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Abstract

Waddell, K.L.; Barrett, T.M. 2005. Oak woodlands and other hardwood forests of
Cdlifornia, 1990s. PNW-RB-245. Portland, OR: U.S. Department of Agricul-
ture, Forest Service, Pacific Northwest Research Station. 94 p.

This report provides a multiownership assessment of oak woodlands and other
hardwood forests in California, excluding only reserved lands outside of national
forests. Because sampling intensity on woodlands was doubled from the previous
1981-84 inventory, and because national forests were inventoried, thisis the most
complete assessment to date for California hardwoods. Tables provide estimates for
hardwood forest type area, hardwood volume, biomass, numbers of trees, change in
forest area, growth, harvest, and mortality. The dates of the inventories used in the
assessment, 1991-94 for unreserved lands outside national forests and 1994-2000
for national forests, also alowed an assessment of pre-epidemic conditions for
susceptible tree species and forests in a 12-county area affected by sudden oak
death.

Summary *

For the 1990s, hardwood forests were estimated to cover more than 11.3 million
acres (+2 percent sampling error [se; see glossary for definition]), which was 40
percent of forest land in California. Hardwood forest area included 6.7 million
acres of oak woodland, 76 percent of which was privately owned, and 0.5 million
acres of non-oak woodland. Of the 4.1 million acres of hardwood timberland forest,
oak forest types constituted 53 percent.

Blue oak woodland was the most common hardwood forest type in California.
Low levels of blue oak regeneration observed in the 1980s continued into the
1990s. In descending order of occurrence, other common hardwood forest types
included canyon live oak, California black oak, tanoak, interior live oak, coast
live oak, Oregon white oak, and Pacific madrone. Other forest types, including
Cdifornialaurel, Engelmann oak, and valley oak, were uncommon, estimated to
be 2 percent or less of the total hardwood forest areain California.

The net growing-stock volume of hardwood tree species on the inventoried
areawas estimated as 4.7 billion cubic feet (£5 percent se) on woodland and 9.4
billion cubic feet (3 percent se) on timberland, with California black oak having

L All estimates exclude reserved land outside of national forests, such as national and state
parks. These lands are excluded because they were not inventoried. Estimates of change
from the 1980s to the 1990s also exclude national forest land.



the largest growing-stock volume of any hardwood species. The aboveground
biomass of hardwood trees on forest land was estimated as 555 million tons (£2
percent se), or 29 percent of overall tree biomassin Californiaforest lands. Com-
bining inventory estimates with other published data indicated that about 2 percent
of the estimated board-foot volume in harvested hardwood sawtimber-sized trees
went to California sawmills.

An estimated 60,000 acres per decade of hardwood forest was converted to
developed land or roads between 1984 and 1994 (upper 68 percent confidence
interval is 130,000 acres per decade). Of the common forest types, California black
oak had the greatest percentage decrease in areafrom 1984 to 1994; excluding
salvage logging, 11 percent of the black oak forest type on timberland had some
black oak trees harvested or cut and left on the plot between 1981-84 and 1991-94.
However, overall net growing-stock volume increased for California black oak and
other common hardwood species.

Within the 12 counties quarantined as of summer 2004 for Phytophthora
ramorum, the pathogen associated with sudden oak death, an estimated 3.8 million
acres (x4 percent se) of forest land is dominated by the regulated host species of
tanoak, coastal redwood, Douglas-fir, coast live oak, California black oak, Pacific
madrone, California buckeye, canyon live oak, Californialaurel, and bigleaf maple.
Tanoak, California black oak, coast live oak, and Shreve's oak are tree species that
can suffer trunk lesions and associated mortality from Phytophthora ramorum.
These trees are important to wildlife diversity, contributing to habitat and provid-
ing a source of acorns. Although essential characteristics of the disease are still
unknown, there appears to be a potential for very extensive changes of forest
structure and composition over a geographic range encompassing millions of acres
of Californiaforest land, with the potential for many indirect ecosystem effects.
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Oak Woodlands and Other Hardwood Forest of California, 1990s

Introduction

Hardwood forests cover more than 11 million acres of land in California and pro-
vide many benefits, including wildlife habitat and food, lumber and other forest
products, grazing, watershed protection, open space for recreation, fuelwood, and
biodiversity. Hardwood speciesin California are diverse, including species found
throughout western North America, such as quaking aspen (Populus tremul oi des),
and othersthat are primarily found in California, such as blue oak (Quercus
douglasii), valley oak (Quercus lobata), coast live oak (Quercus agrifolia), and
interior live oak (Quercus wislizeni) (see app. 1 for alist of species names). For
many residents, oak woodlands and savannas define the Californialandscape
(fig. 1).

Hardwood forests have been a subject of public focus for many years. Land
conversions and clearing have been areas of concern, with conversion to agricul-
tural uses predominant in the first part of the 20" century, and increasing concern
over conversion to residential uses and vineyards in more recent years. In 1993,
California counties with oak woodlands were directed by the State Board of For-
estry to develop oak conservation plans, and most now have mitigation policies or
permitting processes for oak removal (Light and Pedroni 2002). Slow regeneration
of some species a so has been a source of concern. The concern is not new; nearly
acentury ago a survey of Pacific slope trees noted sparse regeneration for valley
oak, Oregon white oak (Quercus garryana), canyon live oak (Quercus chrysolepis),
coast live oak, and blue oak (Sudworth 1908).

Concern for California hardwoods, and oak woodlands in particular, has
generated a very active research and education program. Since 1979, five symposia
on California hardwoods and oak woodlands have been held (Pillsbury and others
1997, Plumb 1980, Plumb and Pillsbury 1987, Standiford 1991, Standiford and
others 2002). The University of California, together with the California Depart-
ment of Forestry and Fire Protection (CDF), the State Board of Forestry,
and the California Department of Fish and Game, established an intensive research
and extension program, the Integrated Hardwood Range Management Program
(IHRMP), in 1986. A number of nonprofit organizations, such asthe California
Oak Foundation, also focus on oak and hardwood issues.

In the last few years, sudden oak death has overtaken other issues as a threat
to California hardwood forests. Sudden oak death, associated with the pathogen
Phytophthora ramorum, was first described in 1995 in tanoak (Lithocarpus
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DaveAzu'm'a', Forest Inventory and Analysis.

Figure 1—Oak woodlands caracteri ze Iarg areas of the Californial andsce

densiflorus). Subsequently P. ramorum was found to affect coast live oak,
California black oak (Quercus kelloggii), Pacific madrone (Arbutus menziesii),
bigleaf maple (Acer macrophyllum), Californialaurel (Umbellularia californica),
and other species (fig. 2). Because of the relatively rapid spread and increased
mortality rate for some common species, the disease can be expected to have a
substantial effect on many of the hardwood and coniferous forests described in
this report. The dates of the inventories used in this assessment, 1991-94 for lands
outside national forests and 1994-2000 for national forests, allow the use of these
datato provide a pre-epidemic baseline for future monitoring.

Inventories Used in This Report

The USDA Forest Service forest inventory program, called Forest Inventory and
Analysis (FIA), inventories forest land, often dividing it into different categories
such as timberland and unproductive forest, which includes woodland. Definitions
of these and other terms are provided in the glossary. Until the 1980s, statewide
forest inventoriesin California sampled only timberland. In response to increased
interest in woodlands, the first statewide inventory of California woodlands and
other unproductive forest was made in 1981-84 with results reported as part of an
assessment of California hardwoods (Bolsinger 1988).
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Rob Gross, Sudden Oak Death Mortality Task Force.

Figure 2—Californialaurel leavesinfected by P. ramorum Sonoma County, 2002.

In 1991-94, anew statewide inventory of woodland was conducted, remeasur-
ing the plots used in the 1981-84 FIA inventory and also doubling the number of
plots with tree measurements. Timberland was also inventoried in 1991-94, with a
sampling intensity of twice that used for woodland. Neither the 1981-84 nor the
1991-94 inventory included national forests, which contain 21 percent of the
unreserved forest land in California. However, during 1994-2000, a comprehen-
sive forest inventory of California national forests was conducted by the National
Forest System (NFS).

Thisreport is based on data from these combined inventories: the 1991-94 FIA
inventory of timberland, the 1991-94 FIA inventory of woodland, and 1994-2000
NFS inventories of national forests. Because of the inclusion of inventory data for
national forests and the increased number of samples for private and other public
land, these are the best estimates for California hardwoods that have been made to
date. Estimates often differ from those in the report by Bolsinger (1988). These
differences are caused by the additional data collected and by changes in estimation
procedures and do not necessarily reflect actual changesin hardwood forests. A
more limited set of information has been used to estimate change. It is very impor-
tant to understand the limitations of the inventories and to use the sampling errors
that are provided to interpret the information in this report. Greater detail on
inventory methods is provided in appendix 2.
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Hardwood forest
types make up 40 per-
cent of California’s
forest land, of which
70 percent is privately
owned.

Tables of forest estimates are in a separate section at the end of the report.
Estimates are given for forest area (tables 1 and 2), volume (tables 3 through 6 and
10), biomass (tables 7 through 9), change (tables 11 through 16), and a few addi-
tional attributes. Estimates do not include savannas (land with less than 10 percent
tree cover) or land that is devoted to nonforest uses (such as golf courses or city
parks). Grazing is considered aforest use in California, and estimates include
grazed forest land, although improved pasture land is excluded. Reserved land
outside of national forests (primarily state and national parks) has not been inven-
toried, and it is excluded from all estimates except where noted (fig. 3).

Hardwood Forest Types in the 1990s

Excluding reserved lands outside of national forests, the total estimated area of
hardwood forest typesin Californiawas 11.29 million acres (+1.7 percent sampling
error [se; see glossary for definitions]). Hardwood forest types made up 40 percent
of all forest land in California. Thisincluded 4.07 million acres (3 percent se)
classified as hardwood timberland and 7.22 million acres (2 percent se) classified
as hardwood woodland and other unproductive forest (table 1). Most hardwood
forest was privately owned (70 percent), with a substantial portion in national
forest ownership (25 percent) and arelatively small portion in other public owner-
ship (5 percent).

By order of frequency, the most common hardwood forest types were blue
oak, canyon live oak, California black oak, tanoak, interior live oak, coast live oak,
Oregon white oak, and Pacific madrone. Other hardwood forest types (valley oak,
Engelmann oak, Californialaurel, buckeye, and many others) were relatively
uncommon, estimated at 150,000 or fewer acres each (table 2).

California oak woodlands—forest dominated by trees from the genus Quercus
and not productive enough to be considered timberland—covered 6.7 million acres
(x4 percent se). Private ownership accounted for 76 percent of this area, with
smaller portions in national forest ownership (18 percent), and other public owner-
ship (6 percent). Oak savannas, with less than 10 percent tree cover, also covered
large land areas, athough the exact areais unknown. Bolsinger (1988) gave an
approximation that 1.8 million acres of land in Californiais savanna characterized
by hardwood treesin grassland, and 1.8 million acres is characterized by hard-
wood trees in chaparral. A chaparral inventory of 14 counties in the central and
southern coast of California estimated that substantial portions of chaparral contain
hardwood tree species, including many in the Quercus genus (Fried and others
2004).
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Land Area in California

B Timberland

EHardwood woodland

O Unsampled reserved forest
Other forest land

O Savanna with hardwoods

M Chaparral

O Nonforest land

Figure 3—Distribution of land in California.

Some of the oak species hybridize and have overlapping ranges, and forest
typing classifies what is often a gradation of mixed species into discrete classes.
The classification process for this assessment is based on the concept of predomi-
nance of live tree cover for that species, and it is the same classification method
that has been used in other Forest Inventory and Analysis reports developed from
the 1991-94 data (for example, Waddell and Bassett 1996, 1997a, 1997b). In the

1980s assessment, classification was derived from the predominance by basal area Blue oak was the

for that species (Bolsinger 1988). Individual trees of a particular species were also most common hard-
found in other forest types. In the following sections, estimates are provided for wood forest type in
area where a tree species occurred, as well as area for the forest type where that California in the
species was predominant. 1990s.

