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Report of the Scientific Task Force on Oak Decline

Dear Members of the Board:

At your September 28, 1999 meeting, your Board directed the Agricultural Commissioner and the
County Fire Chief to assemble a Scientific Task Force to examine the decline and die off of oak trees
in the County and to report back to your Board on December 14, 1999, with recommendations on
how the County and affected property owners could respond to this problem.

The Task Force was established on October 7, 1999, and met on October 20 and November 15. The
Task Force addressed issues including the extent and cause of the die off, the risk to live oaks,
various control methods including the use of pesticides for bark beetle control, public education, and
current and proposed grant-funded research on oak decline and disease. The Task Force’s findings,
a summary of their work in progress, and recommendations for your Board’s consideration are
described in the attached report. The Agricultural Commissioner and the County Fire Chief and their
respective staff members support the recommendations of the Task Force.

It is therefore RECOMMENDED that your Board:

1. Accept the Report of the Scientr;fic  Task Force OH Oak Decline and direct the
Agricultural Commissioner and County Fire Chief to carry out the recommendations
of the Task Force.

Respectfully submitted,

David W. Moeller, Agricultural Commissioner
for

Steve Wet-t, County Fire Chief
Members of the Scientific Task Force
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Approved:

?
COUNTY ADMINISTRATIVE OFFICER

Attachment

cc: County Fire Chief Steve Wert
Scientific Task Force Members
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REPORT OF SCIENTIFIC TASK FORCE ON OAK DECLINE, December 14,1999
Primary authors: James Nee, Agricultural Commissioners Offke

Geoff Holmes, CA Dept. of Forestry & Fire Protection

EXECUTIVE SUMMARY

1. Tanoak trees are dying in large numbers in Santa Cruz County. California live oak trees
are also dying, but in lesser numbers.

2. The primary cause of the tanoak die off is unknown at this time. Implicated possible
causes are beetles, fungi, and weather, which may be operating separately or in
combination.

3. It is known that the Western oak bark beetle and ambrosia beetle feed on and reproduce
in dead and dying tanoaks. Also the pathogenic fungus Hypoxylon thouarsianum has been
found in dead and dying tanoaks.

4. There have been confirmed reports of a number of California live oak trees dying in
parts of Scotts Valley and in the Santa Cruz Mountains.

5. We expect the intensity of the die off to decline over the winter due to seasonably cooler
temperatures and, if beetles are a cause of the deaths, the life cycle of these insects. We
cannot predict the extent of a possible resurgence.

6. The first reported tanoak die off in California was in Marin  County in 1995. It is now
occurring in the counties of, Mendocino, Sonoma, Marin, and more recently in Santa
Clara, Santa Cruz, and Monterey counties. There is an unconfirmed report of tanoaks
dying in unusual numbers in Santa Barbara County.

7. The extent of the tanoak die off in Santa Cruz County appears now to be limited to trees
northwest of Old San Jose Road and possibly up to the San Mateo County line. However,
this conclusion needs’to be confirmed.

8. Landowners can help to control the spread of bark beetles by (a) cutting down dead oak
trees, sawing them to fireplace length, stacking, and covering them tightly with thick
plastic, (b) avoiding the movement of oak logs to new sites within the county and outside,
(c) providing proper cultural care to live oaks, and (d) the very limited application of
pesticides.

9. Preliminary research shows that spraying California live oak trees with a pesticide to
control bark beetles may have some merit. Such treatment should be reserved for
ornamental or specimen trees within active zones of the infestation. It is not practical,
feasible, or even desirable to encourage the widespread use of pesticides.

10. The presence of dead tanoaks and California live oaks in the forest has not significantly
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increased the risk of fire, however, this may change if the die off continues.

11. Scientific research will help to reveal the breadth and possible causes of the problem.
Two proposed scientific studies are designed to do this and may reveal whether county live
oaks are in jeopardy.

INTRODUCTION

On September 28,1999,  the Santa Cruz County Board of Supervisors directed the County
Agricultural Commissioner and the County Fire Chief to form a Scientific Task Force to examine
and report on the extraordinary mortality of oak trees occurring in the county. The Board acted
in response to the concerns of many County residents. The Board directed the task force to
report to them by December 14th on what the county can or should do to respond to the oak
decline and to describe environmentally sound measures which property owners can use to deal
with the decline. The task force was established on October 7th and met October 20 and
November 15. Members of the task force are listed at the end of the report. The group herewith
submits this report on the oak decline to the Board for their review and acceptance.

EXTENT AND CAUSE OF DIE OFF

In Santa Cruz County the tanoak (Lithocarpus densiflorus) die off first came to wide public
attention this spring. There are reports that the problem was present here to a minor extent in
1997 and 1998. Tanoaks in several parts of the northern California coast have been dying over
several years. An unusual number of dead tanoaks have been seen in Del Norte County at
Redwood National Park; at scattered sites in Mendocino County; in Sonoma County; in Marin
County at Mt. Tamalpais State Park, Golden Gate NRA, and Muir Woods National Monument; in
Santa Clara County along Highway 17; and in the Big Sur area of Monterey County. At some of
these sites California live oaks (Quercus agrzjklib)  are also dying at an accelerated rate. In Santa
Cruz County there are confirmed reports of a substantial number of oak deaths in Scotts Valley
and the Santa Cruz Mountains. The cause of mortality is unknown but there are several suspects.

The pathogenic fungus Hypoxylon thouarsianum has recently been found by plant pathologist Dr.
Ted Swiecki in tissue of dead tanoaks collected in Marin County. He reports this fungus  has long
been seen in association with cankers on declining and recently killed California live oaks (see
Reference 2H).

During the autumn of 1999 pathologists from the California Department of Forestry and Fire
Protection (CDF) and the California Department of Food & Agriculture evaluated plant tissue
collected from several tanoaks  in Scotts Valley. They found no pathogen which could, by itself,
cause such a precipitous tanoak  decline as is apparently occurring in our county.

Oak bark beetles and ambrosia beetles are no doubt associated with the tanoak decline, but, based
on present information, they are not the primary cause. Regarding California live oaks, we
suspect the large population of beetles emerging from tanoaks presents a threat to stressed live
oaks. However, we lack sufficient scientific  proof to primarily blame bark beetles and ambrosia
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beetles for live oak deaths in the county.

The oak mortality could also be the result of a combination of environmental and biological
factors making them especially susceptible to pathogens and insects. These factors could include
(1) stress on oaks from the drought of 1984-94, the wet winters of 1995, 1996, and 1998, and the
dry 1997 (see Reference 2D), (2) an especially high oak bark beetle population in 1999, (3) the
advanced age of central coast oak trees, (4) the natural shading out of tanoaks by the taller
redwoods in the coastal forest and, (5) other environmental conditions.

As Dr. Swiecki has said, “If tanoak decline is similar to most other forest declines, it is unlikely
that a single culprit will surface. It is likely that tanoak decline results Ii-om a complex of
interacting factors, including the current status of tanoak stands, environmental conditions, and an
array of native pathogens and insects.” (see Reference 2H)

ARE COUNTY LIVE OAKS AT RISK?

There is insufficient information for us to determine if a significant number of California live oaks
in the county are at risk. We have a strong suspicion that the dead and dying tanoaks may have
spawned a dramatic increase in the number of beetles that spill over onto and overwhelm the
California live oaks. When an especially abundant population of bark and ambrosia beetles
intensively attacks live oaks they can kill those trees, but we are not certain the present very high
number of beetles is responsible for the deaths of our oaks.

Where the tanoaks and live oaks grow adjacent to each other there is a clear danger of beetles
from an infected tanoak attacking a nearby live oak.

CONTROL OF OAK MORTALITY

It is impractical to try to control the mortality of tanoak and California live oak in native forests,
even if we knew the cause of their decline. The trees are too numerous, scattered, and remote to
accomplish more than token control. However, one step that landowners can take to reduce the
spread ofwood boring beetles is to remove as many dead oak trees as possible. Trees should be
cut down sawed to fireplace length, stacked, and tightly covered with thick clear plastic to
confine and kill emerging beetles. Fresh cut oak stumps should also be sealed with clear plastic.
Small tree branches should be chipped and spread on the ground. If it is impractical to seal and
chip the wood, the sawed logs should be cut to very short lengths to enhance drying. (see
Reference 2E)

The movement of oak logs around the county and out of the county may aid the spread of the
beetles. Homeowners and campground users should be discouraged from transporting oak
firewood to new sites. Commercial firewood cutters and retailers operating in the county should
securely cover oak firewood when transporting it to customers so as to minimize the escape of
beetles along the travel route.

In landscaped areas several things can be done to help protect California live oaks. Landowners



should apply Integrated Pest Management, i.e., use several control techniques but start with the
least environmentally intrusive technique. m, remove dead trees as described above. Second,
landowners should provide optimum growing conditions for their trees. Creating these conditions
wilI help to control insects such as the oak moth caterpillar and identified diseases and reduce
stress to the trees. There are many publications available to landowners that can help enhance oak
growing conditions (see References 2B and 2C). Also a licensed arborist can give important
advice on proper watering, mulching, aeration, fertilization, pruning, etc. of oaks. Lastly, it may
be necessary to apply a pesticide to control the beetles. However, pesticides should not be the
landowners’ first means of control. A permethrin insecticide could be applied to the surface of
oak tree trunks up to about 10 ft. above the ground. The pesticides Astro and Dragnet, made by
the FMC Corporation, are 36.6 percent permethrin and labeled in California for bark beetle
control. The company has recommended that the products be applied by a licensed pest control
operator, not by a homeowner. Other less concentrated perrnethrin products may be available
from garden supply stores. Advice on those products can be sought from the retailer or the
County’s Master Gardener program (phone 763-8007). If a pesticide application must be done, it
should be done in the spring and again in the fall before bark beetles emerge to invade new trees.
Research proposed for next year will help to determine the proper timing of applications.

The Task Force wants to emphasize that we do not know with certainty that the application of
permethrin will protect oaks from whatever is killing them However, we understand that it will
exclude oak bark beetles and ambrosia beetles from the trees for several months.

PUBLIC EDUCATION

Task Force member Steve Tiosvold and his associate Pave1 Svihra have written a brief landowners
guide to help protect Caiifomia live oaks. (see Reference 21)

RESEARCH GRANT REQUESTS

Specific information on the oak die off and how to control it will be developed as the research
described below progresses.

In late November Task Force member Rick Standiford received a $46,000 grant for the Integrated
Hardwood Range Management Program (IHRMP) at the University of California, Berkeley, to:

(1) Collect basic information on the mechanism causing the oak mortality
(2) Develop, test, and ground-truth a suitable reconnaissance method for surveying

patches of diseased oaks and for determining the extent of the mortality
(3) Develop oak management recommendations
(4) Determine the long-term IHRMP response to this mortality, e.g., needs for education

and research.
(5) Produce a final project report by July 1,200O

Task Force member Steve Tiosvold is a member of the research project team. Also, Dr. U Win, a
GIS consultant who is assisting with the county’s Santa Margarita Water Basin study, will be
cooperating with Dr. Standiford on part of the oak research. Dr. Stanford said that studying the
oak decline in Santa Cruz County will be a high priority and he would like to use our Scientific



Task Force as a review forum for his final report.

U.S. Forest Service plant pathologist Susan Frankel of ValIejo,  in conjunction with other
agencies, has submitted a grant request to her USDA Forest Service Washington, D.C., Office for
$50,000 to:

(1) Determine the extent and severity of the tanoak and live oak decline in coastal
California

(2) Observe all aspects of the decline and evaluate the associated environmental factors
(3) Determine the extent of mortality in other oak species at stands adjacent to dead or

dying tanoaks

If Ms. Frankel’s grant is approved, she and Dr. Standiford have agreed to work together so their
study products will not overlap.

Task Force member Fred McPherson is seeking $2,000 from undefined sources to support
tabulation, mapping, analysis, and presentation of oak mortality data which would be gathered in
the field by trained volunteers of the Santa Cruz Chapter of the California Native Plant Society.
The report would be used to help ground-truth aerial imagery produced by the above two
research projects.

Task Force member Steve TiosvoId  and his associate Pave1 Svihra are seeking a grant to
determine the efficacy and longevity of the permethrin insecticides Astro and Dragnet in
protecting California live oaks from bark beetle attack. Study sites will be in the Santa Cruz
Mountains and Marin County.

CALIFORNIA FOREST PEST COUNCIL

As a result of efforts by Task Force member Jack Marshall, the influential California Forest Pest
Council, at their November 18th annual meeting, resolved to support identi@iig  primary
California live oak and tanoak mortality agents and possible environmental factors that may cause
the decline. They also supported development of a management plan for this threatened resource.
They further resolved to:

“1. Encourage the Director of the USDA Forest Service’s Pacific Southwest Forest and
Range Experiment Station to dedicate funding and personnel to appropriate oak and tanoak
projects,

2. Encourage the Regional Forester of USDA Forest Service’s Pacific [Southwest]
Region to seek [USDA] State and Private Forestry funding to be encumbered for, or dedicated to,
appropriate oak and tanoak projects,

3. Encourage State and Federal legislators to seek respective State and Federal
appropriations for the purpose of funding above suggested research and management guideline
development,

4. Encourage the University of California to fully fund the current oak and tanoak research
request from its Integrated Hardwood Range Management Program, and

5. Encourage the University of California to request that the newly filled  extension plant
pathologist position at UC Berkeley help evaluate the current, and spreading, oak and tanoak
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mortality problem.”

RECOMMENDATIONS

We request the Board of Supervisors to support these recommendations:

1. The Agricultural Commissioner’s Office, the Office of the County Fire Chief, and the
county’s U.C. Agricultural Extension Service prepare and present a public information program
concerning the dieoff to local service clubs, professional nurserymen, arbor&s, and other
appropriate groups in the county.

2. The Task Force not be dissolved before December 3 1,2000, to enable the group to
quickly respond to a possible resurgence of tanoak mortality, to reconvene in the summer of 2000
to determine whether progress in research would enable identification of the cause and control of
the oak decline, and to provide a forum for researchers studying oak decline to have their reports
peer reviewed,

3. In April 2000, the Agricultural Commissioner’s Office and the Office of the County
Fire Chief prepare a status report for the Board of Supervisors on the oak decline.

4. The Board of Supervisors support state and federal agency funding for research on oak
decline.

5, The Board of Supervisors, in cooperation with county firewood retailers, the owners of
the Santa Cruz KOA Campground, and the Santa Cruz District Office of the California
Department of Parks & Recreation, strongly discourage the transportation of oak firewood to
new sites within and out of the county.

6. The Board of Supervisors, in cooperation with U.C. Cooperative Extension, encourage
property owners to treat infested trees where feasible as follows: cut dead trees to logs of
fireplace length, stack, and cover them tightly with clear 6 ml. plastic, and seal the stump with
clear plastic; all of this to confine bark beetles when they emerge from the wood).

7. The Board of Supervisors, in cooperation with U.C: Cooperative Extension, encourage
property owners to provide proper cultural care to live oaks so as to increase their ability to
withstand stress.

8. The Office of the County Fire Chief, in cooperation with the California Department of
Forestry & Fire Protection, promote the use of a website  to establish and maintain information
about the decline of tan oaks in the county.

TASK FORCE MEMBERS

OFFICIAL MEMBERS
Steven Wert; forester, ranger unit chiec Chair of Task Force & County Fire Chief-Felton
GeoI%ey  Holmes, forester, Calif Dept. of Forestry & Fire Protection (CDF)-Felton
James Nee, agric. inspector, Santa Cruz Co. Agric. Commissioner’s Office-Watsonville
Steven Tjosvold,  environmental horticulture advisor, U.C. Cooperative Extension-

Watsonville
Richard Standiford, hardwood specialist, Univ. of Calif, U.C. Cooperative Extension -

Berkeley
Fred McPherson, ecologist, UCSC and Calif Native Plant Sot.-Boulder Creek
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EXOFFICIO MEMBERS
Donald Owen, entomologist, CDF-Redding
David Adams, forest pathologist, CDF-Sacramento
Jack Marshall, forest pathologist, CDF, Pitch Canker Task Force-Will&s
Walter Mark, pathologist, Cal Poly’s Swanton-Pacific Ranch-Davenport
Raymond Sherrod, City Arborist-Santa Cruz,
Laura Kuhn, Community Development Director-City of Scotts Valley,
Steven Singer, biologist, Santa Cruz Mtns. Bioregional Council-Santa Cruz
Karl Kolb, Chaii of Rio Del Mar Community Tree Committee-Aptos
Erin Nachbar, FMC Corp.-Encinitas, CA
Steven Staub, private forester, Pitch Canker Task Force-Felton
Deborah Hilliard,  botanist, Calif Dept. Fish & Game-Morro Bay
Steven Bakkan, forester, Calif Dept. Parks & Rec. (CDP&R)-Sacramento
George Gray, ecologist, CDP&R-Santa Cruz
Donald Cox, private arborist, Soquel
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Integrated Hardwood Range Management Program

A. Name of Project: Evaluate Insect/Disease Complex Causing Mortality in Tanoak and
Coast Live Oak

B. Purpose and Goal:
Beginning in 1995, evidence of mortality in tanoaks (Lithocarpus densi_forus)  in Marin and
Sonoma Counties appeared. The source of the sudden death of tanoaks was not known and
has not been identified to date. The symptoms are that trees experience foliar discoloration,
and eventual death. Subsequent resprouts wither and die. Secondary attack by insects occurs
in these dead and dying tanoaks. Both the western oak bark beetle and oak ambrosia beetle
have built up to very high population levels in these dead and dying tanoaks.

