


User’s Guide

The Topsy/Pokegama Landscape Analysis document you hold in your hands was designed with the iterative
nature of watershed analysis in mind. This document is not a "final" product in the sense that is has been
completed. As new information is collected, discovered, or generated, that information will need to "be added to
this analysis. Therefore, in designing this document we have attempted to design a document that will be
relatively easy to update.

There will be one "official" binder containing the master copy of this document. This master copy will reside at
the Klamath Falls Resource Area BLM office. Other copies will be available, but may not contain the newest
information.

One of the important features that you should note in this document is the date on the bottom of each page. The
date has been provided on each page so that minor changes can be incorporated into the “official" documents
without having to reprint every page each time there is a revxslon/change A single or a few pages can be
reprinted showing the new information. The dates on the new pages will also let the reviewer(s) know that new
information has been incorporated. In addition, the dates should also help reviewers with older versions compare
their version of the document with the newer version to see where and what changes have been made.

When something within the landscape has changed, you should note that change in the margin of the master
copy in the binder. Occasionally this binder will be reviewed and the new information incorporated as
appropriate. For example, if a timber sale occurs within the landscape area, a note in the margin describing
when, where, how, why, etc. will help the reviewer(s) know what has changed since the last update. It should
also help the reviewer(s) determine when a major review of the analysis is needed.

Suggestions on the format, appearance, and usability of this document would be appreciated. Such

suggestions/comments should be inserted into the back of the "official” binder for later review and action. Enjoy
and thank you for your interest. '
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- Chapter 1



Introduction to the Topsy/Pokegama
Landscape Area

Purpose and Need for the Analysis

In April 1994, the Record of Decision for the Northwest Forest Plan was released. That document includes
Standards and Guidelines for the management of late-successional and old-growth forest related species within
the range of the northern spotted owl. Included in the Standards and Guidelines is a list of objectives known as
the "Aquatic Conservation Strategy”. This strategy provides direction for the restoration of riparian/wetland
habitats, and has four primary components, as follows:

1. It establishes Riparian Reserves on public lands along streams and on unstable and potentially unstable areas
where special standards and guidelines direct land use.

2. 1t also establishes a system of Key Watersheds throughout the rangeb of the northern spotted owl that are
crucial to at risk fish species and stocks that provide high water quality.

3. It requires that Watershed Analysis be completed to provide the basis for monitoring and restoration programs
and the foundation from which Riparian Reserves can be delineated.

4. A comprehensive, long-term program of Watershed Restoration to restore watershed health and aquatic
ecosystems is the final component of the strategy.

This document, the Topsy/Pokegama Landscape Analysis, has been prepared to partially meet requirements under
the Northwest Forest Plan’s Aquatic Conservation Strategy. It was prepared by an interagency (BLM and
USFWS), interdisciplinary team. o

Background

The Topsy/Pokegama Landscape Analysis presents an ecosystem analysis at a scale slightly different than the
traditional fifth field watershed. It does, however, still fit in the 20 to 200 mile scale described in the Federal
Guide for Watershed Analysis (version 2.2). The boundaries of this analysis have been modified from the fifth
field watershed boundaries to include some lands outside the watershed boundary and exclude some of those
lands within the boundary.

The upper Klamath River runs through this fifth field watershed. It was decided early that this Topsy/Pokegama
effort would not be able to cover many of the issues concerning the Klamath River itself since those issues need
to be examined at a larger scale. This includes such issues as river flows and water quality and quantity in the
Klamath River. These issues will have to be covered as part of larger efforts such as the Klamath River
basin/province assesment.

With these considerations in mind the Topsy/Pokegama team looked at the fifth field watershed and decided to
make some modifications to the analysis area boundary. On the north end of the fifth field watershed there is a
sixth field subwatershed that is islolated from the rest of the larger watershed by the Klamath River. All of the
land within this subwatershed is privately owned and so the subwatershed was dropped from the analysis. The
Klamath River was seen as a logical boundary considering the issues to be covered in this analysis. Similarly, on
the southwest end of the fifth field watershed, subwatersheds that flow directly into the Klamath River were seen
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as being effectively isolated from the larger analysis area. Therefore these subwatersheds were dropped from
consideration, mainly along the subwatershed boundaries. Finally, to the west and southwest side of the
Topsy/Pokegama fifth field watershed portions of two subwatersheds of the Butte Valley fifth field watershed
were added to our analysis area. These additions were made to include lands that were similar in character and
contiguous with the Topsy/Pokegama fifth field watershed, but very different from the highly modified farm
lands into which they flow and adjoin. The boundary lines were drawn along the Klamath River, artificial
hydrologic features (drainage canals) that flow into the Klamath River, subwatershed boundaries, and other
topographic breaks.

The analysis describes the current understanding of the processes and interactions of concern occurring within the
Topsy/Pokegama landscape. The analysis looked at the entire area regardless of ownership so that a more
complete understanding of the landscape could be achieved. It is intended to guide management on the federal
lands within the landscape. It is also meant to help us understand how past land use activities interact with the
physical and biological environments in the landscape. This analysis provides a logical way to learn more about
how ecological systems function within the landscape. This information is essential to protect beneficial uses
and to protect and sustain the natural systems that society depends upon. The analysis provide a vehicle to
efficiently identify and balance multiple concerns. The analysis provides a summary of trends for resources
where restoration actions are needed. '

Existing information was used for this analysis. Some information team members wanted and/or needed was not
available to assist in describing conditions, predicting trends, or evaluating relationships. There is a section that
outlines data needs that would improve this analysis and could aid in future evaluations of activities. The
analysis focused on specific issues, values, and uses identified within the landscape that are essential for making
sound management decisions. The historic, current, and desired conditions of the landscape are described, as are
the processes and activities affecting the resources in the landscape.

This is the first iteration of this analysis. New versions of the document will be produced over time as new
information is gathered, generated, or discovered. It is not expected that new iterations will be produced and
distributed on specific time schedules.

Landscape Boundaries

The Topsy-Pokegama Landscape Analysis (TPLA) area is approximately 171,390 acres in size and is located
entirely in the Klamath River Basin (see Maps 1 and 2). The analysis area boundary on the northeast follows
the Klamath River from the point where U.S. Highway 97 crosses the river to the confluence of the Klamath
River and Spencer Creek. From the confluence, the boundary of the analysis area extends northwest, following a
ridge line that parallels Spencer Creek on the southwest, reaching the northernmost extent of the analysis area
approximately 1.5 miles north of Buck Mountain. The boundary for the analysis area then continues southwest to
near Grizzly Mountain and approximately 1/2 mile from the Jackson County line. From there, it roughly
parallels the Jackson County line to Copco Reservoir in California, the southwestern corner of the analysis area.
The southern boundary of the analysis area extends from the south side of Copco Reservoir easterly along the
Klamath River to Shovel Creek. It then follows the watershed ridge north of Shovel and Panther Creeks,
continuing along the northern boundary of agricultural lands in California to the southeastern corner of the
analysis area near the town of Dorris on U.S Highway 97. The eastern boundary then extends north roughly
along Highway 97 to the Klamath River.

Land Ownerships

The landscape analysis area is a diverse checkerboard of private, state, and federal ownerships (Refer to Table 1
for an overview). Of the approximately 171,389 acres that comprise the landscape analysis area, the majority of
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lands are owned by Weyerhaeuser Corporation (with approximately 68,425 acres or 40 percent of the total
landbase) followed by public lands administered by the BLM-Klamath Falls Resource Area (approximately
30,457 acres or 18 percent). Other ownerships include private lands belonging to Pacific Power and Light (PPL)
company with approximately 7,514 acres or 4 percent; federal lands of the Bear Valley National Wildlife Refuge
with approximately 4,200 acres or 2.5 percent; state forest lands administered by the Oregon Department of
Forestry (ODF) with approximately 4,065 acres or 2.4 percent; public lands administered by the BLM in
California with approximately 3,262 acres or 2 percent; and public lands of the Klamath National Forest in
California with approximately 1,830 acres or 1 percent.

Table 1. Acres for TPLA area.

Acres based on GIS polygons. Acres Percent
Total Acres in TPLA area. 171,389
Total Acres covered by WODDB* (68%) 116,020
Total Acres in Long Prairie Watershed 25,716 15
Total Acres in Hayden Creek Watershed 17,802 10
Total Acres in Edge Creck Watershed 4,831 | 3
Total Acres of Riparian Reserves 3,466 2
Total Acres for Oregon BLM lands** 30,457 18

Estimated acres obtained from ownership maps.

Weyerhaeuser Corporation lands 68,425 40

Pacific Power and Light (PPL) lands : 7,514 4

Acres supplied by agencies.

Bear Valley National Wildlife Refuge ' 4,200 2.5
Oregon Department of Forestry 4,065 2.4
California BLM-administered lands | 3,262 2
Klamath National Forest lands 1,830 1

Summary for Ownerships

Federal Lands 39,749 23
State Lands . 4,065 2.4
Private Lands (Weyerhaeuser and PPL lands) 75,939 44
Other Private Lands 51,636 30
Roads (for Oregon BLM-administered lands) o Miles
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Total miles of road 185.4

Average miles of road per section 3.9

* WODDB = Western Oregon Digital Database
** BLM-KFRA-administered lands

The percent equivalent for federal, state, and private lands in the analysis area breaks down roughly as follows:
federal lands (23 percent), state lands (2.4 percent), private lands (only Weyerhaeuser and PPL lands) (44
percent), and all other private lands (30 percent). The last ownership component (other private lands) consists of
a diversity of privately owned agricultural, forest, and range lands.

Physiography

The eastern portion of the Topsy/Pokegama Landscape Analysis (TPLA) area lies within the northwestern corner
of the Basin and Range physiographic Province. This province is characterized by a series of long and narrow,
north-south trending, fault-block mountains and valleys. In this area, the uplands are volcanic in origin and the
valleys filled with volcanic-derived sediments. The Klamath Basin is the westernmost basin in the Basin and
Range province.

To the west of the Klamath Basin lies the Cascade Range physiographic province. This province is divided into
two subprovinces: the High Cascades and the Western Cascades. The High Cascades, located along the crest of
the Cascade Mountain range, are characterized by a chain of relatively young, high-elevation volcanoes. The
lower-elevation western Cascades province consists of older, more deeply-eroded volcanic rocks. Interstate 5
closely follows the boundary between the Cascade Range province and the Klamath Mountains province from
about the Klamath River crossing in northern California north to the Oregon border.

The landscape analysis area is largely a low- to mid-elevation plateau that lies between the crest and the eastern
toeslope of the Cascade Mountains. The central interior of the plateau is deeply incised by the approximately 800
foot deep (244 meters) Klamath River Canyon.

Biodiversity

The lanscape anlaysis area is biogeographically unique in the Cascades Range physiographic province. Low-
elevation and aquatic-habitat conectivity corridors exist between east and west slopes of the Cascade range.
These corridors, although fragemnted to a degree by human activities sunch as dams and logging, serve as a
genetic link between plant and animal populations that occur both east and west of the Cascade range. In
addition, there are unique spring habitats containing endemic species (species whose entire range is. confined to a
specifi¢ locality). In both cases, the landscape analysis area contains an important genetic legacy that contributes
to the adaptiveness and resiliency of species and populations.

Environment

Except for the Klamath River Canyon, the landscape analysis area is for the most part a mid- to high-elevation
plateau [ranging from approximately 1,100 to 1,600 meters (3,608 to 5,249 feet) in elevation] of generally flat
topography with Buck, Chase, and Hamaker Mountains the highest points at 1,904 meters (6,247 feet), 1,935
meters (6,348 feet), and 1,829 meters (6,001 feet) respectively. The area can be characterized as semi-arid with
mean annual precipitation ranging from 630 to 890 millimeters (25 to 35 inches) west of the Klamath River
Canyon and around 380 millimeters (10 inches) on the east side of the river canyon. Although no temperature
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and precipitation records exist for the landscape area, forest types and plant communities would indicate that the
landscape area receives less precipitation than adjacent Spencer and Jenny Creeks, higher-elevation watersheds to
the north. Climatic conditions and topoedaphic factors appear to have led to the creation of forest stands that are
generally more open in structure than mixed conifer and higher-elevation forests to the north in adjacent
watersheds. Plant communities include mixed conifer forest [predominantly ponderosa pine (Pinus ponderosa),
Douglas-fir (Pseudotsuga menziesii), and white fir (dbies concolor)]; ponderosa pine plantations (many on
Weyerhaeuser lands); pine/juniper forest; pine/oak forest; oak forest; and oak shrub. Ponderosa pine and
Douglas-fir are the dominant tree species. Soil organic horizons are generally much less developed compared to
those in mixed conifer forests in watersheds to the north, and the probable greater frequency of low-intensity
fires in this semi-arid area, before the institution of fire exclusion, may have been a factor in leading to less
comparable amounts of coarse woody debris on the forest floor. As a result of local climatic conditions,
topoedaphic factors, and past disturbance, the area is generally less productive than adjacent watersheds to the
north. Except for the Klamath River, the analysis area is a dry physiographic region that contains few streams,
riparian areas, or wetlands. Major streams in the area include Spencer, Long Prairie, Tom, Edge, and Hayden
Creeks.

Soils

The dominant soil series in the TPLA area are Pinehurst, Greystoke, Pokegema and Woodcock. The Pinehurst
series consists of very deep, well drained loam soils on plateaus and hillslopes. These soils formed in colluvium
derived dominantly from andesite. Slopes are 1 to 35 percent. The Greystoke and Pokegema series consist of
deep, well drained soils on plateaus and hillslopes. These soils formed in colluvium and residuum derived
dominantly from andesite. Slopes are 1 to 75 percent in the Greystoke stony loams and 1 to 35 percent in the
Pokegema loams. The Woodcock series consists of very deep, well drained soils on plateaus and hillslopes.
These soils formed in colluvium derived dominantly from andesite. Slopes are 1 to 55 percent in this stony loam.

