.93
-165.98 + 0.21 AC V 359,9 77.6 0.92
- 58.04 + 0.0012 CVOLd W 220.1 48.5 0.97
-625.07 + 16.58 HTe V 909.4 195.9 0.46
-955.26 + 262.82 AGE W 858.6 185.1 0.32

-615.33 + 57.23 D 601.6 94.8 0.85
39.76 + 0.54 fl2 V 346.7 34.1 0.95

-125.31 + 12.79 D + 0.44 D2 V 321.9 50.2 0.96
-116.53 + 0.27 CA V 401.3 62.6 0.94

28.49 + .00034 CVOL 2 67.7 39.2 0.96
-165.50 + 5.15 UT 1 223.3 129.5 0.57
-1206.23+ 342.1 AGE 1 1084.7 169.2 0.53

-105.88 + 12.69 0 12 109.2 63.3 0.90
48.05 + 0.11 D2 L 120.4 69.7 0.88

- 48.31 + 7.47 + 0.05 D2 L 91.6 53.0 0.93
- 7.77 + 0.06 CA L 52.3 30.4 0.98
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Table 4. Continued
Dependent Càefficient of

Equation Variable(y) Sy.x Variation (2)

-161.81 + 15.64 D L

- 2.17 + 0.24 2 L
- 49.75 + 4.56 D+ 0.17 D2 I.

- 41.23 + 0.08 CA L
5.96 + 0.0006 CVOI. L

-287.69 + 7.10 ET 1.

-344.85 + 165.47 AGE 1.

- 5582,08 + 565.5 D
190.58 + 8.47 D2

- 1901.59 + 200.57 D + 5.51 D2
- 1225.22 + 2.88 A

533.34 + 0.022 CVOL
- 9971.44 + 254.13 lIT
-11958 + 5909.3 AGE
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65.22 29.3 o.96
58.0 26.1 0.97
57.9 26.1 0.97
87.4 39.3 0.92
92.2 41.4 0.91

161.3 72.5 0.74
170.6 76.7 0.71

2275.0 27.4 0.96
2087.4 25.1 0.97
2058.4 24.8 0.97
3129.0 37.7 0.93
3545.1 42.7 0.90
5954.3 71.7 0.73
6319.09 76.1 0.69
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area is the best predictor of leaf area and leaf biomass, while trunk

basal diameter squared (D2) is the best predictor of woody biomass and

total biomass of the independent variables studied here. If canopy area

is less than 95 cm2, leaf biomass estimates will be negative, and if it

is less than 33 cm2, leaf area estimates will be negative. D2 equations

tend to underestimate woody biomass if trunk diameter is less than

7 mm., and overestimate total biomass if trunk diameter is less than

18 mm. For the open-grown shrubs, D2 equations were the most accurate

for all dependent variables. Figures 4a and 4b contain scatter diagrams

of total biomass and leaf bioniass over and canopy area.

For very rough, but easy, estimates of shrub biomass or leaf area,

either height or age can be used as the independent variable. Either of

these variables will account for about 50% of the variation in the

dependent variables for stand-grown shrubs, and about 70% of the

variation in open-grown shrubs.

For larger shrubs, regression equations were calculated using stem

diameter as the independent variable. Such regressions may be useful if

it is necessary to estimate the biomass or leaf area of plants which are

larger than those used to formulate the equations with canopy area or

trunk basal diameter as the independent variables. Scatter diagrams

showed a curvilinear relationship between dependent and independent

variables so double logarithmic transformations were used (Table 5,

Figures 5a, 5b). Stem diameter explains about 94% of the variation in

total stem biomass, and 95% of the variation in stem woody biomass. The

relationships between stem diameter and stem leaf area (r2 = 0.79) and

leaf biomass (r2 = 0.78), and stem diameter are not as strong.
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Table 5. Arctostaphyios viscida prediction equations using stem ba8al diameter
as the independent variable Diameter range = 7-47 mm N - 91 stems

- 2.9087 + 2.6496 (ln)SD5
- 1.8913 + 2.4569 (in)SD

1.5440 + 2.1475 (in)SD
- 2.1569 + 2.1813 (ln)SD

a - stem basal diameter (mm)

bW * woody biomass (g)

CT total biomasa (g)

leaf area (2)

ej leaf biosiass (g)

in ijb

in TC
in TA d
in L
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0.2722 5.2 0.95
0.2663 4.7 0.94
0.4270 2.2 0.79
0.4983 10.9 0.78

Dependent Coefficient of
Equation Variable(y) Syx Variation (Z)
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To summarize, there are four independent variables which can be

used to estimate whiteleaf manzanita biomass and leaf area:

trunk basal diameter

canopy area

stem basal diameter on larger shrubs

height

For all of these independent variables except height (for which log

transformations were not tried), log transformations gave the best

appearance of fit. As indicated by examination of resLdual

distributions, coefficients of determination, and standard errors of the

estimate, logarithmic equations with trunk basal diameter as the

independent variable were the best predictive equations. Equations with

(in) canopy area as the independent variable were almost as good.

Generally, using stein diameter as the independent variable has no

advantage over the use of trunk basal diameter or canopy area, unless

the shrubs to be measured are beyond the range of these two variables.

Height is easier to measure than the other independent variables but

gives estimates which are much less accurate.



OPEN-GROWN WHITELEAF MANZANITA: RESULTS AND DISCUSSION

In order to estimate the maximum potential size of whiteleaf man-

zanita at a particular age, large open-grown shrubs were measured.

The biomass and leaf area of two, four, and six-year-old shrubs was

measured in the lab, while that of ten-year-old shrubs was estimated

with logarithmic regression equations. Stem diameter, rather than

trunk diameter or canopy area, was used as the independent variable.

The trunk diameters and canopy areas of the ten-year-old shrubs

exceeded the size range used to calculate the regression equations,

therefore estimation errors may have occurred if these equations had

been used.

Leaf Area Index

Between the ages of four and ten years, the leaf area index of

open-grown whiteleaf manzanita is relatively stable (see Figure 6 and

Table 6). Within this age range, the maximum LAI appears to be about

3.6 regardless of plant size or age. The highest LAI (3.57) occurred

in a four-year-old shrub. As illustrated in Figure 6, a lot of

variability is found within each age class.

