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The CENTER FOR FORESTRY provides leadership in the development of basic
scientific understanding of ecosystem process, human interactions and value
systems, and management and silvicultural practices that ensure the
sustainability of forest land.

The CENTER pulls together interdisciplinary teams of campus faculty,
Cooperative Extension specialists and advisors, and staff from various agencies
and organizations to develop research projects, outreach and public education
activities, and provides policy analysis on issues affecting California’s forest
lands.

Ongoing research at Center sites aim to provide knowledge to improve
management of young growth mixed conifer / oak forests, in such a manner that
basic air, water, soil and biological resources are conserved. Management
practices are designed to maintain and improve wood production, beneficial uses
of water, wildlife habitat, visual quality, forage for livestock and recreation
potential. Land units are managed in a duplicable manner, useful for small private
landowners, industrial, state and federal forests.

In addition to silviculture activities, Center resources are available for educational
workshops, tours and research.

University of California, Berkeley
College of Natural Resources
CENTER FOR FORESTRY

The CENTER FOR FORESTRY manages five research forest properties:

o UC Forestry Camp/Baker Forest (Plumas County)

¢ Blodgett Forest Research Station (El Dorado County)

¢ Howard Forest (Mendocino County)

¢ Russell Reservation (Contra Costa County)

o Whitaker Forest (Tulare County)
All properties offer field research locations and most have facilities (lodging,
meeting rooms) for workshops or research on forestry issues. For information on
usage of Center properties, contact:

Blodgett Forest Research Station
4501 Blodgett Forest Road
Georgetown, CA 95634
(3530) 333-4475
bheald@nature.berkeley.edu
freschur@nature.berkeley.edu
ryork@nature.berkeley.edu
srambeau@nature.
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BLODGETT FOREST’S MISSION

Blodgett Forest’s principal responsibilities are to provide a location where forest and wildland
research may be conducted in a managed forest environment and to demonstrate a wide range of
sustainable forest management techniques. The Forest is divided into separate management areas
(compartments). These compartments are split into three broad management styles allowing for a broad
spectrum of stand conditions: Even-aged (40%), Uneven-aged (40%), and Reserve (20%).

RESEARCH AT BLODGETT

Researchers from all affiliations are encouraged to submit proposals to conduct research projects
at Blodgett. New proposals are examined carefully before being accepted to minimize impacting other
projects and management activities already underway at the forest. Projects may be rejected if they have
the potential to have a large negative impact on the environment or the long term management goals of the
forest. However, the vast majority of projects are accepted and these cover a very wide range of
environmental and management topics.

FOREST MANAGEMENT AT BLODGETT

Blodgett grows seven main tree species: Ponderosa Pine, White Fir, Douglas’ Fir, Sugar Pine,
Incense Cedar, Giant Sequoia, and Black Oak. Land management ranges from no human manipulation to
intensive even-aged systems. Cultural activities are ongoing.. They include site preparation after harvest,
planting, vegetation control (chemical, manual, and mechanical), thinning, and pruning. Some stands also
receive regular prescribed fire treatments. When possible, only Blodgett grown seeds are planted on the
station. Currently, Giant Sequoia seeds are obtained from the Center for Forestry’s Whitaker Forest
Research Station.

Water Quality is also a major concern at the station. Blodgett maintains a comprehensive stream
inventory that looks at channel condition/impacts, riparian vegetation, water chemistry, water temperature
and a variety of other factors. Roads are routinely surveyed to identify and repair potential sedimentation
sources before they become significant and all culverts are maintained annually to ensure proper function

HARVESTING AT BLODGETT

Harvesting at Blodgett is done primarily by ground based methods and occurs every year as part
of the Forest’s silvicultural management practices. An average of 2 million board feet is cut annually.
Sustainable timber harvesting is the primary source of Blodgett’s operating budget and is the driving force
generating the wide range of stand conditions available to researchers.
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Effects of Fire and Mechanical Fuel Treatments on
Avian Nest Survival in a Mixed-Conifer Forest

AUTHORS: Andrew J. Amacher, Reginald H. Barrett, and Scott L. Stephens

LEAD AUTHOR ADDRESS:
University of California, Berkeley

Department of Environmental Science, Policy and Management
151 Hilgard Hall, Berkeley, CA 94720

ABSTRACT:

Fire was a natural historical component of California coniferous forests. In the absence
of fire, current forests are much denser, have higher fuel loads, and have been invaded by
fire-intolerant species. Restoration of forests by fuel reduction can be achieved through
both prescribed fire and mechanical treatments (fire "surrogates"). Research was
conducted at Blodgett Forest Research Station, located near Georgetown, California,
from 2001-2004. Twelve mixed-conifer stands (15-25 hectares each) with similar stand

structure, composition and management histories were selected randomly from a set of

Cassin’s Vireo nestlings. Photo by Andy Amacher

available stands. Each selected stand was randomly assigned to 4 treatment groups:
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control (no manipulation), prescribed fire only, mechanical only (both thinning and
mastication combined), and mechanical/fire combined. Nest searching/monitoring was
conducted within each replicate from 2001-2004. Data were analyzed using the logistic
exposure model (Shaffer, 2004) and PROC GENMOD in SAS (SAS, 2000). Each nest
with a known fate (success or failure) was analyzed using nest-site variables (i.e. canopy
cover, nest height, etc.), classification variables (i.e. treatment, year, etc.) and interval-

3 specific variables (date and age
Ii | of nest at each check). In this
analysis, only models with one
variable were examined. For the
Cassin's Vireo (Vireo cassinii),
the model including year
received the most weight (AIC
weight = 0.69). For the

American Robin (Turdus

migratorius), the model

American Robin nest. Photo by Andy Amacher

including nest substrate type (hardwood or conifer) received the most support (AIC
weight = 0.57). Models involving the Dark-eyed Junco (Junco hyemalis) were less
conclusive. Individual models including canopy cover, group status (nest in group
selection unit or the matrix), and nest substrate type all had AIC weights between 0.10-

0.20. Future analyses will examine more complex models.
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Limits to tree height: within-crown structural and
physiological gradients in Sequoiadendron
giganteum