Riparian Vegetation

The many benefits of riparian areas are well-stated in the following definition of Proper Functioning Condition
(BLM Technical Reference 1993): "Riparian-wetland areas are functioning properly when adequate vegetation,
landform, or large woody debris is present to dissipate stream energy associated with high waterflows, thereby
reducing erosion and improving water quality; filter sediment, capture bedload, and aid floodplain development;
improve flood-water retention and ground-water recharge; develop root masses that stabilize streambanks against
cutting action; develop diverse ponding and channel characteristics to provide the habitat and water depth,
duration and temperature necessary for fish production, waterfowl breeding, and other uses; and support greater
biodiversity."

Riparian communities function as crucial breeding and feeding habitat for wildlife. Some of the attributes which
make riparian areas so valuable are the presence of diverse and highly productive vegetation, the positive edge
effects’ of streams, the high availability of terrestrial and aquatic insects, and the presence of water.

Livestock Grazing

Livestock grazing has likely occurred in the landscape analysis area since the late 1880s. Grazing levels have
probably varied with the amount of logging activity which opened up areas and increased the production of
herbaceous vegetation. Livestock grazing still occurs throughout the watershed at levels that are lower than
those in recent decades.
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Properly managed grazing on public lands contributes to the economic viability and stability of local
communities in the West, including the Klamath Basin. It also supports a lifestyle that many people feel is
important to support and maintain. Livestock grazing on public lands additionally contributes to the national
production of meat. '

Properly managed grazing can benefit the land in various ways including the following: reduction of fine fuel
loads and accompanying fire hazards; positive manipulation of some types of wildlife habitat; and the
construction and maintenence of watering facilities that are used by both livestock and wildlife.

Grazing animals can be used as a tool to manipulate vegetative conditions towards or away from specific
vegetative community structures, commensurate with potential. Grazing can also be a tool to maintain plant
succession at certain stages and to maintain biological diversity.

Wild Horses

Through Congressional action, the American people have prescribed that wild horses (and burros) are a resource
worth protecting and preserving when found on publicly administered lands. These same laws allow for the use
of privately owned lands within a Herd Management Area (HMA) for the maintenance of wild horses with the
consent of the land owners. This is the case with the Pokegama HMA, where approximately 80 percent of the
HMA is private land, largely owned by the Weyerhaeuser Company.

The existence of the Pokegama herd is relatively unknown even among the local populace. It is known,
however, to a few people who do enjoy being able to observe the activities of these high-quality (by typical
wild-horse standards) wild horses.

The herd is also controversial in that it is believed by some to be competitive with livestock, elk, and deer, and
also may be contributing to riparian related resource problems. Most HMAs on BLM-administered lands,
including those in eastern Oregon, are difficult to access; however, the Pokegama HMA is located in an area that
offers relatively easy access to those who wish to observe wild horses. Conversely, since the area is forested, the
odds of viewing a group of horses on any given visit is fairly low, unless one is familier with the area and the
herd distribution characteristics.

Water Usev

Water use in the landscape analysis area consists of the following: hydroelectric power generation, irrigation,
stock watering, road watering, and fire suppression. Several in-channel and off-channel reservoirs, spring
developments and guzzlers have been constructed on or near federal lands.

The primary beneficial uses for water resources that are related to land management activities on BLM-
administered lands are rearing and spawning habitat for salmonids, domestic water supply, fishing, resident fish
and aquatic life, and recreation (see Table 2 in the analysis chapter). All these uses require high water quality
and sufficient water quantity. The Klamath River Basin Compact (Oregon Revised Statutes 542.610 to 542.630),
an interstate compact between Oregon and California, identifies beneficial uses for the waters of the Klamath
River Basin, including domestic, irrigation, recreation, fish and wildlife, industrial, and hydroelectric power
purposes, along with other uses recognized by each state involved. ’

Recreation

The landscape analysis are is used extensively and during all seasons of the year for a wide variety of recreation
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activities. Many of the recreational opportunities found in the analysis area are within a one to two hour drive of
Klamath-Falls and the cities of the Rogue River valley, making the area popular with the residents of those

cities. Recreational users residing in other areas of Oregon as well as outside of the state are also drawn to the
area to use the recreational resources found there.

The major recreation activities ocurring in the analysis area include stream and lake fishing, sightseeing, off-
highway veicle driving, camping, hunting, whitewater boating, and target shooting. There are a number of
developed recreation sites managed by different agencies and land owners which provide facilities to pursue
these and other activites. Most of the other well known outdoor, natural setting-based recreation activities, such
as mountain biking or edible plant gathering, undoubtedly occur in the area also.

The value of the recreational resources found in the analysis area is recognized in the following land
management designations. The BLM-administered lands within the Klamath River Canyon are a designated
scenic waterway in the state of Oregon, a Special Recreation Management Area (SRMA), and a scenic
component of the federal Wild and Scenic Rivers program. The Hamaker mountain area was identified as a
potential SRMA in the 1995 BLM Resource Management Plan. The scenic quality of the viewshed in the
Klamath River Canyon is designated as BLM visual resources management (VRM) class II which maintains the
existing character of the landscape in a mostly undisturbed appearing state (see Map 3).

Human Values

Traditional cultural values are often central to the way a group or community defines itself, and maintaining such
values is often vital to maintaining the group’s sense of identity and self-respect. It is vital to evaluate properties
thought to have traditional cultural significance from the standpoint of those who ascribe such significance to
them. The landscape analysis area is exceptionally rich in both prehistoric and historic resources which are
regarded by Native and Euroamericans as basic to their cultural heritage. In addition, the analysis area offers a
rich blend of employment and recreation to modern Americans who work and play there.
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Core Topics, Issues, and Key Questions

In version 2.2 of the Ecosystem Analysis at the Watershed Scale, Federal Guide for Watershed Analysis core
topics are given to serve as a framework for focusing the basic analysis process used by many federal agencies.
In addition to the core topics listed in the federal guide, the Topsy/Pokegama Landscape Analysis team
developed numerous other issues and key questions that could have been addressed as part of this analysis
process. However, due to various constraints the list was pared down to the most critical items needing analysis
at this stage of the process. This also helped to focus the analysis on the Topsy/Pogemama landscape. The
following list includes those issues and key questions addressed in this stage of the analysis:

Issue: Forest succession, composition, structure, and function have been altered in the landscape analysis area.
Key Question: What changes have occurred in the forested landscape as a result of selective (highgrade)
logging, fire exclusion, and livestock grazing?

Issue: Ecosystem structure and function (forest health) have been altered by human-introduced disturbance in the
landscape area.
Key Questions: Are there forest stands in the landscape area that are at moderate to high risk of disease
outbreak, insect attack, and catastrophic disturbance? Are there significant disease or insect problems in
the landscape area?

Issue: Soil and site productivity has been altered in the TPLA area.
Key Questions:What are the dominant characteristics of soils in the TPLA area? Are there sensitive
soils within the TPLA area that deserve special protection or mitigation consideration? What erosion
processes are dorninant within the TPLA area? Where have they occurred or are they likely to occur?
Do compaction and loss of soil organic matter associated with logging activities affect soil productivity?
Do potential reductions nitrogen fixation and in populations of mycorrhizal fungi occur with
management activities? What is the nutrient status, especially for nitrogen (N), in forest soils in the
TPLA area? What historic processes affected soil productivity in the TPLA area? What are the historic
erosion processes within the TPLA area? Where have they occurred? What are the natural and human
causes of changes between historical and current erosion processes and soil productivity in the TPLA
areca? What are the influences and relationships between erosion processes, soil productivity and other
ecosystem processes?

Issue: Distribution and abundance of special-status plants have been altered in the landscape area by human-

. introduced disturbances.

Key Questions: What special-status plants occur in the landscape analysis area? Where are known
populations of these plants located in the landscape analysis area? What are the habitat requirements for
each species?

Issue: Alteration of the landscape area has resulted in the introduction of populations of noxious weeds and the
displacement of native plant species.
Key Questions: What species of noxious weeds occur in the landscape analysis area? Where do known -
populations of these plants occur in the area? Are populations increasing in size and, if so, what is their
estimated rate of expansion? To what extent are population sources displacing populations of native
plant species?

Core Topic: Plant Associations - no issues

Issue: Critical use areas for terrestrial listed and non-listed wildlife have been altered.
Key Questions: How has habitat been changed by management practices? What have been the habitat
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changes? What are the species of concern, their life history characteristics, and how has habitat
alterations affected these species?

Issue: Hydrology has been altered in the TPLA area.
Key Questions: What are the dominant hydrologic characteristics and other notable hydrologic features
and processes in the TPLA area? What are the current conditions and trends of the dominant hydrologic
characteristics and features prevalent in the TPLA area? What are the historical hydrologic
characteristics and features in the TPLA area? What are the natural and human causes of change
between historical and current hydrologic conditions? What are the influences and relationships between
hydrologic processes and other ecosystem processes?

Issue: Stream channel condition has been altered in the TPLA area.
Key Questions: What are the basic morphological characteristics of stream valleys or segments and the
general sediment transport and deposition processes in the TPLA area? What are the current conditions
and trends of stream channel types and sediment transport and deposition processes prevalent in the
TPLA area? What are the natural and human causes of change between historical and current channel
conditions? What are the influences and relationships between channel conditions and other ecosystem
processes in the TPLA area? '

Issue: Vegetation communities in riparian-wetland areas have been altered in the TPLA area.
Key Questions:What is the array of plant communities and seral stages in riparian-wetland areas? What
processes caused these patterns? What are the current conditions and trends of the prevalent plant com-
munities and seral stages in the riparian-wetland areas? What is the historical array of plant communities
and seral stages in riparian-wetland areas? What processes caused these patterns? What are the natural
and human causes of change between historical and current vegetative conditions in riparian-wetland
areas? What are the influences and relationships between vegetation and seral patterns and other eco-
system processes in the TPLA area?

Issue: Water quality has been altered in the TPLA area.
Key Questions: What beneficial uses dependent on aquatic resources occur in the TPLA area? Which
water quality parameters are critical to these uses? What are the current conditions and trends of
beneficial uses and associated water quality parameters? What were the historical water quality
characteristics of the TPLA area? What are the natural and human causes of change between historical
and current water quality conditions? What are the influences and relationships between water quality
and other ecosystem processes in the TPLA area?

Issue: High road densities, grazing, hydrologic modifications, and intensively managed forests have impacted
aquatic ecosystem function in the tributary watersheds.
Key Questions: What is the relative abundance and distribution of species of concern in the watersheds?
Where are key aquatic habitats? What is the current habitat condition? What is the historic condition of
" species distributions and habitats? What are the causes for observed changes in distribution and habitat?
Which are natural and which are human caused?

Issue: Concentrated recreational activity, grazing, exotic species, and hydrologic modifications have impacts to
aquatic species in the Klamath River Canyon.
Key Questions: What is the relative abundance and distribution of species of concern in the Klamath
River Canyon? Where are key aquatic habitats? What is the current habitat condition? What is the
historic condition of species distributions and habitats? What are the causes for observed changes in
distribution and habitat? Which are natural and which are human caused?

Issue: Livestock grazing has impacted other resources and activities within the TPLA watershed.
Key Questions: What are the historic and current livestock grazing uses within the TPLA area? What
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are the historic and current livestock forage use levels and patterns within the TPLA area? What
monitoring of livestock use has been done on public lands within the watershed? What has the analysis
of this monitoring data shown? What livestock management improvements have been installed in the
TPLA area?

Issue: A formally established Wild Horse Herd Management Area (HMA) exists and the horse herd is creating
impacts within the analysis area.
Key Questions: How much of an effect does the herd have on the vegetative communities and
dependent wildlife species in the area? Is the current management level of 30 to 50 horses suitable for
the HMA?

Issue: Land in the Topsy/Pokegama Landscape Analysis area was ceded to the United States by the Treaty of
Klamath Lake, 1864. The Klamath Tribes have a hereditary interest in the TPLA area.
Key Questions: Do the Klamath Tribes have treaty rights within the TPLA area? What are the needs and
interests of the Klamath Tribes in this analysis area?

Issue: The Shasta People were in residence in Klamath Canyon at the time of contact. The Shasta people have a
hereditary interest in the TPLA area.
~Key Questions: Do the Shasta people. have treaty rights within the TPLA area? What are the needs and
interests of the Shasta People within this landscape area?

Issue: Historic and prehistoric resources exist in the landscape.
Key Question: How has human activity impacted the landscape and what archaeological sites (historic
and prehistoric) are present within the TPLA area?

Issue: American pioneer settler homesteads are located within the TPLA area.
Key Questions: What are the identifiable homesteads in the TPLA area? What are the identifiable
Historic roads and trails in the TPLA area?

Issue: Recreation use is occurring in the TPLA area and may be affecting different resource values.
Key Questions: What are the historical patterns of recreation use in the TPLA area? Are the lands in the
TPLA area currently being managed to serve the recreation needs of the public, and maintain ecosystem
health? Does the road network in the TPLA area adequately serve the needs of the recreating public?
What is the anticipated future demand for recreation development and opportunities in the TPLA area?
Is there a need for more developed winter sports recreation opportunities in the TPLA area?

Issue: Biological diversity has been altered in the landscape area.
Key Questions: Has biological diversity of plant and animal species decreased or increased in the’
landscape analysis area? What changes in biological diversity have selective logging, fire exclusion, and
livestock grazing brought about in the landscape area? Will activities such as commercial thinning and
" the introduction of prescribed fire increase or decrease biological diversity?

Issue: Landscape ecology has been altered in the landscape analysis area.
Key Questions: What functions do landscape features and patterns have? What is the present structure
and composition of forests across the landscape analysis area? What sort of future forest matrix across
the landscape analysis area do we wish to achieve? Are we creating a disproportionate amount of young
forests that lack structural and compositional complexity? Are we providing for late-successional and
old-growth forests and the unique assemblage of plant and animal species that such forests support? Are
we creating a landscape diversity of forest structures to absorb future destructive disturbances, to
maintain minimal habitat requirements and migration pathways for species, and to maintain viable
‘population "sources” for recolonization of depleted areas? In short, will we create a functional or
dysfunctional landscape with future proposed management activities?
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Core Topic: Forest Stucture, Composition,
and Function

Issue: Forest succession, composition, structure, and
function have been altered in the landscape analysis
area. '

Key Question: What changes have occurred in the forested landscape as a
result of selective (highgrade) logging, fire exclusion, and livestock grazing?