Blue Oak Forest Type

The most common inventoried hardwood forest type in California was blue oak,
with an estimated 3.03 million acres (+5 percent se). As was done in the Bolsinger
(1988) report, forest initially classified as ghost pine (Pinus sabiniana) was in-
cluded in the estimate for the blue oak forest type, accounting for 0.11 million
acres of the total blue oak forest type. The blue oak forest type occurred in foothill
woodlands on all sides of the central California valley with blue oak trees having
an extremely similar distribution (fig. 4). This forest type was 90 percent privately
owned, with 4 percent on national forest land and 6 percent on other public land.
The average elevation for the blue oak forest type was 1,640 feet, with two-thirds
of this forest type occurring between 680 and 2,680 feet. Blue oak forest had the
lowest average annual precipitation of any of the common forest types, with a
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Figure 4—Sample plot locations for the blue oak (Quercus douglasii) forest type (left) and for blue
oak trees (right). Figure includes plots for all inventories used in this report, and the plots shown did
not all have the same probability of selection. To protect landowner privacy, each plot shown has
some deliberate location error.

median precipitation of 21 inches per year and two-thirds of the forest type having
precipitation between 19 and 25 inches per year.

Although climate is an important factor in explaining the distribution of the
blue oak forest type, it is believed that many factors have influenced the present
composition and stand structure of blue oak woodlands. Acorn production can be
influenced by rainfall and temperature (Koenig and others 1999), but recruitment
from acorns and survival can be affected by predation from insects, rodents, deer,
and cattle (Adams and McDougald 1995, Borchert and others 1989, Hall and others
1992). Survival of seedlings and saplings appears to be related to both competition
and facilitation (for example, shade) from other plants (Standiford and others 1997,
Swiecki and others 1997).

By analysis of tree rings and fire scars, Mensing (1992) concluded that the
structure of ablue oak woodland in Kern County resulted from changesin land use
practices accompanying European settlement, with a period of high regeneration
and recruitment associated with fire and browsing in the mid-1800s. McClaran and
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Bartolome (1989) also concluded that an increase in fire frequency around the time
of European settlement had caused an increase in recruitment. More recent studies
have noted that fire can kill the tops of saplings, which then resprout. The resulting
even-aged cohorts do not necessarily denote that fire has a positive impact on
growth or recruitment (Bartolome and others 2002, Swiecki and Bernhardt 2002).
Larger blue oak trees are fairly resistant to fire (Horney and others 2002).

The stand structure of blue oak woodlandsis very distinctive, often composed
of widely spaced trees over a grassy understory (fig. 5). The blue oak woodlands of
Cdlifornia had the lowest basal area density of any of the common hardwood forest
types: 68 percent of this forest type had |ess than 50 square feet per acre of basal
area, and less than 4 percent had more than 100 square feet per acre of basal area
(fig. 6). Blue oak woodlands were fairly pure in tree species composition, with 78
percent of the basal areain blue oak trees. Other tree species found in thistype
included ghost pine with 11 percent of total tree basal area and interior live oak
with 5 percent of tree basal area. Vegetation found in this forest type included
grasses, poison oak (Toxicodendron diversilobum), buckbrush (Ceanothus
cuneatus), mountain mahogany (Cercocar pus betuloides), red-stem filaree
(Erodium cicutarium), greenleaf manzanita (Arctostaphylos patula), whitel eaf
manzanita (Arctostaphylos viscida), toyon (Heteromeles arbutifolia), California
juniper (Juniperus californica), hollyleaf redberry (Rhamnus crocea), silver
hairgrass (Aira caryophyllea), California scrub oak (Quercus dumosa), oat (Avena
spp.), miner’s lettuce (Claytonia perfoliata), fragrant bedstraw (Galium triflorum),
common manzanita (Arctostaphylos manzanita), and others.

Most blue oak trees were relatively small, although individua blue oaks are
capable of reaching large size. The average diameter at breast height (d.b.h.) for
blue oak trees pole size or larger was 8.3 inches. The largest blue oak tree in these
inventories had a 49-inch d.b.h. The record blue oak tree for California—also the
national champion for the species—hasad.b.h. of 88 in and aheight of 112 feet
(UFEI 2004). There were an estimated 43 million sawtimber-sized blue oak treesin
the state (table 17). Blue oak trees were found in 972,000 acres of other forest
types, as shown in the tabulation on page 9°.

% Estimate of amount of a forest type with a particular tree species present is affected by plot
size, subplot configuration, whether fixed- or variable-radius sampling is used, and the
practice of mapping condition boundaries. Any tree of the species, including seedlings, was
used to determine species presence. Values for thisforest type will differ from table 2
because not al trees within a plot are sampled.
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JE. (Jed) and Bonnie McClellan © California Academy of Sciences.

Figure 5—A common stand structure for blue oak woodlands is scattered trees over agrassy
understory. Regenerationistypically sparse.
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Figure 6—Relative basal area density of common hardwood forest types. Basal areawas calcul ated
from trees greater than 5 inches diameter at breast height.
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Forest type with Percentage of all types
blue oak trees Area Sampling error  with blue oak trees
———Thousand acres———

Blue oak/ghost pine 2,804 156 74
Interior live oak 554 94 15
Coast live oak 92 34 2
California buckeye 74 36 2
Canyon live oak 70 38 2
California black oak 59 25 2
Valley oak 33 22 1
Other 90 25 2

Total 3,776 162 100

Bolsinger (1988) found that blue oak was one of the tree species that appeared to
have poor natural regeneration; other researchers have made similar observations
(for example, Muick and Bartolome 1987). The 1990s forest inventories aso
provided evidence of sparse regeneration for blue oak. One metric that can be used

to examine regeneration is the ratio of numbers of small saplings (1 to 3 inches The 1990s inven-
d.b.h.) to numbers of medium saplings (3 to 5 inches d.b.h.). The sustainability of tories found sparse
blue oak depends on many factors that are not captured in this metric, including regeneration of blue
growth and mortality rates, the periodicity of regeneration, and land conversion. oak.

However, a diameter-class ratio that isless than 1.0 is one indication of poor
regeneration. For blue oak, the estimated ratio of 1- to 3-inch diameter treesto
3- to 5-inch diameter trees for the blue oak population in Californiawas 0.7 (+26
percent se). Although other diameter-class ratios for small blue oak trees were
greater than 1, the species had arelatively flat diameter distribution (table 18).
One of the metrics used to evaluate regeneration in the 1980s was regeneration
stocking. The stocking classification used then could not be duplicated for this
assessment because of changes in the sampling design. We applied a similar
classification to plots with at least 90 percent of the plot areain the blue oak forest
type. The following tabulation shows the proportion of this area stocked with trees
less than 5 inches d.b.h. (blue oak seedlings and saplings). (See “regeneration
stocking” in glossary for definitions of stocking class.)
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Sampling Percentage
Socking class Area error of total

——Thousand acres — —

Blue oak forest type evaluated
for regeneration stocking:

Nonstocked 502 88 29
Lightly stocked 825 111 48
Moderately stocked 331 71 19
Well stocked 54 37 3

All 1,712 148 100

Blue oak saplings (trees between 1 and 5 inches d.b.h.) can be old enough that
many people would not consider them regeneration. The following tabulation
shows the regeneration stocking classification applied to the same plots but using
only seedlings (trees lessthan 1 inch d.b.h.).

Sampling Percentage
Seedling stocking class Area error of total

——Thousand acres ——

Blue oak forest type evaluated
for regeneration stocking:

Nonstocked 746 104 43
Lightly stocked 706 104 41
Moderately stocked 224 59 13
Well stocked 36 32 2

All 1,712 148 100

If three subplots (rather than five) are used in evaluating stocking, as was done
for the 1980s inventory, the estimated nonstocked area for seedlingsis about 60
percent for both the 1980s inventory and the 1990s inventories.

All of the metrics used to evaluate regeneration—diameter-class ratios, stock-
ing classification, and trees-per-acre estimates—showed that the sparse regenera-
tion of blue oak continued into the 1990s. The long-term sustainability of blue oak
woodlands is affected by many factors, and causal relationships are often best
understood through designed research studies. However, regeneration of blue oak
continues to be a concern and an important subject for future monitoring.

Canyon Live Oak Forest Type

Canyon live oak forest was the second most common inventoried hardwood forest
typein California, estimated at 1.63 million acres (6.3 percent se). The forest type
was widely distributed, being found in the Klamath, Cascade, North Coast, Sierra
Nevada, Transverse, and Peninsular Ranges (fig. 7). Canyon live oak trees were
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Figure 7—Sample plot locations for the canyon live oak (Quercus chrysolepis) forest type (left) and
for canyon live oak trees (right). Figure includes plots for all inventories used in this report, and the
plots shown did not all have the same probability of selection. To protect landowner privacy, each
plot shown has some deliberate location error.

found extensively in other forest types (fig. 7). The canyon live oak forest type was
estimated to have a mean elevation of 3,180 feet, with two-thirds of this forest type
within an elevation range of 1,780 to 4,600 feet. The median average annual
precipitation for this forest type was 42 inches per year, with two-thirds of the
forest type found in areas with 35 to 53 inches of precipitation per year. It was one
of the few hardwood forest types found primarily on national forests (61 percent),
with 32 percent of the forest in private ownership and 7 percent in other public
ownership.

Canyon live oak forest was distributed fairly evenly across low and moderate

density classes (fig. 6). The most common tree species in the canyon live oak forest i
Canyon live oak was

type were canyon live oak (59 percent of total tree basal area), Douglas-fir
the most numerous

(Pseudotsuga menziesii) (13 percent), California black oak (6 percent), ponderosa
pine (Pinus ponderosa) (4 percent), Pacific madrone (4 percent), incense cedar
(Calocedrus decurrens) (3 percent), sugar pine (Pinus lambertiana) (2 percent),
tanoak (2 percent), and Californialaurel (2 percent). Nontree vegetation occurring
in the canyon live oak forest type included poison oak, toyon, whiteleaf manzanita,
western swordfern (Polystichum munitum), western brackenfern (Pteridium
aquilinum), California honeysuckle (Lonicera hispidula), California nutmeg
(Torreya californica), and other forbs and shrubs.

hardwood tree
species.

11
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Canyon live oak was the most numerous hardwood tree speciesin California
forest lands, with an estimated 2.22 billion trees (x4 percent se). For these invento-
ries, the canyon live oak tree with the largest diameter had ad.b.h. of 68 inches.
The average tree size for this species was 8.5 inches, excluding seedlings and
saplings. The record big tree for this speciesis 110 inches d.b.h. and 69 feet tall
(UFEI 2004). However, only 2.3 percent of all canyon live oak trees were of saw-
timber size (d.b.h. >11 inches). Canyon live oak trees were found in many forest
types, including a number of timberland types. Of the 6 million acres of forest land
where canyon live oak trees were found (see footnote 2), 76 percent was classified
as timberland rather than woodland, and 36 percent was in private ownership.

Forest type with Per centage of all
canyon live oak Sampling types with canyon
trees Area error live oak trees

———Thousand acres———

Mixed conifer 2,129 99 35
Canyon live oak 1,621 103 27
Cdlifornia black oak 515 55 9
Tanoak 323 45 5
Douglasfir 296 40 5
Pacific madrone 191 38 3
Interior live oak 185 56 3
Ponderosa pine 163 30 3
Oregon white oak 97 30 2
Blue oak 80 30 1
Coast live oak 57 17 1
Cdlifornia laurel 48 22 1
Other 336 48 6

All types 6,039 173 100

The statewide population of canyon live oak appeared to be regenerating
well. The estimated ratio of 1- to 3-inch diameter trees to 3- to 5-inch diameter
trees for the canyon live oak population in Californiawas 1.97 (+40 percent se).
Other diameter-class ratios for small canyon live oak trees were also high (table
18). Within the canyon live oak forest type, the majority of plots were classified as
well stocked or moderately stocked with either canyon live oak seedlings or canyon
live oak saplings.
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Sampling Percentage
Socking class Area error of total

— ——Thousand acres — — —
Canyon live oak area
evaluated for regeneration

stocking:
Nonstocked 70 21 6
Lightly stocked 196 45 18
Moderately stocked 429 59 39
Well stocked 395 53 36
All 1,090 91 100

California Black Oak Forest Type

Cdlifornia black oak is one of the most important hardwood tree speciesin the
state. It is valued for aesthetics, for shade, for firewood, for lumber, and for the
numerous acorns (“mast”) that can be produced by mature trees. There was an
estimated 1.25 million acres (7 percent se) of the California black oak forest type
in the state, excluding reserved lands outside of national forests. This forest type
was evenly split between public ownership (50 percent) and private ownership.
Seventy-seven percent of this type was classified as timberland. It was the third
most common forest type, yet black oak trees had the greatest volume of any
hardwood speciesin the state, with atotal estimated volume of 5.1 billion cubic
feet (table 6). Although occasionally used for lumber, California black oaks are
primarily harvested for firewood. California black oak isimportant for wildlife
because acorns provide afood source for many species. In one case study, research-
ers found mature black oak trees produced more than 6,000 acorns per oak, or
125,000 acorns per acre (Bowyer and Bleich 1980).

