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Abstract

The USDA Forest Service has an outstanding scientific resource in the 79
Experimental Forests and Ranges that exist across the United States and
its territories. These valuable scientific resources incorporate a broad range
of climates, forest types, research emphases, and history. This publication
describes each of the research sites within the Experimental Forests and
Ranges network, providing information about history, climate, vegetation,
soils, long-term data bases, research history and research products, as well
as identifying collaborative opportunities, and providing contact information.
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Introduction

In 2002, an historic meeting was held by managers of Experimental Forests and Ranges of the
USDA Forest Service at the H.]. Andrews Experimental Forest in Oregon. The publication,
“Experimental Forests and ranges of the USDA Forest Service”, published in 2004, was one of the

products of that meeting.

Since the original publication, Experimental Forests and Ranges have gained added prominence
and there has been significant progress in development of our network of Experimental Forests and
Ranges. As we approach the 100th anniversary of Experimental Forests, we have commissioned
two new experimental forests (Sagehen and Hawaii), added additional research areas (Baltimore
Ecosystem Study, and North Mountain Research Area) and decommissioned two experimental
forests (Kawishi and McCormick). Two research stations (Northeastern and North Central) have

merged and additional resources have been provided to expand our capabilities and our visibility.

This CD-ROM publication is a revision of the original General Technical Report NE-321, and
provides a snapshot of Experimental Forests and Ranges network in early 2008. We have corrected
errors of fact, and have added descriptions of new experimental forests, ranges, and sites. The
intent was to make the information in this volume up to date and more accessible, but without

a truly significant revision. Therefore, while experimental forests within the North Central and
Northeastern Research Stations are now part of the new Northern Research Station, we did not
attempt to change each instance where the original station names appeared. The experimental sites
from the Northern Research Station are now grouped together, but significant reformatting of

pages and text did not occur.

This publication has the advantage of being searchable and more portable than a print version. It
is our intention to make necessary changes quickly as the experimental forest and range network

continues to evolve and develop into its second century.



Overview

Science makes the USDA Forest Service unique. The
ability to conduct scientific research in-house, to

apply research findings on the National Forest System
lands, and to transfer them to others for use on all of
the nation’s forest land sets the Forest Service apart as

a natural resource agency. A unique and exceedingly
valuable part of the infrastructure in place to conduct
this research is the national network of experimental
forests and ranges, a land base authorized by Congress
and designated by the Chiefs of the Forest Service over
the last 100 years. These experimental forests and ranges
are not historical relics, but the sites for most of the long-
term research conducted by Forest Service Research and
Development and our partners. The experimental forests
and ranges are living laboratories where Forest Service
scientists not only make discoveries but also demonstrate
research results for cooperators and stakeholders.

They provide the opportunity to conduct the bold,

imaginative research that will be required for the future.

Experimental forests and ranges (and other experimental
areas within this network) remain as some of the few
places where ecological research can be maintained

over the long term. This kind of protection allows for
experiments that can last longer than an individual
scientist’s career. For example, at the H.]. Andrews
Experimental Forest in Oregon, a study of log
decomposition that was established in 1982 is expected
to last for 200 years! The existence of these experimental
forests and ranges allows for long-term data to be
collected, and for us to learn how forests change over
time as climate and other factors change. At the Bartlett
Experimental Forest in New Hampshire, 500 growth
plots were laid in a grid across the forest in 1931.
Remeasurements of these plots have helped us better
learn how to manage forests that are dynamic and subject
to a variety of stresses over time. Because experimental
forests and ranges often encompass whole watersheds
and large areas, it is possible to do landscape-scale
experiments. Finally, operating as a network of ecological
research sites representing a wide range of forest and
range types allows scientists to conduct cross-site

comparisons, to help leverage funding, and to evaluate

landscape patterns and processes at landscape to regional

scales.

Experimental forests and ranges are extremely varied
and are located throughout the Unites States and Puerto
Rico (Table 1). They are as small as 231 ha (Paoli
Experimental Forest in Indiana) and as large as 22,500
ha (Desert Experimental Range in Utah). They range
from boreal forests (Bonanza Creek Experimental Forest
in Alaska) to tropical forests (Luquillo Experimental
Forest in Puerto Rico and Hawaii Experimental
Tropical Forest) to dry desert ranges (Great Basin
Experimental Range in Utah). Almost 40 percent of
these experimental forests and ranges date back to

the 1930s. And research records date back to 1908

(Fort Valley Experimental Forest in Arizona). The
newest experimental forests were designated in 2007
(Sagehen Experimental Forest in California and Hawaii
Experimental Tropical Forest). Such diversity is a
hallmark and a strength of the network of experimental
forests and ranges managed by Forest Service Research
and Development.

However, managers of these experimental forests and
ranges face increasing challenges in maintaining their
legacy. Fifteen years ago there were 110 experimental
forests across the country; now there are 79. Support
has declined for infrastructure maintenance and for
collection and maintenance of long-term experiments
and data sets. Regulatory mandates for National Forest
System lands are not designed for the special needs

of experimental forests and ranges. Authority for
management decisions and the application of regulation
is unclear. Bold experiments to address important
management questions are often stymied because of

these challenges.

To address some of these issues, an historic meeting
of managers of experimental forests and ranges was
convened in October 2002 at the H.]J. Andrews

Experimental Forest. The goals of the workshop were to:

* Highlight past and present research on Forest

Service experimental forests and ranges.



* Address the issues that affect experimental
forest/range managers in accomplishing their
research mission, and identify proposed solutions
or suggested avenues to deal with them.

* Develop Forest Service experimental forests as a
network for intersite research and broader scale
research and to communicate research results
to a broad array of clients and to anticipate and
address natural resource research questions in a

creative and productive fashion.

This publication, a compilation of information about
the experimental forests and ranges of the USDA Forest
Service, is only one outcome of this workshop.

The information provided in this publication should
prove useful and interesting for current and potential
collaborators, for readers interested in forestry and
ecosystem research, and for those seeking interesting
opportunities for field visits. Each description provides
information on the history, climate, soils, vegetation, and
research conducted at each experimental forest or range
and provides contact information. These descriptions
were prepared by the dedicated people who work and

sometimes live on these experimental forests and ranges.

Contributors to this volume include Mary Beth Adams,
Jim Barnett, Eric Berg, Floyd Bridgwater, John Brissette,
Mason Bryant, Susan Cordell, Ken Davidson, Carol
DeMuth, Renee Denton, Dan Dey, Brian Dick, Chris
Eagar, Peter Garrett, Russ Graham, Sarah Greene, Jim
Guldin, Robert Haack, Howard Halverson, Clifford
Harwell, John Hom, Terry Jain, Sherri Johnson,

Boone Kaufman, Stan Kitchen, Randy Kolka, William E
Laudenslayer, Jr., Ted Leininger, Tom Lisle, Dave Loftis,
Ernest Lovett, Ariel E. Lugo, Durant McArthur, Ward
McCaughey, Charlie McMahon, Dan Marion, Garland
Mason, Todd Mowrer, Robert Musselman, Dan Neary,
Dana Nelson, Malcolm North, William Oliver, Ken
Outcalt, Brian Palik, Timothy Paysen, Dave Peterson,
Felix Ponder, Jr., Bob Powers, Rich Pouyat, Kathryn
Purcell, Martin Ritchie, Jane Rodrigue, Michael G. Ryan,
Ray Shearer, Wayne Shepperd, Dave Shriner, Marie-
Louise Smith, Winston Smith, Julie Smithbauer, John
Stanturf, Terry Strong, Susan Stout, Brenda Strohmeyer,
Fred Swanson, Steve Tapia, Ron Thill, Frank Thompson,
Carl Trettin, Jerry Van Sambeek, Sandy Verry, Jim

Vose, Tom Waldrop, Marilyn Walker, Melvin Warren,
Dale Weigel, Karen Whitehall, David Wiese, Richard
Woodsmith, Brenda E. Wright, Tricia Wurtz, Dan Yaussy,
Andrew Youngblood, and John Zasada.
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Estate Thomas Experimental Forest (U.S. Virgin Islands)

Introduction

The Estate Thomas Experimental Forest
encompases 60 ha and is the easternmost
experimental forest in the system. It is
located at an elevation of 76 to 137 m above
sea level 6.4 km west of Christiansted,

Saint Croix, U.S. Virgin Islands. The St.
Croix Sugar Factory, Inc., owned Estate
Thomas in 1917 when the U.S. government
purchased St. Croix from Denmark. The
West Indies Sugar Factory bought the land
in 1928 and sold it in 1931 to the Chabert
Family. The U.S. government bought it in
1934 and the Forest Service acquired the
tract from the Virgin Islands Corporation in
1963. Chief Ed Cliff designated the Estate
Thomas Experimental Forest on March 11, 1964. The
International Institute of Tropical Forestry administers
the Estate Thomas in collaboration with the U.S. Virgin
Islands Government. The vegetation is representative of
the dry forests of the Virgin Islands, and by its location
near the geographic center of St. Croix, it is a strategic
area of open space in a densely populated island.

Climate

The forest is classified a subtropical dry forest in the
Holdridge Life Zone Classifiation System. Annual
rainfall averages 1,100 mm and annual temperature
averages 26.7 °C with a daily range of 8 °C. There is
no frost. Hurricanes and storms pass the vicinity of the
forest at relatively high frequencies, i.e., about 50 per

century.

Soils
The hilly slopes have shallow and very stony clay soils.

In general, soils are well drained, gravely loam, with little
to moderate slope and formed from parent calcareous

marine sediments.

Vegetation

There is no original vegetation on the Estate Thomas,
though forests cover most of the property. Hills comprise

76 percent of the property and were farmed until 1928
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and valleys until 1953. Sugar cane was the predominant
crop. The vegetation now includes secondary forests that
emerged naturally after abandonment of agriculture,
and tree plantations established by the Forest Service

for experimental purposes. West Indian or small-

leaf mahogany, a naturalized species, dominates the
secondary forests located in the hilly sector of the forest.
The Forest Service used the flat areas for experimental
plantations, including teak, toona, Spanish cedar,
lignum-vitae, and small-leaf mahogany.

An inventory of the natural vegetation in the Estate
Thomas identified 110 plant species, including 83 woody
species in 1.73 ha. Basal area and tree density were 17.6
m?/ha and 1,672 stems/ha, respectively, and the average
canopy height was 7.7 m. It was also documented that
nonnative species dominated the tree and shrub layers of
the forest.

Long-Term Data Bases

Most of the data collected on the Estate Thomas EF are
from tree plantations of different species and provenances.
Studies included 15 exotic tree species between 1961 and
1966. The tree diameter data are available through the
International Institute of Tropical Forestry.



Research, Past and Present

Research began on the Estate Thomas in 1930 with

the planting of small-leaf mahogany and other timber
species. The overall objective was understanding the
adaptability of tropical timber species to conditions

on St. Croix. The Forest Service used the results from
research at the forest to improve tree productivity on
nearby private lands. Today, research focuses on the
restoration of tropical dry forests following deforestation.
The recent vegetation inventory provides the base
information needed for future decisions on restoration

research and forest management activities at this site.

Major Research Accomplishments

and Effects on Management

Research on the Estate Thomas produced the
information required to reforest dry lands in the tropics
of the U.S. Virgin Islands. The management of West
Indian mahogany in these islands is a product of research
at the experimental forest. Research there also established
the expected tree growth rates for the region and
identified the timber species with the best adaptability to
conditions in the U.S. Virgin Islands.

Collaborators

The main collaborators of the research program are
the U.S. Virgin Islands Government Department
of Agriculture, the University of the Virgin Islands
Agriculture Experiment Station, and St. Croix

Environmental Association.

Research Opportunities

The Estate Thomas is available for studying secondary
forest succession on abandoned agricultural lands in dry
life zones. Such deforested dry forest land predominates
in the tropics because of the high population densities
in dry areas and the high rates of deforestation. Most
of the original tree plantations did not survive various
hurricanes that passed over the site, and these sites

are now undergoing active succession of native and
nonnative species. Numerous long-term plantation

and natural secondary vegetation plots are available for
research. The forest is also available for elementary and

secondary education and passive recreation.

Facilities
There are no structural facilities on the Estate Thomas,

but it is fenced and is easily accessible by automobile.

Lat. 17°44'30" N, long. 64°31'4" W

Contact Information

Director

International Institute of Tropical Forestry
PO Box 25000

Rio Piedras PR 00928-5000

Tel: (787) 766-5335
http://luq.lternet.edu
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Luquillo Experimental Forest (Puerto Rico)

Introduction
The 11,330-ha Luquillo Experimental

Forest is the largest tropical forest in the
experimental forest and range system and
the only experimental forest with the same
boundary as the national forest, that is, the
Caribbean National Forest and the Luquillo
are one. The core area was designated public
land in 1876 by the King of Spain. The
Luquillo became a forest reserve in 1903,
several years before the establishment of

the National Forest System. In 1956, the
Luquillo was designated an experimental
forest. It has been studied for over 100 years
and is one of the most intensively studied
tropical forests in the world. The forest was
designated the Luquillo Biosphere Reserve
in 1976 by the UNESCO Man and the Biosphere
Program and a Long-Term Ecological Research (LTER)
site by the National Science Foundation in 1988. The
Luquillo comprises the largest area of primary forests in
Puerto Rico (recently designated as wilderness by the
U.S. Congress) and the most pristine rivers in the island,
including several wild and scenic rivers.

Climate
Located within the Holdridge Life Zone Classification

System, the Luquillo is a subtropical moist to subtropical
rain forest. Along the 1,000-meter elevation gradient
(100 to 1,075 m asl), mean annual temperature ranges
from 25 to 19 °C and annual rainfall from 2,000 to
5,000 mm. The average annual rainfall for the forest

is 3,880 mm. The climate is subtropical maritime and

is moderated by steady trade winds, which maintain
relatively constant year-round air temperatures. The
annual temperature variation within a climate station

is only 3.0 to 3.5 °C. Rainfall intensity varies at all
temporal scales from diurnal to decadal. Although all
months receive in excess of 100 mm, there is a period of
lower rainfall between February and April and peaks of
rainfall in September. Storms and hurricanes are climatic
events that dramatically change forest conditions. For

example, winds normally range from 8 to 18 km/h but
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exceed 200 km/h during category 5 hurricanes. Rainfall
can exceed 400 mm/day during storms and low-pressure
systems. Such events trigger numerous landslides. In the
Luquillo, droughts (<100 mm/month) recur on decadal

scales, but natural fires do not occur.

Soils

There are four soil associations representing 19 soil series
in the Luquillo. The principal orders are Ultisols and
Inceptisols, which respectively occupy 50 and 20 percent
of the total forest area, and small areas with Inceptisols
and other soil types. Dominant soils are deep, highly
weathered and leached clays, with low pH and base
saturation less than 35 percent at a depth of 1.25 m.

Vegetation

The vegetation of the Luquillo is evergreen broadleaf
tropical forest. The 240 tree species in the forest form
different forest types, with different species composition,
structural development, and dominance with elevation.
The cloud condensation level occurs above 600 m
elevation, where soils are saturated and forested wetlands
constitute the forest cover. Increased elevation is
associated with decreasing forest height, decreasing tree
species diversity, increasing species dominance, increasing

epiphyte abundance, and increasing tree density.



Long-Term Data Bases

Numerous data bases are compiled at the Luquillo,
including maps of geology, soils, vegetation, and
disturbance history; seven sets of aerial photography
(since 1936); air temperature and precipitation (since
1909); solar radiation, windspeed and direction, relative
humidity; NADP precipitation (since 1984); as well

as chemical composition of precipitation, dryfall,
cloudwater, bulk soil, soil solution, throughfall, stemflow,
streamwater, plant, animal, and fungal tissue; vegetative
composition, above- and below-ground biomass, tree
growth/mortality, litterfall, litter decomposition, wood
decomposition, mycorrhizal associations, phenology; and
population records and biomass of terrestrial and aquatic
fauna. Many long-term data records are available on the
Luquillo LTER web page.

Research, Past and Present

Research studies carried out on the Luquillo range from
plantation forestry, reforestation, land rehabilitation,
tree growth, and ecosystem structure and function, to
wildlife ecology, hydrology, and geomorphology. More
recently, the research program has been expanded to
cover disturbance and landscape ecology. The Luquillo
is participating in more than 30 cross-site experiments,

including:

e LIDET (Long-Term Intersite Decomposition

Experiment Team)

* LINX (Lotic Intersite Nitrogen Experiment)

* DONIC (Dissolved Organic Nitrogen Intersite
Comparison)

* Chronic nitrogen addition to forest soils

* WW-DECOEX (World Wide Aquatic Leaf
Decomposition Experiment)

* Earthworms and soil processes in tropical
ecosystems

* Relationship between nutrient inputs and faunal
diversity

* Canopy herbivory and soil processes in a
temperate and tropical forest

* Cross-site comparison of aquatic insect

emergence

* Global forest dynamics network
* Landscape fragmentation and forest fuel
accumulation; effects of fragment size, age, and

climate

Major Research Accomplishments
and Effects on Management

The following completed research products are
used continuously by land managers, conservation

organizations, other professionals, and the public:

* Tree and vine identification

* Parrot recovery techniques

* Tree species selection for different sites
* Reforestation techniques

* Tree nursery techniques

* Urban tree plantings

¢ Silvicultural treatment for cutover and volunteer

forests

* Properties of Caribbean woods, and treatments

for drying and preserving them
e Rechabilitation of landslides
* Wood production via plantations

* Research techniques for long-term monitoring
of tree growth, tree turnover, and wildlife

abundance

Collaborators

University of Puerto Rico; Forest Products Laboratory;
Notre Dame University; Colorado State University;
Utah State University; State University of New York

- College of Environmental Science; University of
New Hampshire; University of Georgia; University

of California - Berkeley; University of Pennsylvania;
University of New Mexico; University of Nevada - Las
Vegas; Texas Tech University; Veitji Universiteite of
Amsterdam; Institute for Ecosystem Studies; New
York; Scranton Metropolitan University; Pennsylvania
State University - Altoona; USDI Geological Survey;
University of Hawaii-Hilo; Universidad de Zulia

- Maracaibo, Venezuela; Oregon State University;
University of Washington; Siena College.
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Research Opportunities

The Luquillo offers opportunities for research in tropical
forestry and related fields. Programs such as those of the
USDA Forest Service, the National Science Foundation,
the USDI Geological Survey, and the University of

Puerto Rico are available for research collaboration in all

fields of the natural sciences.

Facilities

The El Verde Field Station, which has living quarters
and laboratory facilities for up to 25 scientists, is
maintained by the Institute for Tropical Ecosystem
Studies in the Luquillo. The field station provides
collections of local plants and animals; a laboratory
with light meters, balances, microscopes, pH meters,
hoods, etc.; line power backed up by a generator; and
gas, air, and vacuum lines. The Biology Department of
the University of Puerto Rico (Rio Piedras) maintains
a second field station in the palo colorado forest of the
Luquillo. Among the resources available through IITF
are the Bisley Experimental Watersheds, the Sabana
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Field Research Station, a woodshop, analytical laboratory
for soils and vegetation, tropical forestry library with
55,000 documents, 10,000 bound volumes, 100 journal
subscriptions, map, film, and slide collections of the
entire Oxford forestry collection on microfilm, FAO
documents and journal listings from larger libraries (e.g.,
Oxford, University of Georgia, University of Florida,
USDA National Agricultural Library) in microfiche,
computerized literature searching facilities, and a research
herbarium with more than 95 percent of the 700+ tree
species in Puerto Rico. The herbarium is operated by the
Botanical Garden of the University of Puerto Rico.

Lat. 18°17'30" N, long. 65°47'30" W

Contact Information

Director

International Institute of Tropical Forestry
PO Box 25000

Rio Piedras PR 00928-5000

Tel: (787) 766-5335
http://luq.lternet.edu
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Argonne Experimental Forest (Wisconsin)

Introduction

The Argonne Experimental Forest is located within the
Chequamegon-Nicolet National Forest about 24 km
southeast of Three Lakes, Wisconsin. The forest was
established in 1947 and is administered by the USDA

Forest Service’s North Central Research Station.

Climate

The climate is continental, with an average annual
temperature of 5 °C. Summer maximums of 32 °C
are common and winter minimums can reach -40 °C.
Average annual rainfall is 813 mm, mostly occurring
during the growing season. Snowfall averages 1,524
mm per year. The growing season averages about 100
days.

Soils

Three soil types dominate the Argonne: Iron River loam,
Carbondale peat, and Tawas sand.

Vegetation
The vegetation types vary according to the soil type. The

Iron River loam supports northern hardwoods dominated
by sugar maple, yellow birch, basswood, and hemlock.
Other species found mixed in this type are white ash,
black cherry, quaking aspen, northern red oak, and
American hornbeam. The Carbondale peat supports
mixed lowland conifers dominated by black spruce and
tamarack. Jack and red pine, quaking aspen, and paper
birch dominate the Tawas sand. Most stands of trees on
the Argonne are second-growth and even-aged, though
there are small areas of old-growth northern hardwoods
on the forest.

Long-Term Data Bases

There are many long-term data exist for projects on the
Argonne though few of these are active. Active studies
include a farm woodlot study, cutting methods study, and

red maple growth and yield study.

Research, Past and Present
Research on the Argonne began in 1947. The primary

objectives of most studies are to learn how to bring
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second-growth northern hardwoods under management.

The cutting methods study (comparing nine different
types of cutting) is replicated and is the highest priority
study on the forest.

Major Research Accomplishments

and Effects on Management

Information from studies on the Argonne has been used
to develop management guides for northern hardwood
forests in the Lake States. These guides are widely applied
throughout the region. The Argonne also serves as an
excellent demonstration to landowners area to land

managers interested in managing northern hardwoods.

Collaborators

Chequamegon-Nicolet National Forest, Wisconsin
Department of Natural Resources, Menominee Tribal
Enterprises, as well as many industries and universities

have collaborated on studies at the Argonne.

Research Opportunities

The Argonne provides an opportunity to study the
silviculture and ecology of the three main vegetation
types. The active studies provide opportunities to

compare treatments of many components of the forest.



Facilities
There is a small field station located on the Argonne,
but the building is without water, heat, or bathroom

facilities.

Lat. 45°45" N, long. 89°0" W

Contact Information

Argonne Experimental Forest
USDA Forest Service

North Central Research Station
Forestry Sciences Laboratory
5985 Highway K

Rhinelander, WI 54501

Tel: (715) 362-1124
http://ncrs.fs.fed.us/ef/argonne
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Big Falls Experimental Forest (Minnesota)

Introduction
The Big Falls Experimental Forest was established in

1961 entirely on state land that was set aside primarily
for management of lowland black spruce forest. At the
time, research goals included silvicultural, harvesting and

utilization, and economic studies.

Climate

The climate is continental. Maximum summer
temperatures are > 32 °C with high humidity (80
percent) and minimum winter temperatures to -35

°C. Growing season length is 100 to 120 days. Average
annual precipitation is 500 to 640 mm. About two-thirds
of precipitation occurs as rain and one-third as snow.
Snow depths average 1 to 2 m. Although prolonged
summer droughts occur, rainfall is usually adequate

during the growing season.

Soils

No information on soils at the Big Falls EF is available.

Vegetation

Primary overstory species on Big Falls are black spruce

and tamarack, with associated understory vegetation of
alder, swamp birch, blueberry, calamus, sedges, grasses,
bog Labrador tea, raspberry, willow, and moss.

Long-Term Data Bases

No information is available.

18

Research, Past and Current

Black spruce regeneration, growth and yield, cutting
methods, prescribed burning studies, and general wetland
ecology are topics that have been studied at Big Falls.

Major Research Accomplishments
and Effects on Management

No information is available.

Collaborators

Studies have been carried out with the Minnesota

Division of Forestry.

Research Opportunities

There is no formal research program. Proposals can be
directed to the USDA Forest Service’s North Central
Research Station at Grand Rapids, Minnesota.