Overview

Selective logging, fire exclusion, and livestock grazing associated with Euro-American settlement of the inland
west have resulted in profound changes in forest succession, composition, structure, and function across the
landscape (DellaSala et al. 1995, Covington et al. 1993, Oliver et al. 1993, Oliver et al. 1994). Together these
factors have brought about a shift in low- and mid-elevation forests from open, parklike stands dominated by
ponderosa pine (Pinus ponderosa Dougl. ex Laws.) to denser replacement stands dominated by grand fir (4bies
grandis (Dougl.) Forbes) and white fir (4bies concolor [Gord. & Glend.]). Historically, forest composition was
much different within the landscape analysis area based on extensive forest surveys conducted at the turn of the
century (Leiberg 1899). Leiberg (1899) reported that forests on the west side of the Cascade Range were dense
with luxuriant undergrowth whereas forests on the east side were open with no underbrush. Ponderosa pine
reportedly constituted six-sevenths of all the conifer species east of the Cascade Range (Leiberg 1899). Fire was
reported as having "ravaged" the region leaving no forested township either on the west or east side of the
Cascade Range untouched (Leiberg 1899). Although broad in delineating forest types, a map produced in the
1960s of potential natural vegetation for the contiguous United States describes a large part of the landscape
analysis area as a ponderosa pine-dominated forest ecosystem (Kuchler 1964).

The shift in forest composition from past to present conditions is reflected in stand inventory data gathered and
analyzed from the BLM-Klamath Falls Resource Area (MICROSTORMS database, 1996). Below are tables
adapted from Leiberg (1899) displaying changes in past and present forest composition by township in the
landscape analysis area. Percent of dominant overstory conifer species displayed for contemporary forests
includes only federal lands ‘administered by the BLM-Klamath Falls Resource Area. Stand inventory data for
other ownerships in the analysis area were not available in time for inclusion in this document. Because
Weyerhaeuser lands comprise a significant porportion of lands within the analysis area and for the most part
contain stands dominated by ponderosa pine, the percent of ponderosa pine displayed in the table for
contemporary forests would probably increase substantially (perhaps as much as 10 percent with a concomitant
decrease in the proportion of other species). An inventory of Weyerhaeuser lands, the other major ownership in
the landscape area, was not available for inclusion in this analysis. Leiberg’s use of the common name, red fir,
refers to Douglas-fir (Pseudotsuga menziesii) forests at the turn of the century of which Shasta red fir (4bies
magnifica var. shastensis lemmon) was a component. The red fir category for contemporary forests distinguishes
between the Douglas-fir (PSME) and Shasta red fir (ABMA) components. Four-letter codes, conventional in
plant association use, refer to tree species: PSME (Pseudotsuga menziesii, Douglas-fir), PIPO (Ponderosa pine,
Ponderosa pine), ABMA (4bies magnifica, Shasta red fir), ABCO (dbies concolor, white fir), CADE
(Calocedrus decurrens, incense cedar), PICO (Pinus contorta, lodgepole pine) and QUGA (Quercus garryana,
Oregon white oak). See Tables 3 through 11 for more specific information.
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Table 3. T.39 S., R. 6 E. (Spencer Creek)

lodgepole pine (Pinus contorta)

_ | Table 4. T. 40 S., R. 5 E. (Long Prairie Creek and Tom Creek)

Species Past (circa. 1900) BLM-KFRA- Administered
Lands (1996)
ponderosa pine (Pinus ponderosa) 31 12
sugar pine (Pinus lambertiana) 7 trace
red fir (Pseudotsuga menziesii) 50 27 PSME
35 ABMA
Total = 62
white fir (4bies concolor) 10 26
incense cedar (Calocedrus decurrens) 1 trace
1 trace

————ﬁ___(

Species

Past (circa. 1900)

BLM-KFRA- Administered
Lands (1996)

incense cedar
_

ponderosa pine 50 11
sugar pine 15 trace
red fir 30 73 PSME
0 ABMA
Total = 73
white fir 4.5 - 16
0.5 trace

Table 5. T. 40 S., R. 6 E. (Hayden Creek)

Species Past (circa. 1900) BLM-KFRA- Administered
Lands (1996)
ponderosa pine 60 46
sugar pine 15 trace
Il red fir 22 35
incense cedar and white fir 3 2 CADE
14 ABCO
Total = 16
Oregon white oak - 3
== = o ——— = ————
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Table 6. T. 40 S., R. 7 E. (Grenada Area [west of Hamaker Mountain])

Species Past (circa. 1900) BLM-KFRA- Administered
Lands (1996)

ponderosa pine 40 34

sugar pine 5 trace

red fir 55 40 PSME
0.3 ABMA
Total = 40.3

incense cedar scattered trace

white fir - 24

Table 7. T.40 S, R. 4 E.

(north of Copco Reservoir)

Species Past (circa. 1900) BLM-KFRA- Administered
Lands

ponderosa pine 50 52

sugar pine 5 trace

red fir 30 trace

incense cedar 2 trace

white fir/western juniper 1 trace

oak 12 48

|_Table 8. T.41S,R.5E.

(south of Long Prairie and Tom Creeks)

Species Past (circa. 1900) BLM-KFRA- Administéred {
Lands (1996)
ponderosa pine 50 74
sugar pine 10 trace
red fir 36 15 PSME
0 ABMA
Total = 15
white fir and incense cedar 4 trace
western juniper - 10
e — ]
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Table 9. T. 41 S., R. 6 E. (south of Hayden Creek/lower Klamath River Canyon)

Species

Past (circa. 1900)

BLM-KFRA- Administered
Lands (1996)

ponderosa pine 45 76

red fir 55 6 PSME
0 ABMA
Total = 6

Oregon white oak - 5

non-forest - 7

Table 10. T. 41 S., R. 7 E. (south of Grenada area and Hamaker Mountain)

Species

Past (circa. 1900)

BLM-KFRA- Administered
Lands (1996)

ponderosa pine 75 87

red fir 25 12 PSME
0 ABMA
Total = 12

Table 11. Present (1996) and past (circa. 1900) forest composition within townships in the landscape.
Percent cover of major tree species is shown for each township for which data were available.

T 39S,R 6E. T.398,R 7E.
1900 1996 1900
PIPO 31 12 PIPO 73
PILA 7 trace PILA 3
PSME 50 27 PSME PSME 13
35 ABMA ABCO 7
ABCO 10 26 CADE 0.2
CADE 1 trace JuoC 3.8
PICO 1  trace
T.40S.,R 5 E. T.408,R 6E. T.40S,R 7E.
1900 1996 1900 1996 1900 1996
PIPO 50 11 PIPO 60 46 PIPO 40 34
PILA 15 trace PILA 15 trace PILA 5 trace
PSME 30 73 PSME PSME 22 . 35 PSME 55 40 PSME
0 ABMA CADE 15 2 0.3 ABMA
ABCO 45 16 ABCO 1S5 14 CADE scattered trace
CADE 0.5 trace QUGA--- 3 ABCO--- 24
Forest Composition 20 6/24/96



T.41S,R S E T.418,R 6. E. T. 418, R 7E.

1900 1996 1900 1996 1900 1996

PIPO 50 74 PIPO 45 82 PIPO 75 87

PILA 10 trace PSME 55 6 PSME PSME 25 12 PSME

PSME 36 15 PSME 0 ABMA 0 ABMA
0 ABMA QUGA--- 5

ABCO 2 trace non-forest--- 7

CADE 2 trace

JUOC--- 10

Legend for Tables 3 - 11 -
PIPO = Pinus ponderosa (ponderosa. pine)
PSME* = Pseudotsuga menziesii (Douglas-fir)
CADE = Calocedrus decurrens (incense cedar)
JUOC = Juniperus occidentalis (western juniper)
oak)
---- no records for the species

* Note: Leiberg included Shasta red fir in the Douglas-fir component.

Past Conditions

The forest surveys conducted by Leiberg (1899) reveal that ponderosa pine and Douglas-fir were the dominant
tree species at the turn of the century in the townships comprising the Topsy-Pokegama landscape analysis area.
Ponderosa pine (Pinus ponderosa) ranged from 30 to 60 percent of all tree species and Douglas-fir (Pseudotsuga
menziesii) 22 to 55 percent of all tree species. In several townships, Douglas-fir exceeded ponderosa pine as the
dominant tree species (T. 39 S.,, R. 6 E;; T. 40 S, R. 7E.; and T. 41 S,, R. 6 E.). Sugar pine (Pinus
lambertiana Douglas) comprised 5 to 20 percent of the forest composition. The white fir (4bies concolor)
component, on the other hand, appears to have been minor, ranging from only 0 to 10 percent.

PILA = Pinus lambertiana (sugar pine)
ABCO = Abies concolor (white fir)

PICO = Pinus contorta (lodgepole pine)
QUGA = Quercus garryana (Oregon white

Present Conditions

Stand inventory data from the MICROSTORMS database indicate changes in forest composition that have
occurred since Leiberg’s surveys at the turn of the century and point to future trends in forest composition and
structure. The ponderosa pine component has decreased substantially in the townships containing Spencer Creek,
Long Prairie Creek, Tom Creek, Hayden Creek, and Grenada areas. Table 12 displays the percent change in the
ponderosa pine and white fir components in those townships.
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Table 12. Percent Change in the Ponderosa Pine and White Fir Components.
— = ‘m=
Townships Change in Percent Change Change in White Percent Change
Ponderosa Pine Fir Composition
Composition
T.39S., R.6E. Ml2 61 10 to 26 +160
(Spencer Creek)
T.40S., R.5E. 501011 -78 45 to 16 +256
(Long Prairie and ' :
Tom Creeks)
T.40S., R.6E. 60 to 46 -23 3to 14 +367
(Hayden Creek)
T.40S.R.7E. 40 to 34 -15 No Record | ——--
(Grenada) ’

Selective logging and white pine blister rust have reduced sugar pine composition from a historic range of 3 to
15 percent of forest composition in the landscape area to that of a remnant species with a distribution of only a
few individuals per acre. The Douglas-fir component shows substantial increases in some townships and yet
substantial decreases in others.

Dense understories of white fir and Douglas-fir have replaced stands formerly characterized by more open-
canopied structures which maintained a sizable ponderosa pine component in forest stands. The higher stem
density of contemporary forests have led to conditions that significantly reduce ponderosa pine regeneration for
future forests. Not all areas in the landscape analysis area, however, are overstocked with dense understories of
white fir. Some forested landscapes such as in the Grenada area remain fairly open with small islands of
moderately dense, young white fir and Douglas-fir stands scattered in a larger matrix of relatively open forest.

Effects of Introduced-Human Disturbances (Selective
Harvest, Fire Exclusion, and Livestock Grazing) |

A complex of disturbances introduced with Euroamerican settlement, beginning around the 1840s, accounts for
the ecological changes that have occurred in eastside forests in Oregon and Washington (Covington and Moore
1994, Oliver et al. 1993, Belsky and Blumenthal 1995). Selective harvest, fire exclusion, and livestock grazing
have contributed in creating forest stands that are out of balance within the historic range of variability (HRV)
and are, therefore, more susceptible to high-severity disturbances such as catastrophic, stand-replacement wildfire
and virulent outbreaks of disease and insect attack that threaten ecosystem integrity or robustness (Morgan et al.
1993).. Selective harvest of the healthiest, largest, and most valuable trees, which were for the most part
ponderosa pine, resulted in a disporportionately high residual component of other tree species in the forest
overstory. On the forest floor, Douglas-fir, grand fir, and white fir seedlings out-competed ponderosa pine
seedlings for freed growing space, water, and nutrients, reducing recruitment of ponderosa pine. Beginning
around 1920 and continuing to the present, active fire suppression measures aided by construction of an
extensive road network across the federal forest landscape and the effectiveness of modern fire-fighting
technology have resulted in disruption of the natural fire regime of frequent, low-intensity fires which historically
burned the less fire-tolerant white fir component and reduced the accumulation of fuels on the forest floor.
Mature ponderosa pine were able to survive these periodic, low-intensity fires because of thicker bark. With fire
exclusion, as forest stands grew denser, they became shadier, encouraging establishment of shade-tolerant species
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such as Douglas-fir, grand fir, and white fir. A shift in forest composition resulted from dominance by shade-
intolerant ponderosa pine to dominance by more shade-tolerant species such as Douglas-fir and true firs. Grazing
livestock introduced by settlers reduced the amount and vigor of the grass and herbaceous cover on the forest
floor. This resulted in an increase in tree seedling density and a reduction in fine fuels that carry frequent, low-
intensity ground fires. Both conditions allowed for more tree seedlings to become established (Miller 1988, Karl
and Doescher 1993).

Fire Ecology (The Effects of Fire Exclusion)

Overview

Disruption of the natural fire regime has effected a change in vegetation and landscape pattern for the entire
region of eastern Oregon including the landscape analysis area. Fire is the chief natural disturbance and an
integral natural process in eastside forest ecosystems affecting succession (for example, whether pondersoa pine-
dominated forests persist over time or are replaced by fir species); overstory and understory composition of
forest stands; structure (for example, diameter- and age-class distributions, canopy layer diversity, and amounts

and distribution of standing and down dead wood); and function (for example, decomposition of orgamc
materials, nutrient cycling, forest hydrology, and species mteractlons)

Cimate (temperature and moisture conditions) strongly affect decomposition rates in terrestrial ecosystems; hence,
in eastside forests decomposition is, generally, much slower compared to that on the west side of the Cascade
Range due to cold winters and dry summers. Compared to westside forests, fire is a principal agent of
decomposition in eastside forests, reducing fuel accumulations resulting from decaying and dead woody debris on
the forest floor. Natural fire regimes follow a temperature and moisture gradient with the length of fire-return
intervals increasing with elevation or latitude. Both Native American and lightning ignitions were important
sources of fire in both ponderosa pine and miked conifer forests; yet despite many narratives in the ethnographic
literature recounting the use of fire by Native Americans it is not clear whether these ignitions augmented or
substituted for lightning ignitions (Agee 1993). As fire-return intervals lengthen in Oregon forests on the eastern
flank of the Cascade Range, whether dictated by cooler climatic conditions or as a result of fire exclusion, there
is a tendency to have higher proportions of white fir in the overstory (Agee 1993).