AUTHORS: Anthony Ambrose, Steve Sillett, George Koch, Robert Van Pelt, Chris
Earle, Marie Antoine, Jim Spickler, Cameron Williams and Todd Dawson

LEAD AUTHOR ADDRESS:
Department of Integrative Biology
UC Berkeley
ambrose@berkeley.edu

ABSTRACT:

Giant trees are treasured throughout the world for their aesthetic, ecological, and
commercial values. However, knowledge of the factors regulating the
physiological performance, growth, and response to environmental change of the
largest and tallest tree species remains limited. In the summer of 2005, we
commenced a study at the Whitaker Forest Research Station to examine how
biophysical constraints influence the maximum potential height and size of giant
sequoia (Sequoiadendron giganteum), the largest and 5th tallest tree species on
Earth. Current research supports the view that constraints and trade-off’s
involved with water delivery to the treetop play a primary role in reducing and
eventually stopping height growth as trees grow taller. The basis for the decline
in height growth may be a decrease in carbon gain of leaves due to greater
stomatal limitation of photosynthesis at the treetop. Altered leaf structure with
increased height may also play an important role in constraining photosynthesis
by limiting the supply of CO2 to sites of carboxylation within the leaf. Finally,
other components of carbon balance, most notably respiration, likely change in
importance as gravitational constraints on photosynthesis increase toward the
treetop. We quantified within-crown gradients of structural and physiological traits
in S. giganteum trees of different heights and sizes in order to gain insights into
the relative importance of different mechanisms likely constraining physiological
performance in this species. Study trees were accessed using rope-based
arborist techniques. Study tree heights ranged from 54.5 to 90.9 m, while

diameters (DBH) ranged from 145 to 617 cm. Leaf water potential decreased
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with height, with some evidence of a mid-day depression. Leaf mass per unit
area (LMA) increased with height in all trees, ranging from 326 to 943 g m-2.
Preliminary analyses of gas exchange data indicate that the tops of taller trees
have lower mean and maximum photosynthetic rates (A), stomatal conductance
(gs), and leaf intercellular CO2 pressure (ci) than the tops of shorter trees.
Additionally, preliminary visual assessment of treetop wood cores indicates that
taller trees may experience a greater degree of inter-annual variation in tree ring
growth, potentially due to higher drought sensitivity. Preliminary results generally
support the hypothesis that decreased water potential at the tops of tall trees
directly and indirectly reduces carbon gain and height growth. Detailed analyses
of leaf morphology, gas exchange, stable carbon isotopes, and tree rings are on-
going. Additional structural and physiological measurements and analyses are

scheduled for the summer of 2006.

LEFT:
Giant Sequoia stand at
Whitaker Forest

File photo
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Particle fluxes over a ponderosa pine plantation
AUTHORS: Brad Baker and Allen Goldstein

LEAD AUTHOR ADDRESS:

CSUS Department of Chemistry
6000 J Street

Sacramento, CA 95819

ABSTRACT:

Atmospheric aerosols can affect visibility, climate, and health. To understand these
effects, sources, sinks, and processing of atmospheric particles must be quantified.
Particle fluxes were measured continuously over a 15 year-old ponderosa pine plantation
in the foothills of the Sierra Nevada from mid July to the end of September in the year
2005. It is believed that fluxes of very reactive hydrocarbons from plants to the
atmosphere have an impact on production and growth of atmospheric particles.

Two condensation particle counters (CPCs) were located near the top ofa 12 m
measurement tower, several meters above the top of the tree canopy. Particle count data
was collected at 10 Hz and particle fluxes were determined using the eddy covariance
method. For three weeks, the two instruments operated under similar conditions.
Subsequently, a set of diffusion screens was added to the inlet of one of the CPCs such
that the lower particle size limit for detection was increased to a diameter of
approximately 40 nm. The other CPC counted particles with minimum diameters of 3
nm.

During the first three weeks of the experiment, concentration and flux
measurements from the two instruments agreed very closely. Particle concentrations
showed a distinct diurnal pattern with minimum daily average concentrations of 2000
particles cm™ occurring at dawn, and average daily maximum concentrations of 5700
particles cm™ occurring at dusk. The evening increase of particle number corresponded
to the arrival of polluted air from the Sacramento region. During the day, deposition of
particles to the forest canopy (daytime average of 5.8x10° particles m™ s™') was generally

observed.
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After adjusting the lower particle size detection limit for one CPC, concentrations
and fluxes of particles under 40 nm could be examined by subtracting the data of one
CPC from the other. On average, the fraction of particles under 40 nm increased from
less than 20% at dawn to more than 50% at dusk; indicating that air coming from the
Sacramento region was enriched in smaller, newly formed aerosol. Figure 1 shows the
daily average diurnal fluxes for both CPCs. Daily average deposition fluxes of particles
under 40 nm were 1.0x10 particles m? s”'. Much of this flux was due to large deposition
fluxes during the final three weeks of the experiment. Deposition of particles above 40
nm averaged 1.0x10° particles m™s™. Deposition velocities for the particles under 40 nm
were typically between 1 and 10 mm s'. There was no clear relationship observed
between gas-phase fluxes of VOCs in the vicinity of the tower and the particle fluxes or

particle concentrations.