In 1998, the first reports of widespread mortality of coast live oak (Quercus agrifolia)
appeared in Marin County. Complete mortality of all live oaks in a stand appeared. These
were in close association with tanoaks that had experienced sudden death. All trees were
heavily infested with both species of beetle.

During 1999, tanoak  sudden death and associated coast live oak mortality was reported in
Santa CIUZ, Santa Clara, Marin, and Sonoma Counties. A group of UC farm advisors,
specialists, private arborists, and landowners evaluated an area in Scotts Valley. On a 140
acre parcel, all tanoaks surrounding a large coast live oak stand were dead. Both beetles had
attacked all live oaks, and approximately l/3 of the trees had already died. A similar trend
has been reported in both Sonoma and Marin Counties. The incidence of this pattern of
tanoak sudden death and coast live oak mortality seems to be increasing. Bay Area
newspapers and television stations have carried major stories on this issue.

The purpose of this request is to determine the seriousness of this apparently new source of
oak mortality, and to develop an appropriate action plan. This request for temporary funds is
due to the fact that this is an emerging issue that may be an emergency affecting all coastal
oak hoodlands, as well as tanoaks stands on North Coast forests.

The specific goals of this project are:
l Develop the basic information on the mechanism causing this mortality (pathogen/insect

interaction)
l Determine the extent of this pattern
0 Develop management recommendations
0 Determine long-term IHRh4P  response (education, research needs)

C. Action Plan:
Goal 1: Mortality Mechanism -- To date, there has been no specific evaluation of the
pathology of tanoak sudden death. The request for funds will be to support field sample
collection and laboratory evaluation by Professor Emeritus Bob Raabe. Farm Advisors Pave1
Svirha and Steve Tjosvold wil,l work with Professor Raabe to identify field locations for



collection of samples. Laboratory analysis will be carried out to identify the specific
pathogen(s), if any, associated with the tanoak  sudden death. Collections will also be made to
determine if pathogens are associated with the coast live oak mortality, and if there is a direct
link with the tanoak sudden death. The possibility of disease vectoring with the two beetles
will be investigated. The specific cause of the mortality is the necessary first step to evaluate
the risk to coast live oak and tanoak stands.

Goal 2: Extent of Mortalitv -- There has been an apparent increase in the spatial distribution
of the tanoak and coast live oak mortality based on reports from consulting arbor&s and
foresters and public service requests from homeowners. This goal will develop a procedure
for detection and monitoring using aerial photography, Landsat  7, and other remote sensing
datasets. Preliminary estimates will be made of the current extent of this mortality, and serve
as a benchmark for outbreaks and possible spread. Spatial statistics will be applied to current
stands with evidence of mortality to determine site and vegetation characteristics of these
areas. This information will be used to map out areas of risk for t%ture mortality.

Goal 3: Management Recommendations -- The monitoring information (goal 2), coupled
with the specific mortality mechanism (goal l), will  be used to assess the economic and
environmental impact, and to propose future policy and management recommendations.
Recommendations will be suggested based on current knowledge about beetle and specific
pathogen biology. Procedures for field testing these will be developed and tested with
cooperating landowners. Material will be distributed to professional and landowner
audiences.

Goal 4: IHRMP Resuonse -- The results of this effort will be incorporated into IHRMP and
Oak Woodland Conservation Workgroup planning. ‘The design of educational outreach
procedures, and follow-up research needs will be coordinated as part of Workgroup and
program planning.

D. Budget
Goal 1:

Casual Labor:
Laboratory Procedures (S&E)
Travel
Total:

Goal 2:
Graduate student researcher
Cost of Aerial Photos (S&E)
Travel
Total:

Goals 3 :
Travel (farm advisors, cooperators

$6,000
$4,000
$3,000

$13,000

$9,300
$20,000

$2,000
$3 1,300

$2,500
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Goal 4:
Funds already requested through Oak Conservation Workgroup for publication
duplication
Meeting of Workgroup will focus on long-tern response

TOTAL:
Casual Labor:
Laboratory Procedures:
Travel
Total:

-. 3

$15,300
$24,000

$7,500
$46,800
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Fiscal Year 2000 NFS PreventlonBuppression
Project Proposal Summary Sheet

Region/Area: 5 Project Number: -Regiona l  P r i o r i t y :

Pest(s): -Unknown

Proposed Treatment: -Pre-suppression survey

Treatment Location: -Federal, state and private lands in coastal CA

Primary Project Objective: (check only one)

protect critical threatened/endangered species habitat
eradicate new exotic insect/disease infestation(s)

protect developed sites/high value trees
X- - protect adjacent private land

protect native vegetation (forests and trees)
other (please specify)

Proposed project is urgent: - yes .J- no
(urgent = treatment must be carried out within one years in order to be effective).

Proposed project is in:

critical wildlife habitat
-X _ urban/wildland  interface

general forest area
other (please specify)

Proposed project funding:

FY 2000 FHP funds requested: $50,000 _

FHP carryover funds proposed for use:

* Other funds

Total project funding: - -$50,000  -

Other pertinent information: This pre-suppression survey will collect data to determine if tanoak
decline needs to be added to FHP’s risk map. In 1999, native tanoak,  Lithocarpus  densiflorus,
died in large numbers from the Six Rivers National Forest, south to Santa Barbara, which covers
the entire extent of tanoak in coastal CA. Tanoak  decline was first reported in 1996, since then,
neighboring native oaks have died from beetle attack driven by skyrocketing beetle populations
breeding on the dead and dying tanoak.  Tanoak  and native oaks are dying on private lands in
urban areas and at the wildland  interface raising concerns over tree loss and increasing fire
hazard for property owners, cities and counties. This project will determine the incidence and
severity of tanoak decline and provide scientific methods concerning a phenomenon that the
local media is fueling alarm over by reporting rumors.
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USDA  - Forest Service

FOREST PEST MANAGEMENT PROJECT PROPOSAL
(Ref: FSM 3400, Report FS-3400-E)

0 PART I - REQUESTlNG  OFFICE USE ONLY X

1. Region/Area 2. state 3.  FIscalYear 4. Casual Agent 5. Group 6. Landownership (x appropriate  box)

5 CA 2000 unknown BB&OD q National Forest B Other Federal

7. Type of Project (x approprtete  box} 8. Status of Project (x appropriate box) 9. Host Protected

q Prevention
El

)( Suppression 13
)( New Project

cl
Continuing Project tanoak  and native oaks

10. Prevention/Suppression Method 11. Pesticide 12. Application Rate

Pre-suppression survey
13.

Prnaram Activities

1 n/a

Units of Work

n/a

Estimated Cost Estimated Cost

1 Pretreatment Survey (Acres)

I Treatment (Acres)

(7) Environmental Monitoring (Acres)

(6) Other (identify)
I , I

I I I

(9) Subtotal
I I

I I I

(10) Indirect and service charges (Field)
Percent of Subtotal ( %)

(11) Total Field Costs

I I 1 $50,000
14 Proposed By (Signature) 15. Tile

18. Total Project Costs

I
0 PART III -WASHINGTON OFFICE USE ONLY
23. Project  Act&n (x approprtate  box) 24. Total Funds Allocated

c l Approved c l Dlsapproved

25. Approved/Disapproved By (Signature) 26. Title

I

27. Date

28. Remarks

Prevlous editlon is obsolete (OVER) FS-3400-2 (1 l/62)
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Pre-suppresslon  Survey for Tanoak Decline on
Federal, State and Private Land in Coastal CA

Proposed by: USDA Forest Service, Pacific Southwest Region
California Department of Forestry and Fire Protection
Marin Municipal Water District
Golden Gate National Recreation Area, Muir Woods National Monument

Project Descrlptlon

This partnership between Federal, state and private [and mangers is proposing a pre-suppression
survey to determine the extent and impact of tanoak  (Lithocarpus densiflorus) decline in coastal
CA.

Background

Tanaok decline was first reported in 1996 in Marin  Cc. (but may have started earlier and gone
unreported). In 1999, there are observations of tanoak  decline reported throughout the coastal
population of tanoak  including: the Six Rivers National Forest, Redwood National Park, Muir
Woods National Monument, Mt Tamalpais State Park, south to private lands in Santa Cruz Co.
All ages and sizes of tanoak  trees are affected from seedlings to mature trees. The symptoms
appear as a branch dieback,  which eventually girdles the tree and causes a rapid death of the
leaves. The trees often resprout but the sprouts die-out as well. After the trees die, ambrosia
beetles and other insects colonize them. Circumstantial evidence indicates the insects can then
move Into neighboring native oaks and kill them. The causal agent or agents and environmental
conditions associated with tanoak  decline are unknown.

Site Description and Location

The native coastal population range of tanoak  that extends from North of Santa Barbara to the
Oregon border.

Project Objectives

Determine the extent and severity of tanoak  decline in coastal CA. Observe tanoak  decline in
depth and evaluate associated environmental factors. Determine extent of mortality in adjacent
native oak species.

Funding

To complete this project we are asking for $50,000 to be used for aerial, roadside, and ground
survey of the extent and impact of tanoak  decline from the Oregon Border south to Santa
Barbara, The survey will note extent of damage, describe the array of symptoms, note if adjacent
native oak species are affected and determine if there is any pattern of distribution or correlation
with environmental factors.
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Production  function for R5 - Tanoak decline pre-suppression survey

Cost = $50,000 for pre-suppression survey. To calculate project benefits also added $100,000 in
treatment costs that would be applied in future years.

Benefits - Prevent death of native tanoak  (Lithocarpus  densiflorus and native oaks (auercus
spp.) and loss of merchantable wood for flooring and other special uses.

Unquantified benefits - Avert costs for dead tree removal and reforestation in urban areas and
private lands. Decrease the risk of fire in Marin  Co., Santa Cruz Co. and other urban interface
areas. Sustain animal and plant populations that depend on tanoak  and oak for habitat. Maintain
aesthetics and ecological integrity in high-use recreation areas. Prevent soil erosion and maintain
groundwater supplies in watersheds.

Objective of project - Determine incidence and severity of tanoak  decline and associated native
oak mortality in CA.

Assumptions

Determining the locations of dead and dying tanoaks  and native oaks and the extent of damage is
the first step in a management plan for this forest decline. The project will provide information that
will be used to prevent further mortality. This project and a follow-up treatment (cost = $100,000)
will prevent the loss of 500,000 BF of merchantable tanoak.

Background data

There is over 2.1 billion cu ft of tanaok in California and 6.12 billion BF of merchantable wood (1).
Mendocino Redwood Co. opened a tanoak  mill in 1999 and other tanoak  mills are in operation in
CA.

Common grade tanoak  flooring is selling for $4.57 per sq. ft. (2).

Calculations

Value of lost tanoak  in California w/o project

500,000 BD x $4.57 = $2,285,000

Value of tanoak  saved - cost of project (Cost of project = survey + treatment)

$2,285,000  - ($50,000 + $100,~)  = 8Zl65,OOO

B/C Ratio $2,135,000/$150,000  = 14.2

References

1. Bolsinger,  Charles L. 1998. The hardwoods of California’s timberlands, woodlands, and
savannas. Resource Bulletin PNW-RB-148. Pacific Northwest Forest Research Station. Forest
Service, USDA. Portland, OR.
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2) 1999. Pricelist. Ecotimbers. www.ecotimbers.com - wood dealers in Berkeley, CA.



TASK FORCE FOR OAK PROBLEM
October 20,1999

Meeting began a&& p.m.

This Task Force is being formed as requested by the Santa Cruz County Board of
Supervisors. County Fire Chief Steve Wet-t has been asked to chair this Task Force.

Those in attendance were: Steve Wet-t, Wally Mark, Laura Kuhn, George Gray, Fred
McPherson, Steve Singer, Jim Nee, Steve Tjosvold, Bill Ruskin,  Jack Marshall, Deborah
Hiilyard, Don Cox, Ray Sherrod, and Steve Staub.

Some facts discussed were: Bark Beetles seem to take over an already diseased tree.
The Bark Beetle population has drastically grown because of this infestation. There is
no correlation of human activity and no statewide infestation apparent. Some
infestations are present without the Tan Oak.

Steve Wet-t stressed there are three major points of knowledge required. Those needs
are to identify the cause, identify the effect of that cause, and the mitigation to control it.

It was agreed to focus first on cause. Jack Marshall stated there has already been a
sampling of Tan Oaks for fungus and bacteria. Steve Staub and Wally Mark spoke
regarding the need for standardized specimens to track this disease. Also noted was
the fact that the contributing factor for the disease could be gone before the tree has
died. Live Oak Trees seem unaffected.

Steve Tjosvold stated there is a grant proposal in process at the University of California
at Santa Cruz for the survey on the cause of infestation. Also, a Forest Pathologist is
being hired by UCSC.

5 OrnOfLQ
&&9&&r&l  suggested an aerial survey be done. He also stated the need for a
designated zone of infestation and a zone of mitigation.

The Forest Pest Action Council may be a source of information on this infestation. It
was also noted there might already be photographs available. Discussion was made
regarding use of websites. Laura Kuhn stated a digital format is required for website
use. Deborah Hillyard will be gathering information on existing websites that may be
used by this Task Force.

Steve Wet-t  asked Jack Marshall to be on Task Force. Steve Tjosvold will gather
educational information for the public and will put together a packet of information. He
will also be looking for models of guidelines that have already been successfully used.

A resolution was made to form a group to validate this research. An official report will
be sent to the Board of Supervisors.

The next meeting will be November 15’h at 2:00 in the CDF Headquarters Conference
Room.



OAK TREE HEALTH PRESERVATION

In order to address concerns about beetle/borer infestations and sudden death of
Tanbark Oak and Coast Live Oak, we offer the following recommendations.

Evaluate conditions and correct any existing stress factors that can be changed
Physiologically stressed trees are more susceptible to pests and disease and may be the first to be
attacked bv oak bark beetles and ambrosia beetles. A professional arborist evaluation mav be

d . - d

needed to determine. the condition of the tree(s) and to prescribe a course of action. Evaluation
should include:

1. Watering (not too much or too little)
Oaks cannot tolerate frequent watering (daily or several times a week), especially directly on the
trunk and root collar. Tf your oaks are within range of your lawn and shrub sprinklers, sooner
or later they will be ,ki!led. ,.

:. .- L
T-o avoid drought stress, oaks sometimes need a summer watering program that is infrequent
(every two to six weeks apart) and deep (six to twelve inches water penetration~depth).’  Not all
oaks need this summer watering. This should be prescribed by an arborist on a case-by-case, tree-
by-tree basis. But’it  is important to consider, because like pine bark beetles, the oak beetles are not
as attracted to vigorous trees with adequate water and sap flow.

2. Soil grade (avoid major changes in grade) 1
Oaks cannot tolerate soil, mulch or other material piled above the root collar on the trunk wood.
Mulch is beneficial, but piled against the n-u&it  can be a problem. (See # 3 below.) This will
restrict aeration to sensitive conductive tissues and/or create conditions for wood-rot fungus
infection at the base of the tree. Trunk wood is meant to be above ground and roots should be
below ground. Keep it that way, or if it is not, correct the conditions immediately and repeat
inspections annually. If the tree trunk looks like it goes straight into the ground without any root
flare showing, almost certainly the soil grade at the base has been raised. Carefully (without
injuring bark) pull away the soil or mulch at the base until you see the top of the flare of the main
support roots. Maintain this corrected grade level out at least two to four feet from the base of the
tree. (If the hole that results from this procedure creates a hazard, it can be filled with course
gravel or rock.)

3. Other conditions (undergrowth, ground covers, mulch and fertilization)
Native oaks should not have shrubs and ground covers (especially lawns) with high water
requirements growing within the root zone of the tree(s). Drought tolerant plants are ok, if not
under frequent irrigation. [The root zone is usually defined as the area inside the dripline (outer .. _

perimeter of the foliage canopy). The actual root zone of a tree may extend much further out than
the dripline.] Clear ivy and other dense growth away from trunk.



Let the fallen oak leaves build up a natural layer of beneficial mulch. If the natural mulch has
already been removed, correct this important growing condition by adding a two to four inch layer
of mulch throughout the root zone (compost, leaf mold or wood chips, but don’t use shredded
bark). Don’t pile mulch against the trunk.

Supplemental fertilization is not normally needed by native oaks growing in natural conditions.
However, plant nutrition should be considered in a comprehensive evaluation. Signs of nutrient
deficiency include chlorosis (yellowing of foliage) sparse and/or stunted growth. Before deciding
to fertilize, rule out other factors that can.cause similar symptoms (i.e., water deficiency and.
impaired function of roots and conductive tissue from disease, pests or mechanical damage).

4. Construction, bark wounds and root damage
Avoid construction activity, root cutting;excavation,  trenches, grade changes (cuts or fills),
compaction, paving or dumping of chemical materials.or  paints anywhere within the root zone of
your trees. .’ ”

Previous construction injury, wounds and root damage may have reduced the health of certaifi
trees. Even though the foliage looks.reasonably  good now, vigor and resistance to beetle attack
may be diminished. This type of pre-existing injury should be considered in a comprehensive tree
health evaluation and plan of action.