Natural mean fire-return intervals (that is, average time periods between wildfires derived from fire history
studies) are different for different forest types. Reconstruction of presettlement fire histories from fire scars in
Crater Lake National Park indicate that the natural mean fire-return interval in mid-elevation (roughly 1300 to
1600 m or 4,265 to 5,249 feet) white fir ecosystems ranges from 9 to 42 years (McNeil and Zobel 1980). For a
low-elevation Abies concolor/Ceanothus velutinus community near Bend, OR, a 9 to 25 year fire-return interval
was determined (Bork 1985). Ponderosa pine forests have a shorter mean fire-return interval compared to white
fir or mixed conifer forests. A fire-return interval of 11 to 16 years was calculated for a ponderosa pine forest on
the Warm Springs Indian Reservation in eastern Oregon (Weaver 1959). Another fire study at Warm Springs
produced a mean fire-return interval of 3 to 36 years (Soeriaatmadja 1966).

Summary

Overall, the natural mean fire-return interval for eastside forests is roughly 10 to 20 years as contrasted with 350
to 500 years for westside forests (Agee, J.K., 1995, University of Washington, personal communication). The
difference in the fire regime between eastside and westside forests is primarily a function of climate. Mean fire-
return intervals in ponderosa pine forests are 8 to 15 years (Hopkins 1995, pers. comm.). Mean fire-return
intervals in white fir forests are longer, ranging from 20 to 40 years (Hopkins 1995, pers. comm.). The fire
regime in eastside forests is characterized by frequent, low-intensity surface fires that thin out the understory but
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do not greatly affect the overstory component in contrast to a regime of infrequent but high-intensity, stand-
replacement fires in westside forests. Presently, low- and mid-elevation forests on the eastern side of the
Cascade Range in Oregon have higher proportions of white fir as a result of human-introduced disturbance and
disruption of the natural fire regime.

Such periodic, low-intensity fires apparently consumed much of the coarse woody debris (CWD) in ponderosa
pine forests, leaving the forest floor relatively free of large amounts of CWD (Leiberg 1899, Agee 1993,
Covington et al. 1993). Leiberg (1899) describes the forest stands that he surveyed at the turn of the century as
parklike with little undergrowth or down logs. But it is important to remember that wildfire, especially of low-
intensity, does not burn uniformly across landscapes. Because such fires burn patchily across the land, post-fire
landscapes resemble a complex, shifting mosaic of burned and unburned areas. Therefore, it is reasonable to
assume that CWD survived in certain areas following wildfire for periods of time to play an important structural
and functional role in eastside forests as centers for wildlife habitat, microbial and arthropod activity, and water
storage benefiting trees during periods of summer drought. CWD is an important biological legacy in both
castside and westside forests that persists in post-fire landscapes and aids in the ecological recovery or resilience
of post-fire ecosystems (Franklin 1990). Mycorrhizal activity, which is critical to forest health and productivity,
is concentrated above or within the soil surface in soil organic horizons, logs, and other woody debris reserves
(Harvey et al. 1988). See section in document on soil organic matter for an overview of the beneficial roles of
mycorrhizal fungi in terrestrial ecosystems. :

Livestock Grazing

Livestock grazing is argued by many researchers as having the most widespread influence on native ecosystems
of western North America. (Fleischner 1994, Belsky and Blumenthal 1995, Madany and West 1983, Harris 1991).
Numbers of studies report effects associated with livestock grazing in western North America including
disruption of ecological succession by producing and maintaining early seral vegetation; loss of microbiotic (or
cryptobiotic) soil crusts which play an essential role in nutrient cycling and nitrogen fixation in arid ecosystems;
deterioration of soil stability and porosity with concomitant increases in soil erosion and compaction; alteration
and degradation of riparian habitat; destabilization of plant communites by aiding the spread and establishment of
exotic species such as cheatgrass (Bromus tectorum); reduction of biological diversity; and major alterations and
conversions of community organization such as transforming native grasslands to creosotebush desert.

Livestock have altered the species composition of plant communities, ecosystem structure, and ecosystem
functioning. Species composition of plant communities are affected in essentially two ways: (1) active selection
by herbivores for or against a specific plant taxon, and (2) differential vulnerability of plant taxa to grazing
(Fleischner 1994). Because livestock prefer native grasses to exotics, native grasses have been replaced by exotic
graminoids and weedy species which are more successful in colonizing areas that have been grazed or disturbed
in some other way. Heavy grazing of native grasses has also allowed a greater number of tree seedlings to
establish resulting in denser understories of trees which have replaced grass communities on the forest floor. All
of these effects have produced changes in ground-level, understory, and overstory species composition within the
forest.

Structural changes in forests have also resulted from livestock grazing. Livestock have reduced the amount and
vigor of the grass and herbaceous cover on the forest floor, resulting in both an increase in tree seedling density
and a reduction in fine fuels that carry frequent, low-intensity ground fires (Miller 1988, Karl and Doescher
1993). The increase in tree seedling density and disruption of the natural fire regime have led to the increase in
dense understories of shade-tolerant conifer species such as grand and white fir and the reduction of shade-
intolerant conifer species such as ponderosa pine. Forest structural changes have in turn led to increases in water
and nutrient stress among trees, disease and insect problems, and ladder fuels and woody fuel loads on the forest
floor that increase the risk of high-intensity, stand-replacement fires.
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Throughout the inland west, livestock grazing has altered nutrient cycling process, an essential ecosystem
function (Fleischner 1994). Microbiotic (or cryptobiotic crusts) in arid and semi-arid ecosystems in the inland
west have been greatly reduced by or lost to livestock grazing. The major share of nitrogen fixation in desert
ecosytems occurs in these fragile, thin crusts that consist of cyanobacteria, soil lichens, and mosses. Although
most of the research on cryptobiotic crusts has occurred in arid and semi-arid ecosystems outside of Oregon such
as the Great Basin region in Utah (Harper and Pendleton 1993, Belnap 1993, Belnap and Gardner 1993), it is
possible that cryptobiotic crusts occur in less disturbed areas in eastern Oregon and were more common prior to
the introduction of livestock (Rosentreter, R., 1995, personal communication). Because of past disturbances, it is
probably unlikely that cryptobiotic crusts occur in the landscape analysis area. However, nutrient cycling
processes in general can be altered by removal of ground-layer vegetation, soil compaction and erosion, and
disturbance to the soil organic layer from livestock grazing.

The extent of past and current livestock grazing in the landscape analysis area is best addressed in the section
dealing with cows and grazing allotments. A discussion in that section of present grazing regulations, numbers of
animals, and allotments will furnish information on past and present grazing management practices in the
landscape area.
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Core Topic: Ecosystem Structure and
Function

Issue: Ecosystem structure and function (forest health)
have been altered by human-introduced disturbance in
the landscape area.

Key Questions: Are there forest stands in the landscape area that are at
moderate to high risk of disease outbreak, insect attack, and catastrophic
disturbance? Are there significant disease or insect problems in the
landscape area?

Introductioh

A field inventory of tree disease and insect attack has not been conducted in the landscape analysis area.
However, an aerial survey by plane is conducted annually for eastside federal forests to locate disease and insect
epicenters. Little information at present exists on the distribution, extent, intensity, or frequency of these
disturbance agents. Nor have any disease or insect epicenters been located and mapped in the landscape area
unlike in the upper Spencer Creek watershed area where locations of known laminated root rot (Phellinus weirii)
centers and fir engraver (Scolytus ventralis) attacks have been determined. However, the landscape area would be
susceptible to the same diseases and insects that are common in other eastside forests and so a general discussion
of these disturbance agents and their ecology is germane. ‘

Increased occurrence of disease and insect outbreak is dependent to a large degree on the density of forest
stands. As tree density in a forest stand increases, so does intertree competition for resources (Oliver and Larson
1990). Trees compete among one another for limited resources (light, water, nutrients, and growing space) in a
forest stand. Those individuals that are less successful in competing for such resources may become suppressed
and overtopped by other trees. A tree unable to secure the resources that it needs for its growth and maintenance
becomes weakened and, in the process, becomes more susceptible to disease and/or insect attack. Schmid and -
Mata (1992) found that a growing stock level, a measure roughly equivalent to basal area, of 120 square feet per
acre may be the critical threshold in Rocky Mountain ponderosa pine forests at which point density-dependent
mortality caused by bark beetles and disease begins to occur. (The higher the growing stock level or basal area
figure, the denser or greater number of stems within the forest stand). At times, during insect epidemics or
virulent disease outbreaks even otherwise healthy individuals in a forest stand can be attacked and killed. The
critical threshold for ponderosa pine forests in other regions of the western United States may be different due to
climate, topography, soils, and other factors. But, in general, it appears that the critical threshold for density-
dependent mortality in ponderosa pine forests in eastern Oregon lies in the range of 110 to 130 square feet of
basal area per acre (Cochran 1992, Goheen 1992). White fir stands can be maintained at higher stocking levels
than ponderosa pine, but white fir is more susceptible to root diseases and insect problems during periods of
summer drought than is ponderosa pine.

Climatic conditions (temperature and moisture) can add to the physiological stress placed on trees and can
predispose suppressed, weakened, or less hardy trees to disease and insect attack. The classic example in eastside
forests is white fir (4bies concolor) which is less drought-tolerant than ponderosa pine. Summer drought
conditions generally tend to place a greater stress on white fir than ponderosa pine, making the fir species more
susceptible to disease and/or insect attack. Ponderosa pine is a more drought-tolerant and fire-adapted species.
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Diseases

Diseases such as dwarf mistletoe (4rceuthobium spp.), Armillaria root and butt disease (Armillaria spp.), annosus
root and butt disease (Heterobasidion annosum), laminated root and butt disease (Phellinus weirii), Indian paint
fungus (Echinodontium tinctorium), red ring rot (Phellinus pini) and brown cubical butt rot (Phaeolus
schweinitzii) are common and widespread throughout Pacific Northwest (PNW) forests. Their distribution in the
landscape analysis area is unknown, but all are probably present. Although these diseases do cause significant
timber losses, they are native to PNW forests and serve important ecological roles such as creating canopy gaps
for the potential recruitment of other plant species within the stand. Canopy gaps increase biological diversity,
provide for wildlife habitat, and alter forest succession and composition. Through the process of tree death,
limited resources such as growing space, light, water, and nutrients are made available to neighboring live trees.

Dwarf mistletoe (drceuthobium spp.) is caused by a parasitic plant that attacks PNW conifers. Mistletoe infection
has been observed in western juniper in the Hayden Creek sub-area and in Douglas-fir and ponderosa pine in the
Grenada sub-area. Dwarf mistletoe most likely occurs throughout the landscape analysis area. Mistletoe pockets
of mid- to high-severity that occur within the landscape area will need to be located in the future for evaluation.
Mistletoe brooms create microhabitat preferred by nesting northern spotted owls; at the same time, however, the
disease is highly infectious in stands, deforms trees inducing bole and branch cankers that result in timber
volume loss, and can kill trees.

The fungi responsible for diseases such as Armillaria root rot (4rmillaria sp.) and annosus root and butt disease
(Heterobasidion annosum) are facultative parasites, meaning that they can exist in either a pardsitic or
saprophytic state. These fungi are capable of either attacking a tree or surviving as a saprophyte deriving their
energy and carbohydrate needs from decaying or dead organic material in the soil. Under the right conditions,
these diseases can become more virulent and infect an entire stand rather than selected individuals within the
stand. On the Klamath Ranger District on the Winema National Forest, north of the landscape analysis area,
sizable areas of forest have been infected with Armillaria root rot.

Two strains of annosum root disease occur: the P-group and the S-group (Hessburg et al. 1994). The S-group
affects primarily true firs, hemlocks, and spruce whereas the P-group primarily affects ponderosa pine. Centers of
P- and S-group annosum root disease were relatively uncommon in presettlement Douglas-fir/white fir forests on
the eastside, and the distribution of the P-group in ponderosa pine forests was scattered (Hessburg et al. 1994).
Regular underburning associated with the natural fire regime reduced stocking levels in stands, and natural
intertree spread of the pathogen was restricted by low tree density (Hessburg et al. 1994). Annosum root disease
will probably increase in incidence since stands with multiple entries experience the highest frequency of
mortality caused by this disease (Schmitt et al. 1984, 1991; Filip et al. 1992). The distribution and severity of the
P-group annosum root disease have increased as a result of current management practices. Marginally
commercial ponderosa pine sites have been selectively logged, leaving abundant stumps infected by airborne
annosum spores. The result has been an increase in inoculum and in intertree spread of the disease (Hessburg et
al. 1994).

The ecologies of Armillaria root disease and laminated root and butt disease were probably very similar in turn-
of-the-century forests dominated by the Douglas-fir and grand (white) fir series (Hessburg et al. 1994). The
maintenance of seral species within forests that resulted from frequent low-severity fires probably made large
centers of root disease-caused mortality uncommon. The pathogens functioned more as secondary, opportunistic
root pathogens that attacked low-vigor, overmature, weakened, or injured trees (Filip and Goheen 1982, Goheen
and Filip 1980).

Laminated root and butt disease (Phellinus weirii) is the most damaging disease of Douglas-fir in PNW forests.
Several large infection centers (25 to 30 acres in size) have been located in the upper Spencer Creek watershed,

north of the landscape analysis area, infecting a mixed-conifer stand of white fir, Douglas-fir, and even usually
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resistant pine. The disease in these stands appears to be fairly virulent since even resistant tree species such as
ponderosa and sugar pine were found infected with the disease. P. weirii spreads across live roots and root grafts
rather than by airborne spores. It rarely produces sporocarps (fruiting bodies) such as Armillaria spp. or
Heterobasidion annosum. The pathogen can be harbored in the roots of resistant trees, but it travels slower along
the roots of resistant trees than non-resistant trees (Goheen 1996, pers. comm.). The pathogen can only colonize
live roots; it cannot colonize or spread along dead roots. Hence, a web of dead roots in the soil created by
harvesting trees in a 50 foot buffer zone around a P. weirii infection center can theoretically create an effective
barrier against the outward spread of the pathogen (Goheen 1996, pers. comm.). P. weirii forms pseudo-sclerotia
(hardened nodules in the soil that are the resting, dormant state of the fungus), allowing it to survive for greater
than 50 years in dead roots and stumps. This biological mechanism enables it to continually infect non-resistant
trees growing on the site for decades.