Plot data showed that this forest type and individual black oak trees have a
wide distribution (fig. 8). The average elevation for the black oak forest type was
3,280 feet, with two-thirds of the forest occurring between 1,890 feet and 5,050
feet. The median average annual precipitation for this forest type was 45 inches
per year, with two-thirds of the forest type found in areas with 39 to 52 inches of
precipitation per year.

The California black oak forest type was well distributed across a range of low
and moderate densities (fig. 6). The most common tree in this forest type was
Californiablack oak (47 percent of total tree basal area), followed by Douglas-fir
(14 percent), incense cedar (8 percent), ponderosa pine (8 percent), canyon live
oak (6 percent), Pacific madrone (4 percent), white fir (Abies concolor) (3 percent),
and Oregon white oak (2 percent). Nontree plants in this forest type included
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Figure 8—Sample plot locations for the California black oak (Quercus kelloggii) forest type (left) and
for California black oak trees (right). Figure includes plots for all inventories used in this report, and
the plots shown did not al have the same probability of selection. To protect landowner privacy, each
plot shown has some deliberate location error.

poison oak, grass, deerbrush (Ceanothus integerrimus), sticky whiteleaf manzanita,
western brackenfern, greenleaf manzanita, snowberry (Symphoricarpos spp.),
Californiaredbud (Cercis occidentalis), wood rose (Rosa gymnocarpa), bear clover
(Chamaebatia foliolosa), and other shrubs and forbs.

Although an estimated 1.25 million acres was classified as California black oak
forest type, Californiablack oak trees were typically a component of other forest
types and were found on an estimated 7.21 million acres (+2 percent se) of forest
land (see footnote 2). Of the total forest land where California black oak trees were
found, 3.52 million acres (+4 percent se) was on private land, 3.49 million acres
(x3 percent se) was on national forest, and 0.21 million acres (17 percent se) was
on other public land. Of the forest land where California black oak trees were
found, 82 percent was classified as timberland. As shown in the tabulation below,
Cdliforniablack oak trees were found in many different forest types.
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Forest type with Percentage of all types
California black with California black
oak trees Area Sampling error oak trees

——Thousand acres ——

Mixed conifer 3,317 119 46
Cadlifornia black oak 1,255 89 17
Canyon live oak 659 64 9
Ponderosa pine 380 43 5
Oregon white oak 293 55 4
Interior live oak 210 51 3
Douglas-fir 202 35 3
Pacific madrone 172 36 2
Blue oak 165 47 2
Tanoak 96 24 1
Other 462 59 6

All 7,211 179 100

California black oak was estimated to occur on less than 75,000 acres of each
of the forest typesincluded in “other,” which consists of coast live oak, California
laurel, valley oak, white fir, California buckeye, white alder, bigleaf maple, giant
sequoia, bigcone Douglas-fir, Jeffrey pine, knobcone pine, red alder, coulter pine,
and black cottonwood forest types.

There were an estimated 1.1 billion (4.4 percent se) California black oak trees
in forests within the state, excluding reserved lands outside of national forests. The
largest California black oak tree in these inventories had a d.b.h. of 65 inches. The
record big tree for the species has a 76-inch diameter and is 85 feet tall (UFEI
2004). Of the estimated 59.6 million (£5 percent se) sawtimber sized (=11 inches
d.b.h.) Californiablack oak trees, 11 percent had d.b.h. >23 inches, and 4 percent
had d.b.h. >29 inches (table 17). Seedling and sapling stocking of black oak
appeared to be moderate within the California black oak forest type, as shownin
the tabulation below.

Socking class Area Sampling error Per centage of total

————Thousand acres ————
California black

oak area evaluated

for regeneration

stocking:
Nonstocked 217 43 26
Lightly stocked 243 37 29
Moderately stocked 246 40 29
Well stocked 131 34 16

All 837 75 100
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Although this tabulation only shows regeneration within the California black
oak type, Californiablack oak is very frequently part of mixed-species stands.
McDonald and Tappeiner (2002) report regeneration is generally highest under
mature black oaks. Another regeneration metric, which isindependent of forest
type, isthe overall diameter distribution across all forest types. For a given species,
when there are fewer small trees than large trees statewide, it is an indirect indica-
tion that recruitment may not be sufficient to replace mortality. California black
oak had arelatively flat diameter distribution for small trees between 1 and 11
inches d.b.h. (table 18), although al ratios of 2-inch diameter classes were above
1.0. Where natural regeneration is problematic, planting of black oaks can be a
successful alternative (McDonald and Tappeiner 2002).

Tanoak Forest Type

The fourth most common hardwood forest type in California was tanoak, estimated
to occur on 1.25 million acres (6 percent se), excluding reserved lands outside of
national forests. Tanoak is not in the oak genus (Quercus), but it isin the oak
family (Fagaceae) and produces acorns. Most of the tanoak forest typein this
inventory was found in the coastal counties north of San Francisco, with lesser
amountsin the northern Sierra Nevada and central coastal counties (fig. 9). Aver-
age elevation for this forest type was 1,690 feet, with two-thirds of the forest type
occurring between 750 and 2,600 feet elevation. Of all the common hardwood
forest types, tanoak was found in areas of the greatest annual average precipitation
(figs. 9 and 10). The median average annual precipitation for this forest type was
65 inches per year, with two-thirds of the forest type found in areas with 52 to 71
inches of precipitation per year. Eighty-two percent of thisforest typewasin
private ownership, and 18 percent was in national forest ownership.

The distribution of tanoaks has waned and waxed and waned again since
European settlement. After the California gold rush, tanoaks were used extensively
to supply bark for tannin, leading to fearsit was being overharvested. Tanoak
provides an attractive wood that is used for flooring, paneling, veneer, and other
products, but despite occasional attempts to develop markets for the wood, it has
never been extensively used for this purpose. In the second half of the 20" century,
selective harvesting of the more valuable conifers, accompanied by rapid sprouting
and regrowth of tanoak, led to fears of conversion of previously conifer-dominated
areas to tanoak. Although too recent to be reflected in the inventories used for this
report, the fortunes of tanoak have once again taken a downward turn, because the
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Figure 9—Sample plot locations for the tanoak (Lithocarpus densiflora) forest type (left) and for
tanoak trees (right). Figure includes plots for all inventories used in this report, and the plots shown
did not al have the same probability of selection. To protect landowner privacy, each plot shown has

some deliberate location error.

Figure 10—Annual precipitation for California,
AN averaged for 1961 to 1990. Map produced with
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effects of sudden oak death seem to be particularly severe for this species (Rizzo
and Garbelotto 2003). Tanoak is an important resource for many wildlife species,
providing both cover and food.

Tanoak forest was the densest of the common hardwood forest types (fig. 6).
Within tanoak forest, the predominant tree species were tanoak (51 percent of
total tree basal area), Douglas-fir (19 percent), redwood (Sequoia sempervirens)
(11 percent), Pacific madrone (9 percent), canyon live oak (2 percent), and others
(al at 1 percent or less of tree basal area). Nontree vegetation that was found
on plotsin the tanoak forest type included California huckleberry (Vaccinium
ovatum), grass, western brackenfern, western swordfern, salal (Gaultheria
shallon), poison oak, whipplea (Whipplea modesta), blueblossom ceanothus
(Ceanothus thyrsiflorus), coast rhododendron (Rhododendron macrophyllum),
redwood sorrel (Oxalis oregana), iris (Iris spp.), hairy manzanita (Arctostaphylos
columbiana), starflower (Trientalis latifolia), Pacific wax-myrtle (Myrica
californica), deerbrush, coast whitethorn (Ceanothus incanus), baccharis
(Baccharis spp.), California honeysuckle, wood rose, whitebark raspberry (Rubus
leucodermis), California red huckleberry (Vaccinium parvifolium), California
hazelnut (Corylus cornuta), mountain-grape (Berberis aquifolium), California
nutmeg, toyon, thimbleberry (Rubus parviflorus), and other shrubs and forbs.

Of the estimated 3.59 million acres (£3 percent se) where tanoak trees were
found, 69 percent was in private ownership (see footnote 2). Ninety-nine percent
of the area where tanoak trees were found was classified as timberland, where
estimated potential productivity was at least 20 cubic feet per acre per year. The
estimated area where tanoak trees were part of the forest was substantially larger
than the estimate for the tanoak forest type. Where tanoak was not itself the
predominant species, tanoak trees were typically found in conifer forest rather
than hardwood forest, as shown in the tabulation below.

Forest type with Sampling Percentage of all types
tanoak trees Area error with tanoak trees

———Thousand acres ———

Tanoak 1,249 80 35
Redwood 599 59 17
Douglasfir 534 55 15
Mixed conifer 487 50 14
Canyon live oak 175 36 5
Pacific madrone 175 34 5
Cdlifornia black oak 82 22 2
Cdlifornia laurel 70 23 2
Other 214 36 6

All 3,585 99 100
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“Other” forest types where tanoak was found included Oregon white oak, red
alder, bigleaf maple, coast live oak, ponderosa pine, knobcone pine, interior live
oak, giant chinquapin, and Bishop pine.

The record big tree for tanoak in California has an 86-inch d.b.h. and is 92
feet tall (UFEI 2004); the largest tree sampled in our inventory had a 62-inch d.b.h.
and was 89 feet tall. Despite this potential for very large trees, of the estimated
53 million (£7 percent) sawtimber sized tanoak trees with d.b.h. >11 inches, only 6
percent of trees had d.b.h. >23 inches and only 1 percent had d.b.h. >29 inches.

All of the diameter-class ratios for small tanoak trees were above 1.5, which is
one indication of good regeneration for the population as awhole (table 18). Using
a stocking algorithm for tanoak seedlings or saplings in tanoak forest provided
similar results: none of the area evaluated was nonstocked, 6 percent was lightly
stocked, 44 percent was moderately stocked, and 50 percent was well stocked.

Interior Live Oak Forest Type

Interior live oak was a common hardwood forest type, with an estimated 1.14
million acres (9 percent se) in California excluding reserved lands outside of
national forests. Plot locations where the forest type was found and where interior
live oak trees were found (fig. 11) were similar to the distribution of blue oak but
were at sightly higher elevations and extended further south, and there were fewer
samples found in the coastal counties. Average elevation for the forest type was
2,140 feet, with two-thirds of the forest type found between 1,200 and 3,100 feet.
The median average annual precipitation for this forest type was 29 inches per
year, with two-thirds of the forest type found in areas with 25 to 33 inches of
precipitation per year. Theinterior live oak forest type was estimated to be 78
percent privately owned, 14 percent in national forest ownership, and 9 percent

in other public ownership.