Daily average particle fluxes above a ponderosa pine plantation
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Figure 1: Daily average diurnal fluxes for particles larger than 40 nm (solid line) and for
all measured particles (above 3 nm; dashed line). It is apparent that most of the observed
daytime flux is due to particles between 3 and 40 nm.
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Climate Change Impact on Forest Resources

AUTHORS: John J. Battles™?, Timothy Robards'?, Adrian Das’, Kristen Waring'?,
J. Keith Gilless’, Frieder Schurr?, John LeBlanc?, Gregory Biging',
and Clara Simon'

AUTHORS’ ADDRESS:

' Department of Environmental Science, Policy, and Management. UC Berkeley. 137 Mulford
Hall, Berkeley, CA 94720-3114

? Center for Forestry, UC Berkeley. 4501 Blodgett Forest Road, Georgetown, CA 95634

? California Department of Forestry and Fire Protection. PO Box 944246, Sacramento, CA 94244-
2460

ABSTRACT:

We evaluated the climate change impacts on the productivity, health, and value of a
forest for a specific region in California — the Sierran mixed conifer timberbelt. We adapted an
industry standard planning tool to forecast 30-yr tree growth and timber yields for forest stands in
El Dorado County under a changing climate. Our model projections were constrained by
structural and demographic data from the Blodgett Forest Research Station in El Dorado County
in order to represent a realistic range of legal management regimes employed on private and
governmental forests in the region. Conifer tree growth was reduced under all downscaled climate
change scenarios. For the most extreme case (GFDL A2), productivity in mature stands (a status
representative of approximately 20% of the federal forest in the region) was reduced by 18% by
the end of the century. The reductions in yield were more severe (31%) for pine plantations -- a
management regime common among industrial landowners in the region. Based on the
relationship between mortality risk and growth, the reductions in growth projected under the
climate change scenarios explored here generally led to moderate increases in the vulnerability of
the tested species (white fir, Abies concolor) to non-catastrophic (i.e., not fire) causes of
mortality. The most severe decrease in survival probability occurred under the GFDL A2
scenario. By the end of the century, median survival probability had decreased from the baseline
rate of 0.997 yr' to 0.982 yr'. Given the results of the climate-adjusted growth scenarios
presented in this report, the economic impacts are likely to be negative, in the form of reduced
harvest revenues to landowners, reduced employment and income in timber harvesting and

processing, reduced indirectly generated income and employment in rural counties, and reduced
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Timber Yield Tax revenues distributed to counties. The complexity of disease and insect
interactions in forest ecosystems will limit the accuracy of predictions regarding the responses of
specific pathogen and pests to climate change. However, a current concern in El Dorado County
is the recent range expansion of pitch canker disease to the Sierran forests. Pitch canker is
believed to be limited primarily by environmental conditions; these conditions may be changing
in its favor in the Sierras, where most timber species are susceptible to this devastating non-native

pathogen.
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Management to achieve forest sustainability:
An assessment based on the long-term record from
Blodgett Forest - Participatory Research and
Outreach Element

AUTHORS: John Battles, Gary Nakamura, Frieder Schurr and Robert York

LEAD AUTHOR ADDRESS:

1851 Hartnell Avenue

Redding, CA 96002
nakamura@nature.berkeley.edu
530 224-4902

ABSTRACT:

The overall study -

This study is an evaluation of how 6 different management regimes enhance or diminish
the sustainability of Blodgett Forest.

The 6 management systems are:

Ecological reserve — no harvest or management other than fire suppression since c¢. 1920.
Even-aged, clear cut — harvested and regenerated, 1964 and 2003

Even-aged, overstory removal — harvested 1970 to 2003

Even-aged, shelterwood — harvested and regenerated, 1979 to 1997

Uneven-aged, single tree selection — 10-year harvest cycle, 1970 to present
Uneven-aged, group selection — 10% harvest on 10-year cutting cycle, 1970 to present

Our measure of forest sustainability is a subset of the Montreal Process criteria and

indicators (Montreal Process 2004, www.mpci.org ). We focus on five of the seven

criteria that specifically address the productive capacity and environmental status of the
forest. For each criterion, we will focus on two indicators that are appropriate at the
stand level. The stand was chosen as the most appropriate scale because management
activities are typically applied at the stand level. We selected indicators based upon

relevance to the criterion and feasibility for immediate quantification:

Criterion 1: Conservation of biological diversity
Indicators: a) Plant diversity; b) Habitat classification

Criterion 2: Maintenance of productive capacity
Indicators: a) Total growing stock; b) Annual removal compared to growth
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Criterion 3: Maintenance of forest health
Indicators: a) Fire risk; b) Pest and pathogen damage

Criterion 4: Conservation of soil and water resources
Indicators: a) Soil compaction; b) Labile nutrient pool

Criterion 5: Maintenance of forest carbon storage
Indicators: a) Biomass pool; b) Trends in biomass flux

The participatory research and outreach element of the study -

Forest sustainability has social, political, and economic contexts for evaluating the
biophysical characteristics cited above. Fire risk or the balance between early and late
seral species habitat at a specific place and time can be informed but not decided by
science. Participatory research makes explicit the assumptions, qualifications, methods,
and limitations of the research, increasing the understanding and credibility of the
research. Research results are never absolutely conclusive or comprehensive for all
forest types and conditions, all management goals. Research results are added to the
existing understandings of practitioners and must be applied by them to specific, on-the-
ground situations. Participatory research brings the potential users of the research results
into the research process early, while parameters to be measured and methods are being

developed.

A September 28, 2005 meeting of forest practitioners interested in forest sustainability
was held at Blodgett, to consider and comment on the criteria and indicators being used
to characterize forest sustainability, and the methods we were using to measure the
indicators. A synthesis in the form of a common text document has been developed, with

comments by participants.
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Effects of prescribed fire on a Sierra Nevada
(California, USA) stream and its riparian zone
(Blodgett Forest Research Station)

AUTHORS: Leah A. Béche, Scott L. Stephens, Vincent H. Resh

LEAD AUTHOR ADDRESS:

Department of Environmental Science, Policy & Management
137 Mulford Hall

University of California

Berkeley, CA 94720-3114 USA.