Facilities
There are no facilities at the Big Falls EE.
Lat. 48°10" N, long. 94°W

Contact Information

Big Falls Experimental Forest
USDA Forest Service

North Central Research Station
1831 Highway 169 E

Grand Rapids, MN 55744

Tel: (218) 326-7116
http://www.ncrs.fs.fed.us/ef/



Coulee Experimental Forest (Wisconsin)

Introduction

The Coulee Experimental Forest, located in west central
LaCrosse County, Wisconsin, was formally dedicated

in 1960. The forest is owned and administered by

the Wisconsin Department of Natural Resources. The
Coulee is 1,214 ha of upland oak forests, experimental
tree plantings, ridgetop open fields, rock outcroppings,
and several small “goat prairies” on steep topography.

Climate

The average annual temperature at Coulee is 6.7 °C, with
summer maximum temperatures occasionally exceeding
38 °C and winter minimums as low as -40 °C. Average
annual precipitation is 864 mm, with the highest rainfall
usually occurring during the growing season. Average
annual snowfall is 1,118 mm. Average length of the

growing season is 138 days.

Soils

On the ridgetops, soils have up to 1 m of loess over
clayey pedisediment. The bedrock is generally more than
2 m deep on these summits and shoulders. The soils

are formed in silty slope alluvium over loamy skeletal
materials with some bedrock at 1 to 2 m. The footslope
soils are formed in silty slope alluvium with occasional

rock fragments but no bedrock within 2 m.

Vegetation
The ridgetops of the Coulee, formerly used for

agricultural crops, are now planted to pines, spruces,
larches, and mixed hardwoods. Species and seed source
experimentation were part of the reforestation projects
here. Some open land remains and is currently rented

by neighboring farmers. Natural and established prairie
sites are managed for native plants and wildlife habitat.
The forest is predominantly an oak-hickory type with

red and white oak, shagbark hickory, basswood, and

elm providing the major volume. The steeper slopes are
productive because they were never used for agriculture as

fields or pasture.

Long-Term Data Bases

No information is available.

Research, Past and Present

Past research topics include forests and erosion in the
driftless area, reforestation, and land disposal of sewage

effluent.

Major Research Accomplishments

and Effects on Management

The primary mission of the research initiated on the
Coulee was to study the effect of land use and steep

land management on floods, soil erosion, and stream
sedimentation. A secondary mission was to study the
adaptability of various tree species and classes of planting
stock to different sites to guide landowners in their tree-
planting programs. Many reports have been published on
the following subject areas:

* Land use and effects on soil properties, runoff,

and erosion
* Soil freezing
* Spring flow and groundwater
* Evapotranspiration
* Climate
* Reforestation

* Research instruments and techniques

Collaborators

Collaborators include the Wisconsin Department of
Natural Resources, and several research units of the
USDA Forest Service. Past collaborators include: the
USDI Fish and Wildlife Service, Wild Turkey Federation,
Ruffed Grouse Society, Wisconsin Woodland Owners
Association, USDA Natural Resources Conservation
Service, Audubon Society, and Whitetails Unlimited.

Lat. 43°48' N, long. 91° W

Contact Information

Coulee Experimental Forest

Wisconsin Department of Natural Resources
3550 Mormon Coulee Road SOB

La Crosse W1 54601

Tel: (608) 785-9007
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Cutfoot Sioux Experimental Forest (Minnesota)

Introduction

The Cutfoot Sioux Experimental Forest, established
in 1932, contains about 1,255 ha. The Sunken Lake
Research Natural Area consisting of about 726 ha is
contained within it.

The portion of Minnesota Highway 46 that passes
through the Cutfoot Sioux is called the Avenue of
Pines. The Avenue is well known for its scenic beauty
and the outstanding pine forest. Most people who
drive through the Avenue do not realize that it is one
of the most intensively managed red pine forests in
northern Minnesota.

Cutfoot Sioux contains a large stone memorial

with a plaque commemorating Dr. Rafael Zon, who
was instrumental in establishing the research branch

of the USDA Forest Service and designating the first
experimental forests. His ashes were scattered in the area

of the memorial.

Climate

The climate at the Cutfoot Sioux is continental.
Maximum summer temperatures are > 32 °C with

high humidity (80 percent) and minimum winter
temperatures plunging to -35 °C. Growing season length
is 100 to 120 days. Average annual precipitation is 50

to 64 cm; snow depths average 1 to 2 m. Although
prolonged summer droughts occur, there is usually
adequate rainfall during the growing season.

Soils

Well-drained medium to fine sand developed in glacial
outwash parent materials. The soils are typical of the
natural red pine and mixed pine stands of northern
Minnesota.

Vegetation

The major forest type, roughly 75 percent of the Cutfoot
Sioux, is red pine with varying amounts of jack and
eastern white pine. Paper birch and quaking aspen are
common components of the pine-dominated stands and
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in some places are the most dominant species. Site index
for red pine is about 55 (based on age 50 years).

The majority of the red pine stands in the forest are of
natural origin. Most red pine originated after a major fire
in 1870. Based on fire scars there have been seven major
fires in the forest: during 1865, 1870, 1876, 1888, 1892,
and 1918. There are scattered red pines that are more
than 200 years old. These trees are remnants left to meet

a reserve tree requirement during initial logging.

Plantations occupy a small percentage of the Cutfoot
Sioux. The most notable areas of planted red pine are the
Greely Lake and Gravel Pit stands. A major feature of the
red pine in the forest is the understory composed mostly
of beaked hazel. A major objective of the prescribed
burning research conducted in the 1960s was to reduce
the density of this species and improve understory

conditions for red pine regeneration.

Long-Term Data Bases

The most important long-term data bases from the
Cutfoot Sioux are the red pine levels of growing stock
study (established in 1949), the red pine cutting methods
study (established in 1950), and the under-burning study
in red pine (established in 1960). These studies are in
stands that originated in 1870. There are data available



from other old studies, but those mentioned have the
best records and experimental design. All of these plots
have maps showing individual tree location and a history

of tree removal.

Research, Past and Present

Research on the Cutfoot Sioux began in the mid-
1920s, before the area was officially designated as an
experimental forest. Research to date has focused almost
exclusively on silviculture of the red pine type, with
emphasis on methods of thinning and intermediate
cutting. There has also been some work with jack pine.
There have been no new studies established on the forest
in the last decade. A large study of red pine variable
overstory retention and mixed conifer regeneration is
ongoing on the same site type, immediately adjacent to
the forest.

Major Research Accomplishments

and Effects on Management

The major accomplishments come from results of the
three long-term studies mentioned earlier. These have
helped to provide the basis for silviculture of red pine in

the region, particularly intermediate harvest regimes.

Collaborators

Collaborators from the Chippewa National Forest have

worked on the Cutfoot Sioux.

Research Opportunities

There are opportunities to do additional work (for
example, describe the understory or study individual tree
growth) in the long-term study areas. To date, there are
no baseline plots established in most of the Sunken Lake
Research Natural Area.

Facilities

There is no on-site housing, but resorts in the area
provide opportunities for short-term rentals. Nearest
communities are Squaw Lake to the north and Deer
River to the south. Grand Rapids, Minnesota, is about
a 45-minute drive to the southeast. There are numerous
woods roads in the forest, making most of the area

readily accessible.

Lat. 47°40" N, long. 94°5" W

Contact Information

Cutfoot Sioux Experimental Forest
USDA Forest Service

North Central Research Station
USDA Forest Service

1831 Highway 169 E

Grand Rapids, MN 55744

Tel: (218) 326-7116
heep:/fwww.ncrs.fs.fed.us/ef/
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Dukes (Upper Peninsula) Experimental Forest (Michigan)

Introduction

The Dukes Experimental Forest was established in 1926
and is located about 25 km southeast of Marquette,
Michigan. A small amount of white pine and elm was
logged during the early 1900s. The remaining forest

is essentially old growth today. In 1974, a research
natural area (94 ha) was established within the forest’s
boundaries. The Dukes was administered by the
Marquette field office until it closed in 1981. It is
currently administered by the North Central Research
Station’s Laboratory in Grand Rapids, Minnesota.

Climate

Average annual precipitation on the Dukes is about 86
cm and is distributed evenly through the year. Lake-
effect snowfall is considerable and averages 355 cm
per year, with up to 760 cm some years. Proximity to
Lake Superior results in a cool lacustrine climate, with
moderated minimum and maximum temperatures.
Average annual temperature is around 5 °C, and the

growing season averages 110 days.

Soils

The Dukes is on a ground moraine deposited by an
advance of the Green Bay lobe as it moved southward
from the Lake Superior Basin. Dominant soils are the
well-drained Munising sandy loam, somewhat poorly
drained Skanee sandy loam, poorly drained Angelica
sandy loam, and Linwood muck.

Vegetation
The uplands of the Dukes are dominated by old-growth

northern hardwoods and eastern hemlock-hardwoods.
Hemlock dominates the somewhat poorly drained soils
and northern white-cedarspruce and hardwoodconifers
dominant the poorly drained soils and muck. Most

forests are old growth.

Long-Term Data Bases

There are data for many studies on the Dukes, though,
data collection ended when the Marquette field office

was closed. Recently, two studies (stocking levels in old
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growth and second growth) have been reopened. Plots
have been remeasured and treatments will be reapplied in
the near future.

Research, Past and Present
Research began on the Dukes in the 1920s and

continued until 1981. Studies consisted of stocking
levels of hardwoods and swamp conifers, cutting

cycles, regeneration, and cutting methods of northern
hardwoods. Currently, only the stocking-level studies and
a red maple growth and yield study remain active.

Major Research Accomplishments

and Effects on Management

Research results from the Dukes have been used to
develop management guides for northern hardwood
forests in the Lake States. These guides are widely applied
throughout the region. The Dukes also is an excellent
demonstration area for landowners and land managers
interested in managing northern hardwoods. From
studies on the forest, the only proven sustainable uneven-
age structure for managing northern hardwoods was
developed. This structure (the Arbogast Guide) is applied
on millions of hectares of northern hardwoods in the

Lake States.

Collaborators

Collaborators involved in studies at the Dukes include
the Hiawatha and Ottawa National Forests, Michigan

Department of Natural Resources, Michigan Technical
University, Michigan State University, and many forest

industries.

Research Opportunities

There are research opportunities to study the silviculture
and ecology of all the vegetation types on the Dukes.
There also are opportunities for comparing treatments
that have been applied since the 1920s. Much of this is
managed old growth, of which little remains in the Lake
States. The RNA is available for nondestructive research

in old-growth northern hardwoods.



Facilities
There are no on-site facilities. The Dukes can be
accessed by Dukes Road off Highway 94. Roads are well

maintained but are not plowed during the winter.

Lat. 46°21" N, long. 87°10" W

Contact Information

Dukes Experimental Forest
USDA Forest Service

North Central Research Station
Forestry Sciences Laboratory
5985 Highway K

Rhinelander, WI 54501

Tel: (715) 362-1124
http://www.ncrs.fs.fed.us/ef/up
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Kaskaskia Experimental Forest (Illinois)

Introduction

Formal establishment of Kaskaskia Experimental Forest
on the Elizabethtown Ranger District of the Shawnee
National Forest was completed in 1942. Boundaries
included about 526 ha reserved for experimental purposes
and 16 ha purchased in 1934 for the administrative site.
The Kaskaskia was administered from Columbus, Ohio,
until 1946 when administration was transferred to the
newly established research center in Carbondale, Illinois.
By 1961, the boundaries of the forest enclosed 4,047 ha,
of which 1,335 were in federal ownership. In 1972, when
the research mission turned to hardwood plantations
culture, 465 ha of federal land not currently part of the
active research studies were returned to the Shawnee
National Forest, with a new boundary enclosing only 870
ha of federal and privately owned lands.

More than 30 research studies were established within
the Kaskaskia; however, only the study documenting
long-term changes in an old-growth natural area remains

active.

Climate

The average length of the growing season (frost-free
period) is 190 days. The average date of the last killing
frost of spring is April 16; the first killing frost of
autumn is September 24. Annual average temperature
is 13 °C and regional annual rainfall is 1,098 mm
distributed equally throughout the year; prolonged dry
periods during the growing seasons are not unusual.
The Rosiclare_5_NW weather station (site 117487) in
Hardin County compiled the following averages from
1971 to 2000: winter average minimum temperature;
4 °C, maximum temperature 7 °C, summer average
minimum temperature, 18 °C; maximum temperature,

30 °C, average annual rainfall, 99 cm; snowfall 25 cm.

Soils

The soils on the Kaskaskia are primarily Alford silt loam
(fine-silty, mixed, mesic, Typic Hapludalfs), Grantsburg
silt loam, and Clarksville cherty silt loam. In many areas,
nearly the entire loessial mantle has been lost, leaving a

surface covered with chert. St. Louis and St. Genevieve
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limestones underlie these soils. A narrow belt of fine
sandy loam runs along Goose Creek, Hogthief Creek,
and Big Creek. These belts are an alluvial formation,
fairly fertile, and subject to frequent overflow. The
Kaskaskia is located on an extensive anticline known

as Hicks Dome, which was formed during an explosive
phase of igneous activity during Permian times.
Erosion has removed much of the original sedimentary
formations, leaving Devonian limestone outcroppings
in some areas that are remnants of the Ozark uplift that
occurred about 200 million years ago. Subsequent action
by wind and water from glaciers north of the area cut
into the exposed rock, producing areas of deep glacial
till through this area of gently to steeply sloping hills.
Elevation ranges from 120 to 200 m above sea level.

Vegetation

The following SAF forest types are documented on the
Kaskaskia: SAF40 (post oak-black oak), SAF52 (white
oak-red oak-hickory), SAF 53 (white oak), SAF59, and
SAF64 (sassafras-persimmon). About 40 percent of the
area is mixed hardwood forests found on the lower and
middle north and east slopes. Coves and stream bottoms
are dominated by yellow-poplar, northern red oak, white
oak, black oak, several hickory species, black gum, elm,

American beech, and maples.

About 50 percent of the area is of the oak-hickory type
found along south- and upper north-facing slopes and
on the ridgetops dominated by black, white, post, scarlet,
southern red, and black jack oak, and a mix of hickories.

There is also a small disjunct stand of chestnut oak.

Long-Term Data Bases

Only one long-term data base is currently being
maintained on the Kaskaskia. Data are available on
survival, d.b.h., and ingrowth of individual trees in eight
permanent plots within the Kaskaskia Woods, a 7.7-

ha remnant of largely undisturbed old-growth forests
identified in 1935. The plots have been remeasured
periodically at nominally 10-year intervals. The natural
area is composed equally of mesic upland forest and

dry-mesic upland forest communities. Although now



inactive, the small-group-opening study was also
remeasured repeatedly.

Paper files are archived at the research laboratory in
Columbia, Missouri, for several of the other studies
initiated on the Kaskaskia. Most notable are detailed
records from 1948 to 1968 documenting harvesting
activities within the compartment study. Thirty-eight

6- to 16-ha compartments were established on mixed
hardwood and oak-hickory sites to follow long-term
impacts of commercial-type forest management practices
for one sawtimber rotation under uneven-age silviculture.
Experimental design included various combinations

of logging methods, silvicultural systems, cutting

cycles, rotation length, and management intensity. The
study did not include a no-management option. This
study occupies the majority of the experimental forest
remaining after the boundaries were redrawn in 1972.

Research, Past and Present

Several of the more interesting research projects include

a compartment study with 40 plots treated with various
cutting methods, cutting cycles, rotation lengths, and
management intensities using uneven-age silviculture.
Additional topics include conversion of farm woodlands
to managed forests, chestnut and cottonwood provenance
progeny tests, regeneration and growth following small
group-selection cutting, and documenting natural

succession on upland oak-hickory forests.

Major Research Accomplishments
and Effects on Management
At the Kaskaskia, the following studies were considered

important:

* Maple succession without disturbance of upland
old-growth oak-hickory forests
* Effect of small group opening on light, soil

moisture, and natural regeneration

* Development of a tree-quality index for
hardwood trees

* Processing and utilization of oak and hickory for
lumber

Collaborators

Collaborators included the Shawnee National Forest,
Southern Illinois University, University of Arkansas-
Fayetteville, and Auburn University.

Research Opportunities

The compartment study provides an opportunity to
evaluate long-term changes in vegetation subjected to

a range of cutting methods and cycles to implement an
uneven-age silvicultural system. Only the 8-ha Kaskaskia
Woods is currently part of an active research study.

Most areas on the Kaskaskia are available for cooperative
research subject to approval by the North Central
Research Station and the Shawnee National Forest.

Facilities

No buildings are being maintained on the Kaskaskia
following abandonment of the administrative site

in 1988. The nearest town is Golconda, Illinois.
Neighboring towns include Glendale, Simpson, Robbs,
and Elizabethtown.

Lat. 37°32' N, long. 88°21" W

Contact Information

Kaskaskia Experimental Forest
USDA Forest Service

North Central Research Station
202 Natural Resources Building
University of Missouri
Columbia, MO 65211

Tel: (573) 875-5341
http://www.ncrs.fs.fed.us/ef/
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Lower Peninsula Experimental Forest (Michigan)

Introduction

The 1,376-ha Lower Peninsula Experimental Forest,
made up of the Pine River and Newaygo Units, was
formally established in 1954. The forest was initially used
for silvicultural research, studies of chemical release of
overstory hardwoods in pine plantations, and growth and
yield of northern hardwoods under different stocking
levels. The Pine River Unit, located in the southwest
corner of Wexford County, contains 1,117 ha. The
Newaygo Unit, located in Newaygo County, contains
260 ha.

Climate
In the Pine River Unit, the Wexford County portion of

the Lower Peninsula, the average temperature in January
(NOAA climate summary 1995) ranged from -12 to

-4 °C; in July, it ranged from 13 to 26 °C. The average
rainfall was 79 cm; snowfall was 180 cm. There were 5
days when temperatures were above 32 °C and 23 days
when they were below -18 °C. In the Newaygo County
Unit of the Lower Peninsula, the average temperature in
Junuary (NOAA climate summary 1995) ranged from
-12 to -2 °G; in July, it ranged from 13 to 28 °C. The
average annual rainfall was 81 cm; snowfall was 180 cm.
There were 8 days when temperatures were above 32 °C
and 16 days when they were below -18 °C.

Soils

The Pine River Unit of the Lower Peninsula is located in
the northern highlands division of the Lower Peninsula
of Michigan. This region is covered with a thick layer

of glacial drift deposited by the Lake Michigan ice lobe
during the most recent glaciation. The principal soil
types encountered are Rubicon, Grayling, Roselawn, and
Emmet sands. There are some differences in the texture
and moisture-holding capacities of these soils. This is
reflected by differences in forest types and growth. In
general, the soils are deep, well-drained, slightly acid

spodosols.

The Newaygo Unit is located in the glaciated central
uplands division of the Lower Peninsula of Michigan.
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These uplands have a thick layer of glacial drift and
probably were covered by the Lake Michigan ice lobe
during the most recent glaciation. The principal soils
are Sparta loamy sand and Plainfield sand. Both sands
are dry and well drained, and they occur in nearly level
plains. The top layer of Sparta loamy sand is a mixture
of sand and fine organic matter. Plainfield sand has a
thin layer of loamy sand mixed with a moderate amount
of organic matter. Within the Plainfield sand sites there
are small wind-eroded areas where the surface sand has
largely been removed. The surfaces of these dish-shaped
spots are several feel below the surface of surrounding
noneroded areas and are frequently gravelly. There is little

or no organic matter in these so-called sandblows.

Vegetation

Three natural forest types prevail in the Pine River

Unit: oak, aspen (ranging from pure stands to mixtures
with oak and maple), and second-growth northern
hardwoods. The oaks are mainly pin, white, northern
red, and black oak. Considerable areas of pine, including
red, jack, and eastern white, have been planted. Mixed
white pine-oak type is the principal forest type of the
Newaygo Unit. This unit also contains about 65 ha of
plantations, most of which are red pine, with several

acres of jack and white pines.

Long-Term Data Bases

There are no long-term data bases.

Research, Past and Present

In the Pine River Unit, herbicide release of pine
plantations, growth and yield of northern hardwoods,
and municipal sewage sludge fertilization of aspen
sprouts and pine plantations have been studied. In the
Newaygo Unit, research evaluated prairie restoration and
removal of red pine stands planted on prairie sites, as well
as changes in insects and vegetation as the prairie comes
back, with emphasis on the endangered Karner blue
butterfly.



Major Research Accomplishments

and Effects on Management

Silvicultural studies included outplanting of genetically
selected white and jack pines and white spruce varieties;
growth and yield of bigtooth aspen; soil moisture
availability under hardwoods and conifers; and growth
of pine-plantations and aspen-sprout forests treated with
sewage sludge. The Lower Peninsula was also the site of
forest studies on streambank erosion and stabilization,
groundwater quality in forests fertilized with sewage,

and measurements of understory growth and chemical

quality.

Collaborators

Collaborators include the Huron-Manistee National

Forest.

Research Opportunities

No studies have been installed on the Lower Peninsula
since 1981, and the Newaygo tract has not been used for
research purposes since 1965. All older studies have been
measured, reported, and discontinued. Except for the

administrative site, there are no plans to use the forest for

research purposes in the future.

Facilities

The Lower Peninsula has only one administrative site. In
Wexford County, Michigan, this 12-ha site is commonly
called the Wellston Field Laboratory. This laboratory
consists of an 80-m? building, a shop and garage, and a
flammables storage building. A National Atmospheric
Deposition collection site is located here. Also on the site

is a 0.8-ha cleared area enclosed with a deer-proof fence.

Lat. 43°25" N, long. 85°40" W

Contact Information

Lower Peninsula Experimental Forest
USDA Forest Service

North Central Research Station
1407 S. Harrison Road

East Lansing, M1 48823

Tel: (517) 355- 7740
http:/[www.ncrs.fs.fed.us/ef/
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Marcell Experimental Forest (Minnesota)

Introduction

Streamflow, weather, and well data collection began on
the Marcell Experimental Forest in 1960. This 898-

ha site has six calibrated watersheds, each consisting

of a mineral soil upland and organic soil peatland; an
intermittent or perennial stream drains each peatland
and its larger watershed. Formally established in 1962,
the Marcell contains two units on land owned by the
Chippewa National Forest, State of Minnesota, Itasca
County, and a private individual. Previous and ongoing
research addresses the ecology and hydrology of peatland.
Research concerns typical upland/wetland watersheds
in the Lake States, atmospheric chemistry, nutrient
cycling, soil quality, tree-stand dynamics, and a variety
of watershed treatments applied to upland or bogs to
investigate impacts on water yield, peak streamflow,

water quality and nutrient processing.

Climate

The climate at the Marcell is strongly continental, with
moist warm summers and relatively dry cold winters
with abundant sunshine. Annual precipitation averages
780 mm, and annual temperature is 3.3 °C. About two-
thirds of the precipitation occurs as rain, and one-third
as snow. Mean monthly precipitation ranges from 25
mm in February to 110 mm in August. Total annual
precipitation ranges from 510 to 9,540 mm. Monthly
average temperatures in June, July, and August are
between 16 and 19 °C, and between -11 and -15 °C in
December, January, and February.

Soils

Ely greenstone and Canadian Shield granite and gneiss
bedrock underlie glacial drift 45 to 55 m thick. An 8-
m-thick compact till of clay, sand, and gravel containing
limestone fragments lies directly on bedrock. Sand
drifts totaling 35 m in thickness overly the till. The
upper member of these sand drifts is exposed at the
surface on about one-third of the Marcell. Soils in this
parent material are Menahga sands (mixed frigid Typic
Udipsamment), Graycalm loamy sands (mixed frigid
Alfic Udipsamment), Cutaway loamy sands (loamy
mixed Arenic Eutroboralf), and Sandwick loamy find
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sands (loamy mixed frigid Arenic Glossaqualf). On
about two—thirds of the Marcell, the deep sand drifts are
overridden by a clay loam till with rock that is slightly
calcareous and has several cretaceous shale fragments. In
places, a 10-cm-thick layer of loess lays on the surface.
Soils in this parent material are Warba fine sandy
loam-clay loam at depth (fine-loamy mixed Glossic
Eutroboralf), Nashwauk fine sandy loam (fine-loamy
mixed Typic Glossoboralf), and Keewatin fine sandy

loam (fine-loamy mixed Glossic Eutroboralf).