Maximum Canopy Area

The mean maximum canopy area of Arctostaphylos viscida at a cer-

tain age may provide a method for estimating the number of individuals

which are necessary to form a closed-canopy stand at a given age. To
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and leaf area index of opengrown Aretostaphylos

51

viecida. N - 25 shrubs

Total
Sample Canopy Aboveground Leaf Leaf Area

Age Size Height (cm) Area (m2) Biomass () Biomass (g) Indez

2 10 Mean 37.7 0.067 37.8 21.9 1.71
Std.Dev. 4.9 0.031 8.7 5.3 0.43
Range 29-46 0.036-0.130 27-56 15-31 1.09-2.20

4 7 Mean 89.0 0.35 541.3 214.7 2.00
Std.Dev. 13.0 0.28 646.3 252.2 0.94
Range 71-103 0.094-0.801 127-1637 63-663 1.22-3.57

6 4 Heart 128.7 0.945 2121.5 737.5 2.81
Std.Dev. 10.3 0.096 239.0 132.6 0.64
Range 115-130 0.866-1.073 1816-2393 583-907 2.03-3.48

10 4 Mean 176.5 4.166 10898.0 3174.0 2.70
Std.Dev. 16.1 1.104 4764.5 1310.3 0.80
Range 156-195 2.835-5.516 6549-17062 1964-4902 1.59-3.44
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Examination of open-grown shrubs showed that whiteleaf manzanita

Summary
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test the feasibility of using mean maximum canopy area as a predictive

tool, the canopy areas given in Table 6 were used to calculate the

number of plants needed to form a closed canopy on a meter square

plot. At 2 years old, 15 plants/m2 would be required. This number

would drop to 2.8 plants/m2 in 4-year-old stands; to 1.1 plants/m2 in

6-year-old stands, and to 0.24 plants/m2 in 10-year-old stands. These

numbers were compared to the number of shrubs per square meter which

were actually present on community plots measured during the study

(Appendix 3). No 2-year-old or 4-year-old plots had canopy-closure

even though densities often far exceeded the minimum number of plants

necessary for canopy-closure as predicted by the canopy area of open-

grown plants. On 6-year-old plots, a minimum of 6.6 plants per meter

squared were required for canopy-closure; a number six times higher

than the predicted value. On 10-year-old plots, the lowest density for

canopy-closure was 0.8 plants per square meter, while the predicted

value was only 0.24 plants per square meter.

It appears that the mean canopy area of open-grown plants has only

limited value for predicting the time of crown-closure in whiteleaf

manzanita communities. If plants were equally distributed, growing

with a minimum of competition, and without serious resource limita-

tions, the canopy area of open-grown plants could probably be used for

predicting crown-closure. However, these conditions are rarely found

in natural plant communities.



is able to achieve a within-shrub LAI of close to 3.6 by 4 years of

age. Between 4 and 10 years, maximum LAI is fairly stable.

Mean maximum canopy area of open-grown shrubs was examined, and

was found to be a poor predictor of canopy-closure.
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BIOMASS AND LEAF AREA IN WHITELEAF MANZANITA COMMUNITIES:

RESULTS AND DISCUSSION

Community biomass and leaf area were estimated by entering the

trunk basal diameter of each plant measured on the plots into log-

transformed regression equations. Antilogs of A. viscida biomass and

leaf area estimates were then summed for each plot and multiplied by

the correction factor for log bias. Total plot leaf area and biomass,

as well as basal area and number of plants per plot, were then divided

by either plot area or plot canopy area in order to obtain estimates

per square meter. Unless canopy area exceeded plot area, plot area was

used in the calculations.

Community Biomass and Leaf Area Regressions

Plot biomass and leaf area were used to calculate regression

equations for community data. Dependent variables were aboveground

woody biomass per square meter (W/m2), total aboveground biomass per

square meter (T/m2), leaf biomass per square meter (L/m2), leaf

area per square meter (LA/m2), and leaf area index (LAI).

A number of independent variables were tried, including basal

area per square meter (BA/m2), canopy area per square meter (CA/m2),

mean height (fiT), age, fiT x BA/m2, fiT + BA/m2, fiT x age, HT + age,

BA/m2 + age, BA/m2 + age, and number of whiteleaf manzanita per square

meter (N/m2). Of the equations which were tried, only those which

gave the best fit, or which were easiest to use, are reported

(Table 7). Regressions using BA/m2 (without the addition of HT or age)
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as the independent variable had the highest coefficients of deter-

mination, and the lowest standard errors of estimate. BAJm2 accounted

for 94% to over 99% of the variation in community biomass and leaf area

(Table 7, Figures 7a, 7b, 7c).

In contrast, N/m2 explained only 21 to 26% of the variation in the

dependent variables. Both N/m2 and BA/m2 are measures of stand den-

sity, but BA/m2 is obviously a better estimator of the relationship

between stand density, and stand biomass and leaf area.

Either fiT or age will explain about 70 to 80% of the variation in

the dependent variables (Table 7).

Total Aboveground Biomass in Arctostaphylos viscida Communities
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Most studies of community biomass use random sampling to select

plots. This study used stratified random sampling to ensure that a

range of densities would be obtained within each age group. Mean

bioniass per density class within each age group, as well as a grand

mean per age group, were estimated (Tables 8a and 8b, Figures Sa and

8b).

Plot placnent into a low, medium, or high density class was made

during the initial site selection on the basis of number of

Arctostaphylos viscida per square meter. Since N/m2 is the measure of

density which can be most easily assessed by field workers, the density

classes based on N/rn2 were retained for this discussion. It is noted,

however, that N/m2 is not always a good indicator of BA/m2. For

example, the two medium-density plots on site 4a have 12, and 12.9

shrubs per square meter, but BA/m2 is 1081 mm2 and 681 mm2,



a - basal area (me2)

bT - total aboveground biomass (g)

CUT mean height per plot (cm)

dN number of A. viscida

leaf biomass (g)

Woody biomass (g)

- leaf area (cm2)

leaf area index
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Table 7. Prediction equations for Aretostophylos viscida comeunities. N - 52
plots. The ranges are: age (2-16 years), basal area per square meter
(119-4319 me2), mean height (8-181 cm), number of whiteleaf manzanita
per square meter (0.8-92.0).

Equation
Dependent
Variable(y)

Coefficient of
Sy x Variation (Z) r2

- 179.29 + 0.78 M/m2 Tb/n2 164.49 13.9 0.97
- 165.43 + 214.32 AGE V/a2 409.71 34.5 0.82

28.49 + 16.96 UTC I/rn2 463.45 39.0 0.77

1576.67 - 25.44 Nd/rn2 T/m2 831.35 70.1 0.25

- 17.91 + 0.25 BA/rn2 i.e/rn2 15.39 3.6 0.998
7.40 + 66.37 AGE L/e2 150.17 35.2 0.76
67.67 + 5.25 UT 1./rn2 164.69 38.7 0.72

545.18 - 7,77 N/rn2 1./rn2 270.89 63.6 0.23

- 172.83 + 0.53 BA/rn2 W/m2 166.28 21.6 0.94
- 190.71 + 152.14 AGE WIn2 270.35 35.2 0.84

52.62 + 12.03 HI W/n2 311.52 40.5 0.79
1045.94 - 18.06 N/n2 W/n2 580.39 75.5 0.26

336.39 + 8.65 Mint2 IAE/m2 279.07 1.8 0.999
1663.38 + 2204.37 AGE 1A/2 5633.41 36.2 0.72
3678.01 + 174.12 UT LA/rn2 6077.83 39.0 0.67
19449.19 - 253.03 N/n2 LA/rn2 9419.42 60.5 0.21

0.034 + 0.0009 BA/rn2 1.&ih 0.028 1.8 0.999
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Figure 7a. Scattergram and regression line of 2total aboveground
bioniass (gJm2) over basal area (mm Jm2) for whiteleaf
manzanita communities. N 32 plots.
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Figure 7b. Scattergrarn and regression line of leaf biotnass (gJm2)

over basal area (21m2) for whiteleaf anzanita

coiunities. N = 52 plots.
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respectively (Appendix 3). As indicated earlier, BA/m2 has a much

higher correlation with biomass and leaf area than does N/m2 because it

integrates all sizes of shrubs. With few exceptions, BA/m2 can be used

to rank plot biomass within an age group.