Email: leah@nature.berkeley.edu

Telephone: (510) 642-5913

Facsimile: (510) 642-7428

ABSTRACT:

Concerns about the effects of fire on ecologically sensitive habitats have limited the use
of prescribed fire in the management of forest riparian areas. Using a beyond-BACI
(Before-After-Control-Impact) experimental design, we examined the effects of a 26-ha
prescribed fire that burned upland and riparian areas of a first-order watershed, and
compared this to five unburned sites examined from 1 to 7 years pre-fire and 1 year post-
fire. We monitored pre- and post-fire riparian vegetation, large woody debris, sediment,
water chemistry, periphyton, and benthic macroinvertebrates. We analyzed changes in
riparian vegetation and macroinvertebrate communities using multi-response permutation
procedure (MRPP) and multivariate ordination. The prescribed fire in the riparian zone
was patchy in terms of intensity, consumption, and severity; it consumed 79% of the pre-
fire fuel in the riparian zone, 34% of the total surface fuel, and 90% of the total ground
fuel. The prescribed fire significantly reduced percent cover of surface vegetation and
plant taxa richness in comparison to unburned sites but not plant diversity (Simpson’s 1-
D). Community composition of understory riparian vegetation changed post-fire, most
likely as a result of the reduction in taxa richness and cover. Riparian tree mortality
(>11.5 cm DBH) was only 4.4%, and there was no change in canopy cover post-fire. In
contrast, regeneration was reduced post-fire, as indicated by the number of small trees (<
7.6 m) one-year after the fire (2003, 10.0 £ 12.6 trees m™, mean + standard deviation),

compared to pre-fire (2001, 55.5 + 79.1 trees m™), mostly as a result of a reduction in
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trees < 0.3 m height. The prescribed fire had no effect on large woody debris volume and
recruitment, or fine sediment in pools (V*). Post-fire, there were increases in some water
chemistry parameters (SOy, total P, Ca®", and Mg”") and a decrease in periphyton
biomass; however, these changes were short-term, and recovery occurred in < 1 year.
Macroinvertebrate community composition (based on MRPP) but not density, richness,
or diversity was affected 10—19 d post-fire; composition recovered within 1 year. The
trends observed in this study examining multiple abiotic and biotic parameters suggest
that this prescribed fire either had no or short-lasting (<1 year) impacts on Dark Canyon
Creek and its riparian zone. The limited observed impacts are at least partially a result of
the small portion (<20%) of the watershed area burned, moderate topography, the low- to
moderate-severity of the fire, and the relatively low precipitation (and thus, stream flow)

that occurred post-fire.
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Microbial Communities as Biochemical Inputs to
Forest Soil Humification Processes

AUTHORS:  Jeffrey A. Bird", Eoin Brodie?, William R. Horwath?®, Richard Higashi®,
Teresa W. Fan?, and Mary K. Firestone'

AUTHORS’ ADDRESS:

'University of California, Berkeley
’Lawrence Berkeley National Laboratory
3University of California, Davis
*University of Louisville

ABSTRACT:

While microorganisms are known to be involved in humification processes, little
information exists on how microbes regulate the conversion of plant material into humic
substances. An often-overlooked influence of soil microorganisms on C stabilization
processes is that their bodies, or biomass, are primary building blocks in the formation of
humic substances. Since microbial communities can differ substantially in their
biochemical composition and metabolic capacities across ecosystems, we are
investigating whether soil microbial community composition influences rates of
humification and the amount and stability of humic substances formed. This research will
follow the fate of *C-labeled microbial bodies from four groups (fungi, gram-positive
bacteria, gram-negative bacteria and actinomycetes) in a temperate and a tropical forest
soil. The fate of *C microbial litter will be tracked for 5 years by measuring total
recovery, utilization by indigenous microbial communities and their biomarker
components, conversion to CO,, and ultimately humification products. The
macromolecular biochemical composition of the starting substrates and the fate of added
13C substrates in humic substances will be determined over the course of the field study
using the complementary tools of '*C/'H NMR spectroscopy and pyrolysis GC/MS. The
resulting data set will identify key characteristics of the microbial community that
influence humification processes and its products, thereby substantially increasing our
understanding of the mechanisms involved in C stabilization and sequestration.

In the initial 1.5 y of the four-year project, our accomplishments include: (1)

Established field sites (Blodegtt Forest and Puerto Rico), installed microcosms and
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automated soil climate sensor systems; completed initial soil sampling and analyses (2)
Cultured, isolated, screened, and identified microbial isolates from soils. (3) Selected,
characterized, and *C-labeled 27 microbial isolates (4) Characterized in situ bacterial,
archael, and fungal microbial community composition from field soils. In 2006,

substrates will be applied to our established plots at Blodgett Forest.
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Systematic variation within the crowns of three
conifers and the use of needle dry weight to predict
surface area.

AUTHORS: Ralph Boniello IV and Joe R. McBride

LEAD AUTHOR ADDRESS:

Department of Environmental Science, Policy and Managemen
University of California, Berkeley

145 Mulford Hall, Berkeley, CA 94720
boniello@nature.berkeley.edu

ABSTRACT:

The time-intensive nature of leaf-level ecophysiological measurements requires that
sample sizes be small, thereby restricting measures to a very small percentage of the
crown. Measures are expressed as a function of leaf surface area and subsequently scaled
to the crown or canopy level. However, both physiological and morphological variation
exists in tree crowns that may influence these measures. Studies suggest that the ratio of
needle area to needle dry weight, or specific leaf area (SLA), provides an estimate of
physiological capacity in leaves. Needle length, width, thickness, and dry weight were
measured to examine inter- and intra-specific differences in morphology within the
crowns of ponderosa pine, Douglas-fir, and white fir. The data was used to assess the
SLA within the crowns to examine whether systematic variation exists according to
needle age class, vertical canopy position, or aspect. Our finding suggest that needle age
class and vertical canopy position are significant sources of variation within crowns,
though the extent to which differs between species. Needle dry weight provides an
estimate of needle surface area among all species, and these correlations are improved
when needles are compartmentalized by age. Future work will compare the
morphological variability within the crowns of these species to measured physiological

variability, with the goal of relating needle structure and function.
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Biogenic VOC Emissions Measured by Solid Phase
Microextraction (SPME) Fibers, Proton Transfer
Reaction Mass Spectrometry (PTR-MS), and In-situ
Gas Chromatography (GC)

AUTHORS: Nicole C. Bouvier-Brown, Rupert Holzinger, Katrin Palitzsch, and
Allen H. Goldstein

LEAD AUTHOR ADDRESS:

140 Mulford Hall #3110
Berkeley, CA 94720
nbouvier@nature.berkeley.edu

ABSTRACT:

Chemical ozone loss due to reactions with biogenic VOCs has been shown to dominate
ozone flux measured at Blodgett Forest, a coniferous forest in the Sierra Nevada
Mountains of California. Here we report recent efforts to measure the specific biogenic
VOCs involved in this chemistry at Blodgett Forest. During summer 2005, we enclosed
branches of Ponderosa pine, manzanita, and ceanothus species and made VOC emission
measurements by proton transfer reaction mass spectrometry (PTR-MS), solid phase
microextraction (SPME) on fibers followed by direct injection into a gas chromatograph
with an ion trap mass spectrometer (GC-ITMS), and by in-situ GC with a flame
ionization detector (GC-FID). Zero air, with ambient CO, concentrations, flowed
through a 2-chamber system. The chamber placed directly over the branch had a 20
second residence time, and was immediately followed by a reaction chamber with a 2
minute residence time. The PTR-MS and GC-FID measurement cycled between each of
the two chambers and the zero air supply. SPME fibers (65 ['m PDMS/DVB field
portable) were used to sample the branch chamber. Sesquiterpene, monoterpene, and
oxygenated primary emissions were identified. The SPME fibers were particularly useful
for detecting sesquiterpenes which are typically difficult to measure due to their high
reactivity in the forest canopy and losses in sampling lines. Comparisons of SPME fiber
data with PTR-MS and GC-FID data for sesquiterpenes (m/z 205), 4-allylanisole (m/z
149), and monoterpenes (m/z 137) will be presented to assess the actual emission rates

and the complimentary information provided by each measurement approach.
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Soil heating and potential biological damage
during burning of masticated residues

AUTHORS: Matt Busse, Ken Hubbert, Carol Shestak, Gary Fiddler, Eric Knapp,
and
Robert Powers

LEAD AUTHOR ADDRESS:

USDA Forest Service

Pacific Southwest Research Station
Redding, CA.

mbusse@fs.fed.us

ABSTRACT:

Masticating understory shrubs and trees is an important fuel-reduction tool for lowering
fire risk in California forests. The resulting layer of woody residues reflects the mass and
areal distribution of standing fuels, and may produce a considerable soil heat pulse if fire
is introduced. Whether such burning, as accomplished recently on the Fire Surrogate
Study plots at Blodgett Experimental Forest, leads to lethal temperatures and unwanted
biological damage is not well understood. Thus, we measured soil temperature profiles
during controlled burns of masticated residues to evaluate the importance of soil
characteristics (texture, moisture) and fuel conditions (loading, moisture) in regulating
the heat pulse. The Cohasset soil from the Blodgett area was one of several soil types
compared in this study. Maximum soil temperature and heat duration exceeded lethal
thresholds in all soils with moderate to high fuel loads when soil moisture content was
low. As a consequence, we are developing a soil heating model based on empirical data
to predict heat profiles, fine-root mortality, and microbial community response during
burning. Independent variables in the model include soil texture, soil moisture, soil depth,
fuel load, fuel size class, and fuel moisture. The model will help forest managers when
preparing burn prescriptions by answering the following questions: (1) will soil
temperatures on a burn unit exceed the biological threshold? (2) how long and to what
soil depth will temperatures remain lethal? (3) What are the critical fuel and soil moisture
contents needed to limit soil heating? (4) How much spatial variation in soil heating can

be expected?
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SAMPLING COAST REDWOOD WOOD QUALITY

AUTHORS:  Wade Cornell', Bill Libby? and Charles Sorensson®

AUTHORS’ ADDRESS:

'Diversified Forests

247 Forest Hill Rd.

Henderson 1008, New Zealand

2 Professor Emeritus, Forestry & Genetics
University of California, Berkeley

3 Wood Scientist

Horizon2

Te Teko, New Zealand

ABSTRACT:

This report describes a thus-far successful wood-sampling technique. Twenty
clones sampled in 2002 had scored best among 223 clones on an index of growth, form
and early survival after 11 years on site at Russell Reservation, Lafayette, California. In
1999, cuttings from them had been sent to New Zealand for propagating, further testing,
and operational deployment of the best of them. Thus, their wood properties were of
interest. Two of redwood’s most valuable traits are the durability and dimensional
stability of its heartwood. However, there is disturbing evidence that 13% or more of
young-growth redwood’s heartwood is not satisfactorily durable, and less quantified
reports indicate that some worrisome proportion of its boards are not dimensionally
stable. Variability in specific gravity and in heartwood color and pattern were also
investigated in this first study.

In October 2002, we sampled wood from 3 random seedlings and the 20 top-
ranked clones after 14 years on site at Russell. We also sampled 5 essentially random
clones plus 3 seedlings after 9 and 16 years on site, respectively, near Henderson, New
Zealand.

At Russell, we felled 17 trees from the 4 clones with 10-to-24 copies at Russell,
and milled short cants from their lower boles. The other 16 clones had only 3-to-6 copies
at Russell. Not wanting to fall any of these, we devised a method to extract a substantial

wood sample without seriously (we hoped) affecting the continued growth of the tree.
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Using a chain saw with a regular (non-safety) chain, so that the tip would engage the

wood, we extracted “windows” measuring about 8 cm wide by 40 cm high cut bark-to-

o ey e _ S T bark through the center
D 3 A sk . ¥ of the bole in an east-
west direction, between
about 1 and 1.5 m
........ above ground level.
These windows and
cants were shipped to
Horizon2 and Forest

Research labs in Te

Teko and Rotorua, New

Zealand, for wood
analyses.

We were concerned that the “windowed” trees would snap off in wind events, and
at least one storm the following winter tested this with high north-to-south winds. As of
early 2006, no “windowed” trees have broken off at the wound site, all are growing well,
and some of the wounds are nearly closed over by cambial growth from the north and
south edges of the vertical cuts.

A second set of analyses was initiated with samples taken in September 2005.
This second study pairs samples of a different set of 14 essentially random clones
growing at both Henderson and Russell, after 12 and 17 years on site, respectively.

In this second study, four major questions are addressed for each wood property:

(1) How important is variation among clones in this random set?

(2) How important is local environmental variation?