Forested fen peatlands developed on the Mooselake peat
(a Euic Typic Borohemist). They are typically hemic in
decomposition, reddish, and full of wood fragments.
The forested bog peatlands developed on Loxely peat

(a Dysic Typic Borosaprist) with porous sphagnum and
ericaceous moss at the surface grading to Hemic and
Sapric horizons within a depth of 1m. The poor fen/
sedge peatlands developed on Greenwood peat (a Dysic
Typic Borohemist).

Vegetation
In the Marcell, sandy uplands support red and jack

pine in fire-origin stands or in plantations, along with
mixed stands of aspen, white birch, balsam fir, and white
spruce. The sandy loam till soils support similar mixed
stands. Forested bogs contain black spruce and tamarack.
The peatland surface is dominated by sphagnum

mosses and ericaceous shrubs. The forested fens contain
similar species as the bogs but also northern white-

cedar and black ash. Open, poor fens are dominated by

depauperate sedges and a variety of mosses.



Long-Term Data Bases

Soil data include organic and mineral soil physical
properties, saturated hydraulic conductivity, soil
temperature profiles, and von Post profiles for organic
soils. Weather data include maximum, minimum, and
mean daily air temperatures, and daily precipitation.
Precipitation chemistry includes measurements of all major
anions and cations (weekly since 1978), and total mercury
(weekly values) and methyl mercury (monthly composites
of weekly values). Snow-pack data (depth and water
equivalent), soil frost (depth and occurrence), and soil
moisture (1- foot increments to 10 feet) are available.
Streamflow (daily) and water-table elevation data (daily
in peatlands and one regional water-table site, monthly at
other wells) are available at a variety of V-notch weirs and
steel-well-pipe sites. Interflow and near-surface flow runoff
are available for mineral soil sites. Water chemistry (major
anion levels) is available from mineral soil runoff plots,
peatland water tables, watershed streams, and regional

water tables wells on a 2-week or storm grab-sample basis.

Research, Past and Present

At the Marcell, research on organic soils includes the
relation between soil physical properties and water
properties. Research on peatland hydrology and ecology
has examined the relationship of peatland vegetation and
chemical and physical aspects of water source; the albedo
and evaporation characteristics of forested and harvested
peatlands; the impact of wetlands on streamflow patterns
and peak flows and hydrograph shape in relation to
organic soil profiles; and the effect of harvesting or
prescribed fire on water chemistry, soil temperature, and
water table response.

Numerous nutrient cycling studies have been conducted
for all major nutrients, and in acid bog peatlands for trace
metals. Data have been obtained on the rate of evolution
of methane and carbon dioxide from various bog and

fen peatlands, and the rates of carbon accumulation in
peatlands. Detailed studies of the fate of mercury (both
total and methyl) and interactions with sulfur inputs are

ongoing.

Watershed studies include the evaluation of various
forest management options on water yield and chemistry.

Treatments include upland clearcutting of aspen,

peatland strip and clearcutting of black spruce, prescribed
fire in a harvested fen peatland, upland nitrogen
fertilization, conversion of upland aspen forest to conifer
forests, and use of cattle grazing or herbicides to convert

from aspen to conifers.

The Marcell is a Long-Term Soil Productivity site for
evaluating the impact of soil compaction and removal
of surface organic matter on aspen productivity. It is
the longest running National Atmospheric Deposition
Program (NADDP) site in the Nation (since July

1978). The Marcell was one of three pilot sites for the
measurement of total mercury and methyl mercury in
precipitation (beginning in 1993) as part of the NADP
Mercury Deposition network. It is proposed as a U.S.
Climate Reference Network site.

Major Research Accomplishments

and Effects on Management

Many of the current concepts of peatland hydrology and
ecology were first observed and tested at the Marcell.
Forest management options for watershed and watershed
modeling of storm hydrographs yielded data on the
relationships between open or young forest land and
increases in bankfull streamflow rates. These data have
been translated to harvest rate and open land guides for
various forest plans at the national, state, and county
levels, and are used by river basin planning groups in the
Lake States.

The Marcell is the site of an extensive long-term
evaluation of groundwater wells. These data are used

in combination with paleo-botanical studies of peat
profiles and soil hydraulic conductivity to illustrate

the significance of deep seepage to water and nutrient
budgets on experimental watersheds. Work at the forest
on soil compaction on the forest was the first in the Lake
States to reveal the serious and prolonged impact of

compaction on future aspen productivity.

Collaborators

University of Minnesota (Departments of Soil, Water
and Climate; Natural Resources, Ecology, Forest
Resources, Environmental Engineering, Water
Resources Research Center), Science Museum of

Minnesota, Minnesota Pollution Control Agency,
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Minnesota Division of Natural Resources, Chippewa
National Forest, Superior National Forest, University

of Nebraska, University of Wisconsin, Michigan

State University, University of Michigan, Michigan
Technological University, Gustavos Adolphus College,
University of Toronto-Mississauga, National Aeronautics
and Space Administration, National Oceanic and
Atmospheric Administration, United States Geological
Survey, National Science Foundation, and the U.S.

Environmental Protection Agency.

Research Opportunities

The depth, variety, and length of water, soil, atmosphere,
and vegetation data bases at the Marcell afford
graduate students and collaborative scientists a unique

opportunity to study watershed and landscape aspects of

upland and peatland systems in the northern Lake States.

There also is a variety of demonstration plots and areas
on the Marcell.
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Facilities

The Marcell has a field laboratory (constructed in

1964) with a bunkroom, office, bench laboratory, small
kitchenette, and bathroom. This facility is being replaced
with a larger field laboratory with four bedrooms,
universal access toilets, laundry, kitchen, bench

laboratory, and small conference area.

Lat. 47°32" N, long. 93°28" W

Contact Information

Marcell Experimental Forest
USDA Forest Service

North Central Research Station
Forest Sciences Laboratory

1831 Highway 169 East

Grand Rapids, MN 55744

Tel: (218) 236 7115
hetp:/fwww.ncrs.fs.fed.us/ef/marcell

There are no long-term databases.



Paoli Experimental Forest (Indiana)

Introduction
The Paoli Experimental Forest was established in 1963

in the Wayne-Hoosier National Forest in south-central
Indiana. The primary goal was to conduct research on
mixed hardwood species to demonstrate how to increase
the number and quality of high-value species on good
sites. The Paoli, about 256 ha, is located in the Tell City
Ranger District.

Climate

The climate is temperate, with long summers and mild
winters. The average frost-free period is 175 days. Annual
precipitation measures 1,092 mm and it falls throughout
the year, primarily as rain. Droughts can occur in late

July and August.

Soils
The physiography of the Paoli is typical of the

unglaciated knobs region of southern Indiana and
north-central Kentucky. The area is essentially a dissected
plateau. Slopes range from steep to gentle and ridges
from narrow to very broad. Elevation of the Paoli ranges

from 180 to 256 m above sea level.

Vegetation

The forest types are typical for southern Indiana and
other areas of equally good sites in the region. Mixed
hardwoods are on lower slopes, in valleys, and in coves.
The oak-hickory type is found on the upper slopes
and ridges. The predominant species are sugar maple,
ash, beech hickory, white oak, and elm in the mixed
hardwood type and white oak, hickory, sugar maple,
red oak, and black oak in the oak-hickory type. Yellow-
poplar is deficient in the overstory but scattered trees
provide a seed source. Black walnut trees, though not
numerous, are scattered through the mixed hardwood
stands. Plantations and old fields are generally found
on broad ridges. The old fields range from small fields

with no woody species to those with volunteer trees and

shrubs.

Long-Term Data Bases

The oldest research data bases of the Paoli include studies
of oak regeneration and stand dynamics that are less than
20 years old.

Research, Past and Present
* White and northern red oak planting

* Effects of nursery undercutting and shoot

pruning on growth of outplanted oaks

* Prescribed burning to stimulate both planted
and natural stands of regenerated oak trees and
control competition to the oak from yellow-

poplar, aspen, and maple

Major Research Accomplishments

and Effects on Management

Research in oak regeneration conducted on the Paoli has
been used to develop prescriptions for regenerating oak
that were published in the scientific literature, conference
proceedings, and North Central Research Station papers.
This research has added to our knowledge of how oak
regeneration dynamics vary by ecoregion in the Eastern
United States and was recently incorporated into a
landmark synthesis on oak forest ecosystems, The Ecology
and Silviculture of Oaks by PA. Johnson, S.R. Shifley, and
R. Rogers.

Collaborators

Collaborators include the Hoosier National Forest,
Purdue University, and Indiana Division of Natural

Resources.

Research Opportunities

Opportunities include stand-level investigations into
the forest ecology and silviculture of central hardwood
forests. Monitoring ongoing research will continue to
be productive and add to our knowledge of how forests
respond to specific management disturbances. Periodic
forest inventory will document forest succession in the

absence of management.
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Facilities
An equipment shed (67 m?) is located on the property.

Lat. 38°19" N, long. 86°18" W
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Contact Information

Paoli Experimental Forest
USDA Forest Service

North Central Research Station
202 Natural Resources Building
University of Missouri
Columbia MO 65211

Tel: (573) 875-5341
htep://www.fs.fed.us/ef/ paoli



Pike Bay Experimental Forest (Minnesota)

Introduction

Pike Bay Experimental Forest is located on the Chippewa

National Forest just east of Cass Lake, Minnesota.
Research began on the forest in the late 1920s before it
was officially designated an experimental forest in 1932.
Pike Bay is adjacent to the “ten-sections” area of the
original Chippewa National Forest. Only dead trees have

been removed from the this area.

Climate

The climate at Pike Bay is continental. Maximum
summer temperatures are 32 °C with high humidity

(80 percent) and minimum winter temperatures descend
to -35 °C. Growing season length is 100 to 120 days.
Average annual precipitation is 50 to 65 cm. Snow
depths average ~1 m. Although prolonged summer
droughts occur, there usually is adequate rainfall in the

growing season.

Soils

Although variable, the soils have developed mainly in the
Guthrie dill plain deposits covered to varying depth by a
silt loam loess cap. The soil type is the Warba soil series.

Vegetation

Much of the forest is dominated by mature to
overmature aspen (60 to 80 years old). These are among
the most productive (site index 75 and higher at base
age 50 years) aspen sites in northern Minnesota. Pike
Bay once supported large white pines and northern

hardwoods and examples of each remain.

Pike Bay is noted for its abundance of small seasonal
wetlands. These vary greatly in the depth of water and
duration of flooding during the growing season. Black

ash is the most common tree species in seasonal wetlands.

Generally, these wetlands are 0.25 ha or less in size.

The eastern edge of the Pike Bay is adjacent to the
Bemidji Sand Plain, an area where fires (assumed to

be related to burning by Native Americans) occurred
more frequently. At least historically, the eastern side of

the forest is believed to have had species more tolerant

to burning (for example more white and red pines). In
the interior and western parts of the forest, fire was less
common and vegetation is more sensitive to fire. Fire has
generally been eliminated as a disturbance agent and the
differentiation between these areas is not as obvious in

present-day vegetation.

Long-Term Data Bases

There are long-term data bases for a number of projects,
and not all are fully replicated; however, length of record
gives them value. There are a number of long-term
records on aspen thinning beginning in the 1940s and
50s, but these studies no longer are active and a number

of the sites have been clearcut.

Active studies for which long-term records are available
are listed with approximate length of record: white pine
thinning (established about 1948, with intermittent
records); ABC (aspen-birch-conifer) studies (established
about 1978, excellent pretreatment and immediate post-
treatment records but inactive in recent years); long-term
soil productivity in aspen forest types (established in
1993, excellent pretreatment and post-treatment records);
species comparison trials on a single soil type (established
in the 1930s, studied intensively in the 1970s, currently

inactive).
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Research, Past and Present

Research began in the 1930s, and plantations established
then have provided important areas for studying and
comparing forest and soil development in aspen, red
pine, and spruce growing on the same soils. Aspen
research has been the most common at Pike Bay.
Beginning in the 1940s, aspen research has included
thinning in young stands, prescribed burning, and effects
of clearcutting on soil and stand productivity. Currently,
the most active work is related to the Long-Term Soil
Productivity Study (LTSP), one of three aspen TSP sites
in the Lakes States (others are in the Upper and Lower
Peninsulas of Michigan). There is a small amount of
published work on white and red pine.

Major Research Accomplishments

and Effects on Management

Aspen research over the years has been important in
helping develop and refine silvicultural prescriptions for
management. Long-term research on soil productivity is
important for predicting impacts on aspen productivity
from compaction and organic matter removal. Work on
thinning in white pine is the oldest research available in
Minnesota for this forest type.

Collaborators

Collaborators have come from the Chippewa National

Forest.
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Research Opportunities

Aspen research remains a major focus and there are
significant opportunities for continuing the ongoing
work and beginning new research on other aspects of
aspen silviculture and stand development. The forest
also provides opportunites for research on ecology and
silviculture of northern hardwoods and mixtures of

northern hardwoods and aspen/birch-white-pine.

Facilities

There are no on-site facilities, but the closest town, Cass
Lake, is several miles to the west. The nearest larger town
is Bemidji, about a 1-hour drive west of Grand Rapids
on Highway 2. There is a well-developed system of roads
within the forest, but travel is difficult in wet weather.

Lat. 47°20" N, long. 94°40" W

Contact Information

Pike Bay Experimental Forest
USDA Forest Service

North Central Research Station
1831 Hwy. 169 E

Grand Rapids, MN 55744

Tel: (218) 326-7116
http://www.ncrs.fs.fed.us/ef/



Sinkin Experimental Forest (Missouri)

Introduction
In 1950, the lands that make up the Sinkin Experimental

Forest were withdrawn from the National Forest System
to implement forestry research. The headwaters of Sinkin
Creek originate in the general vicinity of the experimental
forest, hence the name “Sinkin.” The forest covers 1,666
ha and is located in southeastern Dent County, Missouri.
It is a compartment within the Salem Ranger District

of the Mark Twain National Forest. The town of Salem

is approximately 40 km to the northwest. The Sinkin

is operated and maintained cooperatively by the North
Central Research Station and Mark Twain National
Forest.

Climate
Weather data have been collected from 1950 to the

present. Most of the average annual precipitation of
1,118 mm falls in the form of rain, with occasional
freezing rain, sleet, and snow during the winter months.
Winter snowfall averages 2,540 mm. The coldest month
is January and the warmest is July or August. Within the
data set, the lowest temperature recorded is -28 °C and
the warmest is 44 °C. It is not uncommon during the
winter months for temperatures of 10 to 15 °C; this is
known locally as the January thaw. Temperatures of

32 °C or higher have been recorded in April and October.
The wettest months are April, May, and June, and the
driest are December, January, and February.

Soils

Most of the ridgetops and steep side slopes on the Sinkin
are composed of Clarksville stony loam or gravelly loam.
The surface layer is about 33 cm thick and consists

of cherty silt loam. The subsoil is about 18 cm thick,
reddish yellow, with very cherty loam. From 40 to 90
percent of the soil profile contains pieces of chert of 0.6
to 15 cm. These soils originate from Cambrian dolomite
and sandstone in the Roubidoux and Gascanade
formations. Because these soils have a low moisture
storage capacity, droughty conditions develop quickly
when there is a lack of precipitation.

Vegetation

Approximately 1,214 ha of the Sinkin is dominated by
the red oak and white oak groups. Black and scarlet oaks
are the most numerous species in the red oak group, with
some northern red oak. The most numerous and largest
trees of the white oak group are white and post oaks.
Growing in association with both groups are hickory,
black tupelo, sassafras, shortleaf pine, black cherry,
maple, dogwood, and some black walnut. The youngest
stands are 3 years old and the oldest exceed 100 years.
The understory is composed of hardwood species and
shade-tolerant herbaceous plants. The remaining 186 ha
is of the oak-shortleaf pine timber type. The overstory
and understory consist of varying amounts of hardwood
species and shortleaf pine. Herbaceous plants that do well
on acidic and drier sites are found on these sites.

Long-Term Data Bases

Long-term data bases kept at the Sinkin are pine stocking
study evaluating effects on growth and yield (origin
1950), oak stocking study (origin 1962, effects on growth
and yield), and shelterwood study (origin 1979). In
addition, data bases have been kept of Sinkin weather
data (origin 1950), spatial distribution study (origin
1978), and a continuous forest inventory (origin 1992).

Research, Past and Present

Initial research concentrated on solving management
and reproduction problems of shortleaf pine. Planting
techniques, prescribed fire, use of herbicides to control
competition, and thinning methods were developed

to address these problems. Later research confronted
the silvicultural issues with the management and
reproduction of oak stands. Studies were established
to answer questions about natural and artificial oak
regeneration. Current research entails monitoring the
long-term studies, savanna demonstration areas, joint
fire-science projects with the Missouri Department of
Conservation and the USDI Geological Survey, and
administrative studies of uneven-age management with

the Mark Twain National Forest.
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Major Research Accomplishments

and Effects on Management

In the 52-year history of the Sinkin, more than 200
research projects have been established and numerous
shortleaf pine management guides have been written
by project scientists. The silvicultural techniques used
by foresters for pine management in Missouri were
developed on the Sinkin. Successful techniques of oak
underplanting were developed and refined on the forest
and surrounding National Forest lands. Information
gained from research conducted contributed significantly
to The Ecology and Silviculture of Oaks by PA. Johnson,
S.R. Shifley, and R. Rogers.

Collaborators

Collaborators include the Mark Twain National Forest,
Missouri Department of Conservation, University

of Missouri, Southern Illinois University, and USDI
Geological Survey.

Research Opportunities

Studies of ecology and silviculture of central hardwood

forests, oak decline, drought-related stress on tree growth
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and yield, insect pest and drought relations, and savanna
development could be developed.

Facilities

The technical staff for the Sinkin consists of three
fulltime technicians in an office located at the Salem
Ranger District Office. The forest has an automated
weather station that is accessible by satellite and cell

phone.
Lat. 37°30" N, long. 91°15" W

Contact Information

Sinkin Experimental Forest
USDA Forest Service

North Central Research Station
University of Missouri

Columbia, MO 65211

Tel: (573) 875-5341
http://www.ncrs.fs.fed.us/ef/sinkin

Or:
Superintendent

Tel: (573) 729-6656



Udell Experimental Forest (Michigan)

Introduction

In 1961, the 1,538-ha Udell Experimental Forest

was established by the USDA Forest Service as a field
laboratory for studying the hydrology of forested glacial
sand sites. One of the major objectives was to compare
water yields from the primary forest cover types. The
Udell is located in Manistee County and on the Manistee
Ranger District of the Lower Michigan National Forest.

Climate
Weather statistics for the Udell are supplied by NOAA

climate summary (1995). Average temperatures for
January range from -9 to -2 °C; for July they range from
15 to 27 °C. Average annual rainfall is 790 mm; snowfall
is 2,340 mm. There are 6 days when the temperature
exceeds 32 °C and 5 days when it dips below -18 °C.

Soils

The Udell consists of sand outwash plains surrounding
a sand moraine that result from the late Pleistocene
(Valders) advance of continental glaciation about
10,000 years ago. Terminal moraines of the Port Huron
substage were breached and reworked by this ice front
and its recessional melt waters to form a large sand plain
surrounding small morainal remnants, one of which

is the upland known locally as the Udell Hills. The
Manistee and Little Manistee Rivers flow westward to
Lake Michigan through the sand plain. The Udell lies
between these two rivers. Small tributaries to the Little
Manistee River form in high water-table areas southeast
of the Udell Hills. The Pine and Claybank Creeks

flow from the north side of the area and drain into the
Manistee River. The pattern of water-table levels shows
that ground water flowing from the study area supplies

these streams.

Upland soils are predominantly within the Grayling sand
soil type, a Spodic Udipsamment. On some ridgetops

in the morainal hills, a clayey sand susbsoil within the
surface 120 cm characterizes inclusions of the Graycalm
series (Alfic Udipsamment). Shallow water-table areas

on the northwest and southeast boundaries contain the

imperfectly drained Au Gres sands (Entic Haplaquod)
and poorly drained areas contain Roscommon sand
(Typic Aquipsamment) interspersed with woody Tawas

histosols. Grayling sand covers more than 90 percent of

the Udell.

Vegetation
Approximately 70 percent of the Udell is in oak and

aspen forest cover types. Stand composition in these types
range from mixed oaks with relatively few aspen to pure
aspen stands. There are about 610 ha of jack pine and
red pine plantations that have been established on the
eastern and western outwash plains. In the southeast and
northwest portions, lowland hardwood forests of elm, red
maple, and occasional northern white-cedar are found.

Long-Term Data Bases

There are no long-term data bases.

Research, Past and Present

Research at the Udell has focused on the effects of forest
type and partial cutting on ground-water yields and pulp
and papermill sludge fertilization of red pine plantations.

Major Research Accomplishments
and Effects on Management
Numerous reports have been published on changes in

streamflow resulting from reforestation and cutting.

Collaborators

Collaborators include the Huron-Manistee National
Forest, Manistee Ranger District, and Lower Michigan

National Forest.

Research Opportunities

Considerable portions of upland moraines, level outwash
plains, and hardwood swamp areas are instrumented
with wells and other measurement devices to determine
the behavior of ground-water level under existing forest
conditions. The forest includes the major portions of the
surrounding plains and segments of extensive hardwood

swamp areas.
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Facilities

The Udell extends from 1.6 to 4.8 km south of a

major access highway (M-55). Research personnel are
headquartered at Cadillac, Michigan, 56 km to the east.
Field operations at the forest are centered at the Pine
River Forest Laboratory, 16 km east of the forest near the
junction of Highways M-55 and M-37.

Lat. 44°15" N, long. 85°24" W
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Contact Information

Udell Experimental Forest
USDA Forest Service

North Central Research Station
1407 South Harrison Road

East Lansing, M1 48823

Tel: (517) 355-7740
hetp:/fwww.ners.fs.fed.us/ef/udell



Baltimore Ecosystem Study (Maryland)

Introduction

The Baltimore Ecosystem Study (BES) is a National
Science Foundation Long-Term Ecological Research
project that explores metropolitan Baltimore, Maryland,
as an ecological system. The project involves researchers
and educators from the Northern Research Station and
more than 30 colleges, universities, community groups,
and government agencies. The research program advances
scientific understanding of urban ecosystems, and

serves as a resource for education and decision making
by communities and land managers responsible for
sustaining the equality of life for millions of citizens in
the Baltimore metropolitan area. The research measures
interactions between ecological, social, and physical
factors to understand the structure and function of the
Baltimore ecosystem.

The BES area includes Baltimore City, Baltimore County,
and the counties of Ann Arundel, Carrol, Harford,
Howard, and Montgomery. The primary study unit,
however, is the 17,150 ha Gwynns Falls Watershed.

The Gwynns Falls watershed is a mix of land-use types
including agricultural and forested lands, recently
suburbanized areas, established suburbs, and dense urban

areas having residential, commercial and open spaces.

Climate

The Baltimore metropolitan area has hot humid

summers and cold winters with average annual air
temperatures ranging from 14.5 °C in the city to 12.8

'C in the surrounding area. Precipitation is distributed
evenly throughout the year and ranges from an annual
average of 108 cm yr™' in Baltimore to 104 cm yr-

"in the surrounding metropolitan area. Maximum
evapotranspiration occurs during July, and groundwater
reservoirs are recharged primarily between mid-September
and March. The greatest rainfall intensities occur in the
summer and early fall; precipitation from this period is
about 10 percent higher than during the remaining three
seasons of the year. The proximity of large bodies of water
and the inflow of southerly winds contribute to relatively
high humidity during much of the year.