Living aboveground biomass in whiteleaf nianzanita communities in

southwest Oregon increases slowly from the time of site disturbance to

4 years old. Between 4 and 6 years old, biomass accumulation is more

rapid, and between 6 years old and 16 years old, accumulation slows but

remains constant. There is no evidence of further slowing in the rate

of biomass accumulation at 16 years of age (Figure 8a). Schlesinger

and Gill (1980) observed a somewhat similar pattern of biomass accumu-

lation in Ceanothus megacarpus communities up to 21 years old. During

the first 4 years after stand establishment, biomass increased slowly,

but between 4 years and 16 years the rate of accumulation was much

higher.

Two year old stands of whiteleaf manzanita had a mean biomass of

182 g/m2. This rose to 555 g m2 by 4 years, to 1443 g/m2 by 6 years,

to 1902 g/m2 by 10 years, and reached 3176 g/m2 at 16 years (Figure 8a,

Table 8b). On all sites from 2 to 6 years old, the highest mean

biomass values occurred on the high-density plots. On the 10 and

16-year-old plots, the highest mean biomass occurred on the low-density

plots (Table 8a, Figure 8b), although the differences are not signifi-

cant at the 0.05 confidence level.

The 16-year-old age group contains only one site, and four plots.

Since no other 16-year-old plot was included in this study, it is not

certain how typical the observed biomass levels are. The highest

biomass weight recorded in this study is 3626 g/m2 on one of the



Table Ba. Mean total aboveground biosasa (g/m2) in whiteleaf manzanita corn-
nurnities by density class and age In each age group except 16
there are 4 plots in each density class. Par the 16 year old site,
there are three low density plots, and one high density plot.

- number of shrubs

= basal area (mu2)

C - total aboveground bioaas (g)

Table 8b. Mean total aboveground biomass (gIm2) in whiteleaf rnanzanita com-
munities at different ages. Each age group contains 12 plots, except
the 16 year old group which contains 4.

Age Aboveground Biomass S(gIa2)
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Age Na/rn2 3b/rnZ Tn/la2 (S7) N/m2 M/m2 T/m2 (S7) N/rn2 BA/rn2 T/m2 (Sr)

2 15.0 188 86(20) 33.0 389 178(31) 63.3 627 283(14)
4 5.3 675 402(119) 13.4 863 463(45) 36.9 1557 801(111)
6 3.8 1192 774(243) 7.1 2442 1377(184) 12.7 3099 1980(105)
10 1.3 2616 2031(263) 2.2 2518 1809(111) 4.2 2750 1881(95)
16 0.8 3994 3296(211) 3.2 3943 2815()

2 182 27
4 555 74
6 1443 180

10 1902 96
16 3176 191

Plot Density

Medium High
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16-year-old low-density plots. Figure 8a illustrates the range of plot

biomass values within each age group. For a complete listing of

biomass weights for each plot, refer to Appendix 3.

The biomass of whiteleaf tnanzanita communities in southwest

Oregon is similar to values reported for other communities of

evergreen, scierophylous shrubs. Schlesinger and Gill (1980) reported

biomass weights for Ceanothus megacarpus to be 2055 g/m2 at 5 years,

3232 g/m2 at 12 years, and 4871 g/m2 at 21 years. Their 5-year figure

(2055 g/m2) is somewhat higher than the 6-year Arctostaphylos viscida

weight (1443 g/m2), but the bioniass of 16-year-old manzanita (3176

g/m2) is very close to that of Ceanothus megacarpus at 12 years of age

(3232 g/m2).

bther reported biomass weights for mature stands of chaparral

shrubs are comparable. For example, biomass of Ceanothus velutinus on

the west slope of the Cascades leveled off at about 3200 g/m2

(Zavitkovski and Newton 1968). In California chaparral communities

weights of 2726 g/m2 (Specht 1969), 2012 g/m2 (DeBano and Conrad

1978), and 2127 g/m2 (Mooney and Rundel 1979) have been recorded.

Arctostaphylos patula stands in eastern Oregon and northern California

had 1620 g/m2 on sites without recent disturbance (Martin etal. 1981).

In southwest Oregon, A. viscida is at the northern extreme of its

range. Additional measurements at locations further south than those

in this study are necessary to determine whether the biomass levels

reported here are typical of the species.



Leaf Biomass in Whiteleaf Manzanita Communities

Patterns of leaf biomass accumulation (Tables 9a, 9b; Figures 9a,

9b) are very similar to those of total biomass. Leaf biomass accumula-

tion occurs relatively slowly between site disturbance and 4-years-old,

increases between 4 and 6-years-old, then shows a slower, but steady

increase to 16-years-old. On the 6-year-old stands, 5 of the 12 plots

had not attained canopy closure. All plots on the 10 year old stands

had closed canopies. It seems likely that the slowing rate of leaf

biomass accumulation after 6 years is the result of approaching full

site occupancy, as indicated by canopy closure.

Schlesinger and Gill (1980) noted a similar pattern of leaf

biomass accumulation in Ceanothus megacarpus. Accumulation from 1 to

5 years was rapid, then there was a constant but slower rise to 21

years.

Arctostaphylos viscida had 87.5 g/m2 of leaf biomass at 2 years

old. This rose to 236 g/m2 at 4 years, to 537 g/m2 at 6 years, 649

g/m2 at 10 years, and reached 1010 g/m2 at 16 years (Table 9b,

Figure 9a). Schlesinger and Gill (1980) found that C. megacarpus

stands had 228 g/m2 of leaf biomass at 5 years old. This is probably

not significantly different from my 4 year old stands. By 21 years

old, the C. megacarpus stands had 465 g/m2 of leaf biomass, a figure

much lower than my stands of 16 years old (1010 g/m2).