5. Pest and disease control
Control insect pests, especially defoliators such as oak moth caterpillar. These add physiological
stress for the tree. Correct conditions that predispose the tree to fungus infections (see #l and #2
above). Contract with .a certified arborist, horticultural consultant or licensed pest control advisor
to evaluate and make recommendations on pest and disease control, and how to improve growing
conditions.

6. Pruning (beetles may be attracted by fresh pruning cuts)
Correct pruning is very important. Many untrained tree workers do not understand principles of
modem arboriculture, how a tree responds to pruning, how to make proper cuts, and how insect
pests can be attracted by the results of poor pruning practices.

Except for removal of dead, dying and damaged branches, pruning of oaks should be avoided
during the growing season and especially when beetle emergence is expected (March and
October). Prune oaks for aesthetics, health and structural safety during winter months. If
exceptions need to be made for emergencies, then the number and size of cuts should be kept to a
minimum. Brush and wood should be properly processed immediately (see next page). Never
remove more than 25% of the foliage of a tree in a one year period.

Responsible arborists have long used this pruning timing method with trees such as pines and elms;
to avoid unnecessary exposure to the beetles that infest those trees or spread disease. Now we

17 have to include oaks in our range of caution,



[If pruning is essential, an immediate commercial follow-up drench-spray of the lower trunk
and scaffold limbs with Astro may prevent beetle attack (active ingredient - permethrin 36.8%. .
Not pvre thin). 1. Use of this pesticide
should be conservative. While not highly toxic to humans, it is extremely toxic to bees, fish and
aquatic invertebrates.] Astro label is available from Target Specialties, San Jose. afl 4 w f 2, w~~,,~;~

:.

,

De&P with. beetle  infested trees. ..’

If a Tanbark  Oak or Live.Oak tree is already heavily infested, dead o’r dying, it should be
removed and pl;@perly  disp&ed of as soon &,possible.

. . . .-
l Chip (grind) the smaller branches and haul away. Split the wood for firewood.
l _ Cover the wood and stump with heavy clear plastic (6 mil preferred) for six to eight months.

The plastic should completely cover the wood pile and be tucked or weighted down, and
tightly sealed around the-perimeter..This process is to trap and kill the new emerging brood of
beetles, so they can’t fly to other trees in the vicinity. After that period the wood may be
uncovered and dried for the fireplace.

l Grind.the stump if possible. Beetles breed and emerge from the above ground stump wood.
l Preventive.spraying  with Astro has not been proven as totally effective, but may be used in

certain situations if you want to do everything possible to save an important tree or trees. See
above’ note forprecautions. This spray does not kill beetles already in the tree. It has a
residual effect (up to several weeks) on the surface of the wood, and is used to discourage
beetles from going to other parts of the same tree or to nearby trees when they emerge.

l If a tree shows initial stages of beetle attack (black tar-like exudation or small holes with very
fine sawdust present) or if nearby trees are heavily infested, drench the areas with the
insecticide that are showing these signs, as well as the lower trunk and larger limb wood. (This
is not a foliage spray, only the bark is sprayed.) Cracks and crevices in the bark should be
drenched thoroughly.

Prepared September 1999 by:

Donald W. Cox
Certified Arborist
Lewis Tree Service, Inc.

Research and content contributions:
Pave1 Svihra, Ph.D. - Horticultural Advisor
U. C. Cooperative Extension, Marin County
David Adams, Ph.D. - Forest Pathologist
Calif.  Dept.of Forestry, Davis, CA
Barrie D. Coate - Consulting Arborist
Los Gatos, CA
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Oaks of the
Hirdwood Range

California has 15 species of oak in
the genus Quercus, 8 of which grow
to tree size. Of these, only 5 are con-
spicuous members of the hardwood
range plant community:

valley oak,
(Q. lobata).
This tall,  spreading

deciduous oak
was once 3n important

member of the Central

Valley’s rip&an

forests. From Shasta County to Los Angeles

Couny, it is still  a conspicuous oak in the

hardwood range, especially in valley bottoms

and on deep alluvial soils.

Blue oak,
(Q. douglusii).
This deciduous oak is
the dominant oak of the

hardwood range from

Shasta County to Kern

County Where it shares its range with the Val-

ley oak, blue oak occupies the more shallow

soils, steeper slopes, and upland sites.

Coast live oak
(Q. agrifolia)

County  southward
/I
Y. into northern Baja

California, primarily west  of the coast ranges.

in the southern portions of its nnge,  it re-

places the valley oak in the hardwood range.

and in valley and alluvial sites, it often attains

a td spreading appearance.

Interior Live Oak
- (Quercus wisli-

zenii).
This evergreen oak

is widely distributed

in California from

Siskiyou County South

into Baja California.

It is abundant in the

Sicrm Nevada foothills and in the coast ranges

occupies the higher, drier, or more inland

sites than the coast live oak. Interior live oak

is generally found in more heavily wooded

sites  than the blue oak, and in ch:lpxral habi-

tats or other dry locations it oftcn develops a

shrubby form.

, . . . . .

Building Around Oaks:
The Hazard Zone-Where the
Roots Are

Young,  native oaks are tcjlerant of environ-
m e n t a l  changes  and will ~~suaily ad>q"  10
Ianclscaping  practices. But  as oaks mature’,  their
e n v i r o n m e n t a l  t o l e r a n c e s  hecome set and
changes can weaken  or kill them. A mature
oak, for example,  is well adapted  to California’s
naturally  dry summer  weather.  If the envi-
ronment of an adult tree is changed  by the
introduction of summer  watering-for  gar-
dens,  lawns, or improved pasture--fungi  will
proliferate on its roots and begin to kill it.
[Jnfortunately,  there may he few visible  signs
of a fungus attack before it is too late (See
“Oaks in the Home Garden”).  On the other
hand, a young tree on well-drained soilx,
raised under  a regime of summer  watering,
maintains some  resistance  to threatening  fungi
even into adulthood.

The most vulnerable  parts of a mature tree
are the root crown  (at the base of the trunk)
and the entire root zone. Oak roots are rel-
atively shallow  and extend from the root
crown  outward,  reaching  some distance be-
yond the tree’s drip line (the outermost  edge
of a tree’s  foliage). For management  purposes,
think of a tree’s root zone as being one third
larger than the drip line area. I&all!. there
should be no disturbance nithin this zone.
This means  no grading, digging,  trenching.
covering  the ground with  asphalt or concrete.
or landscaping with plants  that require scm-
mer Katering (see “0:1ks  in the I Iome Gar-

den”). Even  esccssi1.e foot traftic.  operating
hea\? equipment,  and parking vehicles  (par-
ticularl!~ heax)- ones)  slw~~ki be avoided

Think of the root zonr xs the tree's
“home’‘-the  minimum  ground  required fol
its sun-i\-al. The best \\-a\. to live \\-ith ;I mature
oak is to leave it and the are:1 beneath its
canopy alone. Establish  3 mini-pal-k.  if possible.
for birds and other  \Vildllfe.  and keep ir <II-\:
If moclitications x-e una~voi&ble,  stri1.r to keep
the root zone area in 3s natural  ;I condition
as possible, and keep gro~~nd  cli~turbance xs
far a\Kiy from ;i tree‘s trunk  3s p<>ssiblc.

Threats To The Root Zone

A mxure  oak ib accustomed to :I ccrtxin lxtl-
:uice of moisture, air. soil tcmptxiturc.  :iin.I
nutrients.  A ch;iiigc in these fx,tors  cxii sc-
vcrely ;lltcr conditions few the Ii-c’tz. l‘hc ii105~
common hum:iii :iZti\,itic5 th:ir :iIIc>r ;I trcc*‘s
fool ciivironmcn1  ;irc’:

ConstructionConstruction

Changes in drainage. Changes in the
drainage around an oak can put watc‘r  into
the root zone during the season  when soil
temperatures  are high and oaks need IO 1~
dry Saturated  soils inhibit the exchange  of
o.xygen in the root zone and encourngc the
proliferation of soil-borne  diseases.

Soil compaction. 11~3~~ traffic or the
operation  of hea\? equipment  can cause soil
compaction, that is, the spaces benveen the
soil particles become  compressed.  Since a
tree “breathes.‘  through  the exchange ofgasses
that occurs  within these spaces:  compaction
will lessen gas exchange,  suffocating  the tree.

Paving. Paving  presents  many of the
same hazards  as soil compaction, and com-
paction  itself  often occurs in preparation for
and during paving.  When the ground is cov-
ered xvith  a nonporous material  such  ;LS  asphalt
or concrete. the free passage  of moisture,  air.
and other  gases n-ithin the root zone ix
impeclrd.  There  are porous  materials,  hov.-
ever, that are more compatible  tyith the oak
environment nnd make excellent ground
coverings  Porous brick \\.ith sand joints,  for
example.  or gravel,  bark, wood,  mulches, and
man!.  other similar such materials provide an
attracti\~e  ground covering that permits the
free p:iss:~y  of nxer  and air.

Kegardltx of the permeability  <)F the
ground co\‘cring. nothing should br placed
within  :I sis-foot  radius  of ;i tree’.5  trunk-the
minimum  area that sho~~ld  ;IIM.:I!-s be left un-
disturbed :und iinco~wed.

Fills. In generxl, cl0 not till \vithin the
drip zone of3 tree because tills tend to com-
p:ict the soil and hence rcclucc pcrme:ibilit~



If there is no alternative lo tilling  within
(he dripline, techniques are :wailaMc to min-
imize impxct on the Irec. Consulr 3n arborist
speckllizing in oaks. or some of the lxhl~-

cations  listed  in “Additional  liesources”.

Trenching. Trenching  is a commonl!
overlooked  cause of tree mortality When
utiliy  trenches are dug into the root zone,
major portions of 3 tree’s roots m:n’ be cut
or severely  damqed.  W’hen  a kqe proportion
of the roots  are damaged.  trees  die. Trenching
in the roof zone should  be avoided  whenever
possible.

Perhaps  the best alternarive  to trenching
is to place utiliries in 3 conduit  which is bored
through the soil. This eliminates the need for
rrenching.  and the small  size of the conduit
minimizes root dzmage.

If NiliF conduits nre un:nxilable. rn. to
halve  nil utilities placed in 3 single trench. 3s
multiple trenching I~\- ditferent compxiies is
:i common culprit in tree deaths.  Convincing
utilities to use 2 sin+ trench mai!- require
vigilxnt  lobbving nith the ~iri0ii.s  conip:inies;.
\incY it is often clifticulr to coordin;ite thcil
riming nerds and trenching speci~icxions.
Per~iswncc pays off, however,  2nd  coorcli-
n:iLion can Ix accomplished!

Native Plants for Oak Gardens
These  arc just a few California native plants that can be used in landscaping oak0  J Je
gardens.  Once established-usually after a year-they  require  little care, one
monthly watering, and offer beautiful foliage,  showy blossoms, and, sometimes,
pleasant fragrances.

Shrubs Partial Shade
Carpenteria califomica, Carpenteria
Ceanothus species: Wild lilacs

C griseq C t&@kwus,  C maritime
plus cultivars: C. Joyce Coultet; C. Ray
Hartman

Cercis  occidentali& Western redbud
Cercocarpus  betuloides var. blancbeae,

Mountain-mahogany

Ground Covers
Baccbaris piluluris subsp. piluluris, Dwarf

coyote bush
Ceunotbus  griseus var. horizontalis,

Carmel  creeper
Ceanotbus  maritimus,  Hoover ceanothus
Ribes viburnifblium,  Catalina currant

Evergreen Herbaceous Plants

Erlogonum  arboresce-rq Santa Cruz Island Dtyopteris arguta, Wood fern

wild buckwheat Eriogonum umbellatum var. polyantbum,

Ganya ellipticq Silk-tassel bush Buckwheat

Heteromeles arbutifoliq Toyon Heucbera maxima, Giant alum root

Maboniu  species, Barberries and Mabonias: Iris douglasiana and hybrids

M amplectq M. dictyotq M. fremontii, Viguiera deltoidea var. parisbii,

M. Haematocatpq M. bigginsiae,
M. pinnata Deciduous or Annual

Prunes  ilicifoliq Holly-leaf cherry Herbaceous Plants
Rbamnus  Califomic~  Coffeeberry
Ribes species, Gooseberries:

R aureum var. gracillimum,  R malva-
ceum, R speciosum,  R sanguinium,  R
viburnifolium

Rosa califomicq California wild rose
Rosa califomicq “Plena”  double California

rose.
Salvia clevelandi<  San Diego wild sage
Salvia leucophyll~  Coastal white sage

Shrubs Full Sun

Clurkia  species, Clark&
Collinsia  species, Chinese houses
Dodecatbeon clevelandii,  Shooting stars
Escbscbolzia  species, Poppies
Montiapwfoliata,  miners lettus
Nemopbila Menziesii,  Baby blue eyes
Oenotbera.species,  Evening Primroses
Sisyrincbium bellum, Blue-eyed-grass
Viola pedunculata,  Yellow pansey
Zauscbneria  califomicn,  California wild

fuchsia

Bulbs
Fremontodendron californicum  mexi- Brodiaea species and related genera:

canum and cultivars, Fremontia, Flan- Dicbeiostemma pulcbellum
net bush, “California glory” “Pacific Tritileia laxa
sunset” Calocbortus  species, Mariposa lilies

Galvesia speciosa,  Island snapdragon Cblorogalum  pomeridianum,  Soap plant
Lupinus albifrons, Silver bush lupine Lilium pardalinum,  Leopard lily
Lupinus cbamissonis, Chamisso bush fi-illium cbloropetalum,  Common trillium

lupin
Mimulus aumntiacus,  Bush monkey- For more information about these and

flower other California native plants compatible
Mimuluspumiceus,  Red monkeyflower with oak gardens. contact local arbore-
Penstemon clevelandii,  Cleveland’s pen- turns, botanical gardens, and the California

stemon  and other species Native Plant Society (see “Additional Re-
Romneya coulteri,  Matilija  poppy sources”).

FUNGUS  DANGER  ZON
KEI’ DRY  B
Wl3.1. DRAAINED



0 ak.5 can prosper  in close proximity  to hu-
man  habitation  ifcarc is taken to preserve

the basic elements  of the natural oak environ-
ment.  Garden settings include  many of the
building  hazards discussed  above, but there
are several more considerations.  If the needs
and limitations of mature  03k.s are not pan Of
bmdening design  and procedures,  well-meaning
people can make serious mistakes.

Care and Feeding
of Mature Oaks
In approaching  the design  and care of your
oak garden,  periodically evaluate  the health of
your oaks The  information  in “Oak Health
Check”  (see right)  should help you with this.
If problems are evident,  consult  the references
at the end of this brochure  or an arborist spe-
cializing in oaks. If your oaks pass their  health
check, they will not need a lot of attention  from
you as long a5 care is taken to preserve  the
basic elements  of their environment.  The fol-
lowing information  can guide your care of ma-
ture, healthy oaks.

Pruning. hlature  oak5 do not require
pruning  except  to remove  dead,  weakened,
diseased,  or dangerous branches.  Sometimes
a light thinning, called  “a+ghting”,  of 10 to
20 percent of the leafarea from branches  three
to sis inches in diameter can benetit a tree b>
opening its canopy to deeper  light penetration.
This  aI. reduces wind resistance  and the weight
of branches.  Avoid  excessive  pruning, ho-xmer.
35 it stimulates  vigorous  sprouting that  is hi&l!.
vulnerable  to damage  from milden

Light  pruning  can be done at any time of
the !-ear. Ilex?~ pruning,  however, should be
made during  the dormant period (Lvinter)  on
deciduous  oaks and during Jul!, and August  on
evergreen  trees. The most important  factor  in
pruning  is to make all cuts  correctly Avoid leav-
ing branch stubs and 80 not paint cuts. For
more advice consult  XI arborist or recent  pub-
lications on pruning techniques.

watering. Mature oak5 in wildland settings
are aclaptc?~  to clr); summer  conditions Summer
irrigation  n-ill doom the adult  tree (see “Dis-
eases”) and is to be avoided,  especiall!~ near
the IXLW of the tree. Do not water  even orn:i-
mcntals $l.lntrd  under oaks. If they need
watering rhry do not belong there (see “Oaks
in the I Iomr Garden”).  If the winter  sc;~w~~ is
unusuall~~  dry. a sul@3iiental  uatcring i1i the
carI!, spring. can coml~lement natural raii~fall.
Water deepI!- in the outer twtrthircls of the
r1 lot %oilc A similar watering  can Ix relxxcd
once or nvice  during especially  cli?, summt”rs.

Compatible building around oaks protects
a tree’s root zone.