Like blue oak forest, interior live oak forest was very open, with 54 percent of
areain the 0 to 50 square feet per acre basal area class (fig. 6). Thisforest type was
primarily composed of hardwoods but had some conifers present: 68 percent of
total tree basal areawasin interior live oak trees, 8 percent was in blue oak trees,

7 percent was in ghost pine, 3 percent was in ponderosa pine, 2 percent wasin
Douglas-fir, and 2 percent was in canyon live oak. Nontree vegetation in this forest
type that was found during the inventory included grass, poison oak, toyon, sticky
whiteleaf manzanita, buckbrush, fragrant bedstraw, hollyleaf redberry, and other
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Figure 11—Sample plot locations for the interior live oak (Quercus wislizeni) forest type (left) and
for interior live oak trees (right). Figure includes plots for all inventories used in this report, and the
plots shown did not all have the same probability of selection. To protect landowner privacy, each
plot shown has some deliberate location error.

forbs and shrubs. Only 24 percent of the forest where interior live oak trees were
found was classified as timberland. Trees were commonly found in avariety of
forest types, as shown in the tabulation below (see footnote 2).

Forest type with Percentage of all
interior live Sampling types with interior
oak trees Area error live oak trees

———Thousand acres———

Interior live oak 1,116 116 41
Blue oak 658 98 24
Mixed conifer 197 35 7
Canyon live oak 174 49 6
California black oak 156 37 6
Coast live oak 64 30 2
California buckeye 62 29 2
Pacific madrone 55 28 2
Ponderosa pine 51 18 2
California laurel 53 22 2
Other 157 31 6

Total 2,743 151 100
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Of thetotal 2.7 million acres where interior live oak trees were found, 73
percent of the areawas in private ownership, 20 percent was in national forest
ownership, and 7 percent was in other public ownership. The national champion
big tree for the interior live oak species has an 80-inch d.b.h., is 51 feet tall, and
has a crown diameter of 73 feet (UFEI 2004). The largest diameter treein this
inventory had a 50-inch d.b.h. Of the estimated 12.8 million (13 percent se) live
oak treeswith d.b.h. >11 in, 4 percent had d.b.h. >23 in and 2 percent had d.b.h.
>29in (table 17). As oneindication of good regeneration for the population, the
smaller diameter to larger diameter ratios by 2-inch diameter class ranged from
1.6 to 2.2 for seedlings and saplings (table 18). As compared to other California
oak species, a stocking classification also provided evidence of fair regeneration of
seedlings and saplings:

Socking class Area Sampling error Per centage of total

————— Thousand acres ————
Interior live oak forest

type evaluated for
regeneration stocking:
Nonstocked 17 10 2
Lightly stocked 298 60 41
Moderately stocked 316 69 43
Well stocked 103 40 14
All 733 104 100

Coast Live Oak Forest Type

The coast live oak forest type area was estimated as 1.07 million acres (£9 percent
se) excluding reserved lands outside of national forests. The coast live oak forest
type and coast live oak trees were distributed along the central and southern coastal
counties (fig. 12). Of the common hardwood types, the coast live oak type was
found at the lowest mean elevation (1,360 feet), with two-thirds of this forest type
within an elevation range of 600 to 2,090 feet. After the blue oak forest type, this
forest type had the lowest estimated average annual precipitation of the common
forest types. The median average annual precipitation for this forest type was 23
inches per year, with two-thirds of the forest type found in areas with 21 to 25
inches of precipitation per year. The coast live oak forest type was 79 percent
privately owned with 13 percent in national forests and 8 percent in other public
ownership.

The coast live oak forest type was primarily a single speciestype: 78 percent
of the total tree basal areawasin coast live oak trees, 4 percent was in California
laurel, 2 percent was in Pacific madrone, 2 percent was in Douglas-fir, 2 percent
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Figure 12—Sample plot locations for the coast live oak (Quercus agrifolia) forest type (left) and for
coast live oak trees (right). Figure includes plots for al inventories used in this report, and the plots
shown did not all have the same probability of selection. To protect landowner privacy, each plot
shown has some deliberate location error.

wasin valley oak, and 2 percent was in redwood trees. The coast live oak forest
type was denser than the blue oak or interior live oak forest types, and less dense
than the canyon live oak or California black oak forest types (fig. 6). Coast live oak
trees were predominantly found in coast live oak forest, as shown in the tabulation
below (see footnote 2).

Percentage
Forest type with of all typeswith
coast live oak trees Area Sampling error coast live oak trees
———Thousand acres — ——

Coast live oak 1,059 88 66
Blue oak 89 28 6
Redwood 76 23 5
Cadlifornia laurel 68 27 4
Engelmann oak 54 16 3
Tanoak 48 20 3
Pacific madrone 39 20 2
California black oak 38 24 2
Bigleaf maple 23 13 1
Other 114 30 7

Total 1,609 102 100
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The national champion tree for the coast live oak speciesisfound in California
and has a 108-inch d.b.h., height of 58 feet, and a crown diameter of 75 feet (UFEI
2004). The largest diameter treein thisinventory had a 69-inch d.b.h. and a height
of 63 feet. Of the estimated 42 million coast live oak trees with d.b.h. >11 inches,

7 percent had ad.b.h. of at least 23 inches and 2 percent had ad.b.h. of at least 29
inches. The numbers of saplings by diameter class appeared variable (table 18)
with arelatively flat distribution for trees with d.b.h. between 3 and 11 inches.

Oregon White Oak Forest Type

The Oregon white oak forest type area was estimated as 580,000 acres (+12
percent se) excluding reserved lands outside of national forests. Both the forest
type and Oregon white oak trees were found primarily in the north Coast, Klamath,
and Cascade Ranges (fig. 13). Oregon white oak forest type was found at an aver-
age elevation of 2,560 feet, with two-thirds of the forest found between 1,470 and
3,860 feet. The median average annual precipitation for this forest type was 49
inches per year, with two-thirds of the forest type found in areas with 39 to 58
inches of precipitation per year. It was a moderately open oak forest type—-denser
than blue oak or interior live oak forest, but less dense than canyon live oak forest
(fig. 6). Ownership of the forest type was 74 percent private, 20 percent national
forest, and 6 percent other public.

Within the Oregon white oak forest type, individual Oregon white oak trees
contributed 63 percent of the total tree basal area. Other tree species found in this
type included Douglas-fir (12 percent of total basal area), California black oak
(9 percent), Pacific madrone (4 percent), ponderosa pine (4 percent), and canyon
live oak (2 percent).

Total area where Oregon white oak trees were found was estimated at 1.47
million acres (7 percent se) (see footnote 2). Fifty-eight percent of this areawas
privately owned, 36 percent was in national forest, and 6 percent was in other
public ownership: 61 percent of this area was in the more productive timberland
class. Oregon white oak trees were often found in the mixed-conifer type, as shown
in the following tabulation.
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Figure 13—Sample plot locations for the Oregon white oak (Quercus garryana) forest type (left)
and for Oregon white oak trees (right). Figure includes plots for al inventories used in this report,
and the plots shown did not all have the same probability of selection. To protect |andowner
privacy, each plot shown has some deliberate location error.

Forest type with Per centage of all
Oregon white typeswith Oregon
oak trees Area Sampling error white oak trees

Regeneration for
Oregon white oak
appeared to be
sparse.

24

——Thousand acres ——

Oregon white oak 563 70 38
Mixed conifer 276 42 19
Cdlifornia black oak 155 32 10
Douglasfir 85 24 6
Canyon live oak 65 22 5
Pacific madrone 60 22 4
Ponderosa pine 52 18 4
Cdlifornia laurel 48 24 3
Blue oak 35 14 2
Coast live oak 24 17 2
Other 102 28 7

Total 1,473 101 100

Regeneration for Oregon white oak appeared to be sparse, although the rela-
tively small number of sample plots introduced substantial sampling error. The
estimated ratio of 1- to 3-inch diameter trees to 3- to 5-inch diameter trees for the
Oregon white oak population in Californiawas 0.7 (+73 percent se). Low to
moderate regeneration was indicated by stocking of seedlings and saplings on 41
plots that had at least 90 percent of the area covered by Oregon white oak forest

type.
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Socking class Area Sampling error Per centage of total
————Thousand acres————
Oregon white oak forest
type evaluated for
regeneration stocking:
Nonstocked 69 30 23
Lightly stocked 89 32 30
Moderately stocked 75 28 25
Well stocked 67 27 22
All 300 57 100

Pacific Madrone Forest Type

The Pacific madrone forest type was estimated to be just 3 percent of all hardwood
forests, or 348,000 acres (+15 percent se). However, madrone was fairly common

as a component of other forests (fig. 14), making up 9 percent of all the hardwood Pacific madrone is
sawtimber trees in the state (table 17). Next to tanoak, Pacific madrone forest was typically found in
the densest of hardwood forest types (fig. 6). Madrone forest was found at an mixed-species
average elevation of 1,930 feet, with two-thirds of the forest type occurring be- forests.

tween elevations of 910 feet and 3,020 feet. After the tanoak forest type, the
madrone forest type had the second greatest average annual rainfall of common
hardwoods. The median average annual precipitation for this forest type was 54
inches per year, with two-thirds of the for-est type found in areas with 39 to 58
inches of precipitation per year.

Douglas-fir was the most common associated species within the Pacific
madrone forest type, as indicated by the distribution of tree basal area: madrone
(37 percent of total tree basal area), Douglas-fir (26 percent), tanoak (11 percent),
canyon live oak (7 percent), California black oak (7 percent), Californialaurel
(3 percent), and other species (each at 1 percent or less of total tree basal area).
Private ownership of the madrone forest was estimated at 215,000 (21 percent se),
which was 62 percent of the forest type. National forests accounted for 35 percent
of the forest type, and other public ownership was estimated as 3 percent of the
madrone forest.

Madrone trees were estimated to have occurred on 3.9 million acres (4 per-
cent se) of inventoried forest land (see footnote 2), where 55 percent was privately
owned, 41 percent was in national forest ownership, and 4 percent was in other
public ownership. Madrone was most commonly found in the tanoak forest type,
as shown in the tabulation bel ow.
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Figure 14—Sample plot locations for Pacific madrone (Arbutus menziesii) forest type (left) and for
Pacific madrone trees (right). Figure includes plots for all inventories used in this report, and the
plots shown did not all have the same probability of selection. To protect landowner privacy, each
plot shown has some deliberate location error.

Per centage of all

Forest type with types with Pacific
Pacific madronetrees Area Sampling error madrone trees
— ——Thousand acres — — —

Tanoak 967 73 25
Mixed conifer 804 62 21
Douglasfir 428 49 11
Pacific madrone 348 54 9
Canyon live oak 299 47 8
Redwood 239 42 6
California black oak 237 42 6

Coast live oak 182 47 5
Oregon white oak 105 36 3
Cadlifornia laurel 89 28 2

Other types 215 40 5

Total 3,912 137 100

The national champion tree for Pacific madrone is found in California, and it
has a 57-inch diameter, is 92 feet high, and has a crown diameter of 70 feet (UFEI
2004). In Califaornia, there were an estimated 32 million (7 percent se) madrone
sawtimber trees with d.b.h. >11 inches (table 17). Only 10 percent of sawtimber
trees had d.b.h. >23 inches, and 3 percent of sawtimber trees had d.b.h. >29 inches.
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The ratio of numbers of seedlings relative to 1- to 3-inch d.b.h. trees and the ratio
of number of 1- to 3-inch d.b.h. treesto 3- to 5-inch d.b.h. trees were both above
2.0 (table 18), which is one indication of good regeneration for the madrone
population in the state.

Other Hardwood Forest Types

All of the other hardwood forest types in California were relatively uncommon.
The next most common type after madrone, Californialaurel, was less than 2
percent of the total hardwood forest areain California. This uncommon forest type
was only found on 27 plots, which presented some difficulty in making a meaning-
ful assessment of characteristics like density, species composition, or regeneration.

Hardwoods are highly
important to diversity

However, the inventory does provide good evidence that these types were indeed of wildlife.

uncommon.

Another uncommon oak forest type was the valley oak forest type, estimated
at 152,000 acres (£29 percent se), or just 1.3 percent of total hardwood forest area.
Engelmann oak (Quercus engelmannii) forest typeis also rare estimated at 63,000
acres (41 percent se), which is just one-half of one percent of all hardwood forest.
For both of these types, only very sparse regeneration (seedlings and saplings) was
found in the corresponding sample plots, but we do not have enough data to know
whether this was true for the statewide population. Estimates for all forest types are
shown in table 2. If sampling error is 100 percent or if forest types were not present
in the sample, it is likely that there were fewer than 100,000 acres of forest in
Californiawhere that tree species was predominant.