Schlesinger and Gill (1980) reported that leaf biomass of

C. megacarpus was consistently 10-11% of the total biomass.

Zavitkovski and Newton (1968) found that at 15 years old leaf biomass

was 6.1% of the total weight of Ceanothus velutinus. Both of these
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studies reported leaf bioniass percentages much lower than those of

whiteleaf mauzanita. In my stands, the proportion of leaf biomass to

total biomass declined consistently between age 2 and age 16. On

2-year-old stands, the leaf bioniass was 48% of total biomass; on

4-year-old stands, 43%; on 6-year-old stands, 37%; on 10-year-old

stands, 34%; and on the 16-year-old stand, 32% (Table 9b). Mooney

(1977) states that in mature chaparral plants, leaf biomass is usually

about 30% of the total dry weight. My figures for the older stands are

very close to this percentage.

Leaf Area Index in Whiteleaf Manzanita Communities

In plant communities, there is typically a rapid increase in leaf

area until crown closure occurs, then leaf area levels off (Gholz

etal. 1976, Marks 1974). In my study, LAI reached this "plateau'

exactly at the point of crown closure. In all plots below 2200 mm2

BA/m2, the plot canopy area was less than plot ground area, indicating

that the canopy was not closed. All plots with BA/m2 greater than

2200 mm2 had canopy areas larger than the ground area of the plot

(Appendix 3). None of the 4 year old plots had closed canopies, but 7

of the 6 year old plots, and all of the 10 and 16 year old plots had

canopy closure. This indicates that in whiteleaf mauzanita com-

munities the LAI begins to level off at 6 years of age. As stated

earlier, total biomass accumulation and leaf biomass accumulation also

begin to slow after 6 years.

On the 2 year old stands, mean LAI was 0.37. This rose to 0.94

on the 4 year old stands, to 1.99 by 6 years, to 2.30 by 10 years, and



Table 9a. Mean leaf biomass (g/m2) in wbjtaleaf manzanita communities, by den-
sity class and age. In each age group except 16, there are 4 plots
in each density class. There are 3 low density plots and 1 high
density plot on the 16 year old site.

Plot Density

- number of shrubs

bM - basal area (mm2)

CL leaf biornass (g)

Table 9b. Mean leaf biomass (g/rn2) and foliar percentage of total biornass in
whiteleaf rnanzanita communities at different ages. Hach age group
contains 12 plots except the 16 year old group which contains 4.
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Age Na/n2 Mb/n2 Lt/m2 (Sy) N/rn2 Mm2 L/m2 (Sy) N/rn2 BA/rn2 L/m2(Sv)

2 15.0 188 41(9) 33.0 389 85(13) 63.3 627 137(6)
4 5.3 675 158(41) 13.4 863 197(19) 36.9 1557 351(45)
6 3.8 1192 286(85) 7.1 2442 586(62) 12.7 3099 740(29)
10 1.3 2616 659(80) 2.2 2518 620(38) 4.2 2750 670(28)
16 0.8 3994 1023(51) 3.2 3943 971(--)

Age Leaf Biornass (g) Sy Percent of Total Biomass

2 88 13 48
4 236 32 43
6 537 66 37

10 649 29 34

16 1010 39 32

Medium High
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Figure 9a. Leaf biomass accumulation in whiteleaf manzanita
communities between the ages of 2 and 16 years.
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left of the plotted values, the age group mean ±
one standard error is included. N = 52 plots.

69



1000

Age (years)

3363 513flH

13

1

0

DensityLMH LMH LMH LMR LH
4 6 10 16

70

Figure 9b. Histogram of mean leaf bomass in whiteleafmanzanita
communities by density classes within each age
group. For ages 2 through 10, there are 4 plots
included in each density class. For age 16,

there are 3 low density plots and 1 high density
plot. Mean number of shrubs per square meter is
recorded at the top of each bar.

L = low density, M = meditmi density, = high
density

500 - 37



71

to 3.44 by 16 years (Table lOc, Figure lOa). These figures are higher

than those for Ceanothus megacarpus which increased from an LAI of 0.8

at 5 years old to 1.6 at 21 years old (Schlesinger and GIll 1980).

The LAI for 16-year-old whiteleaf manzanita is very close to the LAI

of 3.6 reported for a mature mixed stand of Arctostaphylos glauca and

Ceanothus greggii in California (Miller and Poole 1979). Miller and

Stoner (1979) report that communities of broadleaf, evergreen, sch-

lerophyllous shrubs In Mediterranean-type climates typically have

LAI's lower than 4.0. See Figure lOc for a graph of mean LAI by den-

sity class and age.

For assessing the potential rate of full site occupancy, it is

probably more useful to examine the maximum LAI at a certain age,

rather than the mean LAI (John Tappeiner, II, personal communication).

The maximum LAI measured on my 2-year-old sites was 0.64; on the

4-year-old stands, 1.75; on the 6-year-old stands 2.99; on the

10-year-old stands 2.81; and on the 16-year-old stand, 3.69 (Table lOc,

Figure lOa). According to these figures, the maximum LAI in a white-

leaf manzanita community rises rapidly from 2 years old to 6 years old.

From 6 years old, the maximum LAI slowly increases from 2.99 to 3.69 at

16 years old.

The open-grown shrubs described in an earlier section of this

report (Table 6) showed a similar pattern of maximum LAI development,

but the LAI's were higher than those of the stand plots (Table lOc).

Maximum LAI of open-grown 2-year-old shrubs was 2.2. This increased

rapidly to 3.57 at 4 years old, then remained constant until 10 years

old. Maximum LAI of 6-year-old shrubs was 3.48, and that of

10-year-old shrubs was 3.44. The difference between the maximum



Low

Na/n2 b/mZ IAI(Sy)

Medium

N/rn2 BA/rn2 141(Sy)

Plot Density

High

N/rn2 BA/2 LkI(Sy)
Age

number of shrubs

basal area (2)

- leaf area index

Table lOb. Mean leaf area index and range of leaf area indexes in whiteleaf man-
zanita comaunities at different ages Each age group contains 12 plots
except the 16 year old group which contains 4.
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Table lOa. Leaf area index in whiteleaf manzanita coimnunitie by density class
and age. In each age group except 16, there are 4 plots per density
Class In the 16 year old age group there are 3 low density plots
and 1 high density plot.

2 15.0 188 0.18(0.04) 33.0 389 0.36(0.05) 63.3 627 0.58(0.02)
4 5.3 675 0.61(0.15) 13.4 863 0.79(0.07) 36.9 1557 1.42(0.17)
6 3.8 1192 1.06(0.31) 7.1 2442 2.17(0.22) 12.7 3099 2.76(0.10)

10 1.3 2616 2.26(0.33) 2.2 2518 2.21(0.13) 4.2 2750 2.42(0.09)
16 08 3994 3.40(0.15) 3.2 3943 3.45

Age Leaf Area Index Sy Range

2 0.37 0.05 0.11-0.64
4 0.94 0.13 0.36-1.75
6 1.99 0.24 0.44-2.99
10 2.30 0.10 1.58-2.81
16 3.44 0.10 3.18-3.69
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Table lOc. A comparison of the leaf area index of open-grown and stand-
grown whiteleaf manzanita at ages from 2 years through 16
years. For ages 2 through 10, N = 12 plots, and for age 16,
N = 4 plots for stand-grown plants. For open-grown plants,
there are ten 2-year-old shrubs, seven 4-year-old shrubs,
and four each of 6 and 10-year-old shrubs.