Nitrogen is the prima?  fertilizer  of value
to oaks. It can either be spread  on the ground
in the outer two-third5  of the root zone, or it
can be applied through  holes dug into the
ground,  18 inches apan, along the free‘s drip
line. Fertilizers  should  be applied at a rate of
two to four pounds  of actual  nitrogen  per thou-
sand square  feet of surface area. Consult the
label on the fertilizer  container  to determine
the nitrogen content and calculate an applicxion
rate. A fertilizer  that  is 50 percent  nitrogen,  for
example,  would  require an application  of four
to eight pounds  per rhousnnd  square  feet

Either nitrate  or organic fertilizers  cm be
used on or&=. Organic  fenilizers  are preferable
a5 they remain aK1ilnble  to the tree longer  than
nitrate fertilizers,  and should  be apphed in
Kinter  so nitrogen  will be a\.nilable  in the root
zone during  spring. Nitrate  fertilizers  should
be applied in late spring. rtier the tirst flush  of
grtmth is complrte. Do not over-fertilize,  :LS it
stirnulntes  escessive  new  groxxth that  is subject
to mildew

An iron defcienc?;  indictted by yellt)\v lcnes
with thin dark-green  veins.  can drvek,p in oaks
on poorly drained. alkaline. or clx a)ils. This
situation is ditlicult  to correct, but acidifying
the soil with  sulfur.  worked  into the surf&.! at
3 rate of lo-20 pouinds  per thousxnd sclr1:ire
feet, may  slonly inlprovc  conditions  Iron che-
latcs  (organic  ct~mplcs~s  of iron) arc also
helpful, but  are cslxnsi\.e.

Compatible Gardening
Beneath Oaks

their water requirements  and fungus prcjI3-
lems, but :IIM)  IXXIWW [he thick root math  of
such ground  covers  inhibit  the exchange  of
air and 1noi>ture  that  a mature tree rcquircs

iLlany artractivc  native plants are well suitc.d
to the natural  oak environment  and, when
incorporated into oak landscapes,  will pro\ick
beautiful,  low maintenance, irrigation-free
gardens.  The California  Native l’lant  Societx
can provide excellent information on land-
scaping  with native plants  (see “Additional
Kesources”).  In addition, the Universi?  of
California  has developed  some strains  of
drought-tolerant,  shade-tolerant  grasses  that
could be used under  an oak in the outer por-
tions of its drip-line area.

In all cases of planting under  oaks, the
zone within  six feet of the trunk should be
disturbed as little as possible. If care is taken
to keep the base of the tree dry, some nanve
plants, as well  as mulches  or porous  ground
coverings such 3s gravel, brick with sand joints,
and wooden decking (built on concrete piers
rather than on poured foundations). can be
used even in this sensitive area.

Coiorfuigalls,  caused by gall wasps, are
comnron  on huigs,  branches,  and leaues.

Fire Safety Considerations

The threat  of nilcltire exists  throughout  all
oak-inhabited regions of California  Oaks are
fairI>.  resilient \vhcn  burned  and Kill usu:ill!-
resprout  at the base of the tree, inhere
branches join the trunk,  or in the forks of
branches.



iinpouljdmcnlh, swImming  pot )I> or water
tanks  ( Iocatcd away from mature  oaks), grc:rtl>
I:~!~nprovc l&-fighting  resources  on any piece
of land. For guidance a l w a y s  c o n s u l 1  the

clearance  regulations of local lirc-fighting:
agencies.

Diseases and Infestations

Oaks in natural  conditions arc relatively free
from disease.  But when  compromixed  by soil
compaction,  changes in soil moisture,  or other
disturbances, trees become  wcakcned and
have  difficulty fending  OR their natural  ene-
mies. Often by the time the symptoms appear
the tree is in crisis,  and remedies  may be too
late. An arborist or Cooperative Extension
Advisor should be called when  the following
symptoms  are noticed:

-Loss of tree vigor, twig die-back and
wilting,  abnormally yellowish leaves, and
wounds on the bark that ooze rust!,-looking
fluid. These symptoms accompany crown  rot
(P/q~top&bora and ~dJiun7  spp ).

-Die-back of branches, emergence  of
clumps  of honey-colored  mushrooms  at or
near the base of the tree in the late summer
or fall; often accompanied  by a white fan-like
fungus  growth between  the bark and sapwood
and black shoestring-like  rhyzomorphs  in the
soil. These symptoms  accompany  the oak root
fungus, Armillnria meiea.

hmillnrti  melea is usually present  on the
roots of all oaks, even when the fungus is not
visible.  Under  natural  conditions it is held in
check by summer  drought. Once  :I serious
infestation  develops on the roots of a tree,
however.  the fungus can persist in the soil
organic material  and can later infect other
trees-even  after  death  and removal  of the
host tree. Fruit trees  and ornamentals  planted
on the site, panicularl!~  those  that  are irrigated
during the summer,  may be subject to infes-
tations.

-Another, less common  fungus infesta-
tion, called “heart  rot,” occurs when one or
several fungi attack the inactive  heartwood
of an oak. This  does not usuall!~ impair the

Coast liue oak Iaden with Spartish  moss.

tree‘s vigor but can weaken  II structurally
Wcakencd branches WIII hrcxk o f f ,  mcf :I

weakened trunk may not be able tc~ support
tlic  crown  during a wind storm.  Regular ex-
amination  of the tree and judicious pruning
and bracing where needed  cm prolong the
life of an afflicted  oak.

Mistletoe. This parasitic shrub  grows in
the branches of many oaks and can CJUSC’

structural  weaknesses that make a tree more
vulner&le to branch breakage.  Small infes-
tations  can be controlled by cutting  out the
mistletoe,  a n d  cutting  back the oak’s  bark
around the spot where the mistletoe stem
entered  the oak branch.  Major infestations
are difficult to control, however,  and a Co-
operative Extension  Advisor  or an arborisl
specializing in oaks should be consulted.

Spanish Moss. Spanish moss is actualt)
a lichen,  rather than a moss, and since it is
not parasitic it generally offers little threx  to
oaks Growth  may be slightly  reduced due to
shading of many leaves in a tree heavily laden
with Spanish  moss. Rut the situation  is not
life-threatening and is easily alleviated by ju-
dicious pruning.

Insect pests. Innumerable  insects  find
their livelihoods in the branches and leaves
of the oaks, usually  without much conse-
quence to the healthy  tree.  The oak gall, for
example, is a harmless swelling of branchlets
in reaction  to en?mes  released where a wasp
lays its eggs. These  galls can be so abundant,
colorful, and multi-formed  that they resemble
dangling  Christmas  ornaments

There are some  insect infestation however,
like pit scales (appearing 3s pinhead-size  scales
on the bark of twigs and branchlets  ), oak moth,
and other leaf-eating  infestations.  that can
cause serious damage to oaks. K’henever  a
severe  insect attack  c;1uses  substantial  leaf loss.
changes  in IeJf. color, mig die-back,  soon.
foliage and branches, or other significant
changes  in appearance,  intenention  ma!- be
required Universinaof  California Cooperative
Extension  has several publications on drag-
nosis and treatment  of insect inf&tations (see
“Additional  Resources”).  Farm AdI?sors and
arborists  can also provide needed information.

Animal pests. In most cast5 animals
pose little problem to the mature  oak.
Browsing  or grazing animals  ma!. inhibit  nat-
ural regeneration  but rareI!. threaten the ma-
ture tree. There have been cases. however,
where populations  of ground squirrels or
other grolintl-clwelliiig rodents hxe cxisecl
serious dm~agc t o  o:tks. 13ke nw:wlt-c’s to

control these populaticxis  if oak vigor  is di-

minishccl or if thcrc is estcnsive  esc:tv:tticx~

13). animals  in the root zone.

Oak Health
Ch& 01,6

Check for tree growth:
l Tree size is not a go4 indicator of growth.

oaks on steep, less watered sites may he

smaller but still healthy

l %ig growth for the seawn can vary from 3

tu 24 inches  or more in Icngth.  If twig vowth
is less each year, the tree may be declining.

. Look for growth cracks on a tree’s trunk

Cracks appear as widening fissures on existing

bark. Tissue in the cracks  should he bright
green or pink when scratched. Loose  bark in-

dicates dead tissue  and a diseased condition.

Check for pests and stress:
l Watch for disease or insect infestations indi-

cated by leaf loss, changes in leaf color. twig

die-back. sooty foliage and branches, or other

significant changes in appearance.

l Watch for unusual leaf drop during the

early summer. particularly among the older

leaves. This  can be an indication of drought

stress, nutrient deficiencies or other root zone

problems.

l Watch for twig and branch die-back from

the ends of branches. This can be an indica-

tion of disease, root loss an&or other root

zone problems.

l Watch for emergence of clumps of honey-

colored mushrooms at or near the base of a

tree in the fall and early winter. These are

often accompanied by a white fan-like fungal

gromti  between the bark and sap-wood. These

symptoms accompany the oak root fungus, Ar.

miIIaria  melea.
l Watch  for misrletoc.  a parasitic, broad-

leaved shrub that grow  in the branches of

manv  oaks.

l Witch  for other changes of tree appearance

that mq  indicate declining health

Check for structural
weakness:
l Watch  for developing structural \yeaknesses

caused by mistletoe, heavy foliage or poor

branch StrWNre.  Tight, I’-shaped  branch

crotches, long horizontal limbs, extensive de-

cay in branches. and cracks developing in

crotches are all indications of weak branch

SuUCNre. Have tree pruned or support
branches to prevent further breakage.

Check for poor drainage:
0, Standing water should not be evident

within a tree’s roof zone.

0 Building. landscaping. or otber activities

mar oaks should not increase water in the

root zone  during the summer.

Check the root crown condi-
tion by digging carefully at
the base of the tree:



HHorically,  Iivc9ock gr:lzing  :ild wildlilC
procluc~tion  Ii:wc hew  lhc cIoniili:lnI  la1Ll

I!SC tlirc)u,qhcxlt  the  ha-clwoocI  rqqc. Wc c:lil
rlxmk tlw  Iivcstock  ind~!~t!y  f o r  tllc  opc11.
lxI,stor;il ch:ir;icter  of mLtch  of ~;;~liforni;i‘s
~cwntry5iclc. Hut it is ala0 in portioiis  01.  tl)!>

I-c,qion  th:lr rqcnerxt  ion for sever-xl c )ah  six-
ties has lxen poor,  especially  dir!-ing  the lat

H O  years.  Cxtlc  xc’ the oft-n:med  cuIpr!t\.

;~ncl although it i4 true th:!t cattle  d() t:!ke  their

toll on the oaks II!, comuming  3corns.  seecl-

I~ngs.  :rncl  saplings,  o:tkh  often do not reg:en-
crate even  when the cattlc  are taken  OR tliv

land. OIxCd!;  the oak regcncration  prol-dcm

is more  coniplcx.

It has been suggested that grazing  for the

last hundred  \~e:irs hxs c:i~isecl ;I comhinatic xi

ofecological  rexztions  that are inhibiting ixit-

Lid onk regxierxicxi. Such  fxxor-s :LS changes
in the species composition  of the gx~lanil.
greater  ground sqLiirrel popL~l:itioni.  iwxt
.incl 5c)il fxuna  ch:lnges.  :IncI ulterations  in
popLil:ltions c)f;icorn .iiid seedling eater5 ma!-
all ccmiplicate  oak reg3wxion.  Wiatc\.el-  tlie

c‘:iLisic’s.  c:ireful m;~n:igcmcnt  i5 nwileil-of
hotli lancl and oaks-if these trees xc to c‘oii-
t!nuc’  their trxlitional  mcl  txx~lo~ic:il  role  on

the had\\-cx)cl  range.

Iy gii-dling  if thy chc.w~ ;iroLinLl  tlic It-cc.
t1iroLg:1i  llic Ixrrk. xicl into liviiig wood ‘l’llc~c
types of proI,lcms  3-c’ 01 par-titular  concc’rn
in p;icIcI~ ~k.5 or paturc wlicre aniin~il.s xc
c0ncciiuxc.d

MasLires  such 25 rcclLic.ln!: numbers of
stock, alterxiting pastures  iii tisc, iiistdlm;:
cxcIosLircs,  screens, or other protcctivc clc-
vices to keep animds  3w;iv from sensitive  or
clamagecl  was. can allcviatc  problems. If
damage  is ,sc’vc’rc’,  you may w;Inl to consult
xii arhorisr for remdial tre:itments.

Pasture management. In managing
your p:~st~~res,  always remcmhcr  the gener:tl
prohll~ition ayinst sLlmmer  wtcring  of oak\.
If your p:istLires are impro~~ecl  b!, summer
irrigxion, adjust irrigation de\%33 to appl!,
water oLltsicle of’ the root zone only ;\djusting
Lsatering  schedules to infreclLw~t hut long
periods of irrigation n,ill also reduce stress
on oaks xI\wyi ty to keep the base of the
tree dp. (see “Oaks in the IIcme  Garden”)
Ohwn-e  the locntion of~vxermg  devices  and
other \vater soLircc’s to make sLire that  the
xea hrnelth  xn oak’s c:~nop~~J~~es  not hecome
ivet from Iah?, iKIter’ I~nt’s. KIIIW. holding
tanks.  or From animals  spl:~+~ng  in trough\.

Experiments to Encourage
Natural Oak Regeneration

This is curwiitl!~ an ai-ea of consicIc’r:iJ~Ic’  c’s-
lxriment:ltion  nncl ti-\\- reLilts--in part Ix-
c:lLise it takes :i long time to ohtxn  rcsLilt5
from trees that 1n.e m;iny-  !.ear.5  f3ut if \OLI
ha\.e the interest 31~1  tle\ihilit!  in y-oui- nl,,ii-
:igemcnt  needs.  I~)LI night espcrinwnt  to c~i-
ccx!r:!ge  greater n;iti!!~;!l  oak regencr:itic,n  on
\‘ou1-  land. I>0 not c‘ount 011 high suzc‘c\5  Ir:itt’b.
however.  since otht’r.  Linkncwn  fxxw nix
1x2  limiting  the o:iks

wdlin~s  (11’  I;II-,qc cii( )Li,qll  to ;IC.CC  )n,nl~  KI;IIC
cntiw  gr0vc.s ‘l’llc!~ xc cl~s~,~ii~Ll  IO CSC~IIICI~
y>ccilx xiiini;il5 14~ c.wnil~Ic,  .\~rnl~  of tllc
widlcr cxclo\Lire5 can keep 0Llt l~r1.1 ;111cl
grouncl-l,LlrroM.ilig  animals.  1i1Li  c:in &sign
:ippropri;itc ~scI0511rcs  ~oLi~~~~lf, look at c?;
xiiplcs OII thi5 pg~, or rcfcr-  I() the rcfcrcncx3

iii this  I~rochLirc’  for ide:is
2) lixpcriment with ~cxsoiis  ofgrxiiig:. ;I\

well 3s duration ;iiicI nLimIxrs of aninials  in
;iras where seccllm,qs  or saplings arc pwsc’nt,
I’hese mai?  lx in areas whew  ~OLI have  em
l~lo~wl  e?tclosLlre  or in :irc’:is \I hew regent
crxtion is occurring  natur:dl!:  Cittle  rna~~’  :RC XI
c,ak le:wcs when other for:ige is ahuncl:u~t.
Oak seedlings and qlings can dso rq>roLlt
3her bein,g  grazed.



~rollncl WIlCl-c  they ma> Il:I\‘c  clriecl  0111, soak

1hcn1 Iongcr-up  10 7.1 hours-lwfore  clis-

c:ircling  floaters.

Storing acorns. Acorns may Ix storccl

up to six months  without  aignific;mt 1055  in
vi:ihiliy if they arc kept cool and Ilot :lllowccl
lo cli-); out. Place  them in pat or s:Iw cl~i,\t
uvithin  polyethylene Ixqs, in an environment
with temperatures  3ouncl  4 degrees  Fahr-
wheit,  such 3s in ;I refrigerator. I’oiyctliylcne
1x1g.s  with ;I wall thickness  of four  to ten mils
x-e ideal for storing xorns  since the!,  3-e
permeable  to carbon dioside aid c,?;lyyii but
impermc3ble  to moisture-bvo  factors that
help maintain  acorn viability

Preparation for planting. Fkxir the
acorns  again, and select the sinkers.

Planting directly in the field. I)irect
planting of xorns  eliminxes the root dis-
turbance that occurs  with transplanting and
allo\vs mxiinum  root development.  Methods
for planting var) tremendously, so feel free
to experiment  Additional  information on
planting  can be found  in other  Cooper;ttive
Extension  publications (see “Additional  Ke-
SOLI  rces‘.)

Select ;L site \vith good drainage. I’lxx in
the late fall or exl~ xvinter nhen  xorns  n-III

be n-ell-natered b{. the rnins.  Dig ;I hole ten
inches  in diameter and four to tive inches
deep Break apart  hnrd or compacted  soil
xvith  3 shovel. Place one gmm of nitrogrn
fertilizer  in the bottom  of the hole and replace

the soil. tamping  it dox~ii rund  klving 3 one

to three inch depression  at the top. Kemcx~e
:u)rn c:lps and plnce 51x to ten :tco~ms, tips
doxvn or side\\-qi!-s, in tiw hole.  Co\-er \!.itll
Iremam1ng  m:lterinl  nnd  tamp &m-n  I’5e soiiie
protrctix.e del-ice (see illustration)  to cscl~~de
both nboVe 2nd belo\v-ground  prf2clatcw  liecp
thr soil coxwed \\.ith mulch and \~eccl \~hen

nccc’,w~:  I’liin wccllin,q5 to two or ihrcc iit
the end of the lirsr sc’:ison  ;in(l one by the
third year.