(3) How important are the major environmental differences between Henderson

and Russell?

(4) Are there important clone-by-major-environment interactions?

Stay tuned. Data such as these become ever more valuable as the clones at

these sites become older and larger.
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Spatial and temporal variability of soil microbial
decomposition-derived CO; efflux at two
contrasting Mediterranean ecosystems

AUTHORS: Curiel Yuste J.", Misson L., Tang J.?, Goldstein A.", Baldocchi D. "

AUTHORS ADDRESS:

1Department of Environmental Science, Policy, and Management, 107 Hilgard Hall, University of
California at Berkeley, Berkeley, CA 94720, USA;

’Department of Forest Resources, University of Minnesota, 1530 Cleveland Avenue, St. Paul,
Minnesota 55108, USA

ABSTRACT:

So far, the response of the microbial community to the ongoing climatic changes and the
indirect climate change-induced changes in the chemical composition of the plant detritus
are not well understood. However, the response of the microbial communities to these
fast changes has important implications for understanding the biogenic feedbacks to the
atmosphere. We developed two parallel experiments to study which environmental
factors control the strong spatial and temporal variability inherent to soil microbial
decomposition-derived CO, efflux. These experiments were carried out at two
representative ecosystems of the Californian landscape, an oak-savanna located in the
Sacramento valley and a ponderosa pine plantation located in the foothills of the Sierra
Nevada. Soil respiration was continuously assessed at both sites using a soil CO, gradient
measurement system and periodically assessed using non-steady-state through-flow
chamber methodology. The spatial distribution of annual grasses and trees in the oak
savanna landscape enabled the partition of autotrophic and heterotrophic components of
the soil CO, flux during periods when the annuals were dead. Trenching methodology
was used in the pine ponderosa stand as a third way to partition the flux. A second
parallel set of experiments aimed to study the spatial and temporal variation of the
microbial decomposition response under controlled conditions. Intact soil cores were
collected at both sites at two different seasons, summer and fall. Two water treatments

(current field soil moisture and field capacity) were exposed to temperature changes that
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simulated a typical diurnal cycle while soil CO; flux was measured at each temperature.
Total C and N, labile/recalcitrant organic C evolution was also assessed. Our results
suggest that acclimation of microbial communities to climatic pressures may play a very
important role in the rates of soil respiration and the sensitivity of soil respiration to

controlling factors such as temperature and water.
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A Dendroecological Approach to Understanding Tree
Mortality: A Study of Two Tree Species in the Sierra Nevada

AUTHORS: Adrian Das’, John Battles', Nathan L. Stephenson?, and Phillip J.
van Mantgem?

AUTHORS ADDRESS:

'University of California at Berkeley

Department of Environmental Science, Policy, and Management

137 Mulford Hall

Berkeley, CA 94720-3114.

adas@nature.berkeley.edu, jbattles@nature.berkeley.edu

2USGS Western Ecological Research Center

Sequoia-Kings Canyon Field Station, 47050 General’'s Highway #4, Three Rivers, CA 93271.
nstephenson@usgs.gov, pvanmantgem@usgs.gov

ABSTRACT:

Forests today face many novel stressors, and if we are to understand how forests
will change, we must improve our understanding of how trees die. Yet one of the most
difficult challenges in studying long-lived organisms is quantifying the process that leads
to their mortality.

While typical approaches focus on average recent growth, our analysis
incorporates additional growth measures, allowing the possibility that other aspects of a
tree’s history may influence future survival.

We examined mortality for Abies concolor and Pinus lambertiana by developing
logistic models using three parameters obtained from tree rings: average growth, growth
trend, and counts of abrupt growth declines.

For Pinus lambertiana, the addition of growth trend and counts of abrupt declines
improved overall prediction (78.6% dead correctly classified, 83.7% live correctly
classified) compared to average growth alone (69.6% dead correct, 67.3% live correct).
For Abies concolor, counts of abrupt declines and using longer time intervals improved
overall classification (trees with DBH>=20 cm: 78.9% dead correct, 76.7% live correct
vs. 64.9% dead correct, 77.9% live correct; trees with DBH<20 cm: 71.6% dead correct,
71.0% live correct vs. 67.2% dead correct, 66.7% live correct ). In general, abrupt

declines improved live tree classification.
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Mortality indications in a pine plantation. Blodgett file photo

External validation of Abies concolor models showed that these models

functioned well at stands not used in model development, and development of size-
specific models demonstrated important differences in mortality risk between saplings
and larger trees. Population-level mortality risk models were developed, and these
models generated realistic mortality rates at two other sites.

Our results support the contention that the cumulative record of growth is a
superior predictor of mortality compared to simpler measures. In particular,
average recent growth alone may not adequately capture mortality probability, potentially
leading to poor predictions under changing climate conditions.

A further goal of this project is to assess the vulnerability of Sierran conifer
forests to exotic pathogens. As the models we have developed considered mortality from
all causes, including attack by exotic disease agents, we have begun work to translate
these models into tools for assessing stand susceptibility to attack by exotic pathogens.
Incorporating our data and complementary data from additional sites, we have used our
models to create distributions of survival probabilities (Vulnerability Profiles). More
vulnerable sites or sites with higher intrinsic mortality rates should show distributions
that are shifted toward lower survival probabilities. We are developing this approach with
reference to our “model” exotic pathogen system, Pinus lambertiana with Cronartium

ribicola.
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Response to Host Volatiles by Native and Introduced
Populations of Dendroctonus valens (Coleoptera:
Scolytidae) in North America and China

AUTHORS: N. Erbilgin, N.E. Gillette, J.D. Stein, J.H. Sun, D.R. Owen, R. Campos
Bolanos, L.D. Merrill, K.F. Raffa, S. Mori, T. Méndez Montiel, and D.L. Wood

LEAD AUTHOR ADDRESS:

140 Mulford Hall

Division of Insect Biology,

Environmental Science, Policy and Management
University of California, Berkeley, CA 94720
erbilgin@nature.berkeley.edu

ABSTRACT:

Bark beetles (Coleoptera: Scolytidae) have specialized feeding habits, commonly colonizing
only one or a few closely related host genera in their geographical ranges. Monoterpenes are
the dominant source of volatiles in conifers and have been shown to attract many bark beetle
species. The red turpentine beetle, Dendroctonus valens LeConte, has a very broad geographic
distribution in North America and it exploits volatile cues from a wide variety of pines in
selecting its hosts. Semiochemicals have been investigated for D. valens in North America and
in its introduced range in China, yielding apparent regional differences in response to various
host volatiles. Testing host volatiles as attractants for D. valens in its native and introduced
ranges provides an opportunity to test whether geographic separation promotes local adaptation
to host compounds and to explore potential behavioral divergence in native and introduced
regions. Furthermore, understanding the chemical ecology of host selection facilitates
development of semiochemicals for monitoring and controlling bark beetles. Our objectives
were to investigate the responses of D. valens to various monoterpenes across a wide range of
sites across North America and one site in China, and to develop optimal blends or single-
component lures for monitoring populations of D. valens throughout its Holarctic range.
Semiochemicals were selected based on previous work with D. valens: (R)-(+)-a-pinene, (S)-(-
)-a-pinene, (S)-(-)-B-pinene, (S)-(+)-3-carene, a commercially available lure (1:1:1 ratio of (R)-
(+)-a-pinene:(S)-(-)-B-pinene:(S)-(+)-3-carene), and a blank control. At the release rates used
in our study, (+)-3-carene was the most attractive monoterpene tested throughout its native and
introduced range, confirming results from Chinese studies. The importance of monoterpenes

in host location behavior of D. valens and other bark beetles is discussed.
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Observations of fluxes and mixing ratios of the
reactive nitrogen oxides at Blodgett Forest

AUTHORS: Delphine K. Farmer, Paul J. Wooldridge, Chika Minejima, and
Ronald C. Cohen

LEAD AUTHOR ADDRESS:

Department of Chemistry,

University of California, Berkeley 94720
(510) 642-8001

dfarmer @ nature.berkeley.edu

ABSTRACT:

Using thermal dissociation-laser induced fluorescence (TD-LIF) coupled to eddy
covariance, we measured mixing ratios and fluxes of NO,, total peroxy and peroxy acyl
nitrates, total alkyl and multifunctional alkyl nitrates, and nitric acid semi-continuously
from June 2004 to June 2005 above a mid-elevation Ponderosa pine plantation in the
Sierra Nevada mountain range, CA. The net flux of NOy; is upward during the summer
and downward during the winter. The summertime results are counter to traditional
thinking of biosphere-atmosphere NOy exchange, and appear to be driven by within-
canopy chemistry resulting from chemistry following ozone - volatile organic compound
reactions. These measurements also constitute the first measurements of fluxes of alkyl or

multifunctional alkyl nitrates, and the first eddy covariance measurements of nitric acid.

Nighttime chemistry at Blodgett Forest was further probed by measurements of NO; and
N,Os using a new instrument during September 2004. Further measurements using this
instrument are expected to reveal insight into nocturnal chemistry in the upcoming spring

and/or summer.
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Sap flow measurements for ponderosa pine,
manzanita and ceanothus at Blodgett Forest,
California

AUTHORS: Joshua B. Fisher, Laurent Misson, Allen H. Goldstein

LEAD AUTHOR ADDRESS:

Department of Environmental Science, Policy & Management
University of California at Berkeley

137 Mulford Hall, #3114

Berkeley, CA 94720-3114, USA

ABSTRACT:

Evapotranspiration is a major component in the processes and models of
ecosystem water balance, net primary productivity, global climate change, floods and
droughts, and irrigation. The above-canopy eddy flux tower at Blodgett Forest captures
total evapotranspiration for a young ponderosa pine stand; a below-canopy eddy flux
tower captures soil evaporation plus shrub transpiration (Goldstein et al., 2000). The
numerical difference between these two measures represents tree transpiration, yet this
does not represent a direct measurement of transpiration, nor can it partition the
transpiration difference into the tree and shrub components. Further, structural influences
to the water flux (i.e., height, diameter-at-breast-height, leaf area index) can only be
inferred from the eddy flux measurements. We provide direct measurements of five
ponderosa pine trees, three manzanita (Arctostaphylos spp.) and two Ceanothus spp.
shrubs at Blodgett Forest in the Sierra Nevada Mountains of California with sap flow
probes following the heat ratio method (Burgess et al., 2001). Each sap flow probe set is
designed as a heater, an upstream temperature sensor, and a downstream temperature
sensor inserted into the xylem. The heater emits a pulse of heat at a set time interval (i.e.,
30 minutes), and the temperature sensors capture that pulse as it moves within the
transpiring xylem sap. We calculate a sap velocity and scale-up to the whole plant; low
and reverse rates of sap flow can be measured with this method. We can also scale-up
the individual plant measurements to the eddy flux footprint based on the representative
sample from which the plants were selected. A number of interesting observations have

been made. Trees transpire at night, when it is assumed that photosynthesis and hence
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stomata shut down (eddy flux towers may not capture these observations due to low wind
speeds at night). Transpiration is still high well into the summer long after the rainy
season is completed. We also found dissimilar temporal patterns of transpiration
dependent on plant size class and species. Further, very little is known on water use by
shrubs. Thus, these data provide the first observations of sap flow patterns in shrubs,
especially valuable for forest management practices with the objective to remove shrubs
based on the assumption that shrubs compete for water and nutrients that would

otherwise go to the trees.