Leaf Area Index

Age
Community Plots Open-Grown Shrubs

Mean Maximum Mean Maximum

2 0.37 0.64 1.71 2.20

4 0.94 1.75 2.00 3.57

6 1.99 2.99 2.81 3.48

10 2.30 2.81 2.70 3.44

16 3.44 3.69
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LAI's of open-grown shrubs and those of closed-canopy plots (i.e., the

6 and 10-year-old plots) is probably due mostly to the effects of com-

petition for resources in the manzanita stand. In the 2 and 4-year-old

stands (which do not have closed-canopies) a lot of open ground was

included in the LAI calculations, resulting in much lower LAI's than

for open-grown shrubs of the same age.

In summary, LAI in whiteleaf manzanita communities appears to

level off at about 6 years, and 2200 mm2/m2 basal area. This is the

point of canopy-closure. Maximum stand LAI at 6 years old is 2.99,

then LAI slowly increases to 3.69 at 16 years old. The slow increase

between 6 and 16 years shows no evidence of declining, therefore it is

possible that the maximum LAI for older whiteleaf manzanita stands

will be higher than 3.69.



ECOLOGICAL AND FOREST MANAGEMENT IMPLICATIONS

This study has provided regression equations for estimating the

leaf area and biomass of individual whiteleaf manzanita plants, and of

whiteleaf manzanita communities. Such estimates are very useful for

understanding the dynamics of A. viscida brushfields, and the rate at

which sites are occupied. The amount of biomass and leaf area in plant

communities is an important component of competition studies. Leaf

area, especially, influences processes such as transpiration, respira-

tion, photosynthesis, and light interception. All can play a role in

the competitive success of a species growing in a particular

environment.

To define the competitive relations between species, it is useful

to have a good understanding of the autecology of the species involved.

This should include data on site occupancy, leaf area, and biomass, as

well as the rate at which a species uses resources. This study has

investigated only site occupancy, leaf area, and biomass. Further

studies need to look at resource use.

It was found that full site occupancy by whiteleaf manzanita (as

estimated by canopy-closure) can occur as early as six years after site

disturbance, and at basal areas as low as 2200 mm2/m2. Above this

point, the leaf area index, and the accumulation of biomass and basal

area (Figure 11) appear to slow.

The amount of time it takes for a brush species to fully occupy a

site is important to foresters because once this point is reached, com-

petition will be at a maximum, and intolerant conifers will be

excluded, unless they are already dominant. Figure 12 illustrates the
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relationship between the number of shrubs per square meter and canopy

area at several ages. It can be used to estimate how close a stand is

to canopy-closure.

In this study, the maximum leaf area index at 6 years old

(closed-canopy) was 2.99. This rose slowly to 3.69 at 16 years old.

Open-grown shrubs, which should provide an estimate of the maximum

leaf area at a certain age, had maximum LAI's very similar to those of

fully occupied plots. This seems to indicate that the maximum LAI of

whiteleaf manzanita between 6 and 16 years old is between 3.0 and 4.0

By 16 years old, mean leaf biomass on my plots was 1010 g/m2 or 32%

of total aboveground biomass. At the same age, mean total aboveground

biomass was 3176 g/m2. These values are similar to those obtained for

other communities of evergreen scierophyllous shrubs.



4200 -
H

3800

3400 -i
-4

c 3000 -I
-i

4g 2600 -

3
2200 1

H

1800 :j

l400
-i

1000 -

600 -

-I

200

2

Figure 11. Basal area accumulation in whiteleaf manzanita
communities between the ages of 2 and 16 years.
The line connects age group means. Asterisks and
plotted numbers represent study plots. To the
left of the plotted values, the age group mean
+ one standard error is included. N = 52.

......................1---
2 4 6 8 10 12 14 16

Age (years)

80



1.00

0.75 -
E

E

0.50 -

0.
0 -

0.25 -

*At age 10, only 1 shrub per square meter is necessary
to reach canopy-closure.

Canopy-closure

4 yr.

2 yr.

I I I
I

It I I I
I

I IIJ II I 1111$ III I I

10 20 30 40 50 60

Number of Shrubs/rn2

Figure 12. The relationship of number of whiteleaf manzanita
per square meter to canopy area, below and up to
crown closure. Each point represents the mean of
a high, medium, or low density class. N = 4 plots
per density class in each age group.

81



BIBLIOGRAPHY

Adams, J. E. 1940. A systematic study of the genus Arctostaphylos
Adans. J. Elish Mitchell Society 56:1-62.

Badura, S. 3. and P. 3. Jahn. 1977. Soil resource inventory for the
Rogue River National Forest. USDA Forest Service. PNW region.

Baker, C. A., P. W. Rundel, and D. J. Parsons. 1982. Comparative
phenology and growth in three chaparral shrubs. Bot. Gaz. 143:

94-100

Baskerville, G. L. 1972. Use of logarithmic regression in the
estimation of plant biomass. Can. J. For. 2:49-53.

Baskerville, G. L. 1962. Production in forests. Can. For. Res.

Branch, Dept. For. Unnumbered Publ. 83 p.

Bassett, P. N. 1979. Timber resources of southwest Oregon. USDA

Forest Service Resource Bull. PNW-72. 29 p.

Bentley, 3. R., S. B. Carpenter, and D. A. Blakeman. 1971. Early
brush control promotes growth of ponderosa pine planted on a
bulldozed site. USDA Forest Service Research Note PSW-238.
PSW For. and Range Exp. Sta., Berkeley, CA. 5 p.

Cochran, W. S. 1963. Sampling techniques. 2nd ed. John Wiley and

Sons, NY. 413 p.

Conard, S. C. and W. H. Fmmingham. 1984. Herbicides for forest brush

control in southwest Oregon. Forest Research Lab, Oregon State

Univ., Special Publ. 6, Corvallis, OR. 7 p.

Davis, C. B. 1973. "Bark stripping" in Arctostaphylos (Ericaceae).
Madrono 22:145-149.

DeBano, L. F. and C. E. Conrad. 1978. The effect of fire on
nutrients in a chaparral ecosystem. Ecology 59:489-497.

deMoulin, L. A., J. A. Pomerening, and B. R. Thomas. 1975. Soil

survey of the Medford District. USD1, Bureau of Land Mgmt.,

Portland, OR.