If the bite i5 on ;I Uccp \lope, cut into the
hill~icle  to crc’xtc  :I poc,kct  tix tlx seed. f’l:lnt
the xarns on the lip of the pocket  with the
cut slopin,q slightI>,  cl{ wnwarcl  xid decpcr
into the hillsicle(see  illuwxtc~n of cxclosurcs  ).
‘l‘liis ~3s to reduce erosion 2nd collect  mo14-
ture h)r the seedling.  It also keeps the seedling
OLIN of the s~Lsc)ii~tll!,-saturated  soil at the hack
of tlw CLII.

If acorns are plxitecl after he:i~?,  r:lins whc’n
soils are moist,  wtering is not needed. Oth-
erwise,  water thoroughly after planting.  PC-
riodic wxering  during the first several  sum-

Avoid  Root Zone

AHOOF &

mers n-ill incre:ise seedling sun-ival Good
sites ma!. onI\. need \\xerinp tax) or thret:
times the tirst !zir, but dr!. conditions  in poor
or said\. wils 111:n~ require n-xer’iy  :IS otien
3s once :1 \xYzek.  Al\v:l\-s so:lk tlw SOlI tllol--
oughl~. to .stimulate root dewlopment.  xid
allow the surfricr  to ~117.  hetwwi nxtwnps.
Taper  olf~xxtering  &I-inp  the second  and third
\-e:i I-.

Planting into cans.  l’l;~iit :tcorn\ ill
I~K~SC  pottin,g \( )il in one-gills ai c;ii~\ or clc~p~t
coiitainer.5  (Ixcxis~:  tlw t:ip n,oI ,qrows  (lu~ckl\.
clcpth of cowliners,  not  widtli,  is imp( )rtalit )
(:c)nrainers shr)~~lcl have holes  iii the. lx1110m
to allow for clrainag3.  I’I2cc xcorns  on thcil
sick5 :I[ :i tlcpth  of one half ttr one times 111~
\vicltli of the 3corn Keep the soil moist I>LI~
:icr:itccl.

Transplanting. If p~,ll,lc. seccllin~s

should Ix tr;insplantccl  ~1s soon xi tlw  li1-4

le3w open :ind become lirm, Ixfore c’stcll-
sive root cle\ylopment occurs.  ‘iclung tree’s
in containers should be rr3nspl:intud  in the
kite winter or cxi-I! spring,  :ifter the ground
h:is begun to \vxm and before the lear~5  0t
deciduo~~s  trees begin  to emerge  The hole

should Ix mice :is nick and deep 3s the c:m
Thoroughly\~et  the root ball in tht’ c;m Care-
fully remove  the root Ml If roots h21~2  hegun
to cume  around the ins& of the contniner.
prune  them to xllo\~ plxxment  in the hole
Lvithout  bending or folding.  Prune :I corre-
sponding amount of foli:ig~ aher- tr:inspl;rnting
Gently  set the root ball m the hole \v1tll  tilt,
root cron-n at the level ofthc soil ~~~r-f:~cc.  t:lll
the hole with soil. tirml\. txiip xicl scxik.

Watering transplanied oaks. K~itering.
weeding. :md mulching  is important  LINII the
seedling is well est:ibl~shed If tr:inyAanririg
is clonr during the fxll or n-inter.  noi-maI  i’;iins
should be xlcquate until the dr-\-se:ison  t’oi-
the first sason. thorl)LlShl\-soak seedlings so
that \v:iter dtql~-  pt2netr:ite5  the soil ew17.
m-0 necks or \xhene\-er  tht’ toj) n\-o inchr5
of soil is CII-Y  T.~prr  otr ;I> trees hecc~me es;-
t~il,llshecl--mall\.  pl:intings 21.t’  succe~\tiil I\ ith
only.  se~~r;il  wpplement.il  xiterinps  during
the tirst stxson. If the ti~lnspl.int  is to Iii-e in
xii iri-igxecl  en\‘iI-onment m:lkc .suI-e tlie :irc:t
around the r<xx iro\vn is :iilqu:it~l\ (Ii-.iinecl.



ENHANCING PROPERTY
Wildlife Enhancement

0 ak environments  arc’arnon~ (Zalifornia‘s
richest  wildlife haMats; 110  speclcs of

birds use oak habitats  during the Ixecding
season,  and 35 percent of California‘s  land
mammals  utilize 03ks  during ,somc  time of
their lives. California‘s deer herd.\  are parttc-
ularly dependent  on oak habitats.  I3y main-
taining  the health  of your oak woodland, you
also maintain  an abundance  and diversin of
native wtidlife.

r\side from reducing oak seedling and sa-
pling suWival,  wildlife do not harm oaks. and
instead provide benelits through  maintammg
ecological  balances. Some t>ircls  and mammals
even “plant” acorns  during their foraging  ac-
tivities The presence  of wildliFe often adds
beauty to a xoodlancl  and mlue to propert):
When desired, landowners can take some
measures  to increase the atxindance and di-
versiv of wildlife on their lands. 1 lere are a
few suggestions. --ts~lr x-r x

Leave brush piles in areas \vhere they
do not pose a tire hazard. These environments
are used ‘b\, quail for cover and b!. a varieo.
of small animals  for food and shelter.

Leave a few snags if the!, do not pose a
tire hazard  or safen. concerns. Snags-dead.
standing  trees-are  often rich environments
forxxAdllfe. especialI!. bird\. Woclpeckers  and
other cn@-nesting  birds rely on these hah-
itats. and predatory Ixrds use snags :LS perches
&lam. birds R-ill nio~xz  acorns, inud~~ertaiitl~~
distributing them to ne\v germination  sites.

Add water impoundments (nell awa!
from oaks L Not only does year-round  water
increase wildlife diversin; it 310 improves
fire-tighting  capabilities.

Manage vegetation for diversit!:  The di-
versin.of~xildllfe depends  upon the di\.ersit!

of hal%tats  and ag:e classes  of vegetation.  It
you maintain  grassland, oak woodland,
shruhland, as well as diverse gradations hc’-
twcen these vegetation types, you will cn-
courage diversity in wildlife occupants.  ‘l‘hc
edges txtwcen these xonc’s  are particularl)
rich in wildlife.  1:or example, if you allow a
field to become  shrubby  on the edges wahere
it borders  shruhland or woodlancl,  you will
be inviting deer. quail  and other animals

Thinning
Individual  oaks and groves  of oaks can Ix
thinned to meet  many landowner needs.
Thinning  can increase tree growth,  stimulate
young  trees,  produce  firewood,  encourage
wlldlife,  provide forage  for livestock,  and
improve  fire safe&; while maintaining  or even
enhancing the oak ecosystem.  The degree of

resources. oxvners  of‘ruial  alid seini-rural
lands can use their lands for a \ariety of corn-
mcrcial  ventures.  Consider raising  Christmas
trees,  specialn, or nursery crops. or mu&-
rooms. You could also open !x)ur  lands for
recreational uses such as camping.  hiking.
hunting. horselxck  riding, hirdxvatching.
photograph!; Ming  or niushroom-pickilig
The references  in the hiblic)graph!.  provide
further information.

Throughout  California,  landoxvners  are
.I. \vorking  together  to solve c~~nimon

prol~lenis in the hat-dwood  range.  hl.iny  re-
gional  prol,lems can onI>!  be sohxxl  11). tand-
onners  n-orking  together  in innoxitivc x11x.
I Ierc arc’  a fexv examples  of lando\vner etfor-rs.

Landowner associations. 111  man!
areaa, particut:lrl\~  nc’\vcr  sutxti\isions.  txnd-
owner associations arc working on :I varict!.
of i.ssues  including lirc safety, regional Ian&
scalGny.  ,md woodl;~ncl  protection.  <)nc  cs-
ccllcnt cxiniple of such an enclc:~vor  is the
I1ortcki  \:dle\~  Icinc‘h, ;I I larclcst~~  hssc~iatcs
lx‘~~jc~‘t  ‘I‘lli> pI;ii111cd  unit clev~lopiilc~nt  in
lllc  l~~~~tl~~ll4  01. ttic S;iii’t:i Crux hloLinl:iins  in-
c~ludc~  xc:ls of shar~~l opc‘n spxx tli:lr arc
In:ln.lgc~l  .Lnd m:tiiit:lillctl II\. lllc iLl1~~~11
I It 1I11c’o\\~i~*rs ,Lssoc.i:it it )n

uses through  easements  and a variety of other
legal rools. I*uidon-ners dedicating  s~ich lands
often enjoy  some’ tas relief as well. The TrrLlst
for Public l.;ind and the American  Eirmlancl
Trust  (both headquartered  in San t:rancisco),
the .\larin  Agricultural  Land Trust. and man!’
small community  land trusts arc just :I ft2v of
the organizations  that olxxltc such progranis,

Imdowncrs  have a number of rcwurcc~  at their

disposal for 3Ssistancc and additional information.

A few of thcx are:

Public Agencies:
[Jmvcrsity o f  Cal i fo rn ia  Cooperat ive  Extension.

N a t u r a l  R e s o u r c e s  P r o g r a m .  1 6 3  Mulford  11alI.

Berkeley, Calif.,  94720 (4 15) 642.2360

CXfomia  Dcpxtmcnt of R)rc>try and Fire Protection,

1416 9th St., Sacramento, Calif, 75814

Irxxl fire protection districts

U.S.D.A. Soil Conservation Service, 2 12 I-C 2nd St

Suite 102.  Davis, Calif,  95616

Incal Resource Conservation Distr icts

California Department of Fish and Game, 14 16 9th

st.,  Sacramento. calif.  758 14

Private Sector:
American Farmland  Trust. 512 2nd St., San Franci?w,

Calif.,  9 4 1 0 7 ,  ( 4 1 5 )  543-2098.

Cdifomia  Native Plant Suciey, 909 12th St.. Suite

116, Sacramento, Calif.  95814, (916) 447.2677.

C i r c u i t  Rider Productions,  9 6 1 9  O l d  R e d w o o d

Highwq  Windsor, Calif.,95492,  (707) 838-664 I

Mat-in  Agricultural  Iand Trust. PO. Box 807. Pt. Rqes

Station, Calif.,  94956, (4 15) 663-l 158.

-Sacramento  Tree Foundation.  PO.  Box 15824-A Sac-

miner-no,  Calif..  9 5 8 5 2  ( 9 1 6 )  921.8733.

Ahe Trust  for Public land.  I16 New Montgomery

‘..kh FL ,San  Francisco. C&f.. 94105. (415)  342.3282.
.I “,

Newkletters:
““Oaks bd IiAW published  by Univcrsiv ofCalifornia
Cyyative  Extension
F)tber publications  by Cooperative Extension  (see
below)

“Fremontia.”  A Journal ofthe Callfomia Sative Plant

Socieg;  907 12th St.. Suite 1 16. Sacramento. C-\

9581 i.

Publications:
Bran-n.  Ikland  R .  e t  a l .  19-9 “Oaks  o n  H o m e

Grounds.” Div of@ Sci.. Univ of Calif Iraflrt  2’83.

George. XIelvin R 1980. “>lanqyzment  of Small Pa-

rues.” Dix: of Ag.  Sci., Univ of Calif  I.eatlrt 2906

Hxdrsty Nancy  AI.  198-i.  “OP ‘Qodlznd  Preser-

vation and land Planning: Port&  Valley R;mch.“

Hxdcsn  Assoc., 855 Oak  Grove Ave.. suite 205.

Menlo Park. Calif,  9-1025.  (4 15) 326.i268.

Harris. Richard W: and Andre? ‘I:  Leiscr.  19-9. “Direct

Seeding Woody Plants in the landscape.” Div of &.

Sci.. Unit: of Calif  L&let  2577.

H a r r i s .  R i c h a r d  \Y! and ‘S’illixn  l3. D a v i s  19-6.

“Pl:mting  landscape Trees.” Div. of Ag.  Sci.,  Uni\: of

Calif.  lxtiet 2583.

Hcrirqe  Oaks Committee. I‘)-6. “Native Oaks.  Our

\;;lllcy Heriqc.” Sacramento  CoUnr)  Notice  of IX

ucation.  Sacramento.

Kochlcr. C.S., ct al.  1983. “Protecting Trees when

Building on Rxcsted I;md.”  Div. of Ag.  Sci., 1:niv of

<Xif.  I.c:tilct  2 13-i%

I.c:lllct  2 13.3.;.
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TREE NOTES
CALIFORNIA DEPARTMENT OF FORESTRY AND FXRE PROTECTION

1
Pete w-tin RichardA. Wkou DougaS Whe=Aer
Gowxnor DhCtOr serrerary  for Resources
srate of (z.diforllja The - Agency

NUMBER: 3 December 199 1

ControIling Bark Beetles in Wood Residue and FirewoodSbubcun R Sanbom
Fererur.  CDP Resourcs M=nxganaac.  P.O. Box 670. SUIU Rosa, CA 95402.0670

Each year. timber  losses  in California foretu &a LO buk bcc11~  bock
exceed lhoaa caused by wildland  fira.  During the IUC JCVC~I  yars.
drought conditions and related buk bcsrlc problema  have c=ersd
iacrcrrcd conifer mort&cy  on private  Md public forctt Ian&.  It hrr
ken esrimr&cd  thrr  10 million womge-sized  rre~s  were killed
throughout tha tute in 1989 md 1990 &tw. destroying MOU@I
tik~ m build one million three bedroom homes. b soomr  rrc~.
momliry  hrr b&so xcvctc  rb8l  rho Crliforaia  Board of FoKc~~/  hn
+xIamd  Zones of InfesUtIOU. I .

Many v&rblc urbwz  Iandrcrpa  trcca JIG  rlso being kikd due 19
drought  stress  and bark bcctls  NW& In rams urban aru~ of Southern
Glifomir.  pinar  us frcqucndy  killed by but beetI- ~errcd  h
inferred  firawood obuinad from dud and dying uccw ‘a the SOUIA~
Siarra Nevada (personaI  commuaiution.  Eric Older.  CDI?  Rsgionrl
Sswics Forastcw. Region III). Firswood  often b~rborr imxnamr~
kdsa (lwvmc)  which complete  &sir  dcrclopmcnt.  emrg~.  l -CL md
kill amby pines in th6  urban Iandsupc  ais problem  mry bo.,
occurring in other urban areas u wall.

Thix rnicla disznrse;  ncvonl  tacbaiqnss  rhrr  mry b aaed by &th
forest ludownetr  md urban dwellen to educe 4s~  moruliq  by
reducing  loul buk bastlo  brucding  rite& An itnpo-I  flrat tup
kfora rpplying  any of tbs folloviag  uchniqusr ia Lo dotsmaina  If a
pomntirl  bark &tla problem exists.  Narr. idaatify  ti species  of hrk
bcellc  i6fclting rhr  wood  6s rail 6s Ibc rpcciel  Of U66  @o(t)  infUrrd.
Becsusa  horr  prafcmnco  and life cycls are  so variable  among dirf8t’aW
species of bwk bccdcs.  reducing tree moruliy  may depend on tbs
proper selection md liming of concr~l  uchniquax %uusa  tbnse
wzhniquaa MC prcvcntativc  in nafureV  their uzc mwy be jnrtifiad  wea
vhcm  brrk ketlo problcmx do not ark ‘Ski: is p6nicalrly  uw
where high vrlut  ucqs.  such II Bose  ia parts or residcnrirl  AN%  WC
a1 risk.

Firewood Pests and Regulations
Wood from uee  removals.  s&rpc logging. and forest rhinaing  are
often  used for firewood. The frcahly cnt wood of many vcos  cut
IW~CL bark bccllcr  which can brscd  in it. while  Ihe wood of UU~
killed by bark bzctle~  rosy harbor  devcioping  hod. Tmrrr of
prrricnlar impunrau  are  pins. 1-a fir. Douglrsfir.  elm md
coulyptur.  Wbenevar wood ir moved. there is 8 fiat rhrt  asrociti
insect urd/or  dirsasc  pwhogear  ara moved l s weIL TbLht can result in
rbc  inuo&xaion  of new ~SLS  oc uwcrbcu  tiirting pc~r problan&
Soma bwk bcde xpccior  kcoma so nnmtzmnr during  pcriodr of
drought Ihat  they  will mass rruck wd kill hrrllhy  trccr.

Elm wood ir of panicular  conccna  bcowc rhhc Europa oh bark
bcsrlc  vhich  breeds in ir vucuxx  rhc  Duuh  Elm Disamaa  @ED)
fungur.  Elm wood ir qurrvrlined  in sight bay ares  countica.
Sacramcnco County, and parts of Sur Joaquia  and Yolo Couoaie~.  Tlrhs
spread  of DED over long disunccs  law inv=rirbly  bccu dna m La
movcmtm  of elm firewood  from infecmd  amn.