Hardwood Resources
Wildlife

Hardwoods, and oak speciesin particular, are highly important to the diversity of
wildlife found in California. About 110 bird species occupy California oak habitats
during breeding season (Verner 1980). Barrett (1980) described the many ways
mammals use oaks: hollow trees, logs, and roots serve as denning sites; small and
large herbivores forage on leaves and twigs; oaks may support fungi, mistletoe, or
insects used by mammals; and of greatest impact, oaks produce acorns, which serve
as afood source for many animals.
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The Californiawildlife habitat relationships system (CDFG 2002) indicates
acorns are an essential habitat element for acorn woodpeckers (fig. 15). Fifty
vertebrate wildlife species are listed as using acorns (CDFG 2002):

Mammals

Birds

Bighorn sheep (Ovis canadensis)

Black bear (Ursus americanus)

Brush mouse (Peromyscus boylii)
California chipmunk (Tamias obscurus)

Cal. ground squirrel (Spermophilus beecheyi)
California mouse (Peromyscus californicus)

Deermouse (Peromyscus maniculatus)
Desert cottontail (Sylvilagus audubonii)
Desert woodrat (Neotoma lepida)
Douglas’ squirrel (Tamiasciurus douglasii)
Dusky-footed woodrat (Neotoma fuscipes)
Eastern fox squirrel (Sciurus niger)
Eastern gray squirrel (Sciurus carolinensis)
Elk (Cervus elaphus)
Island gray fox (Urocyon littoralis)
Long-eared chipmunk (Tamias
quadrimaculatus)
Merriam’s chipmunk (Tamias merriami)
Mule deer (Odocoileus hemionus)
Northern flying squirrel
(Glaucomys sabrinus)
Pinyon mouse (Peromyscus truei)
Raccoon (Procyon lotor)
Rock squirrel (Spermophilus variegatus)
Siskiyou chipmunk (Tamias siskiyou)
Sonoma chipmunk (Tamias sonomae)
Virginia opossum (Didelphis virginiana)
Western gray squirrel (Sciurus griseus)
Wild pig (Sus scrofa)

Acorn woodpecker (Melanerpes
formicivorus)

Band-tailed pigeon (Columba fasciata)

Cdliforniaquail (Callipepla californica)

Cdlifornia thrasher (Toxostoma redivivum)

Gilawoodpecker (Melanerpes uropygialis)

Gilded flicker (Colaptes chrysoides)

Hairy woodpecker (Picoides villosus)

Island scrub-jay (Aphelocoma insularis)

Juniper titmouse (Baeolophus griseus)

Lewis woodpecker (Melanerpes lewis)

Mountain quail (Oreortyx pictus)

Northern flicker (Colaptes auratus)

Oak titmouse (Baeol ophus inornatus)

Sandhill crane (Grus canadensis)

Spotted towhee (Pipilo maculatus)

Steller’sjay (Cyanocitta stelleri)

Varied thrush (Ixoreus naevius)

Western scrub-jay (Aphelocoma
californica)

White-breasted nuthatch (Stta
carolinensis)

Wild turkey (Meleagris gallopavo)

Wood duck (Aix sponsa)

Yellow-billed magpie (Pica nuttalli)

Yellow-cheeked chipmunk (Tamias ochrogenys)

Most oaks produce abundant acorn crops intermittently, every 2 or 3 years or
at irregular intervals, so that adiversity of oak speciesin an area can help regulate
the food supply. Madrone trees provide wildlife food by producing extensive berry
crops (fig. 16). Other parts of hardwood trees—shoots, buds, sap, and leaves—can
serve as wildlife food, as can fungi and mistletoe species that live on hardwood
trees. Over one-third of all bird species on hardwood rangel ands make use of
snags (Standiford 2001). Coarse woody debris, important for most reptiles and
amphibians and many bird species (Standiford 2001), averaged 1.2 tons/acre for
unreserved woodland outside of national forests (Tietje and others 2002).

Riparian habitat elements are used by almost 90 percent of all hardwood
rangeland wildlife species (Standiford 2001). Hardwoods are a so important to
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Figure 15—The acorn woodpecker stores acorns in numerous small tree cavities, each large enough
to hold asingle acorn.

Beatrice F. Howitt © CaliforniaAi:ademy of Sciences.

Figure 16—Berries on a Pacific madrone (Arbutus menziesii) tree.

invertebrates and aquatic vertebrates. The California Department of Forestry and
Fire Protection estimates that 95 percent of the historical range of riparian forests
has been lost (CDFFP 2003). Hardwood trees such as alder and maple are fre-
guently more prevalent in riparian areas (fig. 17) and contribute to the coarse
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Figure 17—Hardwoods such as this bigleaf maple (Acer macrophyllum) are often found
along riparian areas.

woody debrisin streams and lakes. Shade provided by hardwood treesis critical in
moderating summer stream temperatures. Hardwood trees stabilize streambanks,
help to prevent erosion, and contribute to preserving overall water quality.

Forest Product Resources

Alder, Californiablack oak, bigleaf maple, tanoak, Pacific madrone, and Oregon
white oak are all used to create manufactured forest products. These and other
California hardwoods are used to make furniture, flooring, pallets, veneer, panel-
ing, molding, fence posts, and other items. Parts of hardwood trees and other plants
in hardwood forests are also used for many nontraditional forest products, ranging
from food and medicinal products to dye and material for artwork or crafts.

The estimated net growing-stock volume of hardwood tree species on unre-
served land was 14.1 hillion cubic feet (£3 percent se) (table 3). Net growing-stock
volume was cal culated from a 12-inch-high stump to a 4-inch-diameter top for all
trees greater than 5 inches d.b.h. and was adjusted to account for both sound and
rotten culls. Sixty-five percent of unreserved growing-stock hardwood volume was
on private lands, and 67 percent was on timberland rather than woodland.

Net growing-stock volume does not include all hardwood volume; some spe-
cies were defined as live cull in some areas (for example, blue oak on national
forests), and individual trees can be defined as cull because of their form. Utiliza-
tion standards for some purposes (for example, bioenergy or pulp) may include
small trees and tree tops that are not included in the net growing-stock estimate.



Oak Woodlands and Other Hardwood Forest of California, 1990s

On unreserved forest land, the total sound hardwood volume, measured from the
ground to the tree tip for trees greater than 4 inches d.b.h, was estimated as 23.48
billion cubic feet (£2 percent se). Sixty-nine percent of this volume was on private
lands, and 61 percent was on timberland rather than woodland (table 10).

Estimates of biomass have been increasing in importance, in part because of
the need to estimate carbon storage. Oaks provided 90 percent of the tree biomass
in woodland (table 7) and 53 percent of tree biomass in timberland hardwood
types (table 8). The aboveground biomass of hardwood trees on forest land was
estimated as 555 million tons (£2 percent se) (table 9), or 29 percent of overall
tree biomass.

For the year 2000, the estimated volume of hardwoods harvested for industrial
usein Californiawas 10.7 million board feet (MMBF) Scribner, distributed as 2.0
MMBF to sawmills, 2.7 MMBF burned for bioenergy (does not include firewood),
and 6.0 MMBF for other products such as pulp and paper (Morgan and others
2004). Thiswas about 0.5 percent of total Californiatimber harvest volume
(Morgan and others 2004). Since 1982, the hardwood proportion of annual harvest
in California has typically ranged between 0.05 and 0.50 percent of all species har-
vested for industrial use in California (Morgan and others 2004). The volume of
hardwoods harvested for industrial purposesin California would have been about
0.1 percent of the estimated 10,505 MM BF standing volume on unreserved lands.
Therelatively low rate of harvest for industrial purposes has led many authorsto
conclude that hardwoods are an underutilized resource (Delfino 1986, Huber and
McDonald 1992). In recent years, an increase in west coast red alder prices, which
now sometimes surpass Douglas-fir prices, has provided an example of the poten-
tial for relatively quick and dramatic changes in marketability of western hard-
woods.

The volume harvested annually for industrial use in Californiawas much
smaller than the total annual volume harvested. Hardwood trees can be cut for
many purposes. to clear land for building, range improvements, or agriculture;
to harvest trees for firewood; or to reduce competition against more commercially
valuable tree species. The total estimated annual harvest volume of hardwood trees
at least 5 inches d.b.h. on unreserved lands outside national forests was 56.0
million cubic feet per year (table 14). The total estimated annual harvest volume
of hardwood trees >11 inches d.b.h. on unreserved land outside national forests
was 98 MMBF Scribner. When compared to the 2 MMBF annual harvest volume
of hardwoods that goes to sawmills (Morgan and others 2004), it is apparent that
only asmall portion of harvested sawtimber-sized hardwood trees was milled as
sawtimber.
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Thetotal periodic hardwood harvest volume of net growing stock on unre-
served land outside of national forests from 1981-84 to 1991-94 was estimated as
2 percent of 1991-94 hardwood inventory volume on woodland and 7 percent of
1991-94 hardwood inventory volume on timberland. The total annual mortality
volume of hardwoods that were harvested or culturally killed was 23 percent of
annual gross growth (tables 14 and 15). It is unknown how much of the harvest
volume was used for nonindustrial forest products such as firewood, and how
much was treated as unusable material. More than 200,000 homes in Californiaare
primarily heated by wood (USDC Bureau of the Census 2004), and many more use
wood as a secondary heating source. Hardwoods are valued as firewood because
they burn slowly and form good coals.

Hardwood Rangeland

The mgjority of California’'s woodlands are grazed. The 1981-84 inventory of
unreserved woodland outside of national forests found that 55 percent of woodland
plots were recorded as having evidence of grazing within the past year (Bolsinger
1988); because field visits occurred during different times of year and grazing
would not always be apparent, this estimate was probably low. Corresponding with
the 1981-84 woodland inventory, and selecting from private owners where oak
species were predominant, a 1985 survey provided an estimate that 77 percent of
private oak woodland was grazed (Huntsinger and Fortmann 1990); this rate might
be high if owners did not graze all of their land. A range of 55 percent to 77 per-
cent grazing for private woodland in the 1990s corresponds to 3 to 4 million acres.
Publicly owned woodlands are also often commonly grazed, as are private and
public savannas with less than 10 percent tree cover.

The 1985 statewide survey by Huntsinger and Fortmann was intended to aid
education programs and included questions about landowner attitudes. The major-
ity of owners who owned more than 5,000 acres valued oaks for shade, wildlife
habitat, natural beauty, and fuelwood. A majority of owners of smaller land areas
valued oaks for the same things plus property value and erosion control
(Huntsinger and Fortmann 1990).

Between 1985 and 1992, a multiagency program (the Integrated Hardwood
Range Management Program) engaged in an active program of research and
education. A followup survey in 1992 of the same landowners surveyed in the 1985
survey found small but significant changes in responses: a decrease in the percent-
age of owners who have livestock grazing on their property; an increase in proxim-
ity to subdivisions; an increase in valuing oaks for erosion control, browse, and
water conservation; decreases in the percentage of landowners who thinned oaks,
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cut oaks, or sold firewood; increases in planting or protecting oak sprouts; and an
increase in owners who agreed that oaks were being lost in California (Huntsinger
and others 1997).

How changes in attitudes or practices have affected oak woodlands is largely
unknown. At the time of the 1981-84 inventory, a variety of evidence indicated
problems with oak woodlands. Bolsinger (1988) aggregated State of California
annual reports of timber harvest to estimate 1.9 million acres of hardwoods and
chaparral had been cleared in rangeland improvement projects from 1945 to 1974.
A number of oak species showed sparse regeneration, as they continue to do.
Clearing of oak woodlands for development, for agriculture, for vineyards, and for
subdivisions was hoticeable in the 1980s and continued to be a focus of public
concern in the 1990s. There are many case studies discussing problems with
recruitment and retention of oaks.