Vegetation

The Baltimore metropolitan area was previously
dominated by hardwood deciduous forests with smaller
areas of riparian and wetland vegetation. After European
colonization and before the development of the city,
the forested areas were transformed to agricultural

uses. Forest cover, mostly outside the city, is dominated
by chestnut oak, yellow-poplar; box elder, green

ash sycamore and silver maple are found in riparian
areas. Overall, Baltimore City has a canopy cover of
approximately 25 percent with the majority of tree
stems occurring in remnant forest patches, vacant land,
and residential areas that are dominated by ash species,
American elm, American beech, black cherry, black

locust, and tree-of-heaven.

Soil and Surface Geology
The Gwynns Falls watershed lies in two physiographic

provinces, the Piedmont Plateau to the north and the
Atlantic Coastal Plain to the south, which are separated
by the Fall Zone. The topography varies from “gently
sloping” to “hilly” with locally steep slopes and bedrock
outcroppings within drainage corridors. The Piedmont
Plateau in the watershed is underlain by mafic, and
ultramafic rock types. The Coastal Plain in the watershed
is underlain by much younger, poorly consolidated
sediments. Soils in the Coastal Plain are very deep,
somewhat excessively drained and well-drained upland
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soils that are underlain by either sandy or gravelly
sediments or unstable clayey sediment. The dominant
coastal plain soils in the Baltimore metropolitan area
consist of Typic Hapludults. Soils in the Piedmont
Plateau of the Baltimore region are very deep, moderately
sloping, well drained upland soils that are underlain

by semi-basic or mixed basic and acidic rocks. The
dominant piedmont soils in the Baltimore area consist of
Ultic Hapludalfs. Highly disturbed soils make up more
than 60 percent of the land area of urbanized areas of the

watershed.

Research and Facilities
The BES study area includes nearly 60,000 ha of intact

forests, some 120 years old or more. In the Baltimore
metropolitan region, a small network of permanent plots
in urban and rural forest remnants has been established
to measure ecosystem processes over time within an
urban-rural gradient framework. In addition, the BES
maintains a larger network of over 400 “extensive” or
Urban Forest Effects (UFORE) plots that are situated in
various urban land-use and cover types that are revisited
every 5 years to measure changes in vegetation structure
and soil characteristics. The BES also has established

a hierarchical network of 14 USGS stream-gauging
stations that represent a gradient of urban development,
ranging from small, single land-use watersheds to

larger and complex watersheds that integrate all of the
principal study area. In so doing, advantage was taken of
differences in socio-economic factors, land use, and cover
among the smaller watersheds in the hierarchy to set up
comparisons much like the gradient analysis of remnant
forest patches described above. The network includes

a reference area in an entirely forested watershed. A
network of meteorological measurements was established
to support hydrologic investigations and to provide a
climatic framework for all studies. The network includes
10 rain gauges, five complete weather stations, a solar
radiation monitor, an atmospheric flux tower, and a

network of stream temperature probes.

Long-Term Data Bases

GIS data bases include geology, soils, land use, social-
demography, historic land use and cover, urban

infrastructure, tree canopy, among others. Climate
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data, including air temperature, precipitation, relative
humidity, wind speed, wind direction, solar radiation
have been collected since 2000. Since 1999, stream
temperature, water quality and quantity, and pathogens
have been monitored, along with soil moisture and
temperature, soil water chemistry, tree growth and
mortality, and trace gas fluxes. Eddy flux measurements
began in 2001.

Major Research Accomplishments and
Effects on Management

e The most dense network of urban watershed
monitoring stations in the country (14 gauging
stations installed)

e The only permanent eddy flux tower in an urban
or suburban area

e Measuring community well-being and social
capital and relating this to stewardship

e Developing new tools that can improve local
resource management and planning

e Classroom enrichment, teacher training,
mentoring, and science instruction, including
training and recruitment of minorities into
natural resource professions

e Development of innovative non-point
source, non-structural (using trees and other
vegetation) low impact development storm water
management techniques

e Measurement of urban forest ecosystem services
and monitoring long-term health of both urban
trees and remnant forest stands

e Riparian hydrology of urban streams

e Measured surface water salt contamination and

spatial patterns of soil contamination

e Measuring urban carbon cycle

Collaborators

Institute of Ecosystem Studies (IES);University of
Maryland Baltimore County, Center for Environmental
Research and Education; Maryland State Forest Service;
Parks and People Foundation; Baltimore City (Public
Works, Recreation and Parks, Planning, Public Health)
and Baltimore County Department of Environmental

Protection and Natural Resource Management; U.S.



Geological Survey; Johns Hopkins University; University
of North Carolina; Vermont University; University of
Maryland Center for Environmental Science; Chesapeake

Bay Program; Columbia University; Towson University.

Lat: 39°24°47” N, long. 76°31'19” W

Contact Information

Baltimore Ecosystem Study c/o

Center for Urban and Environmental
Research and Education

Technology Research Center

1000 Hilltop Circle

Baltimore, MD 21250

Tel: (410) 455-8014

www.beslter.org/
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Bartlett Experimental Forest (New Hampshire)

Introduction

The Bartlett Experimental Forest is the site of research

to answer questions about ecological structure, function,
and process in New England’s northern hardwood forests
and to provide guidelines for managing timber and
wildlife habitat. The Bartlett is within the Saco Ranger
District of the White Mountain National Forest in New
Hampshire and is managed by the Northeastern Research
Station at Durham, New Hampshire. Established in
1931, it encompasses 1,052 ha but will likely double in
size with the forest plan revision that is being written.
The forest extends from the Village of Bartlett in the
Saco River Valley at 207 m to about 915 m elevation at
its upper reaches. Aspects across the forest are primarily

north and east.

The White Mountain National Forest, including the
Bartlett, was purchased under the Weeks Act of 1911.

In the late 19th century, the area was selectively logged
for high-value species, first eastern white pine and red
spruce and later sugar maple and yellow birch. Logging
railroads were laid and hardwood stands were clearcut
for locomotive fuel. The lower third of the Bartlett was
logged and some portions were cleared for pasture.
Upper portions were progressively less impacted with
increasing elevation. Although fires are relatively rare, the
1938 hurricane did widespread damage. High-grading
resulted in more American beech, so that when the beech
scale-Nectria complex (beech bark disease), arrived in

the 1940s, it caused substantial damage and continues

to influence stand dynamics. An ice storm in 1998 was
the most recent widespread natural disturbance, affecting
mostly higher elevation stands. Occasional windstorms
are common, but of relatively small scale.

Climate

Summers are warm with high temperatures frequently
above 32 °C. Winters are cold with low temperatures
often reaching -5 °C. Average annual precipitation is
1,270 mm, well distributed throughout the year. In
winter, individual storms can drop more than 600 mm of
snow, which most years accumulates to depths of 1.5 to

2 m.
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Soils

The soils on the Bartlett are spodosols that developed
on glacial till derived from granite and gneiss. The soils
are moist but usually well drained. In places, the soil is
shallow and boulders and rocks are common throughout
the forest.

Vegetation

There are areas of old-growth northern hardwoods with
American beech, yellow birch, sugar maple, and eastern
hemlock the dominant species. Even-aged stands of red
maple, paper birch, and aspen occupy sites that once were
cleared. Red spruce stands cover the highest slopes, and

eastern white pine is confined to the lowest elevations.

Long-Term Data Bases

When the Bartlet was established, about 500 plots
measuring 0.10 ha were laid out on a 100 by 200 m grid.
On these plots, all trees > 5 cm d.b.h. were measured in
1931-32, 1939-40, 1991-92, and 2001-03. Partial
remeasurements were done in the 1950s and 60s. Some



plots are in compartments that receive silvicultural
treatments and others are in areas that are not entered for
harvest. The main long-term data base comprises
measurements from these plots. Stand-level data bases
that follow responses to forest management include tree
regeneration and stand dynamics; changes in woody
shrub and herbaceous vegetation; and bird, small
mammal (including bats), and amphibian use of habitats
created by silvicultural prescriptions. Larger scale data
bases from Bartlett and adjacent White Mountains
include measurements of forest composition,
productivity, and soil and canopy-level nutrient status in
conjunction with data collected by a variety of airborne

and spaceborne remote-sensing instruments.

Research, Past and Present

For the first 50 years, research on the Bartlett focused

on managing northern hardwood stands for timber.

An array of silvicultural prescriptions was applied,
including single-tree selection, group and patch cutting,
clearcutting, and diameter-limit harvesting. Although
these are among the longest running studies in this
forest type, many management questions about thinning
regimes, tree-quality development, etc. remain and
silvicultural research continues. Silvicultural treatments
create a range of stand compositions and structures

that are ideal for wildlife habitat studies. For the past

20 years, relationships between vegetation management
and needs of wildlife throughout their life cycles have
been investigated intensely. Such research focuses on
amphibians, small mammals, and birds. Since 1995, the
Bartlett has become a primary site for tests of emerging
airborne and spaceborne remote-sensing technologies,
including imaging spectrometry, imaging laser, and radar
systems. These technologies are evaluated for their ability
to estimate forest composition, structure and growth, and
ecosystem processes such as nutrient cycling and carbon
storage. This research, though primarily at the landscape
or broader scales, critically depends on the long-term
detailed records from the Bartlett.

Major Research Accomplishments
and Effects on Management

Northern hardwood forest management in New
England is based largely on research done at the Bartlett.

Regeneration methods and early stand management
have been influenced by studies there, as have
recommendations for managing habitat for wildlife.
Research on the Bartlett research has been instrumental
by understanding forest response following disturbance
and in providing reference data for field and remote-
sensing studies aimed at understanding nutrient cycling,
growth, and carbon storage. Technology transfer is a
major function, with numerous workshops and tours

annually.

Collaborators

On the Bartlett, collaborating specialists include those
from the White Mountain National Forest, other
Northeastern Research Station scientists, and faculty
and graduate students from the University of New
Hampshire. Remote sensing is studied in collaboration
with the University of New Hampshire and the National

Aeronautics and Space Administration.

Research Opportunities

Opportunities for studying all aspects of ecology and
management of northern hardwood forests in New
England are nearly unlimited on the Barteltt and
manipulative experiments are possible in collaboration
with NE scientists. Project staff will facilitate
nonmanipulative studies that do not conflict with the

long-term mission of the forest.

Facilities
Facilities at the Bartlett include an office and laboratory
space, a conference room, and quarters for up to 25

people.
Lat. 44°2'39" N, long. 71°9'56" W

Contact Information

Bartlett Experimental Forest

USDA Forest Service

Northeastern Research Station

PO Box 640

271 Mast Road

Durham, NH 03824

Tel: (603) 868-7632
http://www.fs.fed.us/ne/durham/bef/bartlett

43



Fernow Experimental Forest (West Virginia)

Introduction

The Fernow Experimental Forest, a 1,902-ha outdoor
laboratory and classroom, was established in 1934 and
named for Bernhard Fernow, a pioneer in American
forestry research. Early research addressed high-elevation
red spruce and the effects of fire on hardwood forests.
The Fernow was closed during World War II, but a
new research program was begun in 1948 to study the
silviculture of mixed hardwood forests and watersheds
of the central Appalachians. The Fernow, located

near Parsons, West Virginia, lies within the Allegheny
Mountain section of the unglaciated Allegheny Plateau.
Elevations range from 533 to 1,112 m, with generally

steep slopes.

Climate

The climate at the Fernow is characterized as rainy and
cool. Mean annual precipitation is about 1,470 mm

per year, distributed evenly throughout the year. Mean
annual temperature is 8.9 °C, with a frost-free season of
about 145 days. Although winter snowfall can be heavy,
the snow pack is intermittent.

Soils

A rock layer composed of fractured hard sandstone
and shale underlies most of the Fernow. A majority
of the soils are of the Calvin and Dekalb series,

which originated from these rocky materials (loamy-
skeletal mixed mesic Typic Dystrochrepts). On the
southeastern part of the forest, Greenbrier limestone
outcrops to produce a midslope zone of limestone soil
of the Belmont series (fine-loamy mixed mesic Typic
Hapludalfs). The average soil depth is about 1m.

Vegetation

The Fernow was heavily cutover between 1905 and
1911. The second-growth vegetation is mixed hardwood
forest, and has been classified as mixed mesophytic.
Principal overstory species include northern red oak,
sugar maple, yellow-poplar, and red maple. There are 22
commercial tree species on the Fernow.
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Long-Term Data Bases

Meteorological data have been collected consistently
at the Fernow since 1951 and deposition chemistry
has been monitored since 1987. Streamflow has been
recorded from five gauged, forested watersheds since
1951 and stream chemistry since 1971; currently,

11 watersheds are monitored for streamflow and
chemistry data. Silvicultural data bases have been
developed since 1949. Whole-stand characteristics

are based on 100-percent tallies (d.b.h. > 12.7 cm) on
more than 80 research compartments that have been
remeasured periodically and managed using silvicultural
practices from even-aged to uneven-aged regeneration.
Unmanaged reference areas are included in this data
base. Data can be stratified by site quality and include
information on species, d.b.h., merchantable height
and grade, and dead or alive. Regeneration data were

concurrently sampled using temporary plot locations for

both seedlings (d.b.h. < 2.54 cm) and saplings (d.b.h.



< 12.7 cm). Individual tree information is collected on
more than 800 permanent growth plots. Growth plots
were first established in 1979 and complement the
whole-stand data. Data are collected on species, d.b.h.,
stem characteristics, logging damage, tree form, crown
dimensions, and temporal changes. Permanent growth
plots also have been established to track net primary
productivity in long-term ecological studies.

Research, Past and Present

Scientific studies on the Fernow have followed two
lines of research, with considerable overlap. Silvicultural
research, focused mostly on mixed hardwood stands,
addresses questions relating to regenerating, growing,
tending, and harvesting trees and stands. Watershed
research has addressed some of the more basic questions
about water use by forests and forest hydrology, as

well as critical issues affecting roads, best management
practices, and forest management effects on water and
soil resources. In 1994, two research units combined

to incorporate larger and broader scales of research.
The Fernow also has been in the forefront of research
on acidic deposition and nitrogen saturation. A whole-
watershed acidification study has been conducted since
1989. Recently, research on threatened and endangered
species has assumed a more prominent role, due to the
presence of Indiana bat and running buffalo clover on
the Fernow.

Major Research Accomplishments

and Effects on Management

Research on the Fernow has demonstrated the benefits of
good forest management in the central Appalachians and
shown that improved log quality gives the greatest return
from good hardwood forest management. Guidelines

for determining site quality from topographic and soil
features were developed, along with improved logging

methods that are practical and profitable. Researchers

have demonstrated that although streamflow can be
increased by practical forest management, cutting a forest
does not create a high flood hazard when the forest floor
is protected from erosion. Work from the Fernow has
been used to develop best management practices for West

Virginia.

Collaborators

On the Fernow, collaborators include scientists from
West Virginia University, University of Pittsburgh,
University of Georgia, Virginia Polytechnic and State
University, Purdue University, Pennsylvania State
University, and specialists from the Monongahela
National Forest. Industrial cooperators include
MeadWestvaco, and the Jim C. Hamer Lumber
Company.

Research Opportunities

The opportunities for research on the Fernow are
abundant thanks to its long-term studies and the wealth
of data. There is the opportunity for stand manipulations

as the Fernow has its own logging crew and equipment.

Facilities
Facilities on the Fernow that include a water-quality and

another laboratory facility, small, historic bunkhouse,
and the Timber and Watershed Laboratory in Parsons.

Lat. 39°3'15" N, long. 79°41'15" W

Contact Information

Fernow Experimental Forest

Northeastern Research Station

USDA Forest Service

PO. Box 404

Parsons, WV 26287

Tel: (304) 478-2000
http://www.fs.fed.us/ne/parsons/fethome.htm
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Hubbard Brook Experimental Forest (New Hampshire)

Introduction
The Hubbard Brook Experimental Forest was established

in 1955 as a major center for hydrologic research in
New England. Located in the White Mountain National
Forest in central New Hampshire, the 3,138-ha bowl-
shaped Hubbard Brook Valley has hilly terrain, ranging
in elevation from 222 to 1,015 m. The Hubbard Brook
Ecosystem Study was established by a cooperative
agreement in 1963. In 1988 the Hubbard Brook was
designated as a Long-Term Ecological Research site by
the National Science Foundation.

Climate

Annual precipitation at Hubbard Brook averages about
1,400 mm, with one-third to one-quarter as snow. The
month of January averages about -9 °C and the average
July temperature is 18 °C. The average number of

days without killing frost is 145. The estimated annual

evapotranspiration is about 500 mm.

Soils

Soils at the Hubbard Brook are predominantly well-
drained Spodosols (Typic Haplorthods) derived from
glacial till, with sandy loam textures. They are acidic (pH
about 4.5 or less) and relatively infertile (base saturation
of mineral soil -~ 10 percent). Soil depths, including
unweathered till, average about 2.0 m surface to bedrock,
though this is highly variable. Depth to the C horizon
averages about 0.6 m. At various places, the C horizon

exists as an impermeable pan.

Vegetation

The present second-growth forest is even-aged and
composed of about 80 to 90 percent northern hardwoods
and 10 to 20 percent spruce-fir.

Long-Term Data Bases

There are many long term data bases at Hubbard
Brook, including instantaneous streamflow and daily

precipitation, weekly snow depth, and weekly soil
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temperature and moisture. Solution chemistry data
include weekly bulk precipitation, monthly soil solution
chemistry, and weekly stream chemistry. Information
on a variety of organisms is also collected. Soils are
resampled at regular intervals. Data bases from Mirror
Lake are maintained at Hubbard Brook.

Research, Past and Present

At Hubbard Brook, the following topics are being
studied:

* The role of calcium supply in regulating the
structure and function of base-poor forest and

aquatic ecosystems
* Animal populations and communities

* Colder soils in a warmer world: a snow
manipulation in a northern hardwood forest

ecosystem

* Stream ecosystems

* A spatial model of soil parent material

* Modeling effects of acid deposition, forest
disturbance, and soil chemistry on forest
production and streamwater quality

* Remote sensing for measurement of canopy
nitrogen and calcium content, and estimation of
forest production and stream chemistry

* Landscape-scale controls on N retention and N
gas fluxes in the Hubbard Brook Valley

* Nutrient uptake at the ecosystem scale

* Carbon and calcium controls on microbial
biomass and invertebrate grazers

* Comparison of 8 "N and nitrification potential
across a nitrate-loss gradient

* Response of northern hardwood forests to
nutrient perturbation

* Edaphic controls on the structure and function
of the northern hardwood forest

* Vegetation dynamics and primary productivity



Major Research Accomplishments
and Effects on Management
At Hubbard Brook, the following subjects have been

researched:

* Small watershed technique for studying
biogeochemistry

* Factors regulating nutrient flux and cycling in
northern hardwood forests

* First documentation of acid rain in North
America

* Effects of forest harvesting disturbance on water
quality and quantity

* Long-term effects of acid rain on soil nutrient
pools and streamwater chemistry

* Relationship of interior forest bird populations
and communities to forest structure and
development

* Development and application of ecosystem
process models: 1) hydrological, 2) forest growth
and development, and 3) soil nutrient processes

Collaborators

At Hubbard Brook, collaborators include scientists from
other Forest Service research units, Institute of Ecosystem
Studies, Brown University, Dartsmouth College, Syracuse
University, Cornell University, University of Michigan,
Yale University, Appalachian State University, State

University of New York-Environmental Science and
Forestry, USDI Geological Survey, Wellesley College,
University of New Hampshire, and Smithsonian

Institution.

Research Opportunities

The Hubbard Brook staff welcomes new studies and
collaboration on existing ones. There is a need for
expanded cooperative research in the fields of soil physics
and forest hydrology.

Facilities

The Robert S. Pierce Ecosystem Laboratory located at
Hubbard Brook provides 835 m?* of space, including

six offices, four laboratories, a conference room, six
dormitory rooms, and a kitchen, baths, and showers.
There is also a sample archive building and maintenance,

storage, garage, and shop facilities.

Lat. 43°56" N, long. 71°45" W

Contact Information

Hubbard Brook Experimental Forest

USDA Forest Service

Northeastern Research Station

271 Mast Road

Durham, NH 03824

Tel: (603) 868-7636
heep://www.fs.fed.us/ne/durham/4352/hb.shtml
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Kane Experimental Forest (Pennsylvania)

Introduction

The Kane Experimental Forest was established on
March 23, 1932, though research had begun as
early as 1927. Its primary mission has been forest
management research, though watershed research
was included in the beginning and wildlife research
is part of the current program. Ongoing long-term
studies include individual tree and understory
vegetation measurements; treatments such thinnings,
regeneration cuts, uneven-age cuts, and long-term
measurements of unmanaged forest. The Kane is
used heavily for training and tours for educational,
professional, and landowner groups. National
Atmospheric Deposition Program data have been
collected at the forest since 1978.

Climate

Approximately 1,100 mm of precipitation falls each year,
mostly as rain, including 10 cm per month during the
growing season. Wind events of all scales are the most
common natural disturbances. Precipitation can be
highly acidic, as the Kane receives some of the highest
deposition levels of both sulfate and nitrate in the eastern
United States.

Soils

Soils are derived from sandstones and shales that are
unglaciated, often with a fragipan.

Vegetation
Vegetation is primarily of the Allegheny hardwood

variant of the northern hardwood type. Tree species
include black cherry, sugar and red maple, American
beech, eastern hemlock, sweet birch, and striped maple.

Long-Term Data Bases

Some studies that were installed on the Kane in the
1930s (including contrasts of management styles and

a study of weeding in young stands) continue to yield
useful results. Other studies include a major thinning
study installed in 1973-75, regeneration studies from the
same era, and a study of different silvicultural systems

installed in 1980. More recent data bases include those
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from a site in a regional study of sugar maple decline that
includes detailed soil and foliar nutrient data.

Research, Past and Present

Research at the Kane EF is aimed at understanding
ecology and stand-development processes in stratified
mixed hardwood forests and the interactions of these
processes with forest management. The focus is on
regeneration processes, wood production, and, more
recently, on carbon sequestration and wildlife habitat.
Regeneration research has included studies of the effects
of white-tailed deer and the mechanisms of interference
from invasive, native understory herbaceous and woody

species.

Major Research Accomplishments

and Effects on Management

Regeneration studies conducted on the Kane were
translated into guidelines for assessing understory
regeneration stocking that changed the way harvesting
decisions were made throughout Pennsylvania and
beyond. Data collected from thinning studies form
the basis for the SILVAH stand growth simulator, and
management guidelines developed from KEF research
form the basis for the decision-support processes in the
SILVAH computer program. Through the silvicultural

training sessions conducted annually on the Kane, results



from research there are widely adopted and were cited in
recent certification reports for public agencies through
the Forest Stewardship Council as one component of a

sustainable forest management program.

Collaborators

Collaborating institutions include the Allegheny
National Forest, Pennsylvania Bureau of Forestry,
Pennsylvania State University, University of Pittsburgh,
State University of New York, the National Atmospheric
Deposition Program, and several Forest Service research

work units.

Research Opportunities

In addition to the opportunities that arise simply because
long-term data sets are associated with many plots on the
Kane, there are numerous subjects for which data from
existing study plots could provide important insights

on herbaceous plant communities, soil mega- and
microfauna, lichens, fungi, genetics of tree and other
plants, and various wildlife communities. Because a great

deal is known about the disturbance history of much

of the Kane, such studies could be rich and rewarding
in a short time. There is also the opportunity to resume

hydrologic studies.

Facilities

There are two small bunkhouses, one housing up to six

people, and another in renovation housing two persons.

There is a small office, a garage, a 1930s-era blacksmith
shop, a shed, and a prefab classroom/conference facility
erected in 1985.