The cuczlyptu~  longhomed  borer  (ELHB).  l nstivc  of hustmlia.  mw
introduced inro  Southcm  California in 1984. Since Qca. it bst tprud
CO rsvcral  locrrionr  in Ihe  SW Fnnciseo bay sre~ Many maurn
eucalyptus  wces  brvo been killed in &r=ss  of rbe LUW wbc~~  whir

iusscl  hLa kcomc well orrrblishcd.  This ix due IO a la& of &CC~V~
conuolr and arcural cncmics.  The mowncar  of aucdypaa  wad haz
becoma M inerusing  problem bttcausa &is introduced ixecr erp &
carried great diamccs in firepood.  Iha trampon of E.ILxB infasted
veod is prohibited under rcction  4714-S  of Iha  Public Xcsomcc~
Code.  A vioLrion  of whir section is a mirdcmcrnot punishable by l
fi66 MdOr iOtpriXOOUlC?hL

Firewood Tarping
Tarping  aad sslling  wood piles  with clerr  plrrlic  ir 1 vcq’ dfcctive
vsy lp prwenr the emergencs  of becrIes from rhe  wood, ‘l&l
t4cbniqua  will  also prcven~ Lhsm from colonizing freshly  cx
uuiafuud wood. To properly tarp a wood pilo  you vii1 rcclrd  I.&

Figure 1
I --.. -.-

following msrcridr:

1. Th4  wood stick  un be my size provided it cm ix uvczd  by a
rin8lc sheer  of plastic rhar  will allow for I2 inchcr tif
KIIC ground.
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2. To rid in dry’mg. keep tic wood off rhc around by Jucking  iL oa
2x4 rtmnera.  Placing the rusk in parrial sunlight will reduce dving
rime. minimize the brukdown of non-UV  reaismt pia& and render
cha wood un5uiublc  for bcc~lc breeding.

3. Prior to covering he stack. make sure drerc  arc no aharp
projections which could pierce the plastic PIJCC  a tarpaulin,
cardboard. automobile  fires (see diagrams) or similar ma&al ovef
tho mp of &a slack  to protect  the plradc.

4. Cover the rack  wirh plastic allowing 12 inches of malcrial  20
ovorlrp along cha ground (XC diagram).

5. Seal overlap againrc de ground with soil. gravel or rimilar
material.  Tarp must k sealed entirely around stack.

Figure 2
6. A,’cr auling.  rhe plartic  may b6come  rightly rrrelchcd  over lk
wood suck. If this occurs, genrly pull up on 01s plastic  allowing 2-3
inches of slack to reliavs  5train.  ‘&is  will reduce  puncturea and zearr.
IP the plastic  Is held too firmly against the bark, tarpaulin,
cardboard or other materlals,  beetles will get between that
material and the plastlc’mnd escape by chewing their way
ous. This wouId necessitate  retnrping  the wood.

7. lnrpcr  urping  frcqucntiy  for damago.  Repair 5malI  holes md KUI
wilh duct tape. Larger tears may require rturping.

Wood should be tarped for on6 season  after cutting, from April I until
November 1. Firewood seasoned in this manner through on6 rpring
and summer  will not support beells  colonizoGon.  Any beetle brood
prc~~nr  in the wood when it is tarped will be killed. Wood rha1  is
Larpcd  dries mom  rapidly, parlicularly  during Ihe winter.

SZash Treatment
Slash  is yoody  material gcnerrliy  coasiatig  of bruxher  and bolu
(large piecer of lree mmk) left behind after commercial logging or
thinning opstrLionr.  Tboss mnterials  with bark still attached
may become a breeding  rik for bark beetle5  and cm lead to 6 bark
~etlc populrtion buildup. There rre several Lccbniquer  which can k
used to render ihis material  unsuitable for bcctlc breeding. TO bo
cffeclivc.  the following rcchnique5  must be completed w&in five
weeks of rlrsh creation or before bccrlc brood.5 cmcrge:

LOP  and scatter involvu  th6 scvoring  and scarwring  of ‘green’
brancha  or bolt5 3 inche5 or larger in diameter. Thir lschnique  i5
recommended where pine trees mrt being logged or lhinncd
particularly when beetles of &he  genus Ips rre already abundanL.  To
b& &cc&e.  slash murr  be rcrtrered in an are8 that rccoivw prrti~1 or
full sunlight. Heat from Iha 5un increa5es Lhe  temperature under the
bnrk and harrcns drying. Bolh  heat exposure and drying can greatly
roduca Iha braading  succ651  of bark bec~Icr. As an alternative, avoid
activities in pine stands Chat  will place ‘green’ 5lash on the  ground
during lhe spring.

Piling and burning is anothsr affsclivs  t6ChniqU6 which will
rondcr  the slash unsuiublc for beetle  colonizrrion.  Thir  may bt. a very
coat effective approach in rural arear where bur6 pcrmir5  (LE-7) can

l$cained *ough  CDF.
a
i

P. 3

C h i p p i n g
OVT

ir a very effective way of reducing bark bectlc gopulation
buildup in logging alarh  and wood rcriduc  from pruning. ihinning  or
tree removala in urban areas.  Chipping dc5ttoys moat beetle  brood
pre5enl  in the wood whils  lorving  ihip char  kc unsuirsblc  for bark
. . . . . .nDCCUC  arceomg. &aany ~ec rervisslr  have chippers that can  chip wood
up to 12 insha  in diamersr. Whole-vee  chippers arc aLso  zvaI(nble  for
bioma55 production.

Debarking logs. or bark ramoval.  dortroyr rho  habitar  where bp,k
bcc~lcr breed and heir I~PU food. &KS mmovad.  rhc  bark and the
wood are unsuitable for bark k&e breeding. The wood can then be
lcfr on sire or urcd Poor firewood without concom. Wood thar  is slill
green  or fr65hly cut ir easier ua debark rhan  diy or reasoned  wood.
Thcrs am v~rioua devices availrbla  that can speed the process.  fhey
range from 5x6~1 ban and chain saw atuchmenrr IO commcrcinl  log
debarking machirms.

Chemical Control
Controlling bark baet]s infcstaLionr through fhc appllcalion 0:
pcaicidw have  damonsuatcd varying lcvsl~  of success. On
commercial forest  land. insecticides arc costly and difficul;  to mppiy
on a large scale. They can slro disrupt Lhc  effect of narur~l  cncmics.
and rheir  effectivenear in controlling ~mlc oulbrcak3  ha3 b6cn
variable. In the urbanizing forerr. it is possible 20 manage bark bee&
caused morulicy  wirh insecticide application a5 a umpocwy
prevention  measure or to reduce pocket killing. However.  rbia shouId
be considered a rhort  ~trm remedy used in conjunction rni~h long term
practices that improve the growing condirions  for rhc  II‘CC.

‘ConcZusion
Whichever lechniquc(r) you choose, be sure to invest;ge!c u;,:  legal
requirements pertinent IO  your a&vi&s.  If you arc invol.lcd  in timber
harvesting, insure that you art in compliance with rhc Cr:iiomla
Forest  PracGcs  Rules. The Registered Professions1 Forester (RPF)  or
Licensed Timbsr  Opsrator (LTO) rcrponsible  for the .imkir hanrcsr
plan will bs aware of curxnt rules.  If you plan lo bun Woody
material you will need a bum permit from the Califorxs  Dcpanmcnr
of Foreruy  and Fir6 Protection (CDF) or other local agency. There  arc
many communities ths~ have ordinances rerrticting ull-, removal of
Ireer. Whenever you ara  working wilh  elm wood. you shorrlrl  COOLBCL
tie nearest  CDP Forsst PCEL Management office or Ibc County
Dcpartmsnt  of Agriculture for qusrantins infornauon perraining 10
the movement  of elm wood. Do not move elm materi& either
I(vlng or dead, into or out of a quarantined COUZ;Z:J  \:ven
when the county of or&In Is not under quaranllnc.

- -

Further Reading
Durch  elm disease in California. Calif. Dcp~. of Forcs[ry  and Flrc

Protsction.  Revised. 1991.

Krawczyk.  Joseph H.. Charles J. Kosrichka. Gaylc  L. Wurf. and
Daniel  L. Mahr. 1982. Polycrhylcne Iarping of elm firewood ro
prsvanr elm basric  flight. J. Arboric. g:?92-295.

Owen, Donald R 1990. Thhr  rtd furpraline  beetle. ‘Tree  Yore #9.

----- 1991. Thhc ucslcm  pine becrlc. Tree Note #t3.

Sanborn,  Shcrburn  R. 1989. Tha sucaiyptur  longhorec2 oortr in
Califo?ria.  Trcs  NOLC  Y4.

SCOW  Stephen R. 1990-  Ips bsallcs  in CoIiJornio
(Coleoprer:Scolyridao).  Tree Nolc t8.

Svihra.  Pavel.  1987. Svitabiliry  of aim firawood ro bmk brrlir
alf06L:  s~orrd  under polyarhylsnc  shecling.  13(6):161-166.
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Sudden Death of Tanoak, Lithocarpus densiflorus
Pave1 .%ihra, University of California Cooperative Extension

Fig. 1. Tanoak  forest showing different stages of dieback.  Wilted. faded and brown foliage clinging to entire crown since mid-spring draws the attention of concerned
residents. More than 100 trees have been killed by this mystenous disease in the area shown.

Tanoak,  tanbark-oak or chestnut-oak, Lithocarprts
densiflonts  is a large tree (some varieties are
shrubby) that gows naturally in Marin County and
many other areas of the state. It is rarely planted as
an ornamental but if the tree begins to how from
seed in the garden, our residents favor it because this
tree grows rapidly and in the past has not suffered
significant dieback  from biotic or abiotic agents.
In the summer of 1995, the first serious episode of
spontaneous tanoak death was reported in Mill
Valley. Homeowners residin,a in the urban forest
interface observed death of tanoaks in the forest
close to their properties. I visited these sites and
found several large trees with brown foliage
scattered among apparently healthy trees. I checked
the root system of one brown tree and found well-
developed oak root fungus, which led me lo the
conclusion that rlrnriflaria  melku wxs the cause. By
early spring of 1996 the tanoak death rate reached
epidemic proportions (Fig. 1).

Symptoms of this rrnusrraI tanoak
dieback

From a distance, the first prominent symptoms arc
drooped (wilted) new shoots (Fig.3.4).  Shoot wilting

is spontaneous and occurs throughout the crown.
Older leaves become pale green. Approximately
two-three weeks later the foliage turns brown but
remains clinging to branches, visibly announcing the
death of tanoak.

Chisel cuts into the inner bark and sapwood at breast
height of affected trees, reveal saturated tissue that
drips burgmdy-red sap. Samples of the symptomatic
branches, whether at the time of drooping or later
when all foliage becomes brown, have not shown
staining in vascuiar tissues. Close inspection of a
lower trunk may show an exudation of dark-brown
sap that stains a few squares inches of the bark
surface (Fig. ZB). Samples of the bark. inner bark
and phloem-xylem tissues beneath stains were
cultured in difierent  laboratories several times
without revealing pathogens. However, the western
oak bark beetle was found beneath the bark.

In the summer. the bark splits and breaks as a result
ofdryins.  Gum often exudes from these splits. and is
then occupied with prominent clusters of Duldinia
spp. fruit bodies (Fig. 7C). Long striations of a
different tan to pinkish discoloration become visible
on the bark surface. Examination of the root-crown
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area has not revealed development of oak root
fungtts  nor Phytophthoru disease on most dying
trees. Roots of tanoaks undergoing above ground
symptoms often have a pungent alcoholic odor, but
appear sound. The following year after the tree dies,
suckers sprout near the base. Soon their tips bend,
become chlorotic and die (Fig. 2D).

A very noticeable feature of the dead tanoah is
massive infestation of the whole stem with ambrosia
beetles in mid summer.

Sampling, and information from
experts

Samples of dying tanoaks were sent to State
Laboratories and University of California Plant
Pathology Departments at Berkeley, Davis and
Riverside on the five separate occassions. In the
beginning I suspected that tanoaks were infected
with chestnut blight fungus, Clyphonectria
parasitica, mainly because the initial symptoms
closely resembled those caused by chestnut blight,
which occasionally infects, without killing, some oak
species in the east. Besides selecting branch-twig
samples with different stages of wilted, dying and
dead tissues, I also focused on abnormalities
(swellings at the tree base) to collect samples of
inner bark. No pathogens were ever isolated from the
branches or stem sections, and no Armillaria  or
Ph?,tophthora  was cultured from the roots. In each of
three separate samples &po.plon  sp., Pseudomonas
tolansii and Diplodia quercina  were found.

Speculations about causes of
the dieback

Sudden death of tanoaks is localized in the Mill

Valley-Mount Tamalpais region and Inverness.
Differences ofopinion exist among piant
pathologists and tree experts as to whether the cause
of dieback  is a single pathogen or if this species has
been locally predisposed to physiological weakening
by drought or other environmental factors that have
caused damage. Opinions may have merit but with
one recent exception: very young trees have been
killed as though they were treated with a systemic
herbicide. It seems probable that drought was an
important factor in placing the mature trees under
stress that triggered their death. However, the same
hypothesis does not hold for young trees that are
dying now.
There is no question, that after these trees have gone
through the progressive stages of the above-
described symptoms, their vigor rapidly declines and
they become vulnerable to secondary insect pests
such as bark beetles Pseudopityophthonts
pubipennis,  which produce a pile of fine red boring
dust near tiny holes, and ambrosia beetles
Monartrum spp.,  which produce a pile of fine white
boring dust near tiny holes. While Pseudo-
pitiophthorzts  occupies the phloem-xylem portion of
the tree, ambrosia beetles penetrate deeper to the
heartwood region. These insects are not capable of
invading healthy trees but are very destructive to
weakened ones. Since several hundred tanoaks  have
died since 1995 these trees have become an
especially favorable target for building up bark
beetle and ambrosia beetle epidemics.

Recommendation: Prompt removal of dead trees is
the only control that can be advised at this time. Cut
logs and stored firewood should be covered with
clear plastic sheetin g to prevent beetle emergence
and infestation...
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Stormwater Pollution Prevention Program (MCSTOPPP)-for  information on protecting local creeks call 499-6528:  Bartlett Tree Service;
Gardenworks: Garden West: Drs. Paul and Geraldine AIDert:  Citv of San Rafael: and Citv of Novato.
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0kstem Oak Bark Beetles and Ambrosia  Beetles Associated  with Dying lhe Oaks
by Pave1 ,%&a, University of California Cooperative Extension

Oak bark beetles and ambrosia beetles are very
small insects (1.7 to 4 mm long) rhat attack  and
may kill oaks by boring beneath or through the
bark into the sapwood  and heartwood. Three
species are common and widespread throughout
California: the Western Oak Bark Beetie,
Pseudopiryophrhorus  pubi~ennis,:  the Oak
Ambrosia  Beetle, MonarthTum  scutelIare  Fig. 1);
and the Minor Oak Ambrosia Beetle, M. deringer.
These beetles have appeared very suddenly, and
have reached epidemic propotions, in California
live oaks, Que~~us agfifolia, in the landscape and
natural  forests of many coastal counties.

Western oak bark beetles and ambrosia beerles
anack wounded and stressed trees. If
environmental condirions  contribute to oak stress
in areas where bark beetle populations have
reached epidemic proportion, the beeties  may
attack and kill trees that appear to be healthy. Such
a situation has developed during the last four

Fig.1.  Tree heavily infested by ambrosia beetles.
Only when their population is high do these beetles
arrack stems so high. Foiiage  was still green, yet &is
uee’s de& was hastened by ambrosia beetles’ arrival.

years, when apparentIy  healthy oaks in gardens
and natural forests have died in Iarge numbers
between  Big SIR and Santa Rosa. Timely removal
of infested trees may reduce further tree losses, but
there is lirtle  that can be done directly to stop bark
beetle and ambrosia beetle epidemics in the
natural forest. The best defense that arborists,  pest
control advisors and homeowners have against
such losses is to understand oak health care and
the beetles’ habits.

Life Histom and Habits

Western Oak Bark Beetle. I? vqbivenni<. These
beetles usually artack severely injured, dying or
dead trees. They reproduce primarily in great
numbers in oak firewood, emerging to attack live
oaks and tanbark  oaks in the landscape. Adults
emerge in the spring and fly to dead or dying oak
material, where they bore through  the bark and
conslnrcr  two lransverse  egg galleries in the
phloem and xylem tissues (Fig.2). Females lay

Fig.2 Initiation of egg gallcries by the westem
oak bark beetle. The uarJsverseIy  excavated egg

had no sign of ambrosia beetles, which arrived 10 days

eggs aiong  both sides of gaileries.  As betrlss
conrinue  to bore through the bark, they inoculate E
fungus (not yet identified) that stains and kills the
inner bark and sapwood  around the egg gaileries
excavated perpendicular to the grain. The
consrrucrion  of egg galleries girdles and piugs the
nee’s  vascular system (the vessels that nanspor:
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Fig3. The growth of Hypdqlon  fun,- biting
bodies almost always appears close to I! pubipennisor M. rcureIlure  attacks.

water and nuuienrs  to the tree [Fig.3]). After eggs
hatch, the larvae make fine threadlike tunnels
through the phloem into  the inner bark where they
pupate. Newly formed adults make their own exit
holes through the bark and fly to attack oaks in the
vicinity or far away. This beetle has two or more
generarions  a year.Oak Ambrosia Beetle. AL scutellrrre.  These
beetles attack dying, weakened, or diseased trees,
but most prefer just-kiIled  uees,  snunps  or parts of
trees, In March, the male pennerrares  the sapwood
to a depth of 2 % inches. The female joins the

Fig. 4. Cross section of a California live oakshowing egg runnels  made by the oak ambrosia beetle,
h4onothnrm  scurellare.

male, mares and introduces the symbiotic fungus,
Monilia brunnea.  Both sexes excavate two to four
diverging galleries deep into the hearrwood, each 2
so 6 itlches  long (F’ig.4).  The female excavates

egg niches in the sidewalls of the galleries, which
she larvae extend into Yarval cradles.” The
ambrosia fungus grows into the cradles and serves
as a food source. Excavation of egg galleries ias;s
2 to 4 months; lmlal development, 6 ro 8 weeks:
and pupation, 1 LO 3 weeks. After 3 to 4 months,
new brood beetles emerge through the same
entrance  holes made by parent beetles. There  are
two generations per year with two major fligh1
periods; the first in March and the second in
September. However, beetles may fly almosr  every
day during the growing season because different
developmatal stages overlap.
Minor Oak Ambrosia Beetle, M. detinzer.  The
biology of this beetle is unknown  but is probably
similar to M. scuIrellaE.