Changes in California Hardwoods From 1981-84 to
1991-94

Methods

Because the spatia variability of forestsis high, and mortality information requires
tracking of individual trees, the best method for estimating change isto remeasure
permanent plots over time. There were no remeasurement data for national forests
or reserved lands for this time period. On other lands, woodland forest was not
measured until the 1980s, and at that time the plot intensity was one plot per
30,000 acres. Most of the 1980s woodland plots were remeasured in the 1990s, but
achange in inventory design resulted in areduction of the number of remeasured
trees.

This resultsin very uncertain estimates of how forests changed from the 1980s
to the 1990s. For tables 13 to 16, estimates were made by using 773 timberland
plots with hardwood trees and 189 remeasured woodland plots. Standard errorsin
tables and confidence intervals given in the text can be used to understand uncer-
tainty related to sampling error.

For tables 11 and 12, change in forest type on woodland was estimated from all
345 plotsinstalled in the 1990s, including those that had not had 1980s tree meas-
urements. Where trees were measured for the first time in the 1990s, the 1980s
measurements were modeled by using a process described in Waddell (1991). Air
photos taken in the 1980s and 1990s exist for al plots and were useful in confirm-
ing changes between forest and nonforest.

The best method of
estimating change
is to remeasure

permanent plots over

time.
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The estimates in this report apply 1990s methods (volume equations and forest
type classification algorithms) to data from both periods to help ensure change
estimates reflect real change rather than changes in the inventory and analysis
procedures. All estimatesin this report cannot be directly compared to those in the
Bolsinger (1988) report because of changes in inventory design and estimation
procedures. Readers interested in more detail about the estimation process for
change should contact the authors.

Results

Overall, there was an estimated 3-percent decrease of unreserved woodland area
outside national forests from the 1980s to the 1990s. The mgjority of this decrease
(88 percent) was caused by atransfer of land to reserved or national forest status
(table 11).

Only 2 of 345 oak woodland plots (0.6 percent) changed from woodland in
1981-84 to nonforest in 1991-94. One woodland plot was converted to urban
(developed) land and one plot was converted to nonforest rangeland. Using this
conversion information, we estimated that the 1980s to 1990s rate of conversion of
woodland to nonforest on unreserved land outside of national forests was 29,000
acres per decade, with a 68 percent confidence interval (Cl) of 11,000 to 69,000
acres per decade.’ This estimate does not include conversion of oak savanna, where
tree cover isless than 10 percent, to urban or agricultura conditions.

One of the 345 plots that was oak woodland in the 1980s burned in awildfire
and became chaparral, and one chaparral plot from the 1980s grew into an oak
woodland classification. For each process (woodland changing to chaparral and
chaparral changing to woodland), the estimated rates of change between 1981-84
and 1991-94 were 15,000 acres per decade, with arange of 4,000 to 51,000 acres
per decade at a 68 percent Cl. Because it can be difficult to draw a clear distinction
between chaparral and oak woodland in all cases, it is possible that there may have
been some classification error that is not included in this estimate.

If transfers out of the population are included, there was no net change in the
area of hardwood forest on unreserved timberlands outside of national forests. If
transfers are excluded, there was an estimated 2 percent increase in the area of
hardwood timberland from 1981-84 to 1991-94.

¥ Estimates differ slightly from valuesin table 11 because stratification is not used.
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Net
Timberland change Area Additions Subtractions  change
Thousand acres
1981-84 hardwood forest
types 2,654
Change to/from nonstocked
forest 20 (15) 5
Change to/from softwood type 212 (144) 68
Conversion to/from nonforest 15 (30) (15)
Transfer to national forests
or reserved (55) (56)
Total change 247 (245) 2
1991-94 hardwood forest
type 2,656

Four plots changed from hardwood timberland to nonforest: three tanoak forest
plots and one giant chinquapin plot were converted to developed land or roads. The
estimated rate of conversion to nonforest from 1981-84 to 1991-94 for hardwood
forest types on unreserved timberland was 30,000 acres per decade, with arange of
14,000 to 55,000 acres per decade using a 68 percent Cl.

Table 12 shows estimates of change from 1981-84 to 1991-94 for individual
forest types. Estimated areain aforest type can change for a variety of reasons.
Conversion to nonforest was described above, and thisis most likely the change
that is of greatest concern to people. In other cases, land was transferred to national
ownership or reserve status; these types of land were not part of the FIA inventory,
and so plots that fell into this category were not remeasured. In yet other cases,
plots changed from one forest type to another. A changein forest type might reflect
substantial change on the plot—for example, selective harvesting of all conifers on
the plot—or the change in forest type can occur with relatively small amounts of
mortality or differential growth rates among trees of different species. Estimated
areas for individual forest types that changed by large percentages were all rela-
tively uncommon types, so that the 1991-94 estimate was within a sampling error
of the 1981-84 type (table 12). For these types, the change shown reflects sampling
error rather than real change. This does not mean that area for these types remained
constant; it means that we simply do not know what change occurred.

One change estimate of interest is the decrease in the California black oak
forest type. The California black oak forest type in 1981-84 was estimated at
751,000 acres (+11 percent se), and had a 12 percent net decrease for 1991-94,
unadjusted for transfer to national forest or reserved status (table 12). Transfers or
redefinitions of land to reserve status or national forest accounted for 37 percent of
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the decrease. An estimated 15,000 acres shifted into the California black oak forest
type (range 4,000 to 37,000 acres per decade at a 68 percent Cl). An estimated
62,000 acres (8 plots) shifted out of the California black oak forest type to other
forest types or to a nonstocked condition (range 40,000 to 88,000 acres per decade
at a 68 percent Cl). The eight plots showed the range of reasons for conversion of
black oak to other forest types: two plots shifted to other types owing to higher
growth in other species, one plot had black oaks die from natural causes, two plots
had black oaks that were killed and left on site, one plot had black oaks harvested
and removed, and fires burned over two plots, one of which was salvage |ogged.
Excluding salvage logging, 11 percent of all black oak timberland plots had some
black oak trees harvested or cut and |eft between 1981-84 and 1991-94; the corre-
sponding estimate for the state would be 64,000 acres affected per decade.

Oaks and other hardwoods increased in net growing-stock volume between the
1980s and the 1990s (table 13). Estimated annual mortality volume for trees that
were harvested or culturally killed was about the same as natural mortality (table
14) but overall mortality and removal volume was lower than gross annual growth
(table 15). Significant net growth increases occurred for blue oak, California black
oak, Oregon white oak, bigleaf maple, Californialaurel, Pacific madrone, and
tanoak (table 15).

Pre-Sudden Oak Death Forest Conditions for 12
California Counties

By the end of 2003, 12 California counties had been quarantined for sudden oak
death. These were Alameda, Contra Costa, Humboldt, Marin, Mendocino,
Monterey, Napa, San Mateo, Santa Clara, Santa Cruz, Solano, and Sonoma Coun-
ties (fig. 18). As of spring 2004, the associated pathogen (Phytophtora ramorum)
had also been found in isolated instances in additional countiesin Californiaand
in Oregon and Washington. Within the range of areas where the disease is estab-
lished, the distribution of the disease appears to be patchy (M cPherson and others
2002). Initially symptom-free trees in affected areas can later develop the disease
(McPherson and others 2002); in one case study, remote-sensing imagery suggested
acontinuing mortality rate of 0.4 trees per acre in an area where the disease was
aready established (Kelly and Meentemeyer 2002).

Active measures are in place to limit the spread of the disease, but the potential
range is unknown. Although climate may play arolein limiting the disease, the
pathogen has been found in a wide range of microclimates (Rizzo and others 2002).
Portions of the Sierra Nevada, and additional areas of coastal forestsin California
and Oregon, are similar in species composition and environment to the currently
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Figure 18—By spring of 2004, 12 countiesin California were affected by the sudden oak death
epidemic.

listed area. There are also large areas of the Central, Southern, and Eastern United
States with tree species that might be susceptible to the disease. Because the

eventual range of the disease is unknown, we have chosen to limit this assessment
of pre-epidemic forest conditions to the 12-county areain California most affected
in spring 2004.

The inventory plots used for this assessment will provide baseline information

for future monitoring of the epidemic. The Forest Inventory and Analysis program
is continuing to monitor forest change in the sudden oak death region in two ways:
(2) within the ongoing inventory system, plots are being measured each year, and
(2) FIA scientists are currently engaged in cooperative sudden oak death research
projects that remeasure a subset of plots used in this assessment. The estimates
given here are a pre-epidemic assessment of forest land in the 12-county area and
do not include any estimate of disease occurrence or spread.
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There were approximately 5.5 million acres of forest land in these 12 counties.
This estimate is approximate, because some of the forest within these counties was
unsampled prior to 2001, and the data collected after 2001 are not yet sufficient for
analysis. This unsampled land consisted of reserved land outside of national for-
ests, such as the southern portion of Redwoods National Park or the Point Reyes
National Seashore. There were no field measurements for these areas, but from
landowner or manager responses, the unsampled forest land would be 442,000
acres, or 8 percent of the total forest area in these counties (Waddell and Bassett
1996, 19973, 1997Db). In addition, this assessment is limited to the definition of
forest land, which excludes lands with nonforest uses, such as city parks and
residential areas.

Of the remaining 5.09 million acres of forest land in these counties, 87 percent
was outside national forests and field measurements were taken during 1991-94.
The remaining 13 percent of forest land had field measurementsin 1996-98 and
are from national forests in Humboldt, Mendocino, and Monterey Counties. As
some tanoak deaths were reported as early as 1995, and the disease could have
been present before the first reports, there is a possibility of temporal overlap
between the incidence of the disease and the statistics reported here. However,
values most likely represent forests before the onset of the epidemic.

Tanoak is one of the tree species that may die after developing trunk lesions
from Phytophthora ramorum. Tanoak death observed by Marin County home-
ownersin 1995 was the first indication of the disease (Svihra 2001). Tanoaks are
aggressive competitors to the more commercially valuable conifers, and thus are
often viewed as a nuisance species. However, tanoak is avery important species
for wildlife cover and food. The tanoak forest type was the most common forest
type in the 12-county area, exceeding either Douglas-fir or redwood forest, and
was estimated at 20 percent of the forest areain the 12 counties (table 19).

Douglas-fir and redwood species are also listed as hosts for the pathogen
associated with sudden oak death, Phytophthora ramorum. After tanoak, the
Douglas-fir and redwood forest types were the next most common in the 12 coun-
ties, making up 14 and 13 percent of the forest area respectively (table 19). Most
of the other common forest typesin the 12 counties (table 19) were also dominated
by species that are known hosts to the pathogen, including the coast live oak,
Cdlifornia black oak, Pacific madrone, canyon live oak, Californialaurel, and big-
leaf maple forest types. In the 12 counties an estimated 3.8 million acres (+4 per-
cent se), which was 74 percent of the inventoried forest land, was dominated by
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species (Acer macrophyllum, Aesculus californica, Arbutus menzesii, Lithocarpus
densiflorus, Pseudotsuga menziesii, Quercus agrifolia, Quercus chrysolepis,
Quercus kelloggii, Sequoia sempervirens, and Umbellularia californica) that were
listed as regulated hosts for the disease as of March 2004.

Tree species seem to differ in their susceptibility to the disease: tanoak, coast
live oak, California black oak, and Shreve’s oak (Quercus parvula var. shrevei)*
are believed to be particularly subject to lethal trunk infections (Rizzo and others
2002). There have been anecdotal reports of mortality in rhododendrons and
madrones with the disease (Garbel otto and others 2003). Symptoms observed in
the field often appear to be patchy, although the reasons for this are unknown.
Cdifornialaurel, California buckeye, and bigleaf maple appear to have very
limited stem infection (Garbelotto and others 2003). Symptoms for overstory
Douglas-fir and redwood trees have not been observed, although effects on sprouts
and saplings have been reported (Garbel otto and others 2003).

In the 12 counties, the area where tree host species were present was estimated
at 4.1 million acres (3 percent se), which was 81 percent of the estimated forest
areafor sampled land (table 20). For this estimate, “ presence” was determined by
the occurrence of at |east one host species tree of any size on a subplot. This esti-
mate of occurrence for regulated host species was made from sampled tree data
only and would increase if shrub or understory vegetation were included. Nontree
host species include toyon, California honeysuckle, rhododendron, wood rose,
starflower, California huckleberry, and others.