Lat. 41°35'52" N, long. 78°45'58" W

Contact Information

Kane Experimental Forest
Forestry Sciences Laboratory
PO. Box 267

Irvine, PA 16365

Tel: (814) 837-7349

Or
Tel: (814) 563-1693

hetp://www.fs.fed.us/ne/warren/kane.shtml

49



Massabesic Experimental Forest (Maine)

Introduction

The Massabesic Experimental Forest is in the process
of revitalization. Ravaged by fire and windstorms,
underutilized for decades, it is once again serving as a
location for forest ecology and management research
and demonstration. It is typical of much nonindustrial
forest land in New England. Located in York County,
Maine’s southernmost, the Massabesic is grown-over
farmland abandoned between the Civil War and the
Great Depression. Eastern white pine and northern

red oak colonized its old fields and still dominate those
sites. Ownership of the Massabesic is not typical of that
of other experimental forests in that the Northeastern
Forest Experiment Station purchased the land under
the Weeks Act between 1937 and 1942. The 1,497-

ha forest consists of two units (North and South) that
are about the same size. There are numerour special
ecological features, including one of the largest Atlantic
white-cedar wetlands in New England, many vernal
pools, and numerous plants and animals that are rare
or uncommon. As one of the largest blocks of public
land in southern Maine, the Massabesic is popular for
recreation. It is managed by one of the units at the
Northeastern Research Station Laboratory in Durham,
New Hampshire, and is the only experimental forest with

appreciable amounts of white pine and red oak.

The history of Massabesic is one of change and challenge.
Soon after establishment, it closed for World War II. It
reopened in 1946, and studies on white pine management
were planned and installed. Following years of drought,
1,214 ha burned in October 1947, in a 61,000-ha fire
that consumed entire villages in southwestern Maine. On
the Massabesic, the fire was a stand-replacing disturbance
in some places, while in other areas only part of the forest
floor was consumed, or skipped entirely. Although many
trees killed in the fire were harvested the next year, 80
percent of the timber was destroyed or salvaged. Over the
next few years, windstorms blew down many more trees in
fire-weakened stands. Following the fire and windstorms,
research emphasis shifted from stand management to
artificial regeneration, both direct seeding and planting,

and later to forest genetics.
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Climate

The Massabesic climate is influenced by the Atlantic
Ocean, which is fewer than 32 km southeast of either
unit. Average annual temperature is 8.1 °C, with July
normally warmest (33.9 °C) and January coldest

(-5.8 °C). Total annual precipitation averages 1,188
mm, with September typically the driest and November
the wettest month. May 4 is the average date of the last

killing frost and the growing season averages 157 days.

Soils

Soils are of glacial origin over granite bedrock. Upland
soils are typically stony to very stony sandy loams,
ranging to sandy on outwash plains. Exposed ledge is
common. Major soil taxa are Dystrochrepts, Udorthents,
and Udipsamments. The land is flat to gently rolling,
lying at elevations from 61 to 137 m.

Vegetation

The eastern white pine-northern red oak forest type
dominates upland sites. Eastern hemlock and red maple

are also well represented throughout the forest. Nearly



pure stands of paper birch occupy some areas cleared by
the 1947 fire and subsequent salvage. Other cleared areas
were planted or direct seeded to white pine or a mixture
of white and red pine. Exotic species, including western
white and Scots pines, were also planted. Common
woody shrubs include beaked hazelnut, several species

of Viburnum, winterberry, witch-hazel, sheep-laurel, and
Vaccinium species. Common herbaceous plants are star
flower, Canada mayflower, bracken fern, wild sarsaparilla,
wintergreen, wild oats, and mountain rice. There are few

nonnative invasive plant species.

Long-Term Data Bases

Numerous studies have been conducted on the
Massabesic since the late 1940s, but none resulted in
long-term series of remeasurements. Between 1998 and
2000, a 100- by 200-m grid of permanent sample points
was established. Both variable-radius and fixed-radius
plots were used to inventory all vascular plants. Those
data and a number of physical parameters are summarized

in a GIS database. Periodic remeasurements are planned.

Research, Past and Present

When the Massabesic was established, permanent
sample plots were installed but many plot location
stakes were lost in the 1947 fire and never reestablished.
Following the fire, white pine management research
was reinitiated but emphasis shifted to artificial
regeneration research, including a number of pesticide
trials to control competing vegetation and white pine
weevils. Management research closed in the 1960s

and a series of genetics studies on white pine weevil
resistance was initiated, followed by a broader focus on
tree improvement research. Recent research includes
investigations of soil nitrogen processes, aquatic insects,
amphibian and owl ecology, and comparison of methods

for sampling coarse woody material.

Major Research Accomplishments

and Effects on Management

Some of the first recommendations for aerial seeding of
burns and for herbicide use in white pine management
were based on research on the Massabesic. In planted
stands similar to those of the forest, about one-third

of western white pines suffer weevil damage compared

to two-thirds of eastern white pines. Fifty years after

farming ceased, its effects were still evident on soil pH,
C:N, percent organic matter, and concentrations of total
C and total N. The effects of fire on soil after the same
period were much less clear. With its location in the
most populous part of Maine, the Massabesic EF hosts a
conservation education project that reaches hundreds of

school children and adults every year.

Collaborators

Faculty members and graduate students from the
University of Southern Maine and the University of New
Hampshire are collaborating in studies at the Massabesic.
The education project is a partnership with the state
forestry agency, local soil and water conservation district,
local conservation commission, and the Small Woodland
Owners Association of Maine. Numerous volunteers
from local communities and state naturalist societies
participated in the floristic inventory and continue to

support activities on the forest.

Research Opportunities

There are ample opportunities for research on all

aspects of ecology and management of pine-oak and
other mixed-species forests, especially with regard to
meeting information needs of nonindustrial landowners.
Manipulative experiments are possible in collaboration
with Northeastern Research Station scientists. Project
staff members are willing to facilitate nonmanipulative
studies that do not conflict with the long-term research

and demonstration missions of the Massabesic.

Facilities
The Massabesic has only minimal facilities. The Forest

Service-owned buildings are occupied by state and local

agencies under long-term use permits.

Lat. 43°27'8" N, long. 70°40'44" N

Contact Information

Massabesic Experimental Forest
USDA Forest Service
Northeastern Research Station
PO Box 640, 271 Mast Road
Durham, NH 03824

Tel: (603) 868-7632

http://www.fs.fed.us/ne/durham/mas/massabes.htm
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Penobscot Experimental Forest (Maine)

Introduction

“The mission of the Penobscot Experimental Forest is
to afford a setting for long-term research conducted
cooperatively by USDA Forest Service scientists,
university researchers, and professional forest managers
in Maine; to enhance forestry education of students
and the public; and to demonstrate how the timber
needs of society are met from a working forest.” That
statement was written in 1994 when the Penobscot was
donated to the University of Maine. Land was purchased
by nine pulp, paper, and land-holding companies in
1950 and leased to the Forest Service’s Northeastern
Forest Experiment Station as a site for long-term forest
management research in the northeastern spruce-fir
forest. The Penobscot is now jointly managed by the
university and the Northeastern Research Station at
Durham, New Hampshire.

Located 15 km north of Bangor, Maine, the Penobscot is
in the Acadian Forest, a region covering much of Atlantic
Canada and adjacent Maine. An ecotone between

boreal and broadleaf biomes, the region is dominated

by mixed conifers. Red spruce is the signature species of
the Acadian Forest, distinguishing it from similar forests
around the Great Lakes where white spruce is common
and red spruce is absent. Balsam fir, a boreal species,

is at its southern limit, whereas other trees, including
eastern hemlock and eastern white pine, are at their
northern limits. Stand-replacing fires are less frequent
than in the boreal forest or other temperate forests.
Natural disturbances are insect epidemics (notably
eastern spruce budworm) and windstorms, causing
sporadic mortality. Most of the forest around Bangor has
been cut periodically for high-value products since the
1790s. However, little of the 1,618-ha Penobscot was
ever cleared or cut during the 20 to 40 years prior to its

designation as an experimental forest.

Climate

The climate of the Penobscot is cool and humid.
Average annual temperature is 6.6 °C, with February the
coldest (7.1 °C) and July the warmest (20 °C). Normal
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precipitation is 106 cm, with 48 percent falling during

the growing season, which averages 156 days.

Soils

The soils of the Penobscot are complex and variable
because of glacial influences. Till derived from fine
grained sedimentary rock is the principal parent material.
Low till “ridges” are well-drained loams, stony loams,
and sandy loams. Flat till areas between ridges are poorly
and very poorly drained loams and silt loams. Low areas
along watercourses and in depressions have lake and
marine fine sediments that are poorly drained silt and

silty clay loams.

Vegetation

The vegetation types on the Penobscot are typically more
diverse than on the industrial spruce-fir forest farther
north. The canopy is dominated by a mix of conifers,
including hemlock, spruce (mostly red but some white
and black), balsam fir, northern white-cedar, white

pine, and occasional tamarack or red pine. Common
hardwoods include red maple, paper and gray birch, and
quaking and bigtooth aspen.

Long-Term Data Bases

The Penobscot has data bases associated with silvicultural
studies established in the early 1950s. Trees were



measured on 420 plots before and after harvest and at
about 5-year intervals between harvests. Trees > 10 cm
d.b.h. are measured on 0.08-ha plots. Trees < 10 cm

but > 1.25 cm are measured on 0.02-ha plots. Plots are
circular and share the same center point. Inventories
began before treatments were applied. Depending on the
treatment, there have been 11 to 19 remeasurements.
Since the 1970s, individual trees have been numbered
and their growth followed. Regeneration inventories
began in the 1960s. There are a number of additional
data bases from shorter term studies overlaid on the long-
term silvicultural experiment, and from the University
of Maine’s Forest Ecosystem Research Program (FERP),
which was initiated in 1996.

Research, Past and Present

Scientific studies on the Penobscot have been
traditionally focused on management of mixed conifer
stands for timber. Over the past 20 years, research

was broadened to include fundamental studies of tree
growth and maturation, spruce budworm predation,
biodiversity, root structure and function, coarse woody
material, economics, and growth-and-yield modeling.
The long-term silvicultural experiment that is the

basis for most of the research includes 10 replicated
treatments representing a range of even-age and
uneven-age prescriptions: clearcutting, three variants
of shelterwood, selection with three cutting cycles, two
forms of diameter-limit cutting, and an unmanaged
control. Researchers with FERP are studying the effects
of expanding gap shelterwood on several attributes of
ecosystem structure and function.

Major Research Accomplishments

and Effects on Management

The Penobscot is recognized internationally for its
silvicultural research, including the only examples of
uneven-age management of conifers in the Northeastern
United States and Eastern Canada, where cutting cycles
have been sustained over decades. Pioneering research on
shelterwood removals, strip cutting, and precommercial
thinning was conducted on the forest. Analyses of stand
growth and development and economics of various
silvicultural treatments have influenced management
decisions throughout the region. The range of stand

composition and structure in the long-term silvicultural

study attracts cooperating scientists interested in the
effects of forest management on hydrology, soils, plants,
and animals. Technology transfer is a major undertaking,
with numerous tours annually for students and

professionals.

Collaborators

Because of ownership and proximity to the University
of Maine, most cooperators are faculty and graduate
students. A research unit at the Northeastern Research
Station’s New Hampshire facility is responsible for
Forest Service research. With the exception of FERP,
other Penobscot research is guided jointly by a team
of university faculty and Forest Service scientists.
Collaborators also include researchers from other NE
projects, Canadian Forest Service, University of Vermont,
and University of New Hampshire, state forestry

and wildlife agencies, and Small Woodland Owners
Association of Maine.

Research Opportunities

There are nearly unlimited research opportunities in

all aspects of ecology and management of conifer-
dominated and mixed conifer-hardwood stands of the
Acadian Forest. New research within the long-term
silvicultural study is encouraged and facilitated by Forest
Service scientists. Research in conjunction with FERP

is approved by the director of that program. All other
research proposed must be presented to the university and

Forest Service team that manages the research program.

Facilities
At the Penobscot, there is an office, shop, and storage

space.

Lat. 44°51" N, long. 68°37" N

Contact Information

Penobscot Experimental Forest
USDA Forest Service
Northeastern Research Station
PO Box 640

271 Mast Road

Durham, NH 03824

Tel: (603) 868-7632
http://www.fs.fed.us/ne/durham
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Silas Little Experimental Forest (New Jersey)

Introduction

In 1933, the Northeastern Forest Experiment Station
and the State of New Jersey signed a cooperative
agreement for an experimental forest, the Lebanon
Experimental Forest, “for the purpose of conducting
studies, experiments, and demonstrations in silvics

and silviculture...to solve forest problems of the region
typified by conditions in southern New Jersey. These may
include experiments in obtaining natural reproduction of
the forest after cutting, in thinning to stimulate growth,
and in artificial reforestation; also, more fundamental
studies of the factors which affect tree growth.” The
Northeastern Research Station has maintained the lease
agreement from New Jersey for the use of this 239-ha site

for regional forest research.

In 1937, Dr. Silas Little was assigned to the Lebanon
and worked there until 1979, most of that time as the
research project leader. This experimental forest was
renamed in his honor after his retirement. In 1985,
following the departure of the last Forest Service
employee, the Northeastern Research Station entered
into a cooperative agreement with Rutgers University

to use the buildings for the Pinelands Research Center
(PRC). In the late 1980s, the site received recognition

as a UNESCO Man and the Biosphere site. The PRC
has a full-time director, a site manager, and a number of
graduate students in residence. In 2002, the Northeastern
Research Station reestablished active fire research at the
Silas Little with a 5-year National Fire Plan grant for
regional climate and fire danger modeling specific to the
Pine Barrens. The existing fire danger rating system does
not meet the needs of the wildfire managers in this part
of the United States and this research will address this
deficiency.

Climate

The climate on the Silas Little and surrounding Lebanon
State Forest is strongly influenced by the Adantic Ocean.
Elevations are so uniform in this area that they do not
influence temperature and there is only slight variation

from one site to another. The coldest month is February
(-2 to 1°C) and the warmest is July (23 to 25 °C). The
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first killing frost occurs about October 18 and the last

about April 22. The high summer maximum is 42 °C
and the lowest winter minimum is -32 °C. Rainfall is
relatively constant and equally distributed both as to
season and location, but there is a marked dry season

in the fall. Average rainfall in this area is 1,145 mm.
Snowfall is slight and remains on the ground only a short

time.

Soils

Soils in the region of the Silas Little are described as
Englishtown formation, consisting of micaceous white
and yellow quartz sand and glauconitic, and locally
lignitic lens of clay and silt. Southern New Jersey is
essentially an immense coastal plain, generally less

than 30.5 m above sea level; average elevation is 18 m.
Rivers in this area drain southeast to the Atlantic Ocean.
The region’s soils are predominately sandy but vary
considerably in texture, ranging from course sand to
sandy loam, and also vary in drainage. The dry character
of much of the soil adversely affects plant growth during
even to moderate drought.

Vegetation

The Silas Little represents the Pine Barrens forest types
that include poorly drained soils supporting pitch pine
(14 percent), infertile sands supporting pitch pine and
low-grade oaks (22 percent), swamp forests (12 percent),



and slightly better quality soils supporting oaks and
shortleaf and pitch pines (52 percent).

Long-Term Data Bases

A major objective of research on the Silas Little was to
evaluate damage from wildfires to the pinelands and
compare losses from fires deliberately set under favorable
conditions to wildfires, for example, prescribed burns.
The scope of this research included loss of wood and
reduced productivity of the site. There is additional
information on fire effects and containment, regeneration
of desirable species, economic surveys, and surveys of
Atlantic white-cedar swamps. The Northeastern Research
Station continues to maintain the pine breeding orchard
at the site and monitors several plantings of hybrid pines
on the surrounding Lebanon State Forest.

Research, Past and Present

In 2002, a 5- year National Fire Plan grant was awarded
for a study entitled, “Regional climate and fire danger
modeling specific to the Pine Barrens,” to carry out
research to enhance the National Fire Danger Rating
System in the Pine Barrens. This research will develop a
more responsive fire danger rating system that is specific
to the New Jersey Pine Barrens by focusing on the
interaction between climate, fire, and vegetation. The
research will employ prescribed burns and the use of
portable and fixed flux towers to monitor vegetation, soil,
and atmospheric conditions before and after prescribed
burns over a range of conditions and vegetation types.
The network of fire weather stations and portable towers
should produce detailed fire weather and carbon, water,
and energy flux measurements at local and landscape
levels to determine the processes that are distinctive for
the Pine Barrens.

Earlier research (started 1985 to 2002) has been carried
out by the staff and graduate students at the Pinelands
Research Station. Researchers are looking at the effects of
fragmentation and human-induced changes in hydrology
of the Pineland wetland ecosystem on the Atlantic white-
cedar swamps. Studies on the effects of acid deposition
on the New Jersey Pine Barrens include a monitoring
station for the New Jersey Atmospheric Deposition
Program. Other studies deal with stream chemistry, the

effects and recovery from past fires in the Pine Barrens,

inventory and population dynamics of wildlife species,
and several other problems unique to these sandy sites
along the Atlantic Coast.

Major Research Accomplishments

and Effects on Management

In 1964, the Northeastern Research Station initiated a
cooperative study with New Jersey and the West Virginia
Pulp and Paper Company (now Mead Westvaco) to start
a tree improvement program involving pitch and loblolly
pine. The goals were to produce a superior loblolly pine
for southern Delaware and eastern Maryland, produce
superior pitch pine for sections of the Northeast, and
develop pitch x loblolly pine hybrids that would be
winter-hardy north of the loblolly pine range and

that would outgrow pitch pine. The first F1 hybrids
were outplanted in 1971 and over the next 15 years,

65 plantings of F, and F, hybrids were established
throughout Eastern United States and southeastern
Canada. South Korea became interested in the hybrid

in the late 1960s and through the early 1980s millions
of hybrids were used to reforest denuded hills in that
country. In the 1980s, France obtained hybrid seed

and achieved spectacular growth rates. In this country,
MeadWestvaco now produces and plants millions

of hybrid pitch x loblolly every year and in 1993
International Paper Company began a program for its
northern lands. This is one of the most successful research
programs initiated by the Northeastern Research Station.

Plots from genetics trials are maintained at the site.

Collaborators

Researchers have come to work at the Silas Little from
the New Jersey Forest Fire Service, Pinelands Field
Station, Rutgers University, New Jersey State Climatology
and Eastern Modeling Consortium, University of Florida,
University of Maryland, and NASA Goddard Space
Flight Center.

Research Opportunities

Opportunities are nearly unrestricted in all aspects of
fire weather, wildfire ecology, and carbon sequestration
research. New research within the New Jersey Pine
Barrens region is encouraged and facilitated by Forest
Service and Pinelands Research Station scientists.

Research at the Silas Little and the Rutgers Pineland
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Research Stations requires approval of the field station

director and Forest Service program manager.

Facilities

Office space, laboratory, quarters, storage, shop, weather
stations, deposition monitoring, instrumented flux
towers are located on the Silas Little administrative site
in New Lisbon, New Jersey. The Rutgers Pinelands
Research Station maintains offices and quarters in the
main building, and lab trailers on the site. National
Science Foundation grants have allowed Rutgers
University to purchase several laboratory buildings.
Several office trailers at the administrative site, as well
as some greenhouse space, are used by the New Jersey
Department of Agriculture, Bureau of Biological Pest
Control.

Lat. 39°54'58" N, long. 74°35'55" W
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Contact Information

Silas Little Experimental Forest
USDA Forest Service
Northeastern Research Station
PO Box 640, 271 Mast Road
Durham, NH 03824

Tel: (603) 868-7632

www.fs.fed.us/ne/durham

Or

Global Change Program
USDA Forest Service
Northeastern Research Station
11 Campus Blvd.

Newtown Square, PA 19073
Tel: (610) 557-4097
heep://www.fs.fed.us/ne/global/



Vinton Furnace Experimental Forest (Ohio)

Introduction

In 1952, the Baker Wood Preserving Company
set aside 486 ha of land as the Vinton Furnace
Experimental Forest for use by the USDA

Forest Service’s Central States Forest Experiment
Station, Columbus, Ohio. This area served as
the field lab for a research unit at Athens, Ohio.
Early research included farm forestry, pine
conversion, and cutting practice demonstrations.
A decade later, the Mead Corporation purchased
the land and maintained the relationship with
the Forest Service. The land is now owned by
Mead Westvaco and managed by a research unit
of the Northeastern Research Station located at
Delaware, Ohio. Thousands of people visit the
Vinton each year for meetings, training, and tours. The
area consists of a steeply dissected topography of ridges

and hollows with elevations ranging from 200 to 300 m.

Climate

Mean annual temperature at the Vinton Furnace is

11.3 °C, which includes below-freezing temperatures
during January. Precipitation, mostly rain, is distributed
throughout the year with a mean annual precipitation
of 1,024 mm. The growing season consists of 158-day
frost-free days.

Soils

Soils at the Vinton Furnace are unglaciated silt loam
derived from sandstones, siltstones, and shales,

sometimes with scattered, discontinuous limestone beds.

Vegetation

The Vinton Furnace comprises upland mixed-oak forests
with chestnut oak on the ridgetops, tending to scarlet
and black oak downslope, with white oak, red maple,
and hickories midslope blending to yellow-poplar and
Ohio buckeye in the mesic areas. Scattered areas of
shortleaf pine and eastern hemlock account for most of
the conifers found in the area. More than 50 tree species

are found within the borders of Vinton Furnace.

Long-Term Data Bases

The first harvesting conducted at Vinton Furnace was
on the cutting practice demonstration area, where data
have been collected since 1954. A replication of the
stand density study has been monitored since 1960.
Research begun in 1994 and 2001 on the use of fire and
thinning to restore mixed-oak ecosystems is intended to
become long-term studies and include data collected on
soils, birds, arthropods, forest-floor plants, and fuels in

addition to tree data.

Research, Past and Present

Past studies concentrated on silvicultural practices,
regeneration, and growth and yield of desirable hardwood
species. Current research focuses on the effects of

using thinning and prescribed fire to restore mixed-oak

ecosystems and fire behavior and dynamics.

Major Research Accomplishments

and Effects on Management

Some of the earliest clearcutting research was performed
at Vinton Furnace. Results of these studies formed

the basis for the recommendations published in Even-
Aged Silviculture for Upland Central Hardwoods (USDA
Agriculture Handbook 355). Stocking charts were
developed with data from the stand-density studies
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which were used to produce the GROAK and OAKSIM
growth and yield simulators. A GIS-based moisture index
to predict plant associations across a landscape has been
constructed. Vinton Furnace is one of the first sites to
conduct ecosystem-based studies on the effects of fire in
the central hardwood region.

Collaborators

Researchers from Mead and now MeadWestvaco, Ohio
State University, Ohio University, Hocking College,
Ohio Department of Natural Resources, Wayne National
Forest, Ohio Biological Survey, Ohio Lepidopterists,
Nature Conservancy, Purdue University, University of
North Carolina, and other Forest Service research units

have worked at Vinton Furnace.

Research Opportunities

As part of the Forest Service’s National Fire and Fire
Surrogates Ecosystem Study, the Vinton Furnace offers
landscape-scale thinning, burning, and control treatment
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areas with many components of the ecosystem well
documented and monitored. Collateral, multidiscipline

studies are continually being added to these areas.

Facilities

The headquarters area of the Vinton Furnce in Albany,
Obhio contains a large meeting/training center, quarters
for eight visiting scientists and technicians, office

equipment, and a weather station.

Lat. 39°11" N, long. 82°22" W

Contact Information

Vinton Furnace Experimental Forest

USDA Forest Service

Northeastern Research Station

359 Main Road

Delaware, OH 43015-8640

Tel: (740) 368-0101
http://www.fs.fed.us/ne/delaware/4153/vfef.html



Pacific Northwest Research Station

0 50 100 200 300 400 500

Kilometers
%
e Caribou/
g Alaska Poker Creek
*19:
—ﬂquﬁ C Bonanza

Creek

%  Experimental Forests and Rangelands
I National Forests and Rangelands

59



Bonanza Creek Experimental Forest/Caribou-Poker
Creeks Research Watershed (Alaska)

Introduction

The Bonanza Creek Experimental Forest and Caribou-
Poker Creeks Research Watershed are the only designated
forest research facilities in the true boreal forest zone

of the United States. Both are on Alaska state land,

with Forest Service and university research activities
conducted under a long-term lease and cooperative
agreement, respectively. Bonanza Creek, located about
20 km southwest of Fairbanks, Alaska, was established
in 1963 with about 3,360 ha of upland, interior Alaska
boreal forest. In 1969, the forest was enlarged to

5,053 ha to include representative flood-plain forests
along the Tanana River. Bonanza Creek lies within

the Tanana Valley State Forest, a unit managed by the
Alaska Division of Forestry. It is leased to the USDA
Forest Service’s Pacific Northwest Research Station

for the exclusive purpose of conducting research in
forestry. Bonanza Creek was declared a Long-Term
Ecological Research (LTER) site by the National Science
Foundation in 1987.