Indian paint fungus (Echinodontium tinctorium) infects true firs, but rarely Douglas-fir. This disease is fairly
common in eastside mixed conifer stands. The distinctive woody, perennial fruiting bodies of this fungus has
been seen in stands in the Spencer Creek watershed. The likelihood that Indian paint fungus occurs in the
analysis area is almost certain.

Brown cubical butt rot (Phaeolus schweinitzii) infects Douglas-fir, pines, true firs, and incense cedar. It is most
common on Douglas-fir along the Pacific Coast, but it does occur occasionally in inland Douglas-fir, especially
in older trees. Rot is usaully confined to the root system and lower 2.5 to 3.0 m (8 to 10 feet) of the tree bole.
The disease makes its entry through basal fire scars and through roots. There is a good likelihood that brown
cubical disease occurs in the analysis area.

Red ring rot (Phellinus pini) can infect Douglas-fir, pines, true firs, and rarely incense cedar. It is fairly common
in western hemlock/Douglas-fir forests on the westside of the Cascade Range. Its occurrence in eastside forests is
probable but less so than the major diseases such as Armillaria spp., Heterobasiodion annosum, Phellinus weirii,
and Echinodontium tinctorium. It forms a characteristic perennial, woody, bracket-like fruiting body on the boles
of trees usually beneath branch insertions. Red ring disease most likely occurs in the analysis area.

White pine blister rust (Cronartium ribicola) infects western white pine (Pinus monticola) and sugar pine (Pinus
lambertiana) and has greatly reduced the distribution of these pine species in eastside forests. Its introduction to
North America from Europe has resulted in one of the most serious disease outbreaks on conifers. To effectively
control white pine blister rust requires eliminating its alternate host, Ribes spp., a near to impossible task. This
disease has infected western white and sugar pine in forest stands north of Highway 66 and is probably present
in the landscape analysis area as well.

Insects

Bark beetles, which are highly opportunistic and able to exploit host trees in a weakened condition, are the
insects. of primary concern in eastside forests (Eglitis 1995). Because they generally attack trees growing in dense
stands, bark beetles are often considered thinning agents. Specific bark beetles of probable importance in the
landscape analysis area include the mountain pine beetle (Dendroctonus ponderosae), western pine beetle (D.
brevicomis), and fir engraver (Scolytus ventralis). Other bark beetles which could be of significance under certain
conditions include the red turpentine beetle (D. valens), Douglas-fir beetle (D. pseudotsugae), and pine engraver
(Ips pini).

Fir engraver attack of white fir is fairly common in mixed conifer stands in the Spencer Creek watershed, north
of the landscape analysis area. The likelihood is high that the fir engraver is active to some degree or another in
stand aggregations of white fir within the landscape analysis area.

Table 13 displays relevant life-history characteristics of the above insects.
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Management Implications

Multi-layered mixed conifer stands are now prevalent in eastside forests where multi-cohort, parklike ponderosa
pine stands once dominated (Hessburg et al. 1994) or where ponderosa pine comprised a much larger component
in turn-of-the-century forests. The landscape analysis area is composed of eastside forest types that include mixed
conifer stands, pine/oak/juniper stands, and juniper woodlands. The ponderosa pine component in the landscape
analysis area has diminished significantly from turn-of-the-century forests as a result of selective logging,
livestock grazing, and fire exclusion (Leiberg 1899). With the exclusion of fire, Douglas-fir and white fir
understories have developed throughout eastside forests (Hessburg et al. 1994) and in the landscape analysis area.
Many in the scientific community recommend reversing the shift toward late-successional stands of shade-
tolerant species that has occurred in the Douglas-fir and grand (white) fir series by restoring a seral-dominated
forest matrix (Hessburg et al. 1994, Oliver et al. 1993).

Associated with root rot diseases are bark beetles, so the higher incidence of root disease infection centers will in
all likelihood result in increased bark beetle populations and tree mortality. It is, however, equally important to
note that although insects and pathogens cause substantial economic losses in eastside forests, they also play
important ecological roles by creating nesting and roosting habitat for owls, wildlife habitat for other birds and
mammals, and canopy gaps that promote biological diversity within forest stands. They are also important to
forest succession and nutrient cycling. A balance that maintains these natural processes and functions within
matrix stands while at the same time providing for healthy forest stands that produce wood products for our
generation and successive generations is the challenge presented to today’s resource managers.

Disease and Insect Risk Assessment

Disease and insect attack occur to some degree within any forest. They are natural disturbance and mortality
agents within forest ecosystems, so their elimination should neither be a management consideration nor an
objective. When their occurrence causes high timber losses in a forest stand, however, managers may consider
the need to intervene with measures to control the extent of their destructive influence. Group killings of trees
within stands by beetles generally indicate damaged, weakened, or diseased trees as a result of high tree density,
disease, drought, or management activities (for example, basal scarring of trees or soil compaction from previous
logging entry). At present, scientific research suggests that many contemporary eastside forests are out of balance
ecologically compared to pre-settlement or even turn-of-the-century forests: that is, they are more prone to
catastrophic disturbance and less able to retard the spread of catastrophic disturbance (Hessburg et al. 1994,
Perry 1994). Higher tree densities; replacement understories of Douglas-fir and white fir; and the loss of the
ponderosa, sugar, and western white pine component in eastside forests have created conditions predisposing
eastside forests to increased risk of catastrophic wildfire, virulent disease centers, and insect outbreaks.

The likelihood of disease and insect attack generally increases as stand density increases in eastside forests. Fire-
history reconstructions of eastside forests suggest that many pre-settlement forests at low- and mid-elevation
were dominated by ponderosa pine (Agee 1993). Livestock grazing, selective logging, and fire exclusion have
resulted in a shift from open, park-like stands of ponderosa pine to denser, replacement forests of Douglas-fir
and white fir in forests on the eastern flank of the Cascade Range. The landscape analysis area south of Highway
66 is for the most part a low- to mid-elevation, xeric environment of flat topography that according to historic
records contained less white fir and more pine at the turn of the century compared to contemporary forests
(Leiberg 1899). Ponderosa pine was recorded as the dominant species in the landscape analysis area in the
Prairie Creek, Tom Creek, and Hayden Creek sub-areas (Leiberg 1899). However, it should also be noted that in
the Spencer Creek sub-area, north of Highway 66, and in the Grenada sub-area, south of Highway 66, Douglas-
fir was reported as the dominant tree species, comprising 50 percent and 55 percent respectively of all species
present compared to 31 percent and 40 percent respectively for ponderosa pine (Leiberg 1899). Although second
to Douglas-fir, ponderosa pine was reported to comprise a sizable proportion of total tree species in both
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sub-areas. White fir was reportedly only a minor component (much less than 10 percent) in these turn-of-the-
century forests. .

From these historical records and contemporary inventories emerges a story that is consistent with that for forests
elsewhere on the eastside of the Cascade Range (Hessburg et al. 1994). Relatively open, single-canopy stands
with a large ponderosa pine component have been replaced by extensive blocks of dense, multiple-strata forests
with large increases in the Douglas-fir and white fir components. However, according to Leiberg’s account,
Douglas-fir comprised a significant proportion of the forest composition in three townships within the landscape
analysis area at the turn of the century, suggesting that stand density was probably historically higher in these
areas compared to those areas dominated by ponderosa pine. But since ponderosa pine was also present in large
numbers in the townships, one can reasonably speculate that shade-intolerant ponderosa pine may have
established first on these sites following periodic wildfire events with Douglas-fir colonizing as ingrowth beneath
the ponderosa pine. Alternatively, it is possible that ponderosa pine could have established along with Douglas-fir
if the shifting landscape mosaic resulting from low- to mid-frequency wildfire created sufficiently large gaps for
pondersoa pine to become established. Leiberg (1899) reported that all townships in the area had been "ravaged”
by fire, attesting to the ecological role of fire in shaping forest succession and composition.

The forests in the Spencer Creek and Grenada sub-areas where Douglas-fir historically dominated probably do
not require thinning to as low a basal area as those sub-areas where ponderosa pine reportedly dominated since
these forests were probably historically denser given the Douglas-fir fir component. However, if managers were
to decide in favor of trying to recruit ponderosa pine in these sub-areas, basal areas of contemporary forests
would need to be reduced to a range at which ponderosa pine could re-establish.

The white fir component generally has increased in low- to mid-elevation forest stands in the landscape analysis
area because of selective logging, fire exclusion, and livestock grazing. Disease and insect attack of white fire
will occur and likely increase as stands get denser and stress from competition for limited resources and the
overall xeric environmental conditions in the area exact their effect on this less drought-tolerant tree species.

Assessment of Forest Health Treatments

The concept of "forest health" is useful in the effort to assess whether all the complex structural and functional
components that make up a healthy forest ecosystem are being maintained given human-introduced disturbance.
At the same time, however, the term has become highly politicized, inviting numerous interpretations depending
on the definer’s viewpoint or bias. Economic considerations have led to definitions of forest health that focus on
the timber production capability of matrix forest stands. A broader definition of forest health is needed that
addresses all the biotic and abiotic components that comprise a forest ecosystem, from belowground processes
that occur in the forest soil to interactions of plant and animal species in the forest canopy. The reason for this
need is that long-term site productivity to which timber production is inextricably linked depends on maintenance
of the complex of components that creates a healthy forest ecosystem. A forest ecosystem is more than a stand
of trees. DellaSala et al. (1995) provide one of the better definitions for what it means to assess forest health
treatments such as thinning-from-below and prescribed underburns and, in so doing, offer a good conceptual
basis for what forest health is all about:

Forest health treatments can be evaluated based on whether they contribute positively to maintenance or
restoration of (1) viable populations of native species across their geographic range; (2) critical ecosystem
processes such as nutrient cycling, natural disturbance regimes (wildfire, disease, and insects), and species
interactions; and (3) ecosystem integrity or robustness (i.e., retention of biological diversity and dynamic
properties that allow ecosystems to persist in the face of natural and human disturbances whether short- or long-
term in effect (DellaSala et al. 1995).
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Attempts to re-establish ponderosa pine-dominated ecosystems on a landscape level within their historic
geographical range in eastside forests can be consistent with the above criteria. However, natural resource
managers who decide to implement forest health treatments to restore ponderosa pine ecosystems need to
consider all components that comprise a forest ecosystem. Impacts associated with forest health treatments may
occur that violate the above criteria. For example, in the landscape analysis area the maintenance of critical
processes associated with soil organic reserves such as nutrient cyling may be threatened by salvage and thinning
operations. And this in turn may affect the third criterion listed above of ecosystem integrity or robustness.

A case in point is one of the sub-areas within the landscape analysis area. The Grenada sub-area can be
characterized as a mosaic of open forest and small clumps or clusters of less disturbed, denser stands distributed
across it. Much of the open forest bears the marks of previous human-introduced disturbances--skid roads
associated with past intensive logging of the area and livestock grazing. The clumps or clusters of denser,
replacement forest stands within the open forest appear to have experienced less ground disturbance. On a
landscape scale, the less disturbed areas are embedded in a much larger disturbed matrix. The forest soils in tne
larger disturbed matrix generally reveal little in the way of development of an organic horizon. Many of these
open stands were previously disturbed by skid road entry and are still in the process of recovering. By contrast, a
healthy soil organic horizon has developed beneath the forest floor within clumped stands where past disturbance
from skid road entry is less evident or did not occur.

Compaction and/or reduction of the soil organic horizon underlying the forest floor beneath the forest clumps
could have long-term consequences for site productivity. Maintenance of the soil organic horizon and other
organic residues is critical for retention of water, nutrients, and minerals; sustaining populations of beneficial
mycorrhizal fungi on which conifer species depend for water and nutrient uptake; maintenance of a decomposer
community (arthropods and microbes) for cycling nutrients; and maintenance of the biological pathway by which
the majority of nitrogen is supplied to the ecosystem for plant and animal nutrition. Short- and long-term site
productivity of a forest ecosystem depends on these critical belowground processes associated with soil organic
matter. An example illustrating the close interrelationship between soils, plants, and animals is the food web that
supports the northern spotted owl, for its primary diet is the northern flying squirrel which in turn depends on the
belowground fruiting bodies (truffles) of mycorrhizal fungi for its staple food.

Soil properties in contemporary forest stands in the Grenada sub-area may have been altered by human-
introduced disturbance. The natural fire regime of frequent, low-intensity surface fires would have consumed
portions of the soil organic horizon along with woody debris on the forest floor, but these fires were of low
intensity and would have burned patchily across the landscape leaving a mosaic of burned and unburned areas.
Unburned areas would act as refugia for plant and animal species and provide for biological legacies (that is,
structural and biological components) such as standing dead trees, down logs, and associated decomposer
communities. Refugia and biological legacies are important to ecosystem resilience (that is, rate of recovery)

. following disturbance and to ecosystem integrity (Franklin 1990). The clumps of less disturbed forest stands in
the Grenada sub-area could act as refugia for soils having a relatively well-developed organic horizon. Physical
alteration of soils associated with frequent, low-intensity fires would have been far less than that associated with
human-introduced disturbances because intensive logging, road networks, and livestock grazing were not part of
presettlement forests or the natural disturbance regime. The soil organic matter properties in the Grenada sub-
area may be out of equilibrium because of previous logging and grazing disturbance and therefore may be
susceptible to threshold degradation that affects ecosystem health in.the sub-area. We can only speculate on how
thick soil organic horizons were in pre-settlement forests. Frequent, low-intensity fires may have maintained thin
organic horizons. Local climatic conditions and topoedaphic factors also may have played a major role in
creating the open structure of forest stands in the area and the amount of soil organic matter in forest soils.
However, it is clear that previous harvest entries in the area have compacted soils (especially in areas where skid
trails occur), a human-introduced disturbance from which soils are still recovering.
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Core Topic: Soils

Issue: Soil and site productivity has been altered in the
TPLA area.

Key Questions:What are the dominant characteristics of soils in the TPLA
area? Are there sensitive soils within the TPLA area that deserve special
protection or mitigation consideration?