Dunn, E. L. 1975. Environmental stress and inherent limitations
affecting CO2 exchange in evergreen schierophylls in
Mediterranean climates. Page 159-181 in Gates, D. M. and Schmer.
Perspectives in Biophysical Ecology. Ecological Studies Vol. 12.

Springer-Verlag, NY.

Franklin, J. F. and C. T. Dyrness. 1973. Natural vegetation of

Oregon and Washington. USDA Forest Service, Gen. Tech. Report
PNW-8. PNW Forest and Range Exp. Sta., Portland, OR. 417 p.

82



Garrison, C. A. and J. M. Skovlin. 1976. Northwest plant names and
symbols for ecosystem inventory and analysis. 4th ed. USDA

Forest Service, Gen. Tech. Report PNW-46. PNW Forest and Range
Exp. Sta., Portland, OR. 263 p.

Gholz, H. L. 1979. Limits on aboveground net primary production,
leaf area, and biomass in the vegetational zones of the Pacific
Northwest. Ph.D. thesis. Oregon State University, Corvallis,
OR.

Gholz, H. L. 1980. Structure and productivity of Juniperus
occidentalis in central Oregon. American Midl. Nat. 103:251-261.

Gholz, H. L., F. K. Fitz, and R. H. Waring. 1976. Leaf area differ-

ences associated with old-growth forest communities in the
western Oregon Cascades. Can. J. For. Ras. 6:49-57.

Gholz, H. L., C. C. Crier, A. G. Campbell, and A. T. Brown. 1979.

Equations for estimating biomass and leaf area of plants in the
Pacific Northwest. Forest Research Lab. Res. Pap. 41.
Corvallis, OR. 37 p.

Gottlieb, L. D. 1968. Hybridization between Aretostaphylos viscida
and Aretostaphylos canescens in Oregon Brittonia 20 83-93

Gratkowski, H. J. 1961. Brush problems in southwest Oregon. USDA
Forest Service, Portland, OR. 53 p.

Gratkowski, H., D. Hopkins, and P. Lauterbach. 1973. Rehabilitation
of forest land: The Pacific Coast and northern Rocky Mountain
region. J. For. 71:138-143.

Grier, C. C. and S. W. Running. 1978. Leaf area of mature north-
western coniferous forests: Relation to site water balance.
Ecology 58:893-899.

Hamilton, E. L. and P. B. Rowe. 1949. Rainfall interception by
chaparral in California. Calif. Dept. Nat. Res., Div. Forestry,
Sacramento, CA. 43 p.

Harrington, T. B. 1983. Prediction of the biomass, leaf area, and
crown area of sprout clumps of tanoak [Lithocarpus densiflorus
(Hook. and Am.) Rehd.]: A technique for assessing site
occupancy by this species. M.S. thesis. Oregon State Univ.,

Corvallis, OR.

Harrison, A. T., E. Small, and H. A. Mooney. 1971. Drought relation-

ships and distribution of two mediterranean-climate California
plant communities. Ecology 52:869-875.

Helimers, H., J. S. Horton, C. Juhren, and J. O'Keefe. 1955. Root

systems of some chaparral plants in southern California. Ecology

36:667-678.

83



Jepson, W. L. 1939. A flora of California. Vol. 3 Part I.
Berkeley, Calif. Assoc. Bookstores, Univ. of Calif.

Keeley, J. E. 1977. Seed production, seed populations in the soil,
and seedling production after fire for two congeneric pairs of
sprouting and nonsprouting chaparral shrubs. Ecology 58:820-829.

Keeley, J. E. and P. H. Zedler. 1978. Reproduction of chaparral
shrubs after fire: A comparison of the sprouting and seedling
strategies. Amer. Midi. Nat. 99:142-161.

Koenigs, R. L., W. A. Williams, M. B. Jones, and A. Wallace. 1982.

Factors affecting vegetation on a serpentine soil. Hilgardia

50: 1-25.

Kummerow, J. 1973. Comparative anatomy of scierophylls of
Mediterranean climatic areas. Pages 157-167 in Mediterranean
Type Ecosystems: OrIgin and Structure (di Castri, F. and H. A.
Mooney, eds.). Springer-Verlag, NY.

Kummerow, J., D. Krause, and W. Joy. 1977. Root systems of
chaparral shrubs. Oecologia 29:163-477.

Lanini, W. T. and S. R. Radosevich. 1982. Herbicide effectiveness in

response to season of application and shrub physiology. Weed

Sci. 30:467-475.

Marks, P. L. 1974. The role of pincherry (Prunus pensylvanica L.)in
the maintenance of stability in northern hardwood ecosystems.
Ecol. Mono. 44:73-88.

Martin, R. E., D. W. Frewing, and J. L. McClanahan. 1981. Average

bioniass of four northwest shrubs by fuel size class and crown
cover. USDA Forest Service Res. Note PNW-374. PNW Forest and

Range Exp. Sta., Portland, OR.

Mason, H. L. 1934. Geologic evolution of Arctostaphylos. Pubi.

Carnegie Institute of Washington #415. p. 172-174.

McDonald, P. M. 1981. Adaptations of woody shrubs. Pages 21-29 in
Reforestation of Skeletal Soils (S. D. Hobbs and 0. T. Helgerson,
eds.). Forest Research Lab., Oregon State Univ., Corvallis, OR.

McMinn, H. E. 1951. An illustrated manual of California shrubs. San

Francisco, CA. J. W. Stacey, Inc. 689 p.

Miller, P. C. and E. Ng. 1977. Root:shoot biomass ratios in shoots
in southern California and central Chile. Madrono 24:215-223.

84

Miller, P. C. and D. K. Poole. 1979. Patterns of water use by shrubs

in southern California. Forest Science 25:84-98.



85

Miller, P. C. and W. A. Stoner. 1979. Canopy structure and environ-
mental interactions. Pages 429-458 in Topics in Plant Population
Biology (Solbrig etal., eds.). Columbia Univ. Press, NY. 589 p.

Mooney, H. A. and E. L. Dunn. 1970. Photosynthetic systems of
Mediterranean-climate shrubs and trees of California and Chile.
Amer. Nat. 104:447-453.

Mooney, H. A., A. T. Harrison, and P. A. Morrow. 1975. Environmental
limitations of photosynthesis on a California evergreen shrub.
Oecologia 19:292-301.

Mooney, H. A. 1977. Convergent evolution in Chile and California;
Mediterranean climate ecosystems. Dowden, Hutchinson and Ross,
Stroudsburg, PA.

Mooney, H. A. and P. W. Rundel. 1979. Nutrient relations of the
evergreen shrub, Adenostoma fasiculatum, in the California
chaparral. Bot. Gaz. 140:109-113.

Morrow, P. A. and H. A. Mooney. 1974. Drought adaptations in two
California evergreen sclerophylls. Oecologia 15:205-222.

Munz, P. A. 1959. A California flora. Univ. of Calif. Press,
Berkeley, CA. 1681 p.