ABOVE: Data loaaer boxes and wires extendina into the canonies. Phot bv Josh Fisher
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LEFT:
Sap flow sensors in a tree.
Photo by Josh Fisher

BELOW:
Sap flow sensors in a Manzanita shrub.
Photo by Josh Fisher




Variation in susceptibility of tanoak to sudden oak death at
the population and species levels

AUTHORS: Katherine Hayden and Matteo Garbelotto

LEAD AUTHOR ADDRESS:

Department of Environmental Science, Policy, and Management
University of California

Berkeley, CA 94720

ABSTRACT:

LEFT: Young growth tan-aok stand.
Blodaett file nhoto

Tanoak (Lithocarpus densiflora) is among
the hosts most susceptible to the pathogen
Phytophthora ramorum. Up to 70% of
trees in a stand may be infected, with
correspondingly high rates of mortality.
Since the entire range of tanoak is
considered to be at high risk for
infestation, understanding tanoak
resistance to P. ramorum is critical for
predicting the long-term outcome for this
ecologically, if not economically,

important tree species. To that end, we

assayed trees from five tanoak populations
throughout the tree’s geographic range for partial resistance to P. ramorum. We found
significant differences in resistance among individuals and among populations, with most
of the variance residing among individuals. We are currently conducting a common
garden study to determine whether resistance is heritable, and field studies to establish if
laboratory-observed resistance leads to differential outcomes in the field. Together, the
answers to these questions will shed light on tanoak’s potential for an evolutionary

response to this newly emergent pathogen.
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Seasonal variability of monoterpene emission
factors for a Ponderosa pine plantation in
California

AUTHORS: R. Holzinger, A. Lee, M. McKay, A.H. Goldstein

AUTHOR ADDRESS:

University of California at Berkeley

Department of Environmental Science, Policy & Management
Berkeley, CA 94720 USA

R. Holzinger (holzing@nature.berkeley.edu)

ABSTRACT:

Monoterpene fluxes have been measured over an 11 month period from June 2003 to
April 2004. During all seasons ambient air temperature was the environmental factor
most closely related to the measured emission rates. The monoterpene flux was modeled
with the exponential relation suggested by Tingey et al. (1980) and Guenther et al.
(1993); a basal emission of 1.0 pumol h" m? (at 30°C, based on leaf area) and a
temperature dependence (B) of 0.12 °C™ reproduced measured summer emissions well
but underestimated spring and winter measured emissions by 60-130%. The total annual
monoterpene emission may be underestimated by ~50% when using a model optimized to
reproduce monoterpene emissions in summer. The long term dataset also reveals an
indirect connection between non-stomatal ozone and monoterpene flux beyond the

dependence on temperature that has been shown for both fluxes.

Table 1. Mean monoterpene flux (modeled and measured) in pmol m e, h™'.

spring | spring Summer rain . winter first snow
all 2003 2004 | Summer ex‘cludlng event winter | excluding first event
rain event snow event
Modeled 0.37 | 0.36 0.21 0.51 0.53 0.29 0.06 0.06 0.05
Measured 048 | 0.83 0.39 0.56 0.55 0.64 0.11 0.10 0.21
# number of data | 710 97 44 403 375 28 166 144 16
%-difference 31 134 89 9 5 121 87 61 333
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Figure 1. Measured monoterpene flux (grey symbols) and model results. All
results from short time period modeling are included. The best overall model for our site

(represented by the green line) is well correlated with measurements (’=0.74).
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Identification of the Mycorrhizal Associates of the
Understory Plants Pyrola picta and Pyrola aphylla.

AUTHORS: Nicole Hynson', Valerie Wong' & Thomas Bruns
' These authors contributed equally to this work.

AUTHORS ADDRESS:
Department of Environmental Science Policy and Management
University of California, Berkeley, CA 94720-3102

ABSTRACT:

Myco-heterotrophic plants have been studied since the discovery of mycorrhizal fungi,
but the evolutionary origins of these plants remain unknown. In a classical mycorrhizal
interaction, plants trade photosynthates with their associated fungi and receive mineral
nutrients in return. However, some non-photosynthetic plants cheat this mutualism.
Myco-heterotrophic plants depend on their mycorrhizal associates for not only mineral

nutrients but also carbon that the fungus acquired from an unrelated photosynthetic plant.

The most well studied group of myco-heterotrophs, the Monotropoideae, are all non-
photosynthetic and obligate on specific fungal species. However, monotropes likely
descended from generalist photosynthetic plants in the Pyroloid group. To address
whether mycorrhizal specificity and loss of photosynthesis are contingent upon each
other, we are studying the fungal associates of a pair closely related plants, Pyrola picta
and P. aphylla (Ericaceae), that are photosynthetic and non-photosynthetic, respectively.
P. picta may be a facultative myco-heterotroph partially dependent on fungal-mediated
carbon transfer, while P. aphylla appears to be obligately dependent on mycorrhizal fungi
to meet its nutritional needs. If P. aphylla and P. picta associate with the same broad

range of fungi, we can conclude that photosynthesis is lost prior to specialization.
To test these hypotheses, we will identify the mycorrhizal fungi associated with P. picta

and P. aphylla in Blodgett Experimental Forest. We are “baiting” the fungi associated
with P. aphylla using buried packets containing P. aphylla seeds in three plots: P.
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aphylla, P. picta, and a control plot containing neither species. We harvest the seed
packets and examine them for germination. As many myco-heterotrophic plants
germinate only in the presence of their specific fungal associates, this enables visual
assessment of colonization by a fungal associate. After 13 months, no seeds have
germinated. We have also collected root samples from P. picta for molecular
identification of its associated mycorrhizae. We have collected aerial plant parts from
plots containing P. picta, P. aphylla and other myco-heterotrophic plants for stable
isotope analysis to determine the trophic status of both Pyrola species. This work will
further elucidate the ecology of myco-heterotrophic plants and gain insight into how

mycorrhizal networks remain robust to exclude cheaters.
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Tree mortality patterns following replicated
prescribed fires in a
mixed conifer forest

AUTHORS: Leda Kobziar, Jason Moghaddas, Scott Stephens

LEAD AUTHOR ADDRESS:

ESPM Department, McBride Lab, Ecosystem Science Division
137 Mulford Hall #3114

UC Berkeley, Berkeley CA 94720

ABSTRACT:

During the late fall of 2002, we administered three burns in replicated
mixed conifer forest sites at the Blodgett Research Forest in the
north-central Sierra Nevada. Eight months later, we measured fire-induced
injury and mortality in 1300 trees. Using logistic regression, an array

of crown scorch, stem damage, fuels distribution and consumption, and fire

behavior variables were examined for t