Introduction

Both soil and non-soil factors influence soil productivity. Non-soil factors, such as geology, are not influenced
by land management activities. Soil factors that can be modified by management activities include: structure;
density; organic matter content and distribution; the amount, distribution, and continuity of soil pore space; soil
moisture and temperature; the effective soil volume for root development and water, heat, and gas storage;
nutrient content; and microbial activity. Determining the sensitivity of soils to management activities is an
important first step in preventing or minimizing soil-related adverse effects and reductions in soil productivity.

The physical soil properties (factors) affecting site productivity include bulk density, organic matter content,
porosity, and texture. The disturbances that impact soil factors include compaction, surface mixing and
disruption (known as displacement), fire (primarily through loss of soil cover and consumption of organic
matter), and soil erosion (Childs et al. 1989). Information about these soil factors was gathered to decide which
soil factors determine the susceptibility of a soil to losses in productivity resulting from the disturbances
associated with the two dominant land management activities in the watershed, timber harvest and road
construction. A discussion of these soil factors and the effects of these disturbances on them is given below.

Soil Factors and the Effects of Disturbance

Bulk density (the mass of dry soil per unit volume) is related to porosity (the volume of pores per volume of
soil). Soil porosity, which is a function of pore size and distribution, influences soil-water relationships, aeration,
and mechanical resistance to root penetration (Childs et al. 1989). Organic matter within the soil is an important
source of nutrients for vegetation. Soil microbial populations slowly decompose the organic matter, releasing
nutrients. Soil organisms also affect productivity by providing protection against pathogens, maintaining soil
structure, and buffering against moisture stress (Amaranthus et al. 1989). Organic matter acts as a mulch to
retain soil moisture and is key to maintaining good soil structure. The mulching effect of organic matter also
reduces surface erosion by lessening the effect of raindrops, which tend to dislodge soil particles (Amaranthus et
al. 1989). Soil texture (the relative proportions of sand, silt, and clay). determines certain soil characteristics such
as soil structure. Management activities have no effect on texture, but they can affect the structure. Structure, in.
turn, influences soil characteristics such as water availability and movement, heat transfer, aeration, bulk density,
and porosity (Childs et al. 1989).

Soil compaction is the process whereby soil pore space is reduced and bulk density is increased through physical
pressure and vibration of the soil surface. Compaction results in reduced water infiltration and gaseous and
nutrient exchange rates thus potentially reducing plant growth (Childs et al. 1989, USDA 1989b). Physical
resistance to root growth can occur with high bulk densities. Compaction can also cause short-term decreases in
soil microbial populations (Childs et al. 1989).
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Soil displacement is a process in which a portion or all of the surface soil is moved by mechanical action. This
may affect plant growth (depending on the extent to which the soil has been moved or churned) through the
removal of nutrients and soil organisms and by reducing available water and rooting depth (Childs et al. 1989).
Displacement can result in the alteration or destruction of surface structure by reducing the amount of pore space
and connectivity and the aggregation of individual soil particles into a larger group. If displacement occurs when
the soil is wet, "puddling” may result, which can create a soil surface that is hard and sealed against water and
gaseous exchanges.

Fire directly affects soil by consuming organic matter, altering nutrients, creating water-repellent conditions,
decreasing infiltration rates, and removing soil surface cover (Hungerford et al. 1990, DeBano 1990, and Childs
et al. 1989). Although fire generally causes short-term effects, it can create a harsh environment for
reforestation. Where soils are shallow and have low natural fertility or are susceptible to erosion, fire can have a
" more significant effect on productivity.

Surface soil erosion (which includes sheet, rill and gully erosion, and dry raveling) is the detachment and
downslope movement of individual soil particles or aggregates, It is caused by the energy of rainfall and
running water acting on bare soils, or by surface disturbance on steep slopes. Removal of soil cover can greatly
increase the potential for surface soil erosion (Baker and Jemison 1991).

Soil Types and Characteristics

Description of Forest Stands and Soils. Much of the landscape analysis area can be characterized as a mosaic
of relatively open forest stands (basal areas of 40 to 120 square feet per acre) in which are embedded forest
clumps containing greater tree density (basal areas ranging from 150 to as much as 400 square feet per acre).
Past disturbances which include livestock grazing, logging, and disruption of the natural fire cycle have all had a
hand in creating the present landscape mosaic. A number of different soil series occur across the mosaic, all of
which have undergone some alteration from either natural or human-induced disturbance. Field inspection
generally reveals a pattern of differentiation between more and less disturbed soils resulting from physical
alteration associated with logging and livestock grazing activities. Soils in open areas across the landscape have
been physically disturbed by logging and livestock grazing; on the other hand, soils in forest clumps have
experienced less physical disturbance.

Forest clumps can be thought of as islands of trees, small in size and containing relatively high densities of
small-diameter trees ranging from 12 to 35 cm dbh (diameter at breast height). The matrix of open forest stands,
on the other hand, within which these clumps are embedded, are characterized by lower tree densities with fewer
but larger-diameter trees. Basal areas of 120 to 150 square feet per acre have been cited as the critical threshold
in ponderosa pine forests at which tree mortality induced by stand density and mountain pine beetle attack begins
to occur (Larsson et al. 1983, Schmid and Mata 1992).

Across the landscape, the open forest stands generally are marked by past logging activities with the presence of
skid roads and planted seedlings while the islands of dense forest stands embedded within the open landscape
area appear to have either escaped or experienced less disturbance in the form of skid road entry. Within these
skid road-free areas, the forest floor beneath the dense clumps or clusters of trees is made up of an O horizon
(broken down into Oi, Oe, and Oa layers) that is readily discernible. The O horizon ranges from 2.5 to 7.5 cm in
thickness, containing litter, twigs, and humus. Associated with the O horizon are fungal mycelia and the fine
roots of trees. Underlying the O horizon is a mineral A horizon of less or approximately equal thickness that is
lighter in color and of finer texture. Below the A horizon is a reddish-brown colored B horizon consisting of
loam to clay loam with greater bulk density than the A horizon. Disturbed soils (where skid trails from previous
entries have been made), on the other hand, show a marked reduction in soil organic matter. Disturbed soils
generally fall into two basic categories: (1) they either have a very thin Oi horizon (only 0.5 to 2.0 cm in
thickness and usually characterized by only conifer needles) and lack an apparent Oe (fermentation) and Oa
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(humus) layer. Or (2) they lack an O horizon altogether with bare mineral soil exposed at the surface. An A
horizon is minimal or apparently lacking in these disturbed soils with the reddish-brown, loamy, high-bulk
density B horizon reaching to the surface.

Soil Types. Using the Jackson County Soil Survey (USDA 1993), a soil map was created for the TPLA area. It
was not included in this document due to its complexity, although copies are available from the Geographical
Information System upon request. A list of soils and the acreage of each was derived (see Appendix 1).

To determine whether impacts to soil productivity have occurred, soils in the watershed were evaluated to
determine whether they were susceptible to disturbance. If a soil is susceptible to a particular disturbance and
that disturbance is known to have occurred on that particular soil, then it is probable that productivity has béen
adversely impacted to some degree. Soil porosity, the organic capital in surface litter, and the surface soil
horizons were among the factors analyzed to establish each soil types’ susceptibility to compaction, surface
erosion, and nutrient loss. Soil susceptibility was determined using the Soil Quality Module in the Deschutes
National Forest Watershed Evaluation and Analysis for Viable Ecosystems--WEAVE (USDA 1994b), and
Appendix E of the Watershed Analysis Report for the Threemile, Sevenmile and Dry Creek Watersheds (USDA
1995b), which contains an updated version of the Soil Quality Module. The ratings for each soil type and the
methods for deriving these ratings are contained in Appendix 1. Acres in the watershed of each susceptibility
rating for compaction, erosion and nutrient loss are listed in Table 14. Maps 3 and 4 display the overall soil
susceptibility ratings for compaction and surface erosion, respectively, in the TPLA area.

—_—

Table 14. Acres of Susceptibility Ratings for Compaction, Surface Erosion and Nutrient Loss*

Compaction Susceptibility Surface Erosion Susceptibility Nutrient Loss Susceptibility
L M H L M H L M H
0 50,815 69,943 9,927 110,693 138 0 119,591 1,167

* Approximately 32 percent of the TPLA area does not have available GIS soil map coverage. Therefore, the acres
shown are not for the entire TPLA area.

-

An intensive inventory known as the Timber Productivity Capability Classification system has been completed
for BLM-administered lands in the TPLA area. This inventory identifies fragile sites where the timber growing
potential could be reduced by management activities due to inherent soil properties and landform characteristics.
Sites are designated as fragile, non-suitable woodlands if they are judged to be biologically and/or
environmentally incapable of supporting a sustained yield of timber. They are removed from the commercial
forest land base and are managed for their non-timber resources. Sites are classified as fragile suitable restricted
woodland if they are fully capable of being managed for timber production without site deterioration or off site
impacts when Best Management Practices are used to avoid and mitigate potential impacts from management
activities. There are 48 acres of fragile nonsuitable woodland and no acres of fragile suitable restricted woodland
in the TPLA area (see Map A in the analysis files).

It must be noted that the susceptibility rating is used to assess the risk that impacts to soil productivity will occur
as a result of management activities in the watershed. Whether or not the adverse impact actually occurred is
dependent on whether protective measures such as Best Management Practices were prescribed and followed.
Furthermore, the inherent productivity of the soil will determine the net effect of management activities on a
particular soil type.

Key Questions: What erosion processes are dominant within the TPLA
area? Where have they occurred or are they likely to occur?
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Landslide/Debris Flow Potential

Numerous landslides have occurred in the Klamath River Canyon. The locations of these landslides were mapped
by the City of Klamath Falls in 1989; they generally begin to appear in T. 41S R. 6E Section 3 and are present
downstream until Copco Reservoir. Four types of mass movement/landslide features have been identified:
translational-type landslides; landslide remnants and debris; secondary landslides; and talus (City of Klamath
Falls 1989). The translational-type landslides consist of intact or near-intact basalt masses on tuff. The slope
surface is at the base of the basalt or near the top of the underlying tuff. Very slow creep-type movement may
be possible, especially near the canyon rim (City of Klamath Falls 1989). These slides occur where tuff
underlying the more resistant basalt has been exposed by downcutting of the river and oversteepening of slopes
in the tuff has occurred (City of Klamath Falls 1986). The landslide remnants and debris are typically weathered
remains of older translational landslides. They are typically composed of broken basalt blocks ranging in size
from fine gravel to large boulders in a silt or sandy silt matrix. They may be the source of very localized debris
and/or block toppling if undercut. These features are considered stable and not capable of renewed mass
movement. Secondary landslides typically originated in material previously disturbed by other translational-type
landslides. Talus deposits are composed of rock rubble from basalt blocks. The voids around the larger rock
pieces remain open where finer colluvium is not intermixed (City of Klamath Falls 1986).

Sheet and Rill Erosion Potential

Map 4 shows that the majority of the TPLA area is rated as having a moderate susceptibility to productivity
losses from surface erosion. The soil factors contributing to a rating of moderate are surface soil structure, the
percentage of coarse fragments, infiltration rates and permeability. To prevent surface erosion, the BLM
implements Best Management Practices and project design features that conserve soil surface cover. Considering
the gentle slopes and stable soil conditions in most of the TPLA area, there is a low probability that surface
erosion from timber harvest activities has reduced soil productivity levels-with the exception of roads. Erosion
from roads is addressed in the Hydrology Issue. Gully erosion and stream bank erosion are discussed in the
Channel Condition Issue.

Key Question: Do compaction and loss of soil organic matter associated
with logging activities affect soil productivity? '

Compaction

The types of land management activities determined to have the most potential for impacting soils in the TPLA
area are road building and timber harvest. These activities are addressed in this analysis. Although adverse
impacts to soils have occurred from recreation activities and livestock grazing, the effect of these activities do
not have the cumulative extent and impact in this watershed as do road building and timber harvesting.
Recreation and livestock grazing can have severe local impacts, particularly if the impact occurs in a riparian or
wetland area; however, these impacts are best analyzed at the site-specific planning level.

No attempt was made to quantify the acreage in the TPLA area impacted by the various land management
activities. Almost all of the forested land in the watershed has been entered at least once for timber harvest. The
type of harvest, design of the skid trail and road system, the soil conditions present during harvest, and the type
of site preparation have varied. Records describing the types of management activities over time exist for federal
land. Such records for private lands are not readily accessible. The extent to which soil productivity has been
affected in the watershed by management activities has not been quantified, due to the lack of research on the
subject conducted in the area, the lack of on-the-ground surveys with which to quantify the extent of impacted
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soils, and time constraints. This analysis discusses the likelihood of whether or not impacts have occurred, based
on the type of activities commonly implemented and on the characteristics of the soils upon which they are
implemented. Quantification of effects is expected to occur at the site-specific planning level.

Appendix S and pages 4-11 through 4-16 in the Klamath Falls Resource Area Proposed Resource Management
Plan and Final Environmental Impact Statement discuss the effects of compaction on soil productivity and the
soil resource in general. That information is summarized in this analysis. Based on a review of these
documents, some generalizations can be made regarding the level of impact to soil productivity various timber
harvest practices (including road construction) could have. These impacts could be mitigated and/or reduced if
Best Management Practices are prescribed and implemented for these activities. The level of impact would also
vary depending on the condition of the soil before and during activity implementation. A summary of these
activities and the generalized impact level each has on soil productivity is given in Appendix 1. This is a list of
the activities that have or are likely to occur in the TPLA area.

Of the changes to productivity that could result from the activities listed in Appendix 1, tractor yarding and road
building have likely caused some losses in productivity throughout the TPLA area. The road density in portions
of the TPLA area is high (see the Hydrology core topic). Roads cause direct on-site impacts to soil productivity
by creating a compacted surface and disturbed areas where the cut and fill has occurred. Tractor yarding has
occurred in a large portion of the TPLA area and, in some instances, over the same area several times. Tractor
yarding requires a network of skid trails that can cover a large portion of a harvest unit. Federal land
administrators in the last 25 years or so have attempted to reduce the impact of tractor harvesting on soils
through the prescriptions and implementation of Best Management Practices. However, it is likely that impacts to
soil productivity have still occurred after the implementation of Best Management Practices due to the following
factors: repeated entries into the same stand; the difficulty of restricting the extent of the skid trail network
when selective harvest occurs or when a mechanical harvester is used; the difficulty in reducing existing
compaction because of the high number of rocks in some of the soils; and the common use of rock rippers to
reduce existing compaction instead of a winged subsoiler, which is more effective at breaking up compacted soil
without churning it.