Neter, J. and W. Wasserman. 1974. Applied linear statistical models.
Irwin Press, Homewood, IL. 842 p.

Newton, M. 1981. Chemical weed control in western forests. Pages

127-138 in The Proceedings of the 1981 John S. Wright Forestry
Conference, Weed Control in Forest Management. Purdue Univ.,

West Lafayette, IN.

Parsons, D. J., P. W. Rundel, R. P. Hedlund, and C. A. Baker. 1981.

Survival of severe drought by a non-sprouting chaparral shrub.
Amer. J. Bot. 68:973-979.

Peck, M. H. 1961. A manual of higher plants of Oregon. Oregon State

Univ. Press. 936 p.

Peek, J. M. 1970. Relation of canopy area and volume production of
three woody species. Ecology 51:1098-1101.

Poole, D. K. and P. C. Miller. 1975. Water relations of selected
species of chaparral and coastal sage communities. Ecology 56:

1118-1128.

Poole, D. K. and P. C. Miller. 1981. The distribution of plant water
stress and vegetation characteristics in southern California USA
chaparral. Am. Midi. Nat. 105:32-43.



Roy, D. F. 1981. Effects of competing vegetation on conifer perfor-
mance. Forest Vegetation Mgmt. Workshop, Oregon State Univ.,
School of Forestry, Corvallis, OR.

Rundel, P. W. 1977. Water balance in Mediterranean scierophyll
ecosystems. Pages 95-106 in Proceedings of the Symposium on the
Environmental Consequences of Fire and Fuel Management in
Mediterranean Ecosystems. USFS Gen. Tech. Report W0-3.

Sampson, A. W. 1944. Plant succession on burned chaparral land in
northern California. Cal. Agr. Rap. Sta. Bull. 635. 144 p.

Schlesinger, W. H. and D. S. Gill. 1980. Biomass, production, and
changes in the availability of light, water, and nutrients
during the development of pure stands of the chaparral shrub,
Ceanothus megacarpus, after fire. Ecology 61:781-789.

Schlesinger, W. H. and D. S. Gill. 1978. Demographic studies of the
chaparral shrub, Ceanothus megacarpus, in the Santa Ynez
Mountains, California. Ecology 59:1256-1263.

Schmid, R., T. E. Malloy, and J. M. Tucker. 1968. Biosystematic
evidence for hybridization between Arctostaphylos nissenana and
Arctostaphylos viscida Brittonia 20 34-43

Shaver, C. R. 1978. Leaf angle and light absorption of
Arctostaphylos species (Ericacea) along environmental gradients.
Madrono 25:133-138.

Specht, R. L. 1969. A comparison of the sclerophyllous vegetation
characteristics of Mediterranean type climates in France,
California, and southern Australia. II. Dry matter, energy,
and nutrient accumulation. Aust. J. Bot. 17:293-308.

Stewart, R. E. 1980. Effects of weed trees and shrubs on conifers...
a bibliography with abstracts. USDA Forest Service, Timber
Mgmt. Res. Washington, D.C. 48 p.

Thomas, J. H. 1961. Flora of the Santa Cruz Mountains of California,
a manual of vascular plants. Stanford Univ. Press, Stanford,
CA. 434 p.

Uresk, D. W., B.. 0. Gilbert, and W. H. Richard. 1977. Sampling big

sagebrush for phytomass. J. Range Mgmt. 30:311-314.

U.S. Soil Conservation Service. 1983. Soil survey of Josephine
County, Oregon. 258 p.

Waring, R. H. 1969. Forest plants of the eastern Siskiyous: Their

environmental and vegetation distribution. Northwest Science
43: 1-17.

86



Waring, R. H., W. H. Emmingham, H. L. Gholz, and C. C. Grier. 1978.

Variation in the maximum leaf area of coniferous forests in
Oregon and its ecological significance. For. Sd. 24:131-140.

Wells, P. V. 1969. The relation between mode of reproduction and
extent of speciation in woody genera of the California chaparral.
Evolution 23:264-267.

Wells, P. V. 1968. New taxa, combinations, and chromosome numbers in
Arctostaphylos (Ericaceae). Madrono 19:193-210.

Whittaker, R. H. 1960. Vegetation of the Siskiyou Mountains, Oregon
and California. Ecol. Mono. 30:27-338.

Whittaker, R. H. and C. M. Woodwell. 1968. DImensions and produc-
tivity relations of trees and shrubs inthe Brookhaven Forest,
NY. J. Ecol. 56:1-25.

Zavitkovski, J. and M. Newton. 1968. Ecological importance of
snowbrush, Ceanothus velutinus, in the Oregon Cascades.
Ecology 49:1134-1145.

Zavitkovski, J., M. Newton and 8. El-Hassan. 1969. Effects of
snowbrush on growth of some conifers. J. Forestry 67:242-246.

87



APPENDICES



APPENDIX 1.

CALCULATION OF LEAF AREA

Several steps are required for estimating the leaf area of shrubs:

Use a leaf subsample to calculate a specific leaf area

constant for each site. This constant relates the leaf area

(cm2) of the subsample to its weight (g). Leaf weight is

measured without petioles. Specific leaf area constant = leaf

area+ leaf weight.

Remove the petiole portion of leaf weight from the larger

sample from which the leaf subsample was obtained. Weigh the

leaf subsample with petioles, then without petioles to obtain

a percentage of weight which is petioles.

Multiply the leaf weight of the sample (after petiole weight

has been removed) by the specific leaf area constant.
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On my sites: Site % Petiole Specific Leaf Area Constant

2a 5.0 51.52
2b 4.8 48.01
4a 4.7 40.47
4b 5.2 41.38
6a 5.8 36.33
6b 5.5 39.70
lOa 4.7 33.84
lOb 4.2 40.91
16 4.3 35.89



APPENDIX 2.

CONPARISON OF LOGARITHMIC REGRESSIONS FOR STAND-CROWN

AND OPEN-GROWN SHRUBS

The full and reduced model approach with indicator variables

(Neter and Wasserman, 1974, PP. 160-165 and pp. 262-265) was used to

compare the slopes and Y intercepts of open-grown and stand-grown

shrubs. An initial comparison of residual variances showed that only

the equations in (leaf area) a + b in (canopy area), and in (leaf

biomass) = a + b in (canopy area) had variances which were not signi-

ficantly different (Table 11). Further F-tests showed that the slopes

and Y intercepts of these two equations were not significantly

different (Table 12). Since the regression lines were coincident,

the data sets were combined for a single pooled regression equation.
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Table 11. Comparison of residual variances for open-grown and stand-grown
Arctostaphylos viscida.