Caribou-Poker Creeks is a 10,400-ha upland research
site located 45 km north of Fairbanks that is dedicated
to research into hydrologic and environmental questions
about the discontinuous-permafrost boreal forest of

the Yukon-Tanana Upland of central Alaska. In 1969,

a cooperative agreement signed by the Interagency
Technical Committee for Alaska and the Alaska
Department of Natural Resources designated the basin
as the Caribou-Poker Creeks Research Watershed. In
1996, the Water and Environmental Research Center
of the University of Alaska assumed management of the

watershed.

Climate

The climate in interior Alaska is strongly continental,
with cold winters and warm, relatively dry summers;
it is characterized by drastic seasonal fluctuation in
day length (> 21 hours on June 21 and < 3 hours

on December 21). Mean annual temperatures in the
Tanana Valley area average between -2 and -5 °C. July
temperatures average 16.3 °C, whereas in January the

average is -23.5 °C. Periods of extreme cold in the
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vicinity of -40 to -45 °C can occur at any time from

late November through February. Daily maximum
temperatures occasionally reach 35 to 37 °C in June and
July, often with only modest night cooling because of the
persisting daylight. The growing season is short (100 days

or less).

Annual precipitation in interior Alaska is 250 to 500
mm. About 35 percent of this precipitation falls between
October and April as snow. Although precipitation
amounts during the growing season may be low,
evaporation rates are also low because of the relatively
short growing season and cool temperatures. Even so, as
much as 75 to 100 percent of the summer precipitation
may be lost as evapotranspiration. Snow covers the
ground from mid-October until mid- to late April, and
maximum accumulation averages 75 t0100 cm. Soil

temperatures are consistently low.

Soils

In this area of Alaska, soils are uniformly immature

and range from cold poorly drained soils with shallow
permafrost to warm well-drained soils in the uplands
that support mature white spruce communities. Parent
material falls into three main categories: (1) bedrock
composed of Precambrian schist, (2) thick loess deposits
originating from glacial periods, and (3) alluvial deposits
in flood plains. Slope and aspect are critical in the
formation of permafrost. North-facing slopes are usually

underlain by permafrost, contrasting sharply with south-



facing slopes and their warm, well-drained soils. Poorly
drained black spruce flats of interior Alaska are also

largely underlain by permafrost.

Vegetation

The taiga forest of Alaska consists of a mosaic of forest,
grassland, shrubs, bogs, and alpine tundra. The forest

is dominated by young stands in various stages of
succession; mature stands more than 200 years old are
rare due to frequent fires. In areas relatively protected
from fires, such as the river flood plains, the active
erosion and meandering of the silt-laden, glacially fed
rivers results in the active production of newly vegetated

silt bars and the rapid erosion of older, mature stands.

Upland forest types range from highly productive aspen,
paper birch, and white spruce stands on well-drained,
south-facing slopes to permafrost and moss-dominated
black spruce forests of low productivity on north-facing
slopes, lowlands, and lower slopes. Flood plain forests
of balsam poplar and white spruce are productive on
recently formed river alluvium where permafrost is
absent, but slow-growing black spruce and bogs occupy
the older terraces that are underlain by permafrost.

Long-Term Data Bases

There are climate data for both Bonanza Creek and
Caribou-Poker Creeks. The Bonanza Creek LTER also
has a long-term vegetation data base. There are data for
all LTER successional control sites, including tree-growth
measurements, litter collections, seedfall counts, seedling
establishment; thaw depth (permafrost), and 15- and 30-
year records for thaw depth after fire, as well as archived
soil samples and archived herbarium specimens and
snow-course measurements. All data from the LTER site

are cataloged at www.lter.uaf.edu.

Research, Past and Present

Much of the early Forest Service research in Alaska was
conducted by scientists from the Pacific Northwest
Forest and Range Experiment Station’s Institute of
Northern Forestry (INF). Early research on white
spruce seed production began in 1958 and continued
through 1992. From 1957 until 1966, INF personnel

conducted destructive sampling and stem analysis for

the development of growth and yield tables for white
spruce, aspen, and birch. Both flood plain and upland
stands within Bonanza Creek were used extensively.
Demonstration plots were established for different
silvicultural systems on an upland white spruce site

in 1972, and various aspects of natural regeneration
(including seedfall, seedling survival, density and growth,
nutrient status, and competition) also were evaluated.
Sprout and sap production in birch stands has also been
studied. Beginning in 1962, INF and the University of
Alaska cooperated in studies of the effects of red squirrel
foraging on white spruce cone and seed production.
This work was later expanded to include the red squirrel

response to various silvicultural treatments.

Between 1964 and 1967, nutrient relationships in birch
and black spruce stands on north-facing slopes were
studied at Bonanza Creek. This work was expanded to
include above- and below-ground biomass and nutrient
cycling in white spruce and birch stands on slopes of all
aspects. Numerous permanent plots have been used to
study species composition, successional relationships,
and soil temperature fluctuations. Research has also
focused on the spruce and Ips beetles, large aspen
tortrix, spear-marked black moth, and the larch bud
moth. More recently, Bonanza Creek has been the site
of studies of flood plain soil moisture dynamics and
formation of salt crust on freshly deposited alluvium,
forest reestablishment and insect and disease dynamics
following wildfire, and tree-species provenance tests.

Research at Caribou-Poker Creeks in recent years has
examined the performance of electrical resistivity,
ground penetrating radar, and transient electromagnetic
surveys to determine subsurface conditions. Hydrologic
monitoring has been essential in developing a computer
model capable of predicting runoff rates and volumes
from watersheds with permafrost distribution ranging
from 2 to 53 percent. An experimental oil spill
conducted in the mid-1970s has provided critically
valuable data demonstrating natural degradation
processes following oil spills on thick organic soils and
continues to provide information on vegetation recovery

and the natural resilience of subarctic forests.
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Major Research Accomplishments
and Effects on Management

Research at the Bonanza Creek LTER site has
contributed substantively to understanding the

relationship between “independent” factors and internal

ecosystem dynamics in causing successional change in the

boreal forest of Alaska. Major findings of the program
are that species effects are strong in the boreal forest and
successional changes in species composition are not a
simple consequence of changes in competitive balance
but involve species-driven changes in biogeochemistry
and the physical environment. In addition, vertebrate
herbivores are a powerful force driving successional
change through their effects on plant competitive
interactions and biogeochemistry and succession
influences exchanges of methane, carbon dioxide, water,

and energy in ways that could affect climate.

Collaborators

At these Alaska sites, collaborators have come from

the University of Alaska- Fairbanks, National Science
Foundation’s LTER Program, Alaska Cooperatively
Implemented Information Management System, Water

and Environmental Research Center, Cold Regions
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Research and Engineering Laboratory, Tanana Chiefs
Conference, Alaska Division of Forestry, Alaska Boreal
Forest Council, Alaska Fire Service, Alaska Department
of Fish and Game, Arctic Region Supercomputing
Center, USDI Geological Survey, Fish and Wildlife
Service, and Bureau of Land Management.

Research Opportunities

Research topics at the Bonanza Creek LTER site vary
widely, with 30 principal investigators listed in the

current proposal.

Lat. 64°8' N, long. 148°0" W (BNEF)
Lat. 65°16" N, long. 147°5" W (CPCRW)

Contact Information

Bonanza Creek Experimental Forest
USDA Forest Service

Pacific Northwest Research Station
University of Fairbanks Alaska

P.O. Box 756780

Fairbanks, AK 99775-6780

Tel: (907) 474-5881

http:/[www.fs.fed.us/pnw/exforests/bonanza-creek.shtml



Cascade Head Experimental Forest (Oregon)

Introduction

Cascade Head Experimental Forest, located on

the central Oregon Coast, was established in 1934

to represent typical Sitka spruce-western hemlock
forests. The Neskowin Crest Research Natural Area
was established in 1941 in the northwest corner of
the experimental forest. In 1974, an act of Congress
established the Cascade Head Scenic Research Area,
which includes the western half of the experimental
forest. The designation added several prairie
headlands, the Salmon River estuary (the only
estuary on Forest Service lands in the conterminous
United States), and contiguous private lands to

the mature forest ecosystems already part of the
experimental forest. The result has been a more diverse
and coastal-related research program. Together, the
experimental forest and the scenic research area were
designated a Biosphere Reserve as part of UNESCO’s
Man and the Biosphere program in 1980.

The ecosystems here are home to more than 350 species
of wildlife. There are four federally listed endangered
species that use or inhabit the Cascade Head area: spotted
owl, marbled murrelet, coho salmon, and Oregon silver
spot butterfly. The recently restored Salmon River estuary
provides a critical juncture between fresh and salt water,
supports numerous forms of life, and maintains staging
areas for upstream spawning migrations of anadromous

fish and rearing areas for juveniles and smolts.

Climate

Cascade Head is on the southern end of the coastal
temperate rain forest, a 1- to 5-km-wide strip that runs
from southeastern Alaska to northern California. Cascade
Head has a moderate and very wet climate. Mean annual
temperature is 10 °C with minimal seasonal and diurnal
fluctuations. Average yearly rainfall is 2,450 mm, though
fog drip through the forest canopy may add 500 mm of
precipitation a year. Heavy rains and gale force winds

blowing off the ocean are common in late fall and winter.

Soils

The headlands and ocean-front areas of Cascade Head

are mostly basalt. Soils, derived primarily from tuffaceous

siltstones, are fine textured, moderately well drained,

and deep (100+ cm). Soils under forest stands are fertile
and rich in organic matter and contain high levels of
nitrogen. Sediments in the estuary reveal surfaces buried
from previous earthquakes, the most recent occurring

about 350 years ago.

Vegetation

When the Cascade Head was established, the area was
primarily covered with a forest that grew up after the
huge Nestucca Fire of the late 1840s. Stands of spruce
and western hemlock that survived the fire are found

in the Neskowin Crest Research Natural Area. The
Nechesney Indians burned some of the forest close to
the ocean in the early 1900s. Some of the more gentle
country to the east, homesteaded by European settlers
and abandoned in the early 1920s, now supports even-
aged, single-canopy forests with dense shrub understories.
The forested ecosystems include productive young,
mature, and old-growth stands of Sitka spruce-western
hemlock and Douglas-fir forests with riparian areas and
streambanks dominated by red alder. Western redcedar

is found occasionally. Some of the highest growth rates
and greatest volumes per hectare for any temperate forest
in the world are reported for this area. Experimental
clearcutting, shelterwood cutting, thinning, and salvage
from large windstorms have affected about 25 percent of

the forested area.
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The Salmon River estuary has a history of livestock
grazing that goes back to the late 1800s. In the early
1960s, the estuary was diked for pasturage. With the
establishment of the scenic research area, the dikes were
breached in 1979 and restoration of the estuary begun.
Breaching of the dikes was completed in 1997. Previous
to dike building, the estuary was dominated by high salt-
marsh vegetation; currently, low salt-marsh communities

dominate the restored areas.

Two grassy headlands are found in the area: Cascade
Head itself (owned by The Nature Conservancy) and
north of that, the Hart’s Cove headland within the
Neskowin Crest Research Natural Area. Both headlands
are basaltic intrusions, dominated by grass species (not all

native) and fringed by Sitka spruce forest.

Species diversity in the area is high, mainly because of
the variety of the ecosystems involved. The area is rich in
moss and lichen species (more than 90 and 180 species,
respectively) and the vascular plant list for all ecosystem
types includes more than 400 species.

Long-Term Data Bases

A NOAA weather station at Cascade Head has been
collecting temperature and precipitation data since 1934.
Three state-of-the-art telemeterized weather stations were
established in the spring of 2002. The Pacific Northwest
Research Station maintains permanent sample plots
established in 1935, 1963, and 1979 (in Neskowin Crest
Research Natural Area).

Research, Past and Present

Early research at Cascade Head includes studies that
determined life history and characteristics of native
tree species; growth and yield of Sitka spruce-western
hemlock, Douglas-fir, and red alder stands; and basic
relations between vegetation and climate. From the
1940s through the 1960s, experimental, commercial-
size harvesting evaluated the silvicultural and economic
results of different cutting methods. Although research
in applied forestry has continued over the years, other
topics are being studied today, including forest ecosystem
productivity, wind disturbance, nutrient cycling, and

global carbon cycling.
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Research on the Salmon River estuary has been
ongoing since the first dikes were breached in 1979.
Reestablishment of the salt marsh ecosystems continues
to be studied, and studies of the use of these restored
ecosystems by anadromous fish were initiated more

recently.

Major Research Accomplishments

and Effects on Management

Much of the information for managing Oregon coastal
Sitka spruce-western hemlock forests, both young and
old, has come from Cascade Head. Long-term plot data
and current thinning studies are providing information
for how best to accelerate the restoration of coastal forest
ecosystems. The area has served for more than 25 years as
the end point for the Oregon Transect, a study area that
runs from the Pacific Coast east to the desert, crossing
numerous environmental gradients and ecosystems.
Long-term data are used extensively for modeling
purposes. The Salmon River estuary work is seminal

in looking at the role of estuaries in the lives of various

species of anadromous fish.

Collabrators
At Cascade Head, collaborators include The Nature

Conservancy, numerous state and private universities,
Oregon Division of State Lands, Oregon Department
of Fish and Wildlife, National Aeronautics and Space
Administration, Environmental Protection Agency, and
National Marine Fisheries Board of the Nation Oceanic

and Atmospheric Administration.

Research Opportunities

The Salmon River estuary is the best example of a
restored estuary on the Oregon coast. It provides
excellent opportunities to study the relationship of
anadromous fish and estuaries. Cascade Head has both
mature/old-growth and plantation forests available for
study. Both these forest types are important for answering
questions posed by the Northwest Forest Plan. The
forest contains some of the best remaining and largest
extant coastal temperate rain forest left along the Pacific
Northwest coast south of British Columbia. Cascade
Head is highly visible and accessible to the public for
recreation and enjoyment, making opportunities for

research on recreation use and social interaction plentiful.



Facilities

Cascade Head can accommodate 12 to 14 people
overnight. There are two buildings, each with its own
kitchen and bathroom facilities. However, there are no

laboratory facilities.

Lat. 45°4" N, long. 123°58" W/

Contact Information

Cascade Head Experimental Forest
USDA Forest Service

Pacific Northwest Research Station
3200 Jefferson Way

Corvallis, OR 97331

Tel: (541) 650-7360
heep:/fwww.fsl.orst.edu/chef/
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Entiat Experimental Forest (Washington)

Introduction

The Entiat Experimental Forest was established in 1957
to study the effects of road building and timber
harvesting on the quantity, quality, and timing of water
discharge from small watersheds in the mountains of
north-central Washington. Instrumentation was installed
in three similar, adjacent watersheds (4.74 to 5.65 km?*
each) to monitor weather and streamflows. Scientists
from the Pacific Northwest (PN'W) Research Station’s
Wenatchee Forestry Sciences laboratory collected baseline
data for almost 12 years before a lightning-caused wildfire
burned all three watersheds in 1970. This unplanned
“treatment” shifted the research focus from road and
timber harvesting effects on hydrology to wildfire and
post-fire recovery effects on hydrology. Over the following
decade, research within the Entiat produced numerous
publications related to fire effects on streamflow
characteristics, water temperature, water quality, and
sediment production. Additional studies investigated the
efficacy of various post-fire forest rehabilitation treatments.
Work continued on the Entiat until 1977 when a change
in research priorities at PN'W halted research efforts.
Elevation ranges from 610 to 2,164 m, and mean aspect
in the three watersheds ranges from 205 to 237 °.

Climate

At the Entiat, winters are cold and moderately wet, and
summers are warm and dry. Average annual precipitation
from 1961 to 1971 was about 580 mm, about 70 percent
of which was snow. Monthly mean temperatures (at 915
m elevation) range from -4 °C in January to about 18 °C

in July and August.

Soils

Soils are well-drained Entisols of the Choral and Rampart
series. Surface soils have are classified as sandy loams.
Soils were derived primarily from volcanic ash and

pumice deposits that overlay the granitic bedrock of the
Chelan Batholith.

Vegetation

Prior to the 1970 fire, forests at low elevations were
dominated by ponderosa pine and Douglas-fir. Stands
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of lodgepole pine and whitebark pine were also present.
About 15 percent of the Entiat was classified as bare rock.

Long-Term Data Bases
High quality streamflow data measured at 120° V-

notch weirs were recorded on Burns, Fox, and McCree
Crecks for the period 1959 to 1971. High sediment
flows in 1972 destroyed the weirs on Fox and McCree
Creeks, and the weirs were replaced by Parshall flumes.
The weir on Burns Creek continued to function and
produce high-quality flow data through 1977, with
only occasional interruptions caused by sediment

accumulations.

Stream temperature data were collected hourly at the
three weir sites during 1968 to 1971. Additional stream
temperature data were collected on Burns (1972 to 73)
and McCree (1974 to 77). Precipitation, air temperature,
and humidity were recorded at the Burns Creek weir site.
Some stream chemistry and coarse sediment production

data are also available.

Research, Past and Present

Most research to date has focused on effects of
disturbances (especially fire) and vegetation recovery

on watershed hydrology, with additional work on the
effects of post-fire harvesting systems and rehabilitation
efforts on soils and vegetation. After 32 years of post-fire
vegetation recovery, work on the Entiat is being revived.
In 1999, work began to compile, organize, and archive
historical hydrologic and vegetation data.

Plans are in place to resume studies of streamflow
generation, water quantity and quality, surface-
subsurface water routing, and fire and road effects in the
three watersheds beginning in 2003 in collaboration
with Oregon State University’s Department of Forest
Engineering. This work is intended to form the basis for
a nested watershed monitoring and modeling approach
for scaling up findings to the larger Entiat watershed and
other watersheds in the mid-Columbia region. The
Entiat watershed contains a USDA Natural Resources

Conservation Service, SNOTEL station, and the existing



stream-gauging network is being expanded. Personnel
from the National Forest System, Washington State, and

Chelan County are actively cooperating in this joint effort.

Additional research is also under consideration,
including studies of stream productivity and material and
invertebrate transport and their subsequent effects on
downstream fish habitats.

Major Research Accomplishments

and Effects on Management

Approximately 20 primary publications were developed
from studies at Entiat. These have contributed
significantly to our knowledge of fire effects on waterflow
and quality, microclimate, and soil-water relationships, as
well as watershed rehabilitation, post-fire salvage effects,

and vegetation recovery.

Collaborators

Collaborators at Entiat include Oregon State University,
Washington State University, and the University of
Washington.

Research Opportunities

The reestablishment of stream gauging and collection of
climate data will form a basis from which other studies

could benefit.

Facilities
There are no on-site facilities; the Entiat is located about

30 miles north of Wenatchee and 12 miles northwest of

Entiat in the eastern Cascade Mountains of Washington.

Lat. 47°57" N, long. 120°28" W

Contact Information

Entiat Experimental Forest

USDA Forest Service

Pacific Northwest Research Station

1133 N Western Avenue

Wenatchee, WA 98801

Tel: (509) 662-4315
htep://www.fs.fed.us/pnw/exforests/index.shtml
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H. J. Andrews Experimental Forest (Oregon)

Introduction
Since its establishment in 1948, the H. J. Andrews

Experimental Forest has been a site of intensive

and extensive research on watershed processes;

forest ecology, especially structure, composition,

and function of old-growth Douglas-fir forests and
plantation; forest-stream interactions; biological
diversity; processes, rates, and controls on nutrient
and carbon cycling; and history and effects of

natural and management disturbance processes.

The research at H. ]J. Andrews featured studies of
management effects in the 1950s and 1960s, and

then supplemented applied studies with ecosystem
research under the International Biological Program

in the 1970s, and the National Science Foundation’s
Long-Term Ecological Research (LTER) program since
1980. The close working relationship between research
and management communities (under the auspices of
the Cascade Center for Ecosystem Management and
the Central Cascades Adaptive Management Area) have
resulted in testing and development of new management
approaches to forest stands and landscapes as well as
streams and riparian zones. The H. J. Andrews is a
Biosphere Reserve in UNESCO’s Man and the Biosphere
program. Research activities extend over a much broader
area, including use of Research Natural Areas (RNA),

wilderness areas, and other lands.

Climate

The climate at the H. J. Andrews is cool and wet in
winter and warm and dry in summer. Annual precipitation
is about 2,500 mm at low elevations, falling mainly as

rain at low elevations and as snow at upper elevations.

Soils

Soils are primarily Inceptisols, with local areas of Alfisols
and Spodosols derived from mainly andesite volcanic
bedrock. Surface horizons are commonly loamy but may

be stony at depth and shallow on steep slopes.

Vegetation

Douglas-fir-western hemlock forest dominates at lower

elevations and Pacific silver fir forest at upper elevations.
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Forest age classes include 150- and 500-year-old stands

developed after wildfire, and plantations dominated by
Douglas-fir established after clearcutting since 1950.
Other forest types and age classes exist in neighboring
areas, including within RNAs.

Long-Term Data Bases

Numerous long-term data bases are available on the H.
J. Andrews Web site. These include the amount and
chemistry of precipitation and streamflow from three sets
of experimental watersheds; vegetation change in plots
of various types, including 1-ha mapped reference stands
representing the vegetation types of the areas; and data
from long-term experiments, such as the 200-year log

decomposition experiment.

Research, Past and Present

Studies in the first two decades of the H. J. Andrews’s
history emphasized basic characterization of the forests
and soils and analysis of effects of forestry practices,
including effects of clearcutting with and without
burning and various partial cutting practices on
nutrients, streamflow, and sediment yield from small
watersheds. In the 1970s, ecosystem studies expanded the
characterization of patterns of and controls on vegetation
across the landscape, stream ecology, disturbance
processes, and hydrology and nutrient cycling within
small watersheds. Basic work on old-growth forests



and northern spotted owl ecology took place during

this decade. Since 1980, research under the LTER
program has focused on the question “how do land use
(principally forestry and roads), natural disturbances
(principally fire and floods), and climate variability affect
key ecosystem properties, especially hydrology, biological
diversity, and carbon dynamics™?

Major Research Accomplishments

and Effects on Management

Science at the H. J. Andrews has contributed greatly
to our understanding of conifer forests of the region
and globe. Work on old-growth forests, forest-stream
interactions, roles of coarse woody debris in terrestrial
and stream systems, and interactions of geophysical
and ecological systems has yielded important advances.
Perhaps the most distinctive feature has been the close
link between research and land management and policy
in areas such as the development of new approaches

to management of forest stands, riparian zones, road

systems, landscapes, dead wood, and species conservation.

Collaborators

The H. J. Andrews is managed cooperatively by the
Pacific Northwest Research Station, Oregon State
University, and Willamette National Forest. Research
and education activities involve collaborators from many

other institutions.

Research Opportunities

The H. J. Andrews is managed as an open national

and international research and education resource.

There are many research and education opportunities.
Contact the director or participating scientists for further

information.

Facilities

The H. J. Andrews is located 50 miles east of Eugene,
Oregon, in the Cascade Mountains and is a 2-hour
drive from Corvallis, where many scientists working at
the forest have main offices. The headquarter facilities

include office, laboratory, and living facilities.