Growth losses from soil compaction of 4.8 percent have been factored into models of timber yields for BLM-
administered lands. These models, used during the Klamath Falls Resource Management Plan and
Environmental Impact Statement process, are discussed in the document entitled Managed Stand Yield Tables-
Silvicultural Systems for the Retention of Biological Diversity, Klamath Sustained Yield Unit (Pierle and Lewis
1991). The impacts from tractor yarding were deemed significant enough to quantify a reduction in yields (4.8
percent). This figure was based on the assumption that an area occupied by skid trails and landings is normally
12 percent or less when designated skid trails are used, and that a growth loss of 5 percent can be anticipated if
12 percent of the harvested area is compacted. The average of the land base subject to tractor logging is 95
percent; thus the reduction is 4.8 percent instead of a full 5 percent. The 4.8 percent reduction does not take into
account additional productivity losses from site preparation methods or for when more than 12 percent of a
harvest area is impacted by skid trails and landings.

It is not known whether growth losses from compaction are accounted for on non-federally-administered lands.
Also, it is not known what specific Best Management Practices or similar project design features are being
implemented to reduce productivity losses by non-federal landowners in the TPLA area during timber harvest
activities. However, the Oregon Forest Practices Act contains measures to be applied to non-federal lands for
protection of soil productivity. It is assumed that most of the privately owned forest lands will continue to be
managed for intensive timber harvest under the guidelines established in the Act.

Map 3 shows that the majority of the TPLA area is rated as having a high susceptibility to productivity losses
from compaction. In addition, there is a significant amount of acreage that is rated as having a moderate risk of
productivity losses from compaction. The soil factors contributing to the moderate and high ratings include
surface texture, percentage of cobbles and stones, and soil structure.
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Soil Organic Matter

The reduction of soil organic matter on the disturbed soils has important management implications. Productivity
of western-montane forest soils is tightly bound to the organic matter component (Page-Dumroese et al. 1991).
The western-montane area encompasses the area from the eastern slope of the Cascade mountain range in
Washington and Oregon south to the Sierra crest in California and extends east to the Continental Divide in

- Montana and Wyoming. A primary portion of the nutrient capital, particularly nitrogen (N), in the forest
ecosystem is contained in the O horizon and in woody residue (Page-Dumroese et al. 1991). Soil normally
contains 80 to 90 percent of the total ecosystem N and even more of the phosphorus (Powers 1991). Lodgepole
pine stands, in particular, are usually N-deficient so inputs from decaying wood and the forest floor can be very
important for productivity (Cochran 1975, Cochran 1979, Page-Dumroese et al. 1992, Fahey et al. 1985). Other
nutrients like calcium (Ca), magnesium (Mg), potassium (K), and phosphorus (P) are also abundant in organic
horizons. Nutrient concentrations vary depending on overstory species and stand locations, but no matter where
the forest stand the O horizons provide a large proportion of nutrients critical for seedling establishment and
growth (Page-Dumroese et al. 1991).

Soil organic matter is critical to storage of nutrients and moisture, nutrient cycling, aeration, and arthropod and
microbial activity (Harvey et al. 1988). Soil arthropods (oribatid mites, collembola, millipedes, centipedes) and
microbes (fungi, bacteria, actinomycetes, cyanobacteria, and green algae) play a key role in decomposition and
nutrient cycling. Fine roots and ectomycorrhizae are concentrated in the organic or shallow mineral horizon
(Harvey et al. 1986, Vogt et al. 1980). The soil organic layer is biologically the most diverse part of the
terrestrial ecosystem.

Postharvest natural and artificial regeneration success depends on soil organic matter content (Page-Dumroese et
al. 1991). Soil organic matter affects cation exchange capacity, water-holding capacity, bulk density, nutrient

budgets, and erosion potential in forest soils. Removal of organic horizons during harvesting and site preparation
may seriously reduce overall site productivity, stability, and regeneration potential (Page-Dumroese et al. 1991). -

Ponderosa pine is well-adapted to capture the productivity potential on infertile, skeletal soils in forest
ecosystems characterized by frequent fires, slow decomposition rates, and extremely low organic matter
accumulations (Daubenmire and Daubenmire 1968, Harvey et al. 1988). But Ponderosa pine seedlings are
particularly sensitive to surface soil compaction (Helms and Hipkin 1986, Ross and Walstad 1986, Harvey et al.
1988). Investments made to reduce compaction and to conserve organic matter are likely to provide high returns
in the form of retained or improved productivity potential for Ponderosa pine on most sites (Harvey et al. 1988).
Our best concept of ecosystem productivity is based on the capacity of soil to support plant growth (Powers
1991). Organic matter retention on sites in the watershed analysis area is therefore imperative for future
productivity and soil nutritional status must be of primary concern when management activities such as
commercial thinning and underburning are proposed.

Key Question: Do potential reductions nitrogen fixation and in populations
of mycorrhizal fungi occur with management activities?

Nitrogen (N) is the mineral element required in the greatest amounts by plants in virtually all ecosystems (Paul
and Clark 1989) and is the most limiting nutrient in Pacific Northwest forest ecosystems (Johnson et al. 1989,
Edmonds et al. 1989). Nitrogen for plant growth is either released and recycled from soil organic matter or it
comes from precipitation, dry deposition, or fixation (Alexander 1974). In general, biological fixation is by far
the most important source of N input into coniferous forests and is responsible for most of the external N input
(Johnson et al. 1989, Chapin and Bledsoe 1992). Precipitation accounts for most of the remainder while the
amount contributed by dry deposition is relatively minor (Chapin and Bledsoe 1992). Fixation of atmospheric N
is a biological process mediated by two groups of bacteria: (1) symbiotic bacteria associated with certain vascular
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and non-vascular plants, and (2) asymbiotic (or free-living) bacteria that occur in the soil and with coarse woody
debris. The amount of N added to forest soils by free-living microorganisms is small compared to symbiotic
sources, but steady accretions in the rhizosphere from free-living bacteria can contribute significantly to the N
budget in a forest ecosystem over the long term (Molina and Amaranthus 1991). The small contribution of N
supplied by free living bacteria can be especially important in certain forest ecosystems having few to no N-
fixing plants. ‘

N-fixing vascular plants in eastside forests include Ceanothus spp., Purshia tridentata (bitterbrush), and
Cerocarpus spp. (mountain mahogany), and Lupinus spp. N-fixing non-vascular plants in eastside forests include
lichens in the genera Peltigera, Collema, and Leptogium. But a far greater diversity of N-fixing lichens occurs in
westside forests and hence their contribution to the overall N budget there is more considerable. Certain N-fixing
bacteria are also associated with mycorrhizal complexes in the forest soil (Amaranthus et al. 1989).
Cyanobacteria (formerly designated as blue-green algae), which live at the soil surface and are phototrophic, also
fix N. In the Arctic region, cyanobacteria are the primary source of fixed N (Chapin and Bledsoe 1992). In
undisturbed open forest and range sites in the Great Basin area, cyanobacteria associated with cryptobiotic crusts
at the soil surface play an important role in N fixation for these semi-arid and arid ecosystems.

Estimates of annual rates of N fixation by the various pathways listed above have been reported in ecosystem
studies. Plant communities with significant components of either snowbrush (Ceanothus velutinus Dougl.), red
alder (Alnus rubra Bong.), or other species supporting N-fixing symbionts can fix as much as 30 to 200 kilo-
grams per hectare per year N (Newton et al. 1968, Tarrant and Trappe 1971, Zavitovski and Newton 1968).
Atmospheric inputs (precipitation and dry deposition) of N in Washington are only about 1 kilograms per hectare
per year (Gessel et al. 1972) and 1 to 5 kilograms per hectare per year in Oregon (Fredriksen 1975). By contrast,
atmospheric N inputs varying from 20 to 25 and exceeding 50 kilograms per hectare per year have been reported
from industrial sources in the eastern United States and Europe (Bormann et al. 1977, Van Breemen et al. 1982,
Van Praag and Weissen 1986). In the Rocky Mountain region, the N content of precipitation is about 2 to 4 kilo-
grams per hectare per year (Binkley 1991). Free-living bacteria probably add about 1 kilograms per hectare per
year N in the Rocky Mountain region (Binkley 1991). Epiphytic canopy lichens (for example Lobaria oregana)
in low-elevation old-growth forests on the west side of the Cascade Mountains are estimated to fix about 3 to 5
kilograms per hectare per year N (Franklin et al. 1981). Contributions of N to forest ecosystems from
atmospheric input, free-living bacteria, and lichens, although much smaller than those made by symbiotic bacteria
associated with vascular plants, may not be insignificant to the total N budget of a forest ecosystem over time.

Finally, some plant communities accumulate large amounts of soil nitrogen in the absence of known N-fixing
plants (Perry 1994). Non-nodulated grasses and trees (particularly conifers) have been found to accrete from 50
to over 150 kilograms per hectare per year. In a controlled experiment, pitch pine and red pine accumulated an
average of 139 to 168 kilograms per hectare per year (Bormann et al. 1993). Nor could this nitrogen accretion be
explained by precipitation inputs. It remains a mystery as to how such significant N accretion is occurring, but
"rhizocoenoses" (associative nitrogen-fixers) have been implicated as a possible pathway. These are N-fixing
microorganisms that occur with roots, mycorrhizae, and mycorrhizal fruiting bodies (that is, mushrooms).
Rhizospheres (soils in close proximity to roots) are favorable habitats for N-fixing microorganisms. The abundant
labile carbon provided by root and mycorrhizal exudates support such microorganisms. However, if anything is
clear it is that the various pathways by which N is added to terrestrial ecosystems are still incompletely
understood.

Key Question: What is the nutrient status, especially for nitrogen (N), in
forest soils in the TPLA area?

Overview. All but 1,167 acres in the TPLA area are rated as having a moderate susceptibility to nutrient loss
(see Appendix 1 and Table14). The remaining 1,167 acres are rated as having a high susceptibility to nutrient
loss. The soil factors contributing to the moderate and high ratings include litter thickness and soil structure.
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Fire and Nitrogen Mineralization. Ponderosa pine ecosystems demonstrate low rates of nitrogen mineralization
and nitrification in both laboratory and field studies (Powers 1980, Lodhi and Killingbeck 1980, Vitousek et al.
1982). Therefore, a concern is that the use of prescribed fire to reduce accumulated fuels and thereby the hazards
of wildfire may reduce the easily decomposed fraction of the forest floor and leave the fraction more resistant to
decomposition. This in turn would decrease the ability of the ecosystem to provide inorganic N via the process
of N mineralization (White 1986).

However, an increase in site fertility appears to be achieved by low-intensity fire which may increase the ability
of the ecosystem to supply inorganic N (and perhaps other nutrients) in the immediate future (White 1986).
Following fire treatment, N mineralization and nitrification rates in the forest floor were found to increase and
remain elevated for up to 10 months (White 1986). The flush of nutrient availability associated with fire has
been documented by many other investigators. The conclusion drawn is that low mineralization rates in
ponderosa pine ecosystems may be the result of fire restriction from the accumulation of volatile chemical
inhibitors (tannins and polyphenols) in the soil (White 1986). Periodic low-intensity fires may consume or
volatilize the allelochemical inhibitors, resulting in greatly increased rates of N mineralization.

Minimum post-treatment residue loadings of 24 to 36 metric tons of residual woody material per hectare (10 to
15 tons per acre) when available have been recommended for Rocky Mountain forests (Harvey et al. 1988). In
Ponderosa pine forests on the eastern flank of the Cascade Mountains, fuel loads greater than 36 metric tons per
hectare (15 tons per acre) are considered as predisposing a forest stand to greater risk of catastrophic fire (a
high-intensity, stand replacement fire event) (J. Foran, BLM fuels specialist, personal communication).

Systematic surveys of fuel loads distributed across the landscape analysis area have not been conducted.
However, preliminary surveys indicate higher than natural fuel loadings in forests where fire exclusion has led
both to the development of dense understories of Douglas-fir and true firs and the accumulation of fuels (Foran
1995, pers. comm.). Because of these conditions, some forested areas within the landscape analysis area are at
greater risk of catastrophic fire than others. At the same time, however, in other areas, especially in the matrix of
open forest stands, the amount of coarse woody debris (CWD) may be less than 15 tons per acre and organic
horizons in the soil profile are so thin that retention of what organic substrates are there may be important for
maintenance of site productivity (that is, soil biota such as N-fixing bacteria and mycorrhizae, plant nutrition, and
the food-energy web linking autotrophs and heterotrophs in the ecosystem). For example, the staple diet for the
northern spotted owl is the northern flying squirrel whose main food source is truffles (the belowground fruiting
bodies, or mushrooms, of mycorrhizal fungi). Mycorrhizal fungi, in turn, are critical to conifer nutrition and for
conifer resistance against root disease pathogens.

By the simple "checkbook balancing" approach, "withdrawals" must not exceed "deposits” of soil organic
materials if site productivity of forests is to be maintained (Amaranthus et al. 1989).

'Higher Nitrogen Needs in Contemporary Eastside Forests. Nitrogen needs have probably increased in
contemporary forests that have replaced historically ponderosa-pine dominated forests. Pine may require less N
than fir to construct its leaves. Pre-settlement ponderosa-pine forests probably did not hold more than 30,000
square meters of projected leaf area per hectare [leaf area index (LAI) = 3.0]. Replacement forests of grand fir,
Douglas-fir, and Engelmann spruce tend to double the LAI (LAI = 6.0) which increases the demand for N
without providing an environment for plants such as Ceanothus inoculated with symbiotic N-fixing bacteria. A
LAI of 6.0 only permits about 5 percent of full sunlight to penetrate to the understory (Waring 1996, pers.
comm.). Therefore, the most significant pathway by which N is fixed in eastside forests may be greatly reduced
with a decline in populations of vascular plants such as Ceanothus in the understory.