Two of the acorn-producing species that can die from Phytophthora
ramorum—tanoak and California black oak—were widely found throughout
coniferous timberland forest (Douglas-fir and redwood forest types) and are thus
important ecosystem components even in places where they form arelatively small
part of the total tree species mix. Raphael (1987) describes numerous wildlife uses
of tanoak in northwestern California Douglas-fir forests; salamanders
(Dicamptodon ensatus, Plethodon elongatus, Ensatina eschscholtz, Aneides
flavipunctatus, and Aneides ferreus) using tanoak logs for cover, bears and fly-
ing squirrels feeding on tanoak acorns (fig. 19), woodrats using tanoak for nest-
ing, and fishers (Martes pennanti) feeding on prey associating with tanoak. An-
other hardwood tree found in coniferous forests—California black oak—also
produces abundant acorn crops in some years, particularly trees older than 80 years

* Quercus parvula is not considered a tree speciesin these inventories. Quercus parvula v.
shrevel takes tree form and hybridizes with Q. wislizeni (Nixon 2002), Q. agrifolia, and Q.
kelloggii (Hickman 1993), so it is possible that it is partialy included within estimates for

other species.
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Figure 19—Tanoak (Lithocarpus densiflorus), one of the trees particularly susceptible to
sudden oak death, produces abundant acorn crops used by wildlife.

(Tappeiner and McDonald 1980). Pacific madrone is a third hardwood that is a
listed host species and common in coniferous coastal forests, and it can also be an
important wildlife food source through the production of berries. The three species
combined—California black oak, tanoak, and Pacific madrone—are critical
components of the coniferous forest, and they can complement each other by
differencesin timing and amount of acorn, berry, and leaf production. Coast live
oak forest, which supplies a half million acres of oak habitat in the quarantined
counties, is also subject to lethal trunk lesions from Phytophthora ramorum.

At thistime, growth and mortality effects of Phytophthora ramorum for
different plant species are largely unknown, the level of genetic resistance in host
speciesis unknown, the potential range of the disease is unknown, the mode of
transmission is unknown, and the environmental factors that |ead to susceptibility
from the disease are unknown. However, the disease has spread fairly rapidly,
abeit patchily, and Phytophthora ramorum is now found in awide geographic
area. All but afew of the major tree speciesin substantial portions of the state are
hosts for the disease, as are many of the widespread shrub species. Three of the tree
species that appear most susceptible to mortality from Phytophthora ramorum—
tanoak, coast live oak, and California black oak—were very widespread, predomi-
nant for 36 percent of the forest and also found throughout many other forest types.
These hardwood species are known to be important as food and habitat for alarge
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number of wildlife species. Although predictions of the long-term effects of the
disease are speculative, it appears that there is the potentia for very extensive
changes in species composition and forest structure over a geographic range
encompassing millions of acres of Californiaforest land with the potential for
many indirect ecosystem effects, including possible impacts on numerous wildlife
Species.

Glossary

aboveground biomass—The oven-dry weight of atree in tons, including the bark,
live branches, and total stem (from ground to tree tip).

annual gross growth volume—An annual estimate of the increase in the gross
volume of trees during the remeasurement period (1981-84 to 1991-94), for trees
that were >5 inches d.b.h. in 1994 or >5 inches d.b.h. at the time of harvest. Annual
growth volume includes ingrowth, growth of survivor trees, and growth

of harvested trees.

annual mortality volume—An annual estimate of the gross volume of all trees
>5inches d.b.h. that were dive at the previous inventory (1981-84) and died
during the remeasurement period (1981-84 to 1991-94). Cull trees were included
in this estimate.

annual net growth volume—An annua estimate of net growth for the remeasure-
ment period (1981-84 to 1991-94), calculated as gross growth volume — mortality
volume —removal volume. See definitions for mortality and removal volume.
annual removals volume—An annual estimate of the gross volume of all trees>5
inches d.b.h. that were alive at the previous inventory (1981-84) and were cut asa
result of commercial harvesting, silvicultural activities, or were damaged and killed
by logging activities during the remeasurement period (1981-84 to 1991-94). Cull
treeswere included in this estimate.

average annual precipitation—Annual precipitation in inches, averaged from
1961 to 1990. This was estimated for forest type by combining inventory data with
the precipitation GI S theme produced by the Spatial Climate Analysis Service
(2004).

basal area—The cross-sectional area of tree stems at 4.5 feet above the ground.
Estimates classifying forest into basal area categories will be affected by plot size
and condition mapping.

canopy cover (tree)—The percentage of land area covered by the vertical projec-
tion of tree crowns.

cull tree—Live trees of noncommercia species, and live trees of commercial
species that are more than 75 percent defective because of poor form or rot.
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cull trees, rotten—Cull trees that are more than 75 percent defective owing to rot
caused by pathogens or other biotic organisms.

cull trees, sound—Trees of noncommercial species or cull trees of commercial
species with defect caused primarily by poor form and roughness. Noncommercial
hardwood species outside of national forests are Pacific dogwood (Cornus
nuttallii), walnut (Juglans spp.), ailanthus (Ailanthus altissima), apple (Malus
spp.), water birch (Betula occidentalis), and willow (Salix spp.). Noncommercial
hardwood speciesin national forests include boxelder (Acer negundo), walnut, and
blue oak.

culturally killed trees—Trees that were killed by human activity but not har-
vested. Includes trees killed from girdling or from damage by mechanical equip-
ment during logging.

d.b.h. (diameter at breast height)—Diameter outside bark measured at

4.5 feet above the ground.

forest condition—An area of forest that is homogenous in some attributes. When
two or more distinct conditions occurred on a plot, the boundaries were mapped
and attributes were assigned separately to each. For example, separate conditions
could be used for boundaries between forest and nonforest, between hardwood and
coniferous forest types, or between uncut and partially harvested areas.

forest land—Land at least 10 percent stocked with live trees, or land that had this
minimum tree stocking in the past and is not currently developed for nonforest use.
For hardwood forest typesin California, at least 10 percent stocked is interpreted
as at least 10 percent tree canopy cover. The minimum arearecognized is 1 acre.
forest type—Forest type is assigned to conditions by applying a classification
algorithm to the field plot data. Forest conditions with more than 50 percent of the
stocking in hardwoods are classified as hardwood forest types. The classification
processisintended to give results similar to using tree canopy cover, so that the
type assigned would be named after the species with the highest amount of cover.
See Waddell (1991) for details. Forest type is sensitive to the classification algo-
rithm used, as well asto the plot size and configuration.

gross volume—Volume in cubic feet from the top of astump 12 inchestall to a
minimum 4-inch top (of central stem) inside the bark, with no deductions for sound
or rotten cull. Thisvolumeis calculated for both cull and noncull trees >5 inches
d.b.h.
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growing-stock volume—Net volumein cubic feet of live sawtimber and
poletimber-sized trees (d.b.h. >5 inches) excluding cull trees, from the top of a
stump 12 inches tall to a minimum 4-inch top (of central stem) inside the bark.

Net volume is gross volume less deductions for sound and rotten cull.

other public lands—L ands administered by public agencies other than the USDA
Forest Service. Other public lands do not include Native American lands, which are
included with private lands.

periodic mortality volume—The gross volume of all trees >5 inches d.b.h. that
were live at the previous inventory (1984) and died during the remeasurement
period (1984 to 1994). Cull trees were included in this estimate.

periodic removals volume—The gross volume of all trees >5 inches d.b.h. that
were live at the previous inventory (1984) and were cut as aresult of commercial
harvesting, silvicultural activities, or were damaged and killed by logging activities
during the remeasurement period (1984 to 1994). Cull trees were included in this
estimate.

regeneration stocking—A classification used to show relative abundance of
seedlings and saplings (trees <5 inches d.b.h.). On oak woodlands, seedlings were
sampled with 16.4-foot-radius subplots and saplings were sampled with 10.8-foot-
radius subplots. Stocking estimates are sensitive to the classification method used,
aswell asto the plot size and configuration.

Nonstocked: no seedlings or saplings on all five subplots

Lightly stocked: one or more seedlings or saplings on one or two of five
subplots

Moderately stocked: one or more seedlings or saplings on three or four of five
subplots

Well stocked: one or more seedlings or saplings on all five subplots

reserved forest land—For this inventory, reserved forest |land was forest land that
was dedicated to noncommaodity use through statute, ordinance, or administrative
order.

resour ce area—A set of contiguous counties in the state used for inventory
scheduling and reporting in the 1980s and 1990s. Resource areasin Californiaare:

Central Coast: Alameda, Contra Costa, Marin, Monterey, San Benito, San
Francisco, San Luis Obispo, San Mateo, Santa Barbara, Santa Clara, Santa
Cruz, Solano, and Ventura Counties

North Coast: Del Norte, Humboldt, Mendocino, and Sonoma Counties

North Interior: Lassen, Modoc, Shasta, Siskiyou, and Trinity Counties

Sacramento: Butte, Colusa, El Dorado, Glenn, Lake, Napa, Nevada, Placer,
Plumas, Sacramento, Sierra, Sutter, Tehama, Yolo, and Yuba Counties
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San Joaquin and Southern: Alpine, Amador, Calaveras, Fresno, Imperial, Inyo,
Kern, Kings, LosAngeles, Madera, Mariposa, Merced, Mono, Orange,
Riverside, San Bernardino, San Diego, San Joaguin, Stanislaus, Tulare, and
Tuolumne Counties

sampling error (se)—Sampling error is shown either in the same units as the
estimate or as a percentage. The percentage sampling error is calculated as the
square root of the estimated variance of the estimate, divided by the estimate itself.
A common interpretation of sampling error isthat thereis a 68-percent chance that
the estimate is within the sampling error of the true population value, assuming
that estimates are normally distributed, and there is a 95-percent chance that the
estimate is within twice the sampling error of the true population value. Tablesin
thisreport display valuesfor al cells, even when sampling error is high and there
is no meaningful difference among cell values; readers are advised to use the
sampling error in interpreting the estimates. Sampling error is displayed as 100
percent for cases with a single observation. For details on how sampling error was
calculated for these inventories, please see Barrett (2004).

saplings—L ive trees between 1 and 5 inches d.b.h.

savanna—Wildland characterized by widely spaced trees and less than 10 percent
total tree canopy cover. For hardwood forests, savanna was not considered forest
land.

sawtimber trees—For hardwoods, live trees that are at least 11 inches d.b.h.
seedlings—L.ive trees less than 1 inch d.b.h.

timberland—Forest land capable of growing 20 cubic feet or more per acre per
year (mean annual increment at culmination in fully stocked, natural stands) of
industrial wood. Timberland is often referred to as productive forest land. In this
report, timberland can be both unreserved and reserved.

total stem volume—The volume of an entire tree bole, from the ground to the tree
tip. No volume has been deducted because of rot or poor form.

tree—The determination of what plants are treesis made by species and is specific
to an inventory. For these inventories, mountain mahogany, buckthorn (Rhamnus
spp.), elderberry (Sambucus spp.), and rhododendron were not considered trees,
but willows were considered trees. A full list of tree species for these inventories
can be found in appendix 1.

unproductive forest—Forest land that does not meet the definition of timberland.
Unproductive forest is forest that is not capable of producing 20 cubic feet per acre
per year at the culmination of mean annual increment.
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vegetation, nontree—Understory vegetation is not estimated in this report, but for
descriptive purposes we have listed it for common forest types in descending order
of accurrence when found at more than 3 plot locations for plots that were entirely
within that forest type. Vegetation information came from five 5-meter-radius
subplots per plot; where species were unknown, plants are listed as “ grass,”
“forbs,” or “shrubs.” Common and scientific names for species are shown in
appendix 1. Understory vegetation information for national forests is not incorpo-
rated into the report.

woodland—Unless otherwise noted, estimates in this report labeled “woodland”
include all unproductive hardwood forest. “ Oak woodland” refers specifically to
unproductive oak forest types.
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Metric Equivalents