Lat. 44°11'55" N, long. 122°14'41" W

Contact Information

H.J. Andrews Experimental Forest

USDA Forest Service

Pacific Northwest Research Station

333 SW First Avenue

Portland, OR 97204

Tel: (541) 822-6336
http://www.fs.fed.us/pnw/exforests/hjandrews.shtml
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The Maybeso Experimental Forest (Alaska)

Introduction
The Maybeso Experimental

Forest, located on Prince of Wales
Island in southeast Alaska near
Ketchikan, was established in
1956 to investigate the effects

of clearcut timber harvesting on
forest regeneration and regrowth,
and on the physical habitat of
anadromous salmonid spawning
areas. The watershed was exposed
to the first large-scale industrial
clearcut logging in southeast Alaska and nearly all
commercial forest was removed from the watershed,
including the riparian zone, from 1953 through 1960.
The present forest is an even-aged, second-growth spruce
and hemlock forest.

The watershed is a broad U-shaped glacially sculpted
valley with a single stream network. The stream flows
through a floodplain composed of glacial till up to
headwater tributaries to an elevation of 900 m. The

area of the watershed is approximately 4,452 ha. Pink,
chum, and coho salmon, and Dolly Varden, steelhead,
and cutthroat trout are present throughout the main
stream and tributaries. Wildlife species include several
mammals and a variety of resident and migrant birds.
Mammals include Sitka black-tailed deer, black bear,
beaver, American marten, ermine, northern flying
squirrel, Keen’s mouse, long-tailed vole, dusky shrew, and
several species of bats. Forest and riparian birds include
bald eagle, northern goshawk, and several species of owls,
chickadees, wrens, warblers, and thrushes. Other birds
found in the watershed are Steller’s jay, northwestern
crow, raven, and spruce grouse. The species assemblages
are representative of a second-growth forest in a

temperate rainforest ecosystem.

The proximity of other watersheds in various stages of
forest succession on Prince of Wales Island contributes to
the significance of the Maybeso. The Old Tom Research
Natural Area (an old-growth forested watershed) is
located in nearby Skowl Arm and is accessible by boat

70

or float plane. It can provide an old-growth control

for some aspects of studies in the Maybeso. Current
research in the watershed is focused on studies to provide
information on the management of second-growth
watersheds and for the development and evaluation of

watershed restoration methods.

Climate

The Maybeso is part of a temperate rain forest and is
characterized by cool, moist climate. The mean annual
temperature is 6.7 °C and the average rainfall is about
2,740 mm annually. Temperatures rarely exceed 21 °C
during the summer and seldom drop below -12 °C in
the winter. Peak rainfall and streamflows generally occur
during October and November and during the spring in
April and May.

Soils

More than 90 percent of the valley soils are Tolstoi or
Karta. The former are well drained and range from
Entisols to Spodosols developed on steep slopes covered
by colluvium on fractured bedrock; the latter are well-
developed Spodosols. These form the weathered portion
of the compact glacial till of much of the valley.

Vegetation

Sitka spruce and western hemlock are the dominant
conifers. Other conifers include Alaska cedar and
mountain hemlock. Red alder is the most common
deciduous tree in the watershed. Common shrubs are
Sitka alder, devil’s club, stink and trailing black currant,



salmonberry, blueberry, winterberry, and scarlet elder.
More than 25 percent of the watershed was logged from
1953 through 1960. Nearly all of the commercial forest
was harvested and most of the present forest is 40 to 50-
year-old, second-growth Sitka spruce or western hemlock.
Alder is the dominant tree species in landslide tracks,

abandoned roads, and parts of the riparian zone.

Long-Term Data Bases

A set of scale maps of the stream was completed and
updated annually from 1949 through 1960. Second-
growth thinning plots established shortly after timber
harvest are remeasured periodically. Juvenile salmonid
populations have been sampled periodically from the
early 1980s to the present. Discharge and temperature
records were made from 1949 through 1963 for most
months; however, measurements were made only from

April to October from 1948 through 1952.

Research, Past and Present

The Maybeso research program is designed to evaluate
aspects of forest regeneration, riparian succession and
evolution of stream channel morphology, and response of
salmonid populations to changes in large-wood density
and distribution. Several of these studies cover a period
of more than 40 years. During the past 20 years, research
on the watershed has evolved from studies of salmonid
spawning habitat to broader studies of stream and
riparian habitat as it moves through succession following
timber harvest. The focus has been on changes in stream
habitat as it relates to large-wood and its effect on juvenile
salmonid populations. These studies have established

a long-term (> 40-year) analysis of stream channel
evolution. An extensive and thorough investigation of
slope stability was conducted and completed during and
shortly after logging in the watershed, as was an analysis
of the geology of the watershed. These studies have
continued intermittently during the past 30 years. Plots
to evaluate long-term growth and silviculture treatments
on the second-growth forest are located throughout the
watershed. Streamflow and temperature data also have
been collected intermittently during the past 40 years.
Recent research in the watershed has emphasized land-
management activities on steeper slopes and the role of

alder in forest productivity.

Major Research Accomplishments

and Effects on Management

Research on the Maybeso watershed has focused on
hydrology, slope stability, silviculture, and fish habitat.
Results from research have contributed to guides for
timber harvest practices on steep slopes, thinning regimes
for second-growth spruce forests, and management of

large-wood in streams.

Collaborators

Researchers from the following institutions have
collaborated on studies at the Maybeso: University

of Washington, University of Alaska, Michigan State
University, University of Michigan, Montana State
University, Oregon State University, and University of
British Columbia.

Research Opportunities

There are opportunities for research on the following

topics:

* Second-growth forest succession
e Effects of intensive silviculture of forest and
watershed succession and ecology

e Whatershed restoration

Facilities
A 12-person bunkhouse was completed in 2002 at Hollis;

two other older buildings there provide storage and work

space. The facilities at Hollis are located about 3 km from
the Maybeso.

Lat. 55°29'13" N, long. 132° 39'59" W

Contact Information

Maybeso Experimental Forest

USDA Forest Service

Pacific Northwest Research Station

Juneau Forestry Sciences Laboratory

2770 Sherwood Lane Suite 2A

Juneau, AK 99801-8545

Tel: (907) 586-8811
heep://www.fs.fed.us/pnw/exforests/index.shtml
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Pringle Falls Experimental Forest (Oregon)

Introduction

Pringle Falls Experimental Forest is a diverse
natural laboratory within the Deschutes
National Forest in central Oregon. It was
formally established in 1931 as a center for
silviculture, forest management, and insect

and disease research in ponderosa pine forests
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east of the Oregon Cascade Range. Pringle
Falls is maintained by the Pacific Northwest
Research (PNW) Station for research and
education in ecosystem structure and function
and for demonstration of forest management
techniques. It provides outstanding examples
of undisturbed and managed ponderosa pine,
lodgepole pine, and higher elevation mixed
conifer forests occurring on 6,600-year-old aerially
deposited Mount Mazama pumice and ash common
throughout central and south-central Oregon.

Pringle Falls was the first experimental forest to be
established by the PN'W. Thornton T. Munger, first
director of the Station, selected the 3,043-ha site of the
Pringle Butte unit in 1914. Munger was a colleague

and long-time friend of Gifford Pinchot, first Chief of
the Forest Service. Existing headquarters buildings were
constructed between 1932 and 1934. The 3,535-acre
Lookout Mountain unit was added in 1936 for a total of
4,475 ha. Pringle Falls Research Natural Area, within the
Pringle Butte unit of the experimental forest, provides a
protected area for nondestructive research.

Climate

The climate of Pringle Falls is continental, modified

by proximity of the Cascade Range to the west and the
Great Basin Desert to the east. Most precipitation occurs
as snowfall. Annual precipitation averages 610 mm on
Pringle Butte and more than 1,020 mm on Lookout
Mountain. Daytime high temperatures in the summer
range from 21 to 32 °C. Summer nights are cool and

frosts can occur throughout the growing season.
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Soils

Pringle Falls is characteristic of low-elevation forests
within the High Cascades physiographic province.
Terrain is generally flat or gently rolling, dotted with
small volcanic peaks and cinder cones. Pringle Butte,

the oldest known geologic formation in the area, is a
5-million-year-old shield volcano rising nearly 305 m
above the surrounding basin. More recent deposits are
sand and silt sediments of the La Pine Basin, overlain
with sands and gravels deposited by glacial outwash from
the Cascade Range. Lookout Mountain, the highest point
in Pringle Falls (1,592 m), is a 300,000-year-old shield
volcano resting on La Pine sediments. Overlaying the
entire area is a 0.5- to 2-m-thick layer of dacite pumice
and ash resulting from the explosion of Mount Mazama
(now Crater Lake) nearly 6,600 years ago. Soils derived
from Mazama pumice and ash have only a thin weathered
surface layer. Most of the soil profile is undeveloped,

with low organic matter content, low nitrogen, sulfur,
and phosphorus content, and high porosity. Daytime to
nighttime temperature variation within the soil profile

can be extreme.

Vegetation

Forest communities within Pringle Falls are representative

of low- and mid-elevation regional landscapes. Aspect,



elevation, and past disturbance events (especially fires,
insects, and disease, and more recent timber harvesting)
have created a mosaic of rich biological diversity.
Ponderosa pine is the dominant conifer through most of
thPringle Falls. Shrub layers include antelope bitterbrush,
ceanothus, greenleaf manzanita, giant chinquapin, and
bearberry. A fire regime of low-intensity burns every 7 to
20 years, coupled with infrequent large and more intense
fires, was common prior to the advent of modern fire

suppression.

Dense stands of lodgepole pine with antelope
bitterbrush, Idaho fescue, western needlegrass, and
bearberry occur on flats and basin bottoms that are

slow to drain in the spring and, because of topography,
are prone to frequent frosts that kill ponderosa pine
seedlings. In the mixed-conifer forest type at higher
elevations, stands may contain ponderosa pine, grand fir,
Shasta red fir, sugar pine, western white pine, whitebark
pine, and mountain hemlock.

Long-Term Data Bases

An annotated bibliography of publications resulting
from research at Pringle Falls from 1930 to 1993 was
published in 1995 and is available from the PN'W

Station.

Research, Past and Present

Some of the earliest forestry research in central Oregon
occurred within Pringle Falls. In 1936, a rating system
for determining the susceptibility of ponderosa pine trees
to western pine beetle attack was based on a westwide
study and monitoring effort that included ponderosa
pine stands in Pringle Falls. In 1950, stand structure

and periodic growth measurements resulting from a
study in which suppressed ponderosa pine seedlings were
released from a lodgepole pine canopy were published.
During the next several decades, research concentrated
on determining the competitive effect of shrubs growing
with ponderosa pine; use of prescribed fire to control
competing shrubs; and the soil thermal properties,
surface temperatures, and seedbed characteristics
required for lodgepole and ponderosa pine regeneration
from natural seedfall. Also during this time, logging

methods that ensured the survival of existing seedlings
and saplings were developed, thus reducing future

reforestation efforts and costs.

During the 1970s, permanent research plots were used
to study the response of ponderosa pine to fertilization,
and the release and subsequent growth of ponderosa and
lodgepole pines and grand fir at various tree densities.
During this time, the frequency, intensity, and spatial
patterns of wildfire in old-growth ponderosa pine
stands were examined, and the genetic characteristics
of ponderosa pine were described. Work beginning in
the 1980s and extending up through the early 1990s
emphasized the response of dwarf mistletoe-infected
pine to thinning, interactions between fire and dwarf
mistletoe, and development of stands in response to

various silvicultural practices.

Much of the current research in Pringle Falls is designed
to increase our understanding of the long-term processes
that regulate or influence the structure, composition, and
pattern of forests. Additional work will emphasize human
interactions in the wildland-urban interface and how

these interactions influence risk.

Major Research Accomplishments
and Effects on Management
Much of the knowledge on which current eastside

ponderosa pine silviculture is based was developed at

Pringle Falls.

Collaborators

Collaborating researchers from the Deschutes National
Forest and Oregon State University have worked at

Pringle Falls.

Research Opportunities

At Pringle Falls, there are opportunities for the following
types of research: manipulative and nonmanipulative
research in ponderosa and lodgepole pine silviculture,
entomology, pathology, fuel reduction and fire effects,
and natural disturbance regimes; social interactions
involving high-density recreational use within a wild and

scenic river corridor; and wildlife habitat values.
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Facilities

The Pringle Falls Experimental Forest and Research
Natural Area is about an hour’s drive south of Bend,
Oregon, and are easily accessed from U.S. Highway 97.
Overnight facilities within the PFEF are available for
small groups involved in on-site research or educational

activities.

Lat. 43°42' N, long. 121°37" W
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Contact Information

Pringle Falls Experimental Forest

USDA Forest Service

Pacific Northwest Research Station

La Grande Forestry and Range Sciences Laboratory
1401 Gekeler Lane

La Grande, OR 97850

Tel: (541) 962-6530
http://www.fs.fed.us/pnw/exforests/pringle-falls.shtml



South Umpqua Experimental Forest (Oregon)

Introduction

The South Umpqua Experimental Forest was established
on the Umpqua National Forest in 1951. It was
originally intended to provide research opportunities in
the mixed-evergreen forest type common in the Cascade
Range of southern Oregon. Experimental watershed
studies were undertaken on four watersheds tributary

to Coyote Creek by researchers in Corvallis in 1962.

In 1967, the area of the forest was reduced in total area
from the original 1,921 to 263 ha of the Coyote Creek

experimental watersheds.

Climate

Annual precipitation at the watershed #2 gauge from

1961 to 1976 averaged 1,230 mm and ranged from 880
to 1,560 mm, falling mainly as rain but with some snow
in winter. During this period, annual discharge from the

control watershed averaged 630 mm.

Soils

Soils in the South Umpqua are derived from
volcaniclastic bedrock and are moderately well-drained
gravelly loams to a depth of 150 cm. Both active and
inactive large, slow-moving landslides have created
subdued topography in parts of the area, especially
watershed 3.

Vegetation

The forest vegetation of the South Umpqua is
characteristic of the mixed-conifer zone with Douglas-
fir intermingled with several pine species, incense-cedar,

other conifers, and several hardwood species.

Long-Term Data Bases

Streamflow and climate records for the Coyote Creek
watersheds are available online from the Forest Science
Data Bank associated with the Corvallis Forestry Sciences

Lab (http://www.fsl.orst.edu/lter).

Research, Past and Present

The Coyote Creek experimental watershed studies of

the effects of cutting and regrowth on hydrology and
sediment production have been the central feature

of research on the South Umpqua. After gauging
commenced in 1962, watershed treatments were
implemented in 1971, involving roads constructed

in watersheds 1, 2, and 3; watershed 1 was partially

cut, watershed 2 had small patches cut, watershed 3

was clearcut and burned, and watershed 4 was left as a
control. Stream gauging and other studies were ended

in 1981 but were restarted in 2000-01 in a cooperative
effort of the Umpqua National Forest and Pacific
Northwest Research Station. A few studies of sediment
production, ecology of mixed evergreen forest types, and
effects of forest cutting and regrowth on streamflow took
place in the Coyote Creek experimental watersheds in the
early study period. The new period of stream gauging and
sediment basin monitoring is intended to set the stage
for thinning and perhaps prescribed fire in the South

Umpgqua in the near future.

Facilities

The South Umpqua is located on the Umpqua National
Forest’s Tiller Ranger District west of Tiller, Oregon,

in the South Umpqua River drainage. The forest has

no facilities (other than roads, gauging stations, and
sediment basins) nor a web page, except for watershed
research data on the Andrews Experimental Forest web
page (htep://www.fsl.orst.edu/lter). The area is accessible
via the National Forest System roads.

Lat. 43°1' N, long. 123°10" W

Contact Information

South Umpqua Experimental Forest
USDA Forest Service

Pacific Northwest Research Station
Corvallis Forestry Sciences Laboratory
3200 SW Jefferson Way

Corvallis, OR 97331

Tel: (541) 750-7355
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Starkey Experimental Forest and Range (Oregon)

Introduction

The Starkey Experimental Forest and Range is a unique
facility with a rich history. The first research emphasized
the improvement of rangelands and livestock grazing
methods. The setting is ecologically similar to the interior
western forest landscapes. The history of use, logging,
and grazing is also typical. Current ecological conditions,
both in the understory and overstory, are also typical of
conditions in the interior West. However, the ungulate-
proof fence enclosing 40 square miles, as well as interior
fencing, provide control of herbivory effects and even the
mix of herbivores (cattle, mule deer, and elk), making the

Starkey a unique facility for research.

Climate

Annual precipitation on the Starkey EFR is extremely
variable, but the average is 510 mm, falling primarily as
winter snow. Temperatures vary from summer highs over
37 °C to winter lows of -30 °C.

Soils

Soils range from extremely shallow basaltic soil types
supporting grasslands to deep volcanic ash derivatives

supporting forest stands.

Vegetation

Typical for this elevation (1,067 to 1,524 m) in the Blue
Mountains, the Starkey’s vegetation types are primarily
bunchgrass scabland, ponderosa pine-bunchgrass,
Douglas-fir associations, some grand fir types, lodgepole

pine, and mixed conifers.

Long-Term Data Bases

For the Starkey, there are 12 years of deer and elk
handling data and radio telemetry locations for deer, elk,
and cattle (ongoing). In addition, there are 20+ years of
varied data sets for riparian grazing in Meadow Creek.
Condition and trend transects and range exclosure data
began in the 1950s. Big-game exclosures with vegetation

data collection will be the subject of long-term analysis.

Research, Past and Present

On the Starkey, limited research on developing

techniques of survey and measurement of forage
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production, use, and cover was conducted on site before
it was officially designated as an experimental forest in
1940. Exclosures were constructed to assess ecological
change over time. A two-unit deferred-rotation grazing
system was established in 1942. Practical management
projects to improve livestock distribution through water
development, salting, and range riding were also initiated.

A study begun in 1955 addressed the questions of
proper stocking level for range improvement and animal
gain, the effect of tree overstory on forage production,
the effect of livestock grazing on deer and elk, and the
influence of grazing on runoff and erosion. Of particular
note is the initiation of research on cattle, elk, and deer
interactions. Also in the 1950s, the first broad-scale study
in the Pacific Northwest correlated forest and range soils

inventories.

The Meadow Creek Riparian Habitat Study was initiated
in 1975 as a large multidisciplinary effort that involved
11 cooperators and included research in hydrology,

water chemistry, aquatic biology, fisheries, and livestock
nutrition. Another significant direction change was the
initiation of research on nongame wildlife. Research was
also conducted on upgrading decadent forest stands with

modern timber harvest concepts.

In the 1980s, riparian research continued on Meadow
Creek, as did research on nongame wildlife. Study plan
development and construction of fences and facilities
began for the elk, deer, and cattle interactions study.
The current elk, deer, and cattle interactions project
was initiated in 1989 to increase our understanding

of how these ungulates respond to each other, and to

management activities.

Cooperative research with Oregon State University
on livestock grazing management in riparian areas has
continued on the Meadow Creek study pastures. Also,
a cooperator at Eastern Oregon University is studying
how bats use forest stands before, during, and after
fuels reduction. Research on forest insect dispersion
and abundance has also been conducted. Recently, a

research logging entry provided treatments to remove all



mistletoe-infected trees and a partial removal of mistletoe
brooms for a study of logging effects on tree and flying

squirrels.

Major Research Accomplishments

and Effects on Management

Reseeding studies on the Starkey have helped identify the
best methods for rehabilitating mountain summer ranges
and those depleted by logging. The effects of grazing
systems and stocking rates on deer and elk provided
information still in use today. Nongame wildlife research
provided information to formulate snag retention policies
in regional Forest Service management plans. Research
on grazing methods for riparian zone improvement
provided methodology on adjusting season of use and
stocking rates as an alternative to expensive fencing, and
the best sequence for grazing riparian meadows, forest
and grassland ranges. The first wild-land soil survey was
conducted on the Starkey and provided a template for use

on three adjacent national forests.

Recent studies on the Starkey have provided the

following results:

* Effective resolution of controversies surrounding
management of domestic versus wild ungulates
on range allotments

* Delivery of critical knowledge regarding the
management of deer, elk, and other wildlife in
relation to fuels treatments to reduce fire risk

* Effective transfer of knowledge on the
compatibility of ungulate and timber
management

* Defensible options for managing roads and
human activities on public lands.

* Enhanced opportunities for hunting and viewing
of elk

* A better understanding of the role of ungulate
grazing in relation to forest productivity, plant
succession, fire risk, and habitats for fish and
wildlife

* Information on cattle grazing distribution
relative to streams and steelhead trout spawning
habitat used

* Identify factors affecting cattle distribution

relative to riparian areas

Collaborators

Collaborators working on the Starkey include researchers
from Oregon State University, University of Alaska-
Fairbanks, University of Idaho, University of Montana,
National Council for Air and Stream Improvement,
Boise Corporation, and Oregon Department of Fish and

Wildlife.

Research Opportunities

Sustainable forest ecosystem management, watershed
health and restoration, and recreation and viable road
management could all be addressed on the Starkey. The
background information on ungulate activity, roads
and traffic, and vegetation and physiographic features
provides an excellent data base from which to begin
modeling efforts. A fuels reduction project is in place
with treatments completed in 2003.

There are opportunities for collaborative efforts to pursue
research on the following topics: fuels/fire management,
threat of invasive weed species, insect and disease response,
biodiversity issues, and riparian/water quality concerns.
Small-mammal, avian, and threatened and endangered
plants research opportunities also are available. Meadow
Creek, a stream with an anadromous fish population, is
cross-fenced and thus provides a laboratory for intensive
research related to livestock use. The presence of a
telemetry system for tracking ungulate movement in
response to various management manipulations greatly

enhances the opportunities for research.

Facilities

The Starkey is located 45 km southwest of La Grande.
Facilities include a headquarters residence compound,
telemetry computer center, and animal handling facilities,

hay barn, pens, shops, and laboratory.
Lat. 45°10'-18" N, long. 118°28'-37" W

Contact Information

Starkey Experimental Forest and Range

USDA Forest Service

Pacific Northwest Research Station

Forest and Range Sciences Laboratory

1401 Gekeler Lane

La Grande, OR 97850

Tel: (541) 962-6539.

hetp://www.fs.fed.us/pnw/starkey 77



Wind River Experimental Forest (Washington)

Introduction
Although the Wind River Experimental Forest was

not established until 1932, Forest Service research

in the area began at least 20 years earlier. Thornton

T. Munger, who later became the first director of the
Pacific Northwest Research Station, arrived in 1909

and proceeded to establish a tree nursery, an arboretum,
the first Douglas-fir growth-and-yield plots, and an
important tree heredity study. Munger also established
the Wind River Research Natural Area (RNA), later to
be named after him, in 1926. The Wind River was set
up as two divisions, Panther Creek and Trout Creek.
Early on, the forest became the central area for studying
the great Douglas-fir forests of the Pacific Northwest,
and many of the silvicultural practices for managing
these forests were developed there. Silvicultural studies
continued following World War II and into the 1960s,
though many other areas served as important sites for
the study of Douglas-fir forests. In the 1980s research at
Wind River was rekindled with an increase in ecosystem
studies and old-growth/wildlife habitat research. In 1994,
the Wind River Canopy Crane was established in the T.
T. Munger RNA.

Climate
The nearby Columbia River Gorge affects the valley’s

climate, contributing to strong winds in any season

and cool, wet weather in the winter. Average annual
precipitation is about 2,540 mm annually, occurring as
rain or snow during fall, winter, and spring. Summers are
warm and dry. Cold air draining into the valley can bring

frosts almost any time of year.

Soils

Soils are primarily volcanic in origin with some colluvial

and glacial dill.

Vegetation
The Wind River is best known for its old-growth forests

of Douglas-fir and western hemlock. Other tree species
in the forest include western redcedar and Pacific silver,
grand, and noble firs. Understory trees include Pacific

yew, vine maple, Pacific dogwood, and red alder. Western
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white pine used to grow in the forest, but most trees

have been killed by white pine blister rust. Much of the
forest consists of stands more than 400 years old. Younger
forests include stands that were established after burns in
the late 1840s and then again after the 1902 Yacolt Burn.
Numerous plantations have been established following
timber harvest into the late 1980s.

Many shrubs grow in the forest understory, including
salal, Oregon-grape, red and big huckleberries, and west
coast rhododendron. Dozens of plant species grow on
the forest floor, including queencup beadlily, vanilla leaf,
bracken fern, beargrass, twinflower, trillium, and lictle
pipsissewa. Huckleberries and beargrass are particularly

abundant at higher elevations.