Look for symptom

The &st step in dealing with potential bark
beetle and ambrosia beetle problems is to learn to
identify symptoms of their attack. In apparently
healthy California live  oaks dark brown- to
black-colored granules and stained bark
s&ace (Fig.5) below entrance hoIes  of western
oak bark beetles are the first signs of a f?esh

Fig. 5. Bc$n&g in March regularly check oaks
for appearance of dark brown TO black granules and
stains on the bark surface.

infestation near rhe mmk base. Reddish-brownboring dust appears on the lower bark surface

17
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near the bee base.
Sap ffow and bark beerle  borings attract oak

ambrosia be&es and other associated insects to
The same tree. They also bore in exeemely  high
numbers into bark already occupied by oak bark
beetles. However, the ambrosia betsles  penetrate
throughthe bark deep into the hearnuood  and fine
white sawdust appears on the tree trunk (Fig.
6). The amount of their feeding depends on the

Fip.  6. Fine white sawdust SUC~~S on the lower
and middle & indica.~s ambrosia bede attack

wood’s moisture  and suxounding  zemperarure.
Large pees  more than 10 inches in diameter,

with heaIthy  appearing green foliage, are mosrly
attacked near ground leve1  and succumb rarher
quickly. The foliage  of an attacked live oak
becomes pale green and then rather rapidly
changes  inio  red.

‘Very soon after successful gallery ConStruCtiOn

commences, fruiting bodies of H’o;rJlon sp.
fungUS appear on rhe bark’s surface (Fig.3).

Proper Oak Health Cure
Prevents Bark Beetle and

Am hrosia Beetle At tack

There is no historical record about such 3 rapid
and massive ciieback of Iive oaks as we are now

experiencing in coazzal counties of Sochem

California. The adage rhz.1 “an ounce of prevention

is WO&I a pound of cure” is certainly true in the

protection of landscape oaks. Epidemics of these
beetles originated in naturally g-rowing tanbark
oaks, Lithocavus  demljbnts.  In 1995 massive

deaths of tanbark  oaks from  unknown causes

began in the ML Tamaipais-,Liill V2.iIey  region.

These dead trees may have served as a source for
new brood beetles to emerge and attack nearby
live and tanbark  oaks in tie natural forest and
landscape. Tanbark  oak and California live oak

diebacks in fores sands cannot be controlled with

chemicals. Once these beetles have completed

their attack  there are no chemical controls that

will save tie uee (Fig.7.).

Fig.7. Cross- and longir~dinal section of a
live oak tnmk IdlIed by ambrosia beerles.  Or was it?
Ambrosia beetIes  were blamed for the death of &is
tree but oncdrhe bark was removed, phIoem  and
xylem were found to be girdled by oak bark beetles.
Also notice the growth ofManil!‘a fungus  that caused
black discolotig of tunnels and invaded the
conducrive  sysxm.  Compare the infes:ed section  with
the uninfested one on the left.  It is c1ez.r  that chemicals
injected KO the system’cannoc  reach and kill tic icedin;
larvae, because water-conductive vessels are plugged. I

While these species are native 10 California,
they have never before reached pess status uld
thus very Me biological information exists about
rheir habirs..In  natural  foresis  -he success of
chemical and silviculrural  treatments is uncertain
as it is di5cult to predict how long  15e epidemics
will last. In conrrast,  in urban foresr siruarions oak3
are often used as desig elemmrs. &lsrher  *hey
grow singly or in groups, homeowners demvd
that their oaks be prorected  from in&ration b)
these pesTS.  Oaks rhar are overmamre,  sZesstd.

3
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damaged by cultural  practices, infected with root
pathogens or suffer from water imbalance demand
prompt arboriculrural  and horticultura1  response
by:

area within the drip line of a tree once every six
weeks. Lay down soaker hose across (at right
angles to) the slope.

4 Regularly checking coast live oaks and tanoaks
from March to October for the presence of
bleeding (Fig. 5.) and reddish-brown boring
dust. IxnmediateIy  spraying the infested uunk
(up to 8 ft. above the ground) with insecticide
pexmetbrin  (Asrro) to prevent further

infestation.

6 Reducing damage to roots and the,root  crown
area caused by soil compaction and fieunenr
irrieatioL  Too much supplemental water or
water applied too often denies oxygen to the
roots, reduces tree vigor, predisposes trees KO
beetle atrack, and favors certain  serious
diseases such as oak root fungus and

+ Promptly cutting down infested
trees wirh symptomatic brown
foliage, chipping smaIler branches
and spLitring  the wood for
firewood. Firewood must
immedinkly be covered with
clear ~iastic for six months to
prevent new brood emergence
and subsequent attack of oaks
in the vicinity (Fig. S.).

+ Pruning oaks to achieve desired
beauty, form and stxucnne  from
November to February when
beetle-s are not active. Avoiding
heavy inrennediare  pruning cuts
that open the oak canopy to
physiological stress.

4 Removing dying, dead and
damaged branches to maintain
healthy, vigorous oaks.

Fig. 8. Firewood,  cur &om an oak killed by western oak bark
betiles  and ambrosia be+tIes,  was immediately covered wirh  clcx plastic.
Fro’days after aming and covering, the inside of the plastic was “black”
with beetles crapped  and drormed  in condensed pools of water (insex).
This cnvironmcnmIly  sound synem  is much more efktive than any

chemical ueamxnL

l Protecting individual trees by spraying the
trunks (up to 8 ft. above ground) Twice a year
with the insecticide permethrin  (Astro) (in

March and at the beginning of September),
especially over-aged high-valued ornamental
oaks and oaks whose root systems were
disrurbed  by any consnuction  or soil
compaction. If properly applied (the bark is
soaked to rune@  this chemical acts as a

successful preventative treatmenr.

l Grinding the stomp after the oak is removed.
Stumps are very attractive to ambrosia beetles.

l Preventing damage and physiological suess by
insect defoliators such as oakworm  and tent
caterpillars, which are OA the rise.

l Inigaring drought stressed oaks during the
summer to reduce drought damage to roots and
improve tree viraliry.  Apply soaker hose to the

*=bo edw This  raearch  sudy has been  supponad  by many put2liC.  private organizhns  and private  citizens: iwin

County?tomwater  Pollution Prevsndon  ?rogram  (MCSTOPPP)-for  information on protecting  local creeks call (47 5) ~39-6523.
Drs. Paul  and Geraldine Alpea  Bartl&  Tree 5xperl$,  Gardeners’ Guild. Gardenworks.  Garden West, City of San Rafael.
Town of Ross and Cify of Novato.
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Observations  on Tanoak (Lithocnrpus  deizszjbrus)
Dieback and Mortality in Marin County, California

Tedmund J. Swiecki, Ph.D.
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According to various reports, decline and death of tanoak (Lithocarpus  &nsiJlorus)  trees has become con&on
in a number of California coastal counties. Some of the earliest reports of unusual tree mortality were fi-om the
Mt. Tamalpias vicinity in Marin County (Robertson 1996). The number of affected areas has apparently
increased markedly in the last year. According to most reports, trees of all age classes within an area are
typically affected. Various symptoms have been associated with the decline, including wilting of young shoot
tips, leaf and twig necrosis, cankers on small stems, dark sap bleeding from the lower portion of the trunk, and
water-soaking and discoloration of the inner bark and outer sapwood. Basal sprouts or suckers fi-equently
develop at the base of top-killed trees, but it is reported that these sprouts typically do not survive long (Svihra
1999).

Having studied disease and arthropod impacts on native oak stands in California (Swiecki 1990, Swiecki et al
1990, 1991a, 1991 b, 1997),  I have been following reports of tanoak problems with some interest. To gain some
insight into the problem, I talked to a number of people who have investigated and/or observed the mortality
problem over the past several years and reviewed reports and data which where provided by Susan Frankel,
USFS. On 9/22/93,  I made a field inspection of affected sites in Muir Woods National Park and on Marin
Municipal Water District lands near Fairfax. This report describes a number of my field observations and some
thoughts about the nature of the tanoak problem. I hope that these remarks can contribute in some way to the
understanding of the problem.

Spatial pattern  of affected trees

Affected tanoak stands are found across a rather wide geographic area, but so far, reports of the decline
syndrome appear to be limited to stands of tanoak in the Coast Ranges. Within an affected area, the distribution
of affected plants is patchy. Individual symptomatic trees can be found sprinkled across the landscape around
Mt. Tamalpias. Patches of affected trees also occur, and the size of individual patches varies.

Trees that have died during the current season are particularly obvious because dead leaves remain attached to
the tree and turn a light brown color. The fact that affected trees are so obvious may bias visual assessments of
disease incidence. Although a high proportion of tanoaks in a small area may be symptomatic, the incidence of
disease at the forest level appears to be moderate at best. Statistically valid survey work is needed to ascertain
the level of mortality at the stand and forest level. In some areas it may be possible to use aerial photo
interpretation or other remote sensing techniques to assess mortality over wide areas. However, the fact that
many of the affected trees are overtopped (discussed below) may limit the usefulness of remote sensing methods.

I or9 h,l
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remain attached to the tree and turn a light brown color. The fact that affected trees are so
obvious may bias visual assessments of disease incidence. Although a high proportion of
tanoaks in a small area may be symptomatic, the incidence of disease at the for&$ level

47
appears to be moderate at best. Statistically valid survey work is needed to ascertain the level
of mortality at the stand and forest level. In some areas it may be possible to use aerial photo
interpretation or other remote sensing techniques to assess mortality over wide areas.
However, the fact that many of the affected trees are overtopped (discussed below) may limit
the usefulness of remote sensing methods.

The distribution of affected trees is consistent with the hypothesis that one or more native (or
long-naturalized) agents may be involved in the disease syndrome. It is less likely that an
introduced agent would become so widely distributed over such a short time period, although it
would be possible for a highly mobile agent. Although mortality centers exist, these centers do
not necessarily appear to function as disease foci, In the areas I inspected, it appeared that
newly symptomatic plants were as likely to occur at some distance from an existing center as
they were to occur adjacent to an existing center. Quantitative data on this aspect of disease
epidemiology would be useful.

Although I looked at a limited number of stands, virtually all of the symptomatic trees that I
observed were growing under stressful conditions. Most of the affected trees were either
overtopped or in fairly dense stands in which competition for soil moisture and light were likely
to be intense. At one site, symptomatic trees were open-grown and widely spaced. However,
site conditions appeared to be hotter and drier than is optimal for tanoak,  so these trees would
also have been under stress. In urban areas, it is likely that many if not all affected trees have
been subjected to a range of stressful impacts (soil compaction, root damage, altered moisture
regimes, etc.). Based on my limited observations, it seems possible that decline is more likely
to occur in stressed plants, and may in fact be limited to stressed trees, Local differences in
soil type, hydrology, and competition that affect levels of stress could help explain the
distribution of the disease, but it is not necessarily easy to quantify these differences. Direct
measurements of plant water stress and/or carbohydrate storage may be needed to help tease
out these relationships.

The patchiness of disease development may also have a genetic component. Tanoak can
reproduce vegetatively from burls produced on shallow lateral roots (Burns et al 1990).
Therefore, trees in a given localized area can actually be a set of interconnected vegetative
clones. Even where trees have arisen from seed, tanoaks in a localized area will tend to be
geneticaliy related because most tanoak acorns germinate in the vicinity of the maternal tree. If
certain plant genotypes are more susceptible to the agent(s) involved in the decline, or are more
prone to become stressed by current stand conditions, we would expect a somewhat patchy
distribution of disease symptoms.

Symptoms and agents

Wood-boring insects

Several wood-boring insects that are normally associated with stressed, dying, and/or dead
trees have been reported on affected trees. These include oak bark beetles
(Pseudopityophthorus spp.) and ambrosia beetles (Monarthrum spp.). I also observed the larvae
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of an as-yet unidentified small wood-boring beetle (probably Cerambycidae) boring beneath the
bark of a killed tanoak in Muir Woods. I observed evidence of wood boring beetles in some but
not all of the dead and dying trees that I inspected. This suggests that attack by beetles is not
required for tree death to occur. It is likely that many dead trees eventually become infested
with wood-boring insects, and the activity of these insects may hasten the decline of at least
some trees. However, at this point I do not think that there is sufficient evidence to suggest
that these wood boring insects play any more than a secondary role in the decline.

Root symptoms O/3]

Other investigators have generally not observed root symptoms on affected plants, although
Svihra (1999) noted the presence of Armillaria  me/lea on a recently-killed tree in 1995. I
inspected the root crowns of perhaps 10 symptomatic tanoaks (6 to 8 inch DBH size class) on
g/22/99.  I found clear evidence of decay in the root crown area in at least three of these trees,
all of which were widely separated. One symptomatic tree in Muir Woods was heavily
colonized by Armillaria  (presumably A. me/lea); a tree near Bon Tempe Reservoir had a white rot
of a buttress root that was not typical of Arml’llaria  and was presumably caused by another
basidiomycete; and a third tree near Lake Lagunitas showed incipient decay of the root collar
area.

Although most affected trees sucker from the base after topkill, various observers indicate that
these sprouts generally do not survive long enough to give rise to healthy sprout origin
saplings. Given tanoak’s propensity to reproduce through vigorous sprouting, the failure of
topkilled trees to sprout successfully suggests that root diseases probably play some role in the
decline syndrome. The fact that I observed evidence of root disease in the small sample of
trees that I inspected indicates that root diseases may be a common, if not completely
consistent, factor contributing to tree decline.

Hypoxyion not Dafdinia

Some additional confusion about the nature of the decline is related to the misidentification of
one fungal species that is commonly associated with dead and declining trees. I collected
fruiting bodies of a Hypoxylon species that we have identified as H. thouarsianum (Lev.)  C.G.
Lloyd from tanodk trees in Muir Woods and in the vicinity of the Bon Tempe reservoir. I also
collected this fungus from a large canker on a declining coast live oak (Quercus agrifolia)  in Muir
Woods. We have long noted this fungus in association with cankers on declining and recently
killed coast live oak as well as other native oaks (Swiecki et al. 1990). Other reported hosts for
the fungus include Q. chrysofepis,  0. douglasii, 0. lobata, and 0. kelloggii (Swiecki et at.
1998). Identification of the species has previously been confirmed by Dr. Isabel Tavares of the
UC Berkeley Herbarium. We sent six samples of the fungus from three different hosts (L.
densiflorus,  0. agrifolia, and Q. douglasii)  to Dr. Jack Rogers (Dept. of Plant Pathology,
Washington State University), the world authority on this group of fungi. Dr. Rogers confirmed
that all of the samples were H. thouarsianum.
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The first image above shows the stroma (fruiting body) of the fungus. The stroma is sliced
open to show the carbonaceous interior and the single outer layer of perithecia. The above light
micrograph shows the brown, unicellular ascospores and slender asci of the fungus. The asci
are apparently evanescent, which is characteristic of H. thooarsianum. We observed them in a
section of a fresh stroma collected from a 0. agrifolia  in Muir Woods. Only ascospores were
visible in older stromata collected from various tanoaks.

The surface of newly-formed stromata may be covered with the conidial or imperfect stage
( = anamorph) of the fungus. The conidia are dark olive green and powdery when observed
without magnification. Under the microscope, the conidia are subglobose, about 6 microns in
diameter, and olivaceous. Conidiophores are densely packed and appear to be sparingly
branched. The imperfect stages of Hypoxylon  are in the form genus Nodulisporium,  but Rogers
et al (1999) do not describe the anamorph of /-/. thouarsianum.

It appears that this same fungus has erroneously been identified as a Daldinia species (e.g.,
Svihra 1999; this error has been corrected in the second printing). Unfortunately, the species is
also incorrectly identified and illustrated in David Arora’s (1986) book Mushrooms Demystified
(p. 8871,  and this may be the source of the misidentification. Regardless of the source of the
error, the differences between Daldinia and H. thouarsianum are of more than strictly taxonomk
significance.