When you know: Multiply by: To find:

Inches 254 Centimeters

Feet .3048 Meters

Miles 1.609 Kilometers

Acres 405 Hectares

Cubic feet .0283 Cubic meters

Cubic feet per acre .06997 Cubic meters per hectare
Square feet .0929 Square meters

Square feet per acre .229 Square meters per hectare
Tons per acre 2.24 Megagrams per hectare
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Appendix 1. Scientific and Common Plant Names

Scientific namée®

Common hame

Trees

Ailanthus altissima (Miller) Swingle
Malus L. spp.
Pseudotsuga macrocarpa (Vasey) Mayr
Acer macrophyllum Pursh
Pinus muricata D. Don
Populus balsamifera L. ssp. trichocarpa
Torrey & A. Gray
Quercus douglasii Hook. & Arn.
Acer negundo L. var. californicum
(Torry & A. Gray) Sarg.
Quercus kelloggii Newb.
Aesculus californica (Spach) Nuitt.
Juniperus californica Carriére
Umbellularia californica
(Hook. & Arn.) Nuitt.
Torreya californica Torrey
Platanus racemosa Nuit.
Quercus chrysolepis Liebm.
Quercus agrifolia Nee
Pinus coulteri D. Don
Pseudotsuga menziesii (Mirbel) Franco
Quercus engelmannii E. Greene
Eucalyptus L’ Her. spp.
Pinus sabiniana Douglas
Castanopsis chrysophylla
(Hook.) Hjelmg.
Sequoiadendron giganteum
(Lindley) Buchholz
Calocedrus decurrens (Torry) Florin
Quercus wislizeni A.DC.
Pinusjeffreyi Grev. & Balf.
Pinus attenuata L emmon
Fraxinus latifolia Benth.
Quercus garryana Hook.
Cornus nuttallii Audubon
Arbutus menziesii Pursh
Pinus ponderosa Laws.
Populus tremuloides Michaux
Alnus rubra Bong.
Sequoia sempervirens (D. Don) Endl.
Pinus lambertiana Dougl.
Lithocarpus densiflorus
(Hook. & Arn.) Rehder

aillanthus

apple

bigcone Douglas-fir
bigleaf maple
Bishop pine

black cottonwood
blue oak

boxelder
Californiablack oak
California buckeye
California juniper

Californialaurel, bay laurel
California nutmeg, Californiatorrey
California sycamore

canyon live oak

coast live oak

Coulter pine

Douglasfir

Engelmann oak

eucalyptus

ghost pine, gray pine, foothill pine

giant chinquapin, golden chinkapin

giant sequoia
incense cedar
interior live oak
Jeffrey pine
knobcone pine
Oregon ash
Oregon white oak
Pacific dogwood
Pacific madrone
ponderosa pine
guaking aspen
red alder
redwood, coastal redwood
sugar pine

tanoak
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Scientific name® Common nhame
Quercus lobata Nee valley oak, Californiawhite oak
Juglans L. spp. walnut
Betula occidentalis Hook. water birch
Alnus rhombifolia Nuitt. white alder
Abies concolor (Gordon & Glend.)
Lindley white fir
Salix L. spp. willow

Nontr ee vegetation

Baccharis L. spp. baccharis
Chamaebatia foliolosa Benth. bear-clover
Ceanothus thyrsiflorus Eschsch. blueblossom ceanothus
Ceanothus cuneatus (Hook.) Nuitt. buckbrush
Rhamnus L. spp. buckthorn
Corylus cornuta var. californica

(A.DC.) Sharp California hazelnut
Lonicera hispidula Dougl. California honeysuckle
Vaccinium ovatum Pursh California huckleberry
Torreya californica Torrey California nutmeg
Cercis occidentalis Torrey California redbud
Quercus dumosa Nuitt. California scrub oak
Rhododendron macrophyllum D. Don coast rhododendron
Ceancthusincanus Torrey & A. Gray coast whitethorn
Arctostaphyl os manzanita C. Parry common manzanita
Ceanothus integerrimus Hook. & Arn. deerbrush
Sambucus L. spp. elderberry
Galium triflorum Michx. fragrant bedstraw
Gramineae spp. grass
Arctostaphylos patula E. Greene greenleaf manzanita
Arctostaphyl os columbiana Piper hairy manzanita
Rhamnusiilicifolia Kellogg hollyleaf redberry
IrisL. spp. irs
Claytonia perfoliata Willd. miner’s lettuce
Cercocarpus betuloides Torrey & A. Gray mountain mahogany
Berberis aquifolium Pursh mountain-grape
Avena L. spp. oats
Myrica californica Cham. & Schidl. Pacific wax-myrtle
Toxicodendron diversilobum

(Torr. & Gray) Greene poison oak
Vaccinium parvifolium Smith red huckleberry
Erodium cicutarium (L.) L'Hér red-stem filaree
Oxalis oregana Nutt. redwood sorrel
Rhododendron macrophyllum

D. Donex G Don rhododendron
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Scientific name® Common name
Gaultheria shallon Pursh salal
Quercus parvula var. shrevei

(C.H. Muller) K. Nixon” Shreve's oak
Aira caryophyllea L. silver hairgrass
Symphoricarpos sp. Duham. snowberry
Trientalis latifolia Hook. starflower
Arctostaphylos viscida C. Parry sticky whiteleaf manzanita
Rubus parviflorus Nuitt. thimbleberry
Heteromeles arbutifolia (Lindl.)

M. Roemer toyon
Pteridium aquilinum (L.) Kuhn western brackenfern
Polystichum munitum (Kaulfuss) K. Pres  western swordfern
Whipplea modesta Torrey whipplea
Rubus leucodermis Dougl. ex Torr. & Gray whitebark raspberry
Rosa gymnocarpa Nultt. wood rose

# We are using Hickman (1993) for scientific names. Munz and Keck (1959) was a primary reference
source during the planning and field collection for Forest Inventory and Analysis inventories during
the 1980s and 1990s.

® Quercus parvula is not considered a tree species in these inventories. Quercus parvula v. shrevel
takes tree form and hybridizes with Q. wislizeni (Nixon 2002), Q. agrifolia, and Q. kelloggii
(Hickman 1993), so it is possible that it is partially included within estimates for other species.
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Appendix 2. Inventory Procedures

Outside of national forests and reserved lands, two Forest Inventory and Analysis
(FIA) inventories were used to collect information on hardwoods and hardwood
forests. The first was an inventory of timberland that used a sampling intensity of
onefield plot per every 7,400 acres. The second was an inventory of woodland that
used one field plot per 14,800 acres. Both inventories used the same field proto-
cols, plot configuration, and analytical procedures such as volume equations and
forest typing algorithms. Plots were located by superimposing agrid over the land
and randomly locating plots within each grid cell; plots are treated as a random
sample for analysis. Field measurements began in 1991 and were completed in
1994,

Plots used for field visits are a subset of plots established and interpreted on air
photos. Air photos are used for double sampling for stratification, which improves
the precision of estimates. Stratification for results reported here used air photos
taken before the 1980s inventory, with the exception of the stratification for the
north coast region, which used air photos taken before the 1990s inventory. All
field plots aso had recent air photos that were used by the field crew in navigating
to the plot. Overal, there were 4,824 field plotsin California, 2,245 of which fell at
least partially in forest land, and 78,223 photointerpreted plots used for stratifica-
tion. There were 2,412 field plots on the woodland field grid in California, and
woodland trees were measured on 540 of these field plots.

Each plot consisted of a cluster of five subplots, with one central subplot, three
subplots at 210 feet away to the north, east, and west, and one subplot 141 feet
away to the south. On each subplot, trees between 6.9 and 35.5 inches diameter at
breast height (d.b.h.) were selected with variable-radius sampling by using a Basal
AreaFactor (BAF) 30.5 prism (BAF 7 metric prism). Trees greater than 35.7
inches d.b.h. were sampled by using afixed radius of 55.8 feet. Trees smaller than
6.9 inches were sampled by using a 10.8-ft fixed radius.

When two or more distinct conditions existed on a plot—areas different by
broad forest type, size of trees, stocking density, or cutting history—the areas were
mapped on the subplots, and the resulting mapped areas used in cal culating at-
tributes. In the previous 1980s inventory of Californiaforests, plots were shifted so
that they fell in asingle condition. In addition, in the 1980s, a three-subplot con-
figuration was used in woodlands rather than afive-subplot configuration, and
woodland plots were sampled at a reduced intensity of one plot per 29,600 acres.
The net result is that the calculation of 1990s estimates was straightforward, but
the calculation of change between 1980 and 1990 was complicated and in some
cases involved modeling of tree attributes such as diameter and height.
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Most national forest data came from a Pacific Southwest Region inventory
conducted in 1993-2000. The underlying base grid for plot selection was the same
as for the FIA inventories. However, remote sensing data were used to stratify the
area, with classification into broad vegetation types. Plots were sampled with
increased intensity for some vegetation types. Because of thisintensification,
estimates for national forests often have greater precision than estimates for private
or other public lands.

The national forest inventory used a five-subplot configuration similar to that
of FIA, with subplots spaced at 127 feet from the central subplot. Trees between 1
and 4.9 inches d.b.h. were sampled within an 11.8-ft fixed radius of subplot center.
Trees of 5inches d.b.h. or greater were sampled with either aBAF 20 or BAF 40
prism. If aBAF 20 prism was used, trees 30.4 inches d.b.h. and larger were
sampled with a 58.9-foot fixed radius. If a BAF 40 prism was used, trees 42.9
inches d.b.h. and larger were sampled with a 58.9-foot fixed radius. Volume
equations and forest typing algorithms used were the same as for FIA. Subplots
were assigned to different conditions, but individual subplots were not mapped by
condition.

A very small number of plots from the Rogue River and Siskiyou National
Forests (Pacific Northwest Region) were also used in the hardwoods assessment.
Plots were sampled from afixed 3.4- or 1.7-mile grid, depending on whether or not
they were located in wilderness. As with the other inventories, the plot contained
five subplots, but they were located 133.9 feet from the central subplot’s center.
Trees less than 5 inches d.b.h. were sampled within an 11.8-foot fixed radius of
subplot center. Trees between 5 and 12.9 inches were sampled with a 24-foot fixed
radius, and trees between 13 and 31.9 inches d.b.h. (east side) or 13 and 47.9
inches d.b.h. (west side) were sampled with a 51.1-foot radius. The largest trees
were sampled within a 185.1-foot radius from the central subplot’s center. Condi-
tions were not mapped in the field. Forest typing algorithms and volume equation
assignments were identical to the FIA inventories.

Volume equations for oaks and most other California hardwoods come from
Pillsbury and Kirkley (1984). Volume equations for alder, aspen, and cottonwood
come from Brackett (1973). Forest typing was done by a two-step process. If the
stocking in hardwood trees was greater than the stocking in coniferous trees, the
areawould be classed as a hardwood forest type. Then the areawould be assigned
a specific hardwood forest type according to which hardwood tree species had the
greatest stocking. These inventory procedures have been kept consistent with other
reports from the 1990s inventories (for example, Waddell and Bassett 1996, 19973,
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1997b). Statistical procedures are described in Barrett (2004). Owing to lack of
space, sampling errors are not included for every estimate in the tables, but these
can be abtained from the authors upon request.

Although ownership information and plot locations are confidential, other data
used in developing this report are available to the public. The four inventories
described here have been combined with other inventories into a single database.
To request a copy of this“PNW-FIA Integrated Database,” please visit the Web site
http://www.fs.fed.us/pnwi/fia

Monitoring and assessment of California hardwoods and oak woodlands are
continuing. Beginning in 2001, a new forest inventory system was implemented
that includes all land in California, both public and private, and both reserved and
unreserved forest. One-tenth of all plots are being sampled each year. Over a
decade, sampling intensity on woodland will increase to about one plot per 6,000
acres as compared to the one plot per 14,800 acres (current estimates) and one plot
per 29,600 acres (change estimates) used in this report. More information on this
annual Forest Inventory and Analysis system is available at http://
www.fiafs.fed.ug.
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