Long-Term Data Bases

Long-term data from the spacing study, some of the
thinning studies, the arboretum, and the heredity study
are available, but not all are are in digital form. Data for
permanent plots in the Munger RNA (from 1949 on) are
digital. Long-term weather data have been published. A
complete weather station was established with the Wind
River Canopy Crane. These data are available at: htep://

depts.washington.edu/wrccrf/

Research, Past and Present

The earliest concerns at Wind River were how to prevent

and control wildfires, regenerate burned and cutover



lands, and grow seedlings to revegetate large areas of
denuded forest land. The Wind River Arboretum was
established to study which tree species from all over

the world would grow best in the area. Permanent
growth and yield plots, spacing studies, pruning,
fertilization, and thinning studies, along with work

on the autecology of Douglas-fir, provided the most
complete body of knowledge on the management and
silviculture of Douglas-fir-western hemlock forests in
the Pacific Northwest prior to World War II. After the
war, work continued at Wind River, but there was an
increased interest in working in younger stands and in
laboratories. Although the older studies, residue use,
and thinning continued to be studied at Wind River,
the late 1960s and 1970s saw a waning of traditional
forestry work. One exception in the late 1970s was

the Trout Creek Hill study, which continues to look at
growth of different species mixtures with an eye toward
managing for diversity, not only of species but for
different management objectives. In the early 1980s, use
of Wind River increased, with more ecosystem-oriented
studies, including pollutant monitoring, nutrient cycling,
decay of coarse woody debris, and forest gaps. The forest
also became one of two focal sites for the USDA Forest
Service’s Old-Growth Forest Wildlife Habitat Program,
whose objectives were to define old-growth Douglas-fir
forests, identify wildlife species associated with these
forests, and determine their biological requirements and

ecological relationships.

In 1994, a standard construction canopy crane was
installed in the old-growth forest of the Munger RNA
to study processes operating at the interfaces between
vegetation and the atmosphere and belowground. The
major research emphases of this facility are forest carbon
and nutrient cycling, biological diversity and ecosystem
functioning, forest health and protection, monitoring
of climate and climate variability, ground validation
and testing of new remote sensing technology, and

tree physiology and growth. Many studies within these
broader categories are taking place in the old-growth
forest, but also in the younger stands and plantations
throughout Wind River. The arboretum, heredity,
spacing, permanent plots, and the Trout Creek Hill

studies are ongoing.

Major Research Accomplishments

and Effects on Management

The Wind River is often referred to as the “cradle of
forestry research for the Pacific Northwest.” Early
research work had much influence on the management of
Douglas-fir forests. In the 1980s, the forest was the site
for old-growth forests and wildlife studies, which changed
the direction of federal forest management in the Pacific
Northwest. Today, the Trout Creek Hill study and old-
growth and young-growth studies at and adjacent to the
Wind River canopy crane are addressing current issues of
global carbon cycling, management of young forests for
objectives other than timber management, and issues of

biological diversity.

Collaborators
Collaborators include the U.S. Department of Energy,

Environmental Protection Agency, Smithsonian
Institution, Universities of Washington, Idaho, California
at Davis and Irvine, and Georgia, Oregon State
University, Arizona State University, Evergreen University,
Utah State University, and Stanford University.

Research Opportunities

The opportunities for research at Wind River are broad
given the diversity of forest age classes, the existence of
maintained long term study plots, the vibrant partnership
that is the Wind River Canopy Crane Research Facility,
the forest’s proximity to a large city, and the large extent

of undisturbed forest that remains.

Facilities
At Wind River there are two residences, with a total of 20

beds and kitchen facilities. The Wind River Ranger District
has a 24-bed bunkhouse, which is sometimes available.

Lat. 45°50" N, long. 121°54" W

Contact Information

Wind River Experimental Forest
USDA Forest Service

Pacific Northwest Research Station
Corvallis Forestry Sciences Laboratory
3200 SW Jefferson Way

Corvallis, OR 97330

Tel: (541) 750-7360

http://www.fs.fed.us/pnw/exforests/windriver.shtml
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Young Bay Experimental Forest (Alaska)

Introduction

The Young Bay Experimental Forest, located on
Admiralty Island about 24 miles southwest of Juneau
was established in 1959. It comprises 2,600 ha and

was designed as a paired watershed for forest hydrology
research. The vegetation is an old-growth forest with
mature timber cover consisting primarily of Sitka spruce
and western hemlock. It is a glaciated watershed with
two short streams that are incised through thick (> 6 m)
glacial till in their lower reaches and rise rapidly (gradient
>10 percent) from sea level to an elevation of 1,160m.
Both streams support small runs of pink and chum

salmon, and a small population of Dolly Varden trout.

Research, Past and Present

Research on Young Bay has centered on artificial
channel studies. Stream-gauging stations were installed
on both streams in 1958 and stage and temperatures
were recorded from 1958 through 1966. An artificial
stream channel was installed in 1967 and was used for
studies of gravel bed movement, gravel morphology, and
the survival of eggs and alevins in different substrate
compositions and fine sediment concentration.
Subsequent work included the development and testing
of an electronic device to measure intra-gravel water flow
was part of this study. Research on the electronic gravel

device was discontinued following the development of a
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prototype device. An evaluation of fish movement up a
baffled culvert was conducted in the mid-1980s. There
are no active studies on the forest at present.

Collaborators

There are no collaborators at present.

Research Opportunities

The Young Bay has excellent potential for the
reestablishment of an artificial stream system to evaluate
stream productivity in a controlled and statistically

verifiable setting.

Facilities
All structures and equipment were removed from Young
Bay in 1994.

Lat. 58°8" N, long. 134°32" W

Contact information

Young Bay Experimental Forest
USDA Forest Service

Pacific Northwest Research Station
Juneau Forestry Sciences Laboratory
2770 Sherwood Lane, Suite 2A
Juneau, AK 99801

Tel: (907) 586-8811
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Blacks Mountain Experimental Forest (California)

Introduction

The Blacks Mountain Experimental Forest, located in
Lassen County, California, was formally designated in
1934 as the Pacific Southwest Station’s principal site for
management studies of the interior ponderosa pine type.
Blacks Mountain occupies 3,715 ha on the Eagle Lake
District of the Lassen National Forest. About half of

the forest lies in a gently rolling basin at an elevation of
1,700 m. The remainder extends up the moderate slopes
of Blacks Mountain to the north and to the east, reaching
an elevation of 2,100 m at the summit of Patterson
Mountain. Slopes rarely exceed 30 percent. Aspects are

primarily west and south facing.

Climate

The climate is characterized by warm dry summers and
cold wet winters. Annual precipitation, mostly snow,
averages about 460 mm in the basin. About 90 percent
of the precipitation falls from October through May. Air
temperatures during the year usually range from -9 to

29 °C.

Soils

Most of the soils are between 1 and 3 m deep over basalt.
Typic Argixerolls with mesic soil temperature regimes
predominate at lower elevations. Andic Argixerolls with
frigid soil temperature regimes predominate at higher

elevations.

Vegetation
Interior ponderosa pine (SAF 237) occupies 3,715 ha

and is the only forest cover type on the forest. Species
composition varies within the type. White fir and
incense-cedar, absent in stands within the lower portion
of the basin, become increasingly abundant at higher
elevations. The remaining 437 ha are poorly drained flats

occupied by sagebrush and grass.

Long-Term Data Bases
Blacks Mountain has been subdivided into 100

compartments of about 40 ha each. An intensive road
system, the first in the West designed specifically for
truck hauling, was laid out so that every compartment
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was bordered by a road. Compartments and roads have
been continuously maintained. In 1933 and 1934, the
Blacks Mountain was completely inventoried on a 1-ha
grid. Timber type maps and inventories were prepared
by compartments and updated following harvests.
Computerized stem maps for a 20-year period and
inventories for a 50-year period are available on 8-ha
parcels (48). An ecological unit inventory was completed

in 1994,

Research, Past and Present

Studies going back as far as 1910 resulted in new theories
of management, silviculture, and insect control for
interior ponderosa pine. The initial objective of Blacks
Mountain was to develop these theories into a system

of management and to test, demonstrate, and improve
this system through continuous operation of a timber
tract on a commercial scale. Early timber harvests were
primarily for insect control. An insect risk-rating system

developed at Blacks Mountain was tested. The mosaic of



small even-aged groups of trees (then the prevailing stand
structure) was proposed as the subject of management
rather than individual trees. This concept of “unit area

control” was tested operationally during the 1950s.

An ambitious study of stand growth and development
after several intensities of timber harvesting was begun
in 1938. Each year for 10 years, four to six 8-ha plots
were installed to test cutting prescriptions ranging from
a commercial clearcut, to various intensities of partial
cutting or no harvest. This methods-of-cutting study
(MOC) was abandoned in the mid-1960s when research
became focused on even-age management, but was
resurrected in 1990 when interest returned to uneven-
age management. In 1992, the MOC compartments
became the basis for a new long-term interdisciplinary
study of how forest structural complexity affects the
health and vigor of interior ponderosa pine ecosystems,
the ecosystem’s resilience to natural and human-caused
disturbances, and how such ecosystems can be managed
for sustained resource values. In 1995, Blacks Mountain
was selected as part of the North American Long-Term
Soil Productivity (LTSP) Network for 1 of 12 LTSP

experiments in California.

In October 2002, the Cone Fire consumed 647 ha at
Blacks Mountain. Subsequently, a study of fire salvage
impact and wildfire behavior in managed stands was
initiated. Burned areas are receiving varying levels

of salvage to test response of fuel conditions and soil

compaction.

Major Research Accomplishments

and Effects on Management

An insect risk-rating system was developed at Blacks
Mountain to identify large, old ponderosa pines at risk
of being killed by the western pine beetle. When early
logging operations demonstrated that as little as 35
m?/ha could be logged economically and that cutting
using the insect risk-rating system reduced the annual
rate of tree killing, such sanitation/salvage operations
were employed over a wide area. A system for classifying

ponderosa pine trees as to vigor, developed at Blacks

Mountain in 1936, continues to be used widely. The
concept of “unit area control” was tested operationally
during the 1950s. A 50-year record of stand development
has demonstrated and quantified the increase in stand
density, the influx of white fir, and the increased
mortality of large, old ponderosa pines found in interior
ponderosa pine forests throughout the West in the
absence of periodic wildfire.

Collaborators

Scientists and foresters from Humboldt State University,
Oregon State University, Wildlife Conservation Society,
and Lassen National Forest have collaborated on studies
at Blacks Mountain.

Research Opportunities

Blacks Mountain contains typical stands of interior
ponderosa pine with a variety of stand structures from
young plantations though natural stands of poles to
partially cut and uncut late seral stands. Collaborators are
sought to explore the responses of vegetation, wildlife,
insects and other ecosystem components to stand

structure, grazing, and prescribed fire.

Facilities

Housing and office space is available at the Lassen
National Forest’s Bogard Work Center, 19 km southeast
of the forest. Gasoline and general merchandise can be
obtained in the town of Susanville, 64 km southeast of
Blacks Mountain.

Lat. 40°40" N, long. 121°10" W

Contact Information

Blacks Mountain Experimental Forest

USDA Forest Service

Pacific Southwest Research Station

3644 Avtech Parkway

Redding, CA 96002

Tel: (530) 242-2454
http://www.ts.fed.us/psw/program/ecology_of_western_

forests/experimental_forests/blacks_mountain
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Caspar Creek Experimental Watershed (California)

Introduction

Caspar Creek Experimental Watershed serves as an
important research site for evaluating the effects of
timber management on streamflow, sedimentation, and
erosion in the rainfall-dominated forested watersheds of
the northern coast of California. Caspar Creek includes
two watersheds with nested sub-basins: the North Fork
(NFC, 484 ha) and South Fork (SFC, 424 ha). Begun
in 1962 as a cooperative effort between the California
Department of Forestry and Fire Protection and the
USDA Forest Service’s Pacific Southwest Research
Station, the project has evolved from a simple paired
watershed study into one of the most comprehensive
and detailed investigations of its kind. Hydrologic data
collected here include streamflow, subsurface pipeflow,
piezometric pressure, soil moisture tension, suspended
sediment, turbidity, bedload transport, air and water
temperature, precipitation, and solar radiation. Channel
data include channel cross sections, stream habitat
typing, woody debris recruitment and riparian canopy
evaluations, sediment storage, and pool condition.
Hillslope data include landslide inventories, road
evaluations, and vegetative condition. Cooperators have
undertaken benthic investigations, aquatic vertebrate
and macroinvertebrate sampling, and water chemistry

monitoring,.

Climate

Winters are mild and wet, and summers are moderately
cool and dry. About 90 percent of the average annual

precipitation of 1,200 mm falls during October through
April. Summer coastal fog is common. Snow is rare and

rainfall intensities are low.

Soils

The soils of the basins are well-drained clay-loams, 1 to 2
m in depth, and are derived from Franciscan graywacke
sandstone and weathered, coarse-grained shale of
Cretaceous Age. They have high hydraulic conductivities,
and subsurface stormflow is rapid, producing saturated

areas of only limited extent and duration.
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Vegetation

Forest types at Caspar Creek include second-growth
mixed conifer, mostly coast redwood, Douglas-fir,

western hemlock, and grand fir.

Long-Term Data Bases

There are long-term data bases on stream discharge,
precipitation, suspended sediment concentration,

turbidity, and solar radiation.

Research, Past and Present
Research at Caspar Creek is designed to study the effects

of forest practices on watershed and ecological processes.
From 1963 to 1967, both the NFC and SFC watersheds
were calibrated prior to treatment. At that time, these
watersheds supported a 90-year-old, second-growth,

mixed conifer forest dominated by coast redwood and



Douglas-fir. From 1967 to 1972, roads were constructed
and about two-thirds of the stand volume was selectively
harvested and tractor yarded from SFC. From 1985 to
1986, 67 percent of an 87-ha ungauged tributary was
clearcut and cable yarded immediately upstream of the
North Fork gauging station. Logging began in the main
study portion of the NFC in 1989 and ended in 1991.
Three tributaries in the NFC were left in an untreated

control condition. Postlogging measurements continue in

the NFC and SFC watersheds.

Major Research Accomplishments

and Effects on Management

The South Fork Caspar Creek selection harvest with
tractor yarding (phase 1) showed that:

* Sediment increased by 335 percent from road
building in 1968.

* Sediment increased by 212 percent from tractor
logging following the 1970-73 harvest.

* Major landslides accounted for most of the
sediment production in the SFC after logging;

more sediment was made available for transport.

* SFC road system persisted as the major source
of sediment, annual streamflow increased by 15
percent, but larger relative increases occurred
during summer low flows; during the late 1960’s,
the salmonid abundance declined but appeared
to return to predisturbance levels after only 2

years.

In the Caspar Creek/North Fork studies of clearcutting
and skyline cable logging, annual suspended sediment
loads increased by 73 percent in the partially clearcut
NEFC but by more than 100 percent in the clearcut
tributary watersheds. An increase in landslides was not
observed post-harvest; rather, increases in sediment
loads were correlated to the flow increase, length of
intermittent channels logged or burned, and new road
construction. In clearcut units, storm peaks increased by
as much as 300 percent, but the mean increase was 35
percent. As basin wetness increased, peak flow increases
lessened. Return to pretreatment flow conditions appears
to be occurring 12 years post-harvest. Debris loading
(large-wood) increased along the NFC stream channel

in the first few years after logging due to increased

windthrow. Channel morphology has become more
complex with more debris jams, sediment storage “steps,”
and greater pool volumes. However, no dramatic changes
in the abundance of steelhead, coho, and Pacific giant

salamander were attributed to logging.

Collaborators

Researchers from the following organizations have
worked on Caspar Creek: California Departments

of Forestry and Fire Protection and Fish and Game,
National Marine Fisheries Service, California Water
Quality Control Board, Stanford University, University
of California at Davis, University of California at
Berkeley, Chico State University, Humboldt State
University, California Polytechnic University, and
Oregon State University.

Research Opportunities

Caspar Creek provides long-term, records of basic
hydrologic and geomorphic processes spanning the
downslope sequence of processes from the tree canopy to
third-order channels in two watersheds with 26 nested
sub-basins. Large-scale experimentation is planned

for timber harvest and watershed restoration. New
collaborators from a multitude of disciplines, including
hydrology, geomorphology, forestry, meteorology, and

aquatic and riparian ecology, are welcomed.

Facilities

Expanded lodging and laboratory facilities are under
construction for the Jackson Learning Center nearby.
Caspar Creek offices are located at the Jackson

Demonstration State Forest office, 802 N. Main Street,
Fort Bragg, CA.

Lat. 39°22'30" N, long. 123°40" W

Contact Information

Caspar Creek Experimental Watershed

USDA Forest Service

Pacific Southwest Research Station

Redwood Sciences Laboratory

1700 Bayview Drive

Arcata, CA 95521

Tel: (707) 825-2930
http://www.ts.fed.us/psw/rsl/projects/water/caspar.html
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Challenge Experimental Forest (California)

Introduction

The Challenge Experimental Forest is located on

the Plumas National Forest surrounding the small
community of Challenge. The forest was formally
designated in 1942 (but not activated until 1958) for
experimentation in silvicultural management of the
young-growth forests at lower elevations on the west
slope of the Sierra Nevada. It was enlarged to its present
boundaries in 1958.

Challenge occupies 1,446 ha in eastern Yuba County,
California, at the western edge of the Feather River
District of the Plumas National Forest. Elevations range
from 730 to 1,130 m. Slopes on more than 80 percent
of the Challenge are less than 30 percent. All aspects are

represented with west and south aspects predominating.

Climate

The climate is Mediterranean in that summers are warm
and dry, and winters are cool and wet. Mean annual
precipitation averages 1,727 mm, 98 percent of which
falls between October and May. The occasional snowfalls
melt rapidly, leaving the ground free of snow most of the
winter. Annual temperatures normally range from 6 °C in
January to 21 °C in July.

Soils

The Challenge is located on a drainage divide of the Yuba
River. Most of the land is drained by tributaries of Dry
Creek, which originates on the forest and joins the Yuba
River about 20 miles downstream. Most soils are old and
deep. Clayey, oxidic, mesic Xeric Haplohumults of the

Challenge and Sites soil series cover most of the forest.

Vegetation

Pacific ponderosa pine (SAF 245) is the major forest
cover type. Sierra Nevada mixed-conifer (SAF 243),
California black oak (SAF 246), and Pacific ponderosa
pine-Douglas-fir (SAF 244) types are also present.

Long-Term Data Bases

Precipitation and maximum and minimum temperatures

have been recorded at the nearby Challenge Work
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Center, Plumas National Forest, since 1938. Soils have
been mapped both by the Cooperative Soil Vegetation
Survey and the University of Californian at Davis,

in cooperation with Yuba County. The timber was
inventoried in 1938-39 and again in 1979.

Research, Past and Present

Early research at the Challenge sought answers to two
major questions: how to grow and harvest young-growth
(80 to 100 years old) ponderosa pine to ensure adequate
regeneration, and how to dispose of logging slash to
reduce fire hazard and ensure adequate regeneration.
Both even-age (clearcutting, seedtree, and shelterwood)
and uneven-age (group and single-tree selection)
management systems were studied. Management of
native California hardwoods, field testing of hybrid and
introduced pine species, and amount and pattern of

soil moisture depletion by individual trees were other
important early studies. In 1998, the first California
Long-Term Soil Productivity Experiment (LTSP) was
installed as part of the North American LTSP Research
Network.

More recent investigations include:

* Determining the extent to which natural
reproduction follows different methods of
cutting, logging, slash disposal, and site
preparation.

* Evaluating the success of various direct seeding
practices, including site preparation and rodent
control.

* Determining the magnitude, periodicity, and
germination characteristics of conifer and
hardwood seedcrops.

* Determining the growth of the residual
stand and changes in stand structure under
management.

* Determining the effect of timber harvest on the
magnitude and duration of leaching losses of soil

nutrients.



* Determining the effect of soil compaction
and loss of organic matter on long-term soil
productivity.

* Evaluating the effect of fertilization on soil
chemistry and on the growth and foliar

chemistry of mixed-conifer species.

* Determining the effects of competition and
fertilization on the growth, biomass, and
chemistry of ponderosa pine.

Results are directly applicable to more than 800,000 ha
of low-elevation, highly productive sites on the west slope
of the northern Sierra Nevada.

Major Research Accomplishments

and Effects on Management

Long-term results from a study of group selection
demonstrated and quantified the effect on regeneration
of openings of different sizes on growth rates and
proportion of the mixed conifer species. Regeneration of
five species of conifers, three of hardwoods, and two of
shrubs was evaluated for five different cutting methods
in terms of seedling stocking, density, and height
growth. For ponderosa pine, seed-tree and shelterwood
methods produced the highest stocking and density.
Selection cutting methods were best for survival and
establishment of sugar pine, white fir, and Douglas-fir.
For all species, seedling height growth increased from
single-tree selection to clearcutting. However, shrubs
were particularly dense after clearcutting and broadcast
burning, and could be a major factor in establishing
adequate regeneration of rapid growth potential in this
method.

A study of initial spacing and shrub competition

on growth and development of planted ponderosa

pine showed that the influence of shrub competition

in restricting tree growth is short lived if trees are
planted on a highly productive site with intensive site
preparation. After about 15 years of growth, trees with

a shrub understory begin to exceed that of trees free of
shrubs. Stem volume production is expected to be about
the same with and without a shrub understory in about

60 years.

Soil solution chemistry measured in the 17-year period
following harvesting and reforestation indicates that
nitrate continues to leach below the rooting zone until
a continuous canopy of perennial vegetation develops
(about 14 years). However, losses are essentially equal to

nitrogen inputs from precipitation.

Soil compaction led to sizable losses of tree growth
through the first 5 years of stand development (but the
opposite is true on sandy soils). Loss of surface organic
matter had little influence of tree growth, but led to
appreciable erosion of the unprotected mineral soil (the
effect was much greater than that of soil compaction).
Isotopic analyses of *C in branch samples indicated
periods of physiological drought stress caused by
treatment or by climate.

Collaborators

Staff from the Plumas National Forest, and scientists
from the University of California at Davis and Berkeley
have worked on the Challenge.

Research Opportunities

The Challenge offers abundant opportunities for research
into shrub-tree interactions, stand dynamics of ponderosa
pine from young plantations to 130-year-old natural
stands and long-term soil changes in soil productivity as

a consequence of logging operations.

Facilities
The Challenge has no facilities. General merchandise
can be obtained in the town of Challenge. The nearest

accommodations are in Oroville (42 km northwest) or
Marysville (56 km southwest).

Lat. 39°28' N, long. 121°13" W

Contact Information

Challenge Experimental Forest
USDA Forest Service

Pacific Southwest Research Station
2400 Washington Avenue
Redding, CA 96001

Tel: (530) 242-2455
heep://www.fs.fed.us/psw.redding
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Hawaii Experimental Tropical Forest (Hawaii)

Introduction
In 1992, the Hawaii Tropical Forest Recovery Act

authorized the establishment of Hawaii Experimental
Tropical Forest to serve as a center for long-term research
and a focal point for developing and transferring
knowledge and expertise for the management of tropical
forests. The Hawaii Experimental Tropical Forest
(HETF), established on March 23, 2007, is located on
the Island of Hawaii and is divided into two units: the
Laupahoehoe Wet Forest Unit (5,134 ha) and the Pu‘u
Wa‘awa‘a Dry Forest Unit (14,383 ha). These two units
encompass remarkable gradients of climate, forests, soils,
and land use history. The HETFE, located on lands owned
and managed by the state of Hawaii, is cooperatively
managed by the Institute of Pacific Islands Forestry of
the Pacific Southwest Research Station and the Hawai‘i
Division of Forestry and Wildlife.

The Hawaiian Islands are the world’s most isolated
archipelago and subsequently, there is a high level of
endemism among native flora and fauna. This presents

a unique opportunity for researchers to address a broad
range of ecologica<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>