Both Daldinia and Nypoxylon cause a white rot of host wood, i.e., they degrade both cellulose
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and lignih. Daldinia species are primarily saprophytes, although Rogers et al. (‘I 999) note that
they may function as weak facultative parasites that continue to decay the wood following
decline and death of their hosts. At least in the US, no species of Daldinia is consider&&Jo  be a
significant pathogen. In contrast, most Hypoxylon species range from weak pathogens with
high saprophytic capacity (facultative parasites) to virulent pathogens with low saprophytic
capacity (facultative saprophytes) (Rogers et al. 1999). The association of H. thouarsianum
with cankers on living trees and other field observations suggest that this species can function
as a pathogen on at least some hosts, particularly on stressed trees.

Many Hypoxylon species initiate latent (dormant or inactive) infections in healthy hosts. These
infections can rapidly become active when the host is stressed, and extremely rapid infection
and decay of the sapwood can ensue. We believe, but have not rigorously confirmed, that the
water-soaking and discoloration of the inner bark and outer sapwood seen in tanoaks and in
various oak species is associated with attack by these fungi. It is possible that secondary
colonization of the killed sapwood by bacteria and yeasts is related to the “sap” bleeding and
fermented odor observed in such trees.

It is of interest that species of Hypoxylon (sensu late) have frequently been associated with
regional oak declines in the eastern US. It seems likely that H. thouarsianum may play a
significant role in the ongoing tanoak decline syndrome, especially given the fact that many
affected stands are clearly stressed.

Other foliar and stem diseases

The fungus Diplodia quercina, which causes stem cankers on various California oaks, has
previously been identified on stem samples by the CDFA lab. My limited observations suggest
that the list of foliar and stem-infecting fungi on symptomatic tanoaks could be increased
substantially with further investigation, I observed several different fungi associated with
necrotic leaf spots as well as two different fungal species associated with dead stems that
were at least possible pathogens. I did not attempt to definitively identify the various fungi,
which included both Deuteromycetes and Ascomycetes.

I was interested in these foliar and stem-infecting fungi because it appeared to me that at least
two disease syndromes may be operating in some stands - a foliar/stem  canker syndrome
affecting primarily understory seedlings and small saplings, and a separate trunk/root disease
syndrome affecting larger trees. Symptoms of the foliar/stem  canker syndrome include:

- partial and complete necrosis of individual leaves, apparently associated with foliar
and/or twig infections;
- partial to complete dieback of shoots associated with stem lesions; foliage beyond
the lesion dies, sometimes resulting in both dead and live leaves on the same stem;
- cankers on stems of intermediate size (about l-4 cm diameter); in some cases,
these coalesce to girdle and kill the entire stem.
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In the branch shown in the image above, the terminal end of the shoot (to the left) is still
healthy, but several lateral branches have been girdled by cankers and are dead. The image
below shows a stem canker on a small (about 1 cm diam) stem. This canker has not yet girdled
the branch.

Given that a number of different foliar and stem-infecting fungi attack tanoak, it is possible that
the assortment of fungi responsible for the foliar/stem canker syndrome may vary from place to
place. This possibility is further supported by the variable combination of symptoms on
understory seedlings and saplings and the fact that no single agent has consistently been
associated with this syndrome. Nonetheless, most of these foliar- and stem-infecting fungi
have a similar modus operandiand are largely favored by the same types of conditions, i.e., free
moisture on plant surfaces. Above normal rainfall, including significant amounts of rain late in
the season, has occurred in most of Northern California in several years prior to the largest
dieoffs. These weather conditions have favored foliar and stem canker diseases in both
cultivated and native plant populations. For example, unusually  severe leafspot and defoliation
caused by Septoria sambucina was observed in blue elderberry (Sambucus mexicana)  during the
1998 growing season.

At least some of the increase in understory dieback seen in 1999 may still be associated with
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the prodigious 1998 wet season. This would be the case if any of the infections initiated in
1998 had a relatively long latent period and/or if stem cankers initiated in ‘I 998 developed
slowly. Furthermore, foliar and stem disease impacts are frequently greater in the understory 01

than in the overstory because inoculum from the overstory is washed down onto understory
plants. Disease cycling in the understory can also be aided by summer fog drip from overstory
trees in places such as Muir Woods. A 1996 report on the tanoak decline (Neisess 1996) noted
that precipitation had been greater than normal for the two years prior to the rash of mortality
investigated in that year. The occurrence of favorable disease conditions in several seasons
over the past 4 years may have led to an increase in inoculum levels of foliar and stem canker
fungi. This could lead to elevated disease levels for several years even if environmental
conditions become less favorable for disease development.

Other agents

Tanoak is thought to represent a a link between the chestnut, Castanea, and the oak, Quercus.
In fact, tanoak was originally described as a species of Quercus  by Hooker and Arnott.
Because tanoak is closely related to oaks, it is no surprise that tanoak is attacked by a number
of the same pathogens and arthropod pests that attack California oaks. The number of agents
that attack tanoak is undoubtedly much less than the over 850 arthropod species and 380
fungal species that have been recorded on oaks in California (Swiecki et al 1997). Nonetheless,
we can expect that a goodly number of native arthropods and microorganisms are capable of
attacking tanoak.

Among the few recently-killed trees that I inspected, I did not note much evidence of
basidiomycete wood decay fungi. This was somewhat surprising, especially because these
fungi are probably the most important pathogens in native oak stands. Other investigators have
not reported much evidence of wood decay other than sapwood decay and discoloration, which
is sometimes restricted to sectors of the stem when seen in cross section (Susan Frankel,
personal communication). I observed a few stumps and trees with extensive white rot, such as
is associated with lnonotus species and other polypore  fungi in the oaks. I also observed
Ganoderma basidiocarps on associated tree species. Several Ganoderma species cause root
rots of California oaks, and can result in the apparently rapid collapse of trees that do not show
chronic symptoms of decline.

It is possible that a more thorough survey of affected stands would show more involvement of
these pathogens in the tanoak decline, in at least some areas. It can be somewhat difficult to
associate wood-decaying pathogens with decline because they cannot be isolated with standard
techniques and some (e.g., /. andersonil)  may not fruit on affected trees until they have been
dead for an extended period.

Forest conditions contributing to decline

An obvious question to ask is why these stands are being affected now. I have already
discussed the fact that weather conditions have been somewhat unusual during the period that
the problem has been observed. In addition, we need to bear in mind that stand conditions
have been changing over time. Stand composition, density, and stratification are probably
much different now than they have been at any time this century. Virtually all of these stands
have been greatly altered by human activities that were initiated with the settlement of
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Caiiforni’a. Most stands have been affected by episodes of logging of conifers and/or
hardwoods, destruction of mature tanoak stands through stripping of bark for tannin,
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in fire frequency and intensity, and/or changes in vegetative composition and structure. In
Marin County and many other areas, cutting and other more intensive activities ceased by the
early decades of this century. As a result of continued growth and a lack of other
stand-thinning events, such as fire, the second and third growth stands that constitute much of
the tanoak resource may have reached a stage in which competition has become critical.

As noted by Skelly and lnnes (1994), declines in natural forests affecting one or more related
species are fairly common events in both North America and Europe. These declines typically
involve a suite of agents and site and environmental conditions. In many of the oak declines
that have affected the eastern US, affected trees are typically stressed by one or more biotic or
abiotic factors and are subsequently killed by various opportunistic agents (Kessler 1989).

At this point, the tanoak decline problem has been investigated by a number of professionals
who have failed to find a causal agent that can explain all of the observed mortality. If tanoak
decline is similar to most other forest declines, it is unlikely that a single culprit will surface. It
is likely that tanoak decline results from a complex of interacting factors, including the current
status of tanoak stands, environmental conditions, and an array of native pathogens and
insects.

Is there a possible relationship between the foliar/stem disease syndrome and the trunk/root
disease syndrome that affects larger trees ? If trees are already growing under stressful
conditions (e.g., high levels of competition and shading) and have latent infections of
opportunistic pathogens such as H. fhouarsianum, then any additional stress may be sufficient
to tip the balance in favor of diS8aS8 development and cause a relatively rapid plant decline. A
heavy episode of defoliation and stem dieback could provide this triggering stress. In other
words, many of the trees that have died during the last few years might well have died anyway
within the next 10 to 15 years. Unusual weather conditions have set off a cascade of events
that have helped to synchronize some of this mortality over a relatively wide geographic area.
Furthermore, once the decline has started in an area, the buildup of fungal inoculum and insect
populations on dead and dying trees provides additional pressure that may accelerate the
decline of trees that might resist a lower intensity of attack.

Conclusions

Clearly, there are still questions to be answered about the unusual mortality affecting tanoak in
the Coast Ranges. It may take some time to thoroughly investigate this problem because very
little research effort has been directed toward the understanding of tanoak pests and diseases
to date. Tanoak is not only a non-commercial species, but it is considered a weed in many
commercial conifer stands. Nonetheless, tanoak is an important component of various forest
types in the North Coast Ranges of California and the urban forests of Marin and other coastal
counties. Public agencies and private landowners need sound information to both understand
the impacts of the decline on their stands and determine what, if any, actions can or should be
taken. At this point, we lack the data needed to provide useful management recommendations.
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Backnround

In localized areas ofMarin  County, the Santa Cruz Mountains and Big SW, tiny beetles
have killed hundreds of the stately California live oak. The epidemic is unprecedented in
modem time. NormaIly,  these beetles only successfully attack weakened, dying or dead
trees. They have been part of the natural oak ecology, perhaps for centuries, selecting
weakened trees and deLvering  the final deathblow. Beetle attacks are normally fended
off by the natural defense reactions of a healthy oak. But what makes the present situation
unique is that in some areas apparently healthy trees are being attacked and killed in great
numbers by an unusually high population of beetles.

Typically the western oak bark beetle is the first beetle to attack the California live oak
near its trunk base. The beetles bore through and construct galleries just under the bark,
in the living cambium tissue, a part of the tree that is essential for its life. The first
symptoms associated with the infestation invariably include areas of bark on the lower
trunk that are obviously darkened and have dark brown globules or oozing sap on the
surface. Fine reddish-brown boring dust will be pushed out of actively mined galleries
and, if left undisturbed, will accumulate in small piles on the rough bark surface. After
bark beetles are established, oak ambrosia beetles often attack very near areas infested by
the bark beetles. These beetles bore into the heartwood of the trunk several inches deep.
Fine whitish boring dust may be pushed out from active galleries onto the bark surface.
Both beetles carry fimgi  on their bodies that grow in their galleries and ostensibly blacken
the galleries. The tingal growth may plug the vascular system of the oak preventing
water from being conducted from roots to the leaves of the tree, As beetles feed and
reproduce, more vital cambium and vascular system are compromised and the entire tree
may die.
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There are many theories as to why some areas in California have beetle epidemics that
eventually kill so many California live oaks. F&, a large proportion of oaks in the
California native oak woodIand  are considered to be old and thus possibly more
susceptible to disease and insect attacks. Second,  the major beetle epidemics, so far, have
been noted in very dense forests. The occurrence of natural fires have been slowed in
these areas and competition for water, nutrients and sunlight between forest species and
the older oaks might be enhancing tree stress. And thi& an unusually high number of
beetles are in these dense forests and, at least in the initial stages of the epidemic, they
may have spilled over from, yes, another unusual epidemic in nearby tanoaks.

Tanoaks  (related, but not a true oak) are also dying suddenly in unprecedented numbers.
Their sudden death has preceded the beetle epidemic in nearby California live oaks, so
far, in all areas from Marin County, the Santa Cruz Mountains and Big Sur. The tanoaks
have been an integral part of the California redwood ecosystem and sometimes are an
important part of the natural landscape around homes. The diseased tanoak, here and
there in the forest, suddenly dies and every brown leaf clings rigidly to its branches.
Although there are many theories, the cause of death is still unknown. Western oak bark
beetles and the oak ambrosia beetles can also colonize these dying and dead trees in
tremendous numbers creating a nursery of new adults that can fly and infest nearby
susceptible tanoaks  and California live oaks. There is a strong suspicion that the tanoak
problem may have spawned a dramatic increase in the number of beetles that spill over
into and overwhelm the California live oaks, making it especiahy important to find the
cause of the tanoak mortality.

The exact sequence of events that lead to the death of the oaks is still not completely
understood. Although beetles seem to play an important role in the death of the California
live oaks, there are many other factors that could contribute to the decline of the trees.

What landowners with California live oaks should do:

California live oaks are hosts of hundreds of insect pests and diseases. It is important to
know that just because there is serious tree limb-dieback or mortality, does not mean,
necessarily, that oak bark beetles or ambrosia beetles are the cause of the problem. Often
beetIe attack has obvious symptoms as described above. An inspection by a
knowledgeable arborist may help discern the cause of this and other problems.

Until the cause of these epidemics is better known, maintaining a healthy environment
around the California live oaks is the single most important measure that can be taken to
‘prevent a serious beetle infestation. Particularly important is the care needed to maintain
root health and to resist root disease. Foot and vehicle traffic compacts soil and reduces
water, air, and nutrient movement to the roots. Soil trenching under the drip line of the
tree may injure a significant mass of roots. Frequent irrigations enhance some root
diseases. Tn pastures, it is important to reduce soil compaction around oaks and eliminate
excessive bark chewing by grazing animals. The University of California publication
“Living Among the Oaks” is an excellent oak management guide for landowners.

2
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In the residential landscape or woodland/landscape interface, a more intensive
preventative approach might be taken. Since the western oak bark beetle initially attacks
the lower trunk of the California live oak, applying a chemical barrier to this vulnerable
part of the tree might prevent the initial attack Preliminary research indicates that
permethrin, contained in the products Astro@ or Dragnet@, used at recommended rates,
can be effective in controlling these beetles. AstroB  and Dragnet@ are only registered for
use by professional pesticide applicators. Other pesticides registered for bark beetle
control may be effective too.

Only consider sprays if they are within a short distance from areas with known beetle
cpidcmics of tanoaks or California live oaks. Where practical and desirable, within an
epidemic area, California live oaks would be best sprayed before an infestation occurs.
However, it may not be possible or desirable to apply sprays to all trees. A less intensive
regimen might be to regularly inspect the lower trunk of oak trees from February to
October for the darkened areas of bark, black oozing sap and the reddish-brown boring
dust, which can be a sign of an active bark beetle attack. Immediately spray the infested
tree up to 10 feet above the ground. Chemical applications should not be ‘made in the
winter months when beetles are not active. February or March 2000 may be the next best
time to make an application.

Dead tanoaks and California live oaks should be cut down as soon as possible after they
die. Insure that the tree or limbs are actually dead. In a fatally attacked California live
oak, the entire Leaf canopy will suddenly wilt slightly, leaf color will fade, and then
finally all the foliage will dry. Certain foliage diseases or insects might sometimes
defoliate trees making the branches appear dead, but trees will usually recover, growing
new leaves. If a single trunk of a multi-trunked tree is attacked, then the entire infested
trunk should be pruned out and the remaining healthy trunks should be sprayed. The dead
logs can be split for firewood and smaller branches chipped into small pieces and left  on
site. Firewood must immediately be covered with heavy (6 mil) clear plastic for six
months. Stumps should be ground out or covered with clear plastic. This will reduce the
chances of the infested firewood and stumps from becoming a nursery for new beetles
that might emerge and attack other trees. Where it is not practical to remove or cover cut
wood, for example in extensive oak woodland, it still would be desirable to fell dead trees
and cut the wood into pieces, as smail  as possible. Firewood should be covered during
transport and at the location of use. Undesirable wood might be covered and transported
immediately to a wood recycling facility, such as the Monterey Regional Waste
Management District in Marina (83 1) 384-53 13, the Buena Vista Landfill in Watsonville
(83 1) 763-3 I 19 or the Ben Lomond Transfer Station in Ben Lomond (83 1) 336-3950

Research may be funded soon to help elucidate the full extent of the cause of the tanoak
and California live oak epidemics. Aerial surveys will help determine the extent of these
epidemics in California. Research is planned to help determine approximate beetle
emergence dates in the epidemic areas so that chemical protectants can be timed better.
IResearch  will continue to evaluate and improve the effectiveness of permethrin sprays
made on tree trunks.
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References and more information are available:

University of California Monterey Bay Master Gardeners
University of California Cooperative Extension, 1432 Freedom Blvd., Watsonville, CA.
95076. (83 1) 763-8007

Oak health and reIated  publications
“Living Among the Oaks”, for example. Available at your local University of CaIifornia
Cooperative Extension office (locations listed at http;//danr.ucop,edu/regional.htm)  or
online catalog at http://anrcatalog.ucdavis.edu/

Western Oak Bark Beetles and Ambrosim  Beetles Associated with Dying Live Oaks
Pest Notes #3A. October 1999. University of California Cooperative Extension, Marin
County, by Pave1 Svihra. (Available through U.C. Cooperative Extension offrces in Santa
Cruz and Marin  Counties)

University of California Integrated Hardwood Range Management Program
http://danr.ucop.edtihrmp/

A Technical Study of Insects Affecting the Oak tree in Southern California
Bulletin 8 10. University of California Division of Agricultural Sciences, by L.R. Brown
and C.O. Eads. (Out of print reference)

University of California Integrated Pest Management Program
For oak disease and insect identification and control:
http://www.ipm.ucdavis.edul

Observations regarding the tanoak problem;
http://phytosphere@phytosphere.com/

The California Oak Disease and Arthropod (CODA) Database
http:Nphytosphere@phytosphere.cornKODAmsl  .htm
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