F s Mean square error (stand-grown)
Mean square erroF (open-grown)

Test P F(0.05; 58, 19) - 1.99

Equation (my - a + b in x)

Y F

Woody biomass D 8.68 *

Woody biomass CAb 2.15 *

Total biomass D 6.61 *

Total biomass CA 2.00 *

Leaf biomess 1) 3.30 *

Leaf biomass CA 1.87

Leaf area D 433 *
Leaf area CA 1.73

* Significantly different at the 0.03 level of significance.

trunk basal diameter
bCA canopy area
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Table 12. Comparison of slopes and Y intercepts of the equations.
in leaf area - a + b in canopy area, and
lu leaf biomase - a + b in canopy area.

To test for equal slopes:

F - SSR (Full Model) - SSR (Reduced Model)
df Ful1 Model) - df (Reduced Model)

Test F F(.05, 1, 77) - 3.97

Dependent Variable

leaf biomass F 1368.31 - 1367.49
4 - 3

leaf area F - 4537.30 - 4556.95
4 - 3

N.S. - Not significantly different at the 0.05 level.
Therefore slopes were combined.

SSE (full)
4f (full)

15.93 3.96 N.S.7r-
15.92 - 1.69 N.S.
-"---

To test for equal T intercepts:

For this analysis, the reduced model from the test of slopes becomes the
full model. F values are then calculated in the same manner.

Test F - F(.05, 1, 78) 3.96

Dependent Variable

leaf biomass F 1367.49 - 1367.48 16.75 - 0.05 N.S.3-2 Th

leaf area P - 4556.95 - 4556.85 16.27 - 0.48 N.S.
3 - 2 78

N.S. - Not significantly different at the 0.05 level.
Lines were coincident therefore the 2 data sets were combined.
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Appendix 3. Plot data including biomass, leaf area, density, and canopy cover.
The plots of 2 year old plants are 1 x 1 a2; all others are 1.5 x
1.5 a2.

= woody biomass

et = leaf biomass

- total biomass

leaf area

h1jI a leaf area index
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CAC Mean
Mb (2 per) Height Wd 1. T ts

Site Plot Age Na/a2 (/m2) ( plot ) (c.m)(g/m2) (g/m2) (g/m2) (cm2/m2) LIh

2a 1 2 16.0 119 812 10.0 27 26 52 1109 0.11
2a 2 2 13.0 140 764 13.7 32 30 63 1303 0.13
2a 7 2 38.0 336 2105 9.8 76 73 148 3140 0.31

2a 9 2 36.0 339 1755 9.6 76 73 148 3163 0.32
2a 5 2 92.0 603 3195 8.0 140 131 270 5628 0.56
2.a 6 2 74.0 636 4081 10.4 143 138 279 5946 0.59

2b 2 2 13.0 299 2420 20.1 76 66 143 2764 0.28
2b 5 2 18.0 192 1494 15.5 45 42 86 1785 0.18
Zb 3 2 30.0 315 1395 14.6 74 69 143 2932 0.29
2b 12 2 28.0 565 2907 20.5 145 125 271 5215 0.52
2b 4 2 48.0 574 3917 1.6 134 125 239 5347 0.53
2b 9 2 39.0 693 5198 19.2 169 152 322 6424 0.64

4a 2 4 3.6 1120 12335 41.9 462 269 732 9921 0.99
4a 7 4 8.4 747 6483 30.9 247 173 422 6750 0.68
4a 3 4 12.0 1081 13591 42.0 333 247 584 9817 0.98
43 6 4 12.9 681 11995 35.0 208 156 365 6200 0.62
4a 5 4 36.9 1826 18236 30.2 534 414 953 16672 1.67

4a 9 4 37.8 1924 21432 31.6 573 437 1016 17540 1.75

4b 2 4 4.9 434 6294 52.8 136 100 237 3936 0.39
4b 4 4 4.4 398 6925 46.2 124 91 217 3615 0.36
4b 1 4 11.6 858 15544 53.2 264 196 463 7798 0.78
4b 7 4 16.9 830 13177 37.7 249 189 440 7570 0.76
4b 5 4 36.4 1102 14696 34.5 295 246 543 10135 1.01
4b 9 4 36.4 1374 19174 38.4 380 308 691 12602 1.26

number of whiteleaf manzanita

bM basal area

CCA canopy area
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Appendix 3. Continued

Site Plot Age
CAC

jb (cm2 per)
/m2 (/m2) ( 1ot )

Mean
Height

(cm)
Wd Le ? LAg

(/a2) (g/m2) (g/m2) (2/m2) LAth
6a 6 6 1.8 719 6924 78.0 278 171 451 6404 0.64
6a 7 6 3.6 1607 14768 93.0 659 385 1036 14267 1.43
6a 2 6 9.0 2224 23386 84.9 836 526 1367 19862 1.99
&a 4 6 4.4 1841 20685 85.0 724 440 1167 16375 1.64
6a 1 6 8.3 2972 36142 94.6 1205 712 1919 26375 2.64
6a 3 6 8.7 3229 26576 71.3 1460 788 2233 28412 2.84

6b 2 6 4.4 494 4846 27.9 170 115 286 4448 0.44
6b 12 6 5.3 1949 15574 47.0 851 473 1321 17188 1.72
6b 6 6 6.6 2867 27160 63.9 1213 692 1903 25348 2.53
6b 9 6 7.8 2836 23068 58.6 1190 684 1871 25097 2.51
6b 8 6 16.2 2856 32810 46.0 1052 673 1732 25565 2.56
6b 11 6 17.3 3338 36979 58.4 1239 788 2034 29850 2.99

10* 8 10 1.2 2467 40517 116.0 1274 617 1866 21431 2.14
lOa 9 10 0.8 1819 58915 146.0 923 454 1361 15817 1.58
IQa 2 10 2 1 2559 52723 119 1 1206 630 1825 22402 2 24
iDa 3 10 1 8 2882 55895 132 4 1408 714 2104 25153 2 52
lOa 4 10 4 4 2592 47789 105 9 1122 629 1747 22871 2 29
10a 5 10 5.0 2556 51538 103.7 1075 617 1690 22604 2.26

lOb 1 10 1.9 3244 46376 136.0 1721 815 2495 28122 2.81
lOb 2 10 1 2 2935 76434 136 3 1713 749 2401 25241 2 52
lOb 3 10 2.4 2464 51017 133.4 1135 604 1730 21617 2.16
lOb 4 10 2.7 2165 48089 95.3 993 530 1516 19005 1.90
lOb 5 10 2.9 2859 59511 132.2 164 705 2052 25015 2.50
lOb 6 10 4.9 2994 46619 88.8 1312 728 2035 26382 2.64

16 2 16 0.9 3680 32602 136.7 2024 931 2904 31769 3.18
16 3 16 0.8 4309 53087 164.3 2620 1109 3626 36895 3.69
16 6 16 0.7 3994 59256 181.7 2424 1028 3357 34202 3.42
16 7 15 32 3943 62007 168.1 1862 971 2815 34510 3.45