Fertilization. Nitrogen can be added to forest ecosystems by way of chemical fertilizers. Many studies have

documented the positive effect on tree growth by fertilizers. Important to note, however, is that growth response
to N fertilizers usually lasts only between 5 to 10 years depending on site and tree species, and then after this
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period of growth usually returns to control levels (Ballard 1979, Brix 1983, Davey 1968, Peterson 1982,
Weetman. et al. 1980, Vogt et al. 1989). Chemical fertilizers, therefore, usually do not raise the potential
productivity of a site and so can be considered a crop treatment rather than a site treatment (Miller 1981).
Fertilizers are used to achieve maximum productivifies and reduce rotation lengths (Vogt et al. 1989). Nitrogen
concentrations in the soil, litter, and plants returned to pre-fertilization levels 3 to 4 years after N was added in a
lodgepole pine stand (Waring and Pitman 1985).

Key Questions: What historic processes affected soil productivity in the
TPLA area? What are the historic erosion processes within the TPLA
area? Where have they occurred?

Because the TPLA area is comprised of gentle slopes and generally stable soils, it is likely that little erosion and
virtually no land sliding occurred in undisturbed areas outside of the Klamath River Canyon. Within the
Klamath River Canyon, landsliding was likely a common occurrence. The City of Klamath Falls (1986) noted
that "lacustrine deposits appear to have extensively filled in the canyon bottom in recent geologic time from
below the existing J.C. Boyle powerhouse downstream to River Mile 214.3. The fine grain deposits are
postulated to have formed when massive landslides blocked the valley creating a deep lake in which more than
200 feet of silt materials accumulated over a relatively short period of time. The landslides were subsequently
breached and the river presently has eroded through more than 70 feet of lacustrine deposits in the vicinity
of...River mile 217.7."

Outside of the Klamath River Canyon, wildfire was the primary agent of disturbance prior to Euroamerican
settlement (see the Vegetation core topic). Fire has played an important role in the nutrient dynamics of soils in
the TPLA area, particularly in the ponderosa pine vegetative zone. Wildfire, when it occurred, could have
affected productivity in burned areas. Wildfire in the higher elevations was likely a more severe, stand-replacing
event, while fire in the lower elevations was probably less severe, due to a more frequent return interval that
kept fuel loadings lower (see the Vegetation core topic).

Fire affects soil productivity because organic matter located on or near the soil surface is burned. Some nutrients
are volatilized and lost to the atmosphere, but some nutrients are made more available with fire. Fire acts as a
rapid mineralizing agent that releases nutrients instantaneously compared to natural decomposition processes,
which may take years or decades (DeBano 1990). Wildfire would have resulted in the loss of soil cover in
burned areas, which would have made the soil more susceptible to surface erosion. However, due to gentle
slopes and the buffering action of riparian areas and wetlands, any erosion that occurred is assumed to have
caused insignificant off-site impacts.

The TPLA area has experienced grazing by cattle and horses for much of this century (see the Livestock Grazing '
core topic). The historic numbers of livestock are not well recorded. Livestock grazing was probably dependent
on the existence of natural, non-forested openings and on openings in the forest canopy which had adequate
forage production. Natural openings were likely more abundant in the lower elevations, where wildfire was more
active. Thus, until openings were created by wildfire or human activities (timber harvest, creation of clearings
through fire), much of the grazing was probably centered in the elevations where the least productive soils occur.
The main impact from livestock grazing was probably loss of soil cover, although compaction and altered
nutrient cycling likely occurred to a lesser extent. Because livestock numbers are currently at a 50 year low in
the TPLA area, it is likely that the highest level of impact from livestock grazing has already occurred.

In the early part of this century, much of the TPLA area had already been entered for timber harvest, mostly in
the lower elevations on private land. Harvest on all lands was mostly selective, with a system of roads and rail
lines built to transport the logs. Limited harvest on Federal lands began in the 1940s, with activity peaking
during the 1970s and 1980s. Within the last 40 years, various types of harvest have occurred, with varying
intensities. Many areas have been entered two or more times, particularly in the ponderosa pine and mixed
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conifer vegetative zones (see the Vegetation core topic). Throughout the area, yarding has been mostly ground-
based, with an extensive network of skid trails and roads. Site preparation methods have also varied. Tractor
piling has been commonly used, with scarification, ripping, and broadcast burns also occurring. Activity during a
wide variety of soil conditions occurred, and operating during wet soil conditions was probably a common
practice.

To summarize, the condition of the various soil factors and, therefore, the productivity of soils in the TPLA area
had already been adversely affected early in this century, particularly in the lower elevations. High levels of
activity continue on private lands. Recovery of soil factors from adverse impacts has occurred to some extent
through natural processes; however, many areas have been re-impacted several times in different ways. Thus, it
is not likely that impacted areas have recovered to the extent that full site potential and soil productivity have
been restored.

Key Questions: What are the natural and human causes of changes
between historical and current erosion processes and soil productivity in
the TPLA area? What are the influences and relationships between
erosion processes, soil productivity and other ecosystem processes?

A preliminary survey of soils and plants reveals thin soil organic horizons and low numbers of populations of N-
fixing plants in certain areas within the landscape analysis area. Because the nitrogen budget of a forest
ecosystem is so closely tied to soil organic reserves and to N-fixing plants, there may be an inadequate source of
N to maintain long-term site productivity in certain areas of the landscape analysis area if care is not taken to
minimize further soil disturbance from timber harvest activities. An example is the Grenada sub-area, a matrix of
relatively open forest in which are embedded denser pockets or islands of trees. Soil compaction and loss of soil
organic horizons are evident throughout the open matrix, especially where skid roads occur. Conversely, soil
organic horizons underneath the denser islands of trees are well developed, having experienced evidently less
disturbance from previous logging entries. These islands can be thought of as refugia for soil organic reserves
and for associated microorganisms such as bacteria and mycorrhizal fungi that supply nitrogen to the forest
ecosystem, a nutrient which is critical for conifer nutrition. Frequent, low-intensity fires may consume a sizable
portion of the soil organic horizon as they burn across the forest floor, and islands of trees such as those that
currently exist in the Grenada sub-area may have been less prevalent in pre-settlement forests because of the
natural fire regime. The opening of dense overstories can be beneficial since growing space is created for N-
fixing plants such as Ceanothus spp. which require relatively high light levels. However, with the introduction of
ground-based logging equipment, soils are subject to disturbances that do not occur under the natural fire regime.
Soil compaction, loss of soil organic horizons, and loss of N-fixing microbes occur to a much greater degree
with logging activities. Therefore, it is imperative to minimize soil disturbance as much as is feasibly possible
when selectively thinning trees in the area. The best way to do this is to keep ground-based equipment on
existing skid-roads and to limit as much as possible entry into denser islands of trees where soil organic horizons
have developed. It is possible to successfully do the above given a conscientious effort by the timber sale
operator and close supervision by the timber sale administrator.

Suppression of fire in the TPLA area has allowed for organic matter levels in the soil to increase in some areas,
probably to levels higher than were present prior to fire suppression. However, in areas where scarification,
tractor piling and burning, or prescribed burning have occurred, organic matter may have been reduced to levels
at or below those present before fire suppression occurred. Reductions in organic matter from these activities
would have to be assessed on a site-specific basis, due to the variability of site conditions prior to management
and the management practices that have been implemented. \

The implementation of a prescribed fire program on BLM-administered lands in the TPLA area could cause
short-term decreases in soil productivity due to exposure of mineral soil and decreases in organic matter content.
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However, fire was a natural disturbance agent and soils in the TPLA area evolved under the influence of fire to
some extent. Best Management Practices will assist federal land administrators in maintaining soil productivity at
current levels when implementing prescribed fire.

Because soils with a high compaction susceptibility rating occur in much of the TPLA area, it is likely that
impacts from human activity (livestock grazing, road building, and timber harvest) have occurred. Because of the
repeated number of entries into many stands, the high road density in areas, and the common use of tractor
yarding during timber harvest, it is likely that soils in the TPLA area have had reductions in productivity from
compaction. It is also probable that the level of productivity losses is higher on non-federal lands in the TPLA
area because of the high susceptibility rating for most soils on these lands and the common implementation of
Best Management Activities and other project design features on federal lands. However, adverse impacts have
not been entirely avoided on BLM-administered lands and some reductions in productivity are likely in areas
where more highly-impacting management practices have occurred.

Highly impacting activities such as road building, scarification and tractor piling, and burning may occur on non-
federal lands and to some extent on federal lands, and can cause decreased soil productivity in areas. On federal
lands, the number of acres in the TPLA area expected to be subjected to these activities in the future is expected
to be low, and impacts should be mitigated by Best Management Practices.

The BLM employs Best Management Practices and project design features to reduce, avoid, or limit adverse
impacts to soils and soil productivity from the implementation of timber harvest activities. With the continued
application of these tools, overall impacts to soils and soil productivity (direct, indirect, and cumulative impacts)
should remain at current levels for the short term (1 to 5 years) and will be reduced through natural recovery
processes or standard operational practices (such as ripping of existing skid trails if they are not needed for the
next harvest activity) in the long term (5 years or more). Also, because of the generally reduced harvest
activities prescribed in the newest land use plans for the federal lands, less land may be impacted by timber
harvest activities, particularly within Riparian Reserves. However, this effect could be counteracted by more
acres being treated for forest health objectives (for example, there are many areas in the TPLA area where the
understory needs to be thinned or treated with prescribed fire). '

Impacts to soils and soil productivity on non-federal lands are expected to remain static or increase in the short
term (1 to 5 years) as active forest health treatments and salvage programs are completed on these lands. In the
long term (5 years or more), if harvest activity on non-federal land declines, then some recovery of soil
productivity may occur through natural recovery processes.
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Core Topic: Plant Species of Concern

Special Status Plant Species Including Threatened,
Endangered, and Sensitive Plant Species

Issue: Distribution and abundance of special-status plants
have been altered in the landscape area by human-
introduced disturbances. ~

Historic Conditions

Little is known concerning the historic distribution of special status plant species within the landscape analysis
area. Many special status species are naturally rare within the communities in which they occur, or are restricted
to particular, uncommon habitats even if they are abundant within those habitats. Species are classified into one
of the special status categories when human activities alter relative abundance and species composition of plant
communities or further reduce the abundance of uncommon habitats.

Processes of Change

The primary changes in the landscape are the result of human activity, and include timber harvest, livestock
grazing, road construction and water diversion for irrigation. Timber harvest can change the environmental
conditions, such as relative humidity and exposure to sunlight, at a site that will affect the ability of individual
species to survive or compete in the affected area. Livestock grazing can change relative abundance of species
and species composition through selection of more palatable species for consumption, and trampling and
compaction of soils. Road construction can contribute to fragmentation of habitat and decrease interior forest
habitat through an increase in edge conditions throughout the landscape. Water diversion for irrigation can
change the amount, geographic distribution and seasonal distribution of water thus changing habitat conditions in
affected areas which results in changes in species composition and relative abundance.

Key Questions: What special-status plants occur in the landscape
analysis area? Where are known populations of these plants located in
the landscape analysis area? What are the habitat requirements for each
species? ‘

Current Conditions

Table 15 shows potential habitat and the likelihood of occurrence in the landscape area for BLM special status
plant species documented or suspected in the Klamath Falls Resource Area. Botanical surveys conducted from
1989 to 1995 covered approximately 4,718 acres of BLM-administered lands in the landscape analysis area.
Both Bellinger’s meadowfoam (Limnanthes floccosa ssp. bellingeriana) and pygmy monkey flower (Mimulus
pygmaeus) were found during these surveys. Additionally, amateur botanists have documented populations of
red root yampah (Perideridia erythorrhiza) on private land, and BLM range survey crews in the mid-1980s
reported approximate locations of Green’s mariposa lily (Calochortus greenei) within the landscape area. The
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range of these species within the landscape area is not well known since known populations consist of incidental
sitings and those found during surveys on BLM-administered lands which included only those areas that have
been proposed for timber harvest or other management actions in the past.

—_———-——_—_ﬁ

Table 15. Bureau of Land Management Special Status Species For. The Klamath Falls Resource Area.

e

Species Status Docu- Potential Habitat Occurance in TPLA
mented in
Area?
Asarum wagneri SC, BS no Fir, mixed conifer, LP forests, | Possible, widespread in
rocky sites Spencer Creek area
Astragalus FE, SE no Moist meadows Possible, hist. site near
applegatei Keno
Astragalus peckii SoC,ST | no LP/bitterbrush openings, Unlikely
sagebrush, pumice soils
Calochortus greenei | SoC, SC no Dry, brushy hillsides on clay Probable, unconfirmed
soils site in area
Calochortus SoC, no Moist/dry meadows, edge of Unlikely, beyond
longebarbatus var. NHP1 PP and/or LP woodlands documented range
longebarbatus
Castilleja chlorotica | SoC, no Gravelly slopes/summits, Unlikely, beyond
NHP1 PP/LP openings, 5,000° + documented range
Collomia mazama SoC, no Mesic LP & fir forests partial Unlikely, beyond
NHP1 canopies, mid. elevations documented range
Gentiana newberryi | NHP2, no Moist-wet meadows, mid-high | Unlikely
var. newberryi AS elevations
Limnanthes floccosa | SoC, SC | yes Spring wet depressions & flats | Muddy Tom and
ssp. bellingeriana with rocky, clay soils Grenada timber sale
areas
Mimulus pygmaeus | SoC yes Spring wet depressions & flats, | Muddy Tom timber sale
intermittent stream beds area
Penstemon SoC, no LP/WF forests, high elevations | Unlikely, beyond
glaucinus NHP1 ' documented range
(| Perideridia SoC, SC yes Spring moist meadows, edge Private lands
erythrorhiza of mixed conifer forest
Rorippa columbiae | SoC,SC | no Gravelly streambeds, Possible
lakeshores
Silene nuda ssp. NHP4, no Spring moist meadows Unlikely, beyond
insectivora TS : documented range
Thelypodium NHP2, no Sagebrush openings, meadows | Possible
brachycarpum AS in PP forests
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Abbreviations:

FE: Listed as endangered by the USFWS under the Endangered Species Act.

SoC:  Species of Concern. Includes all species formerly categorized as Federal candidate list 2 species
(USFWS needs additional information before proposing as endangered or threatened). Also
includes many of the species formerly categorized as Federal candidate list 1 species (USFWS has
information to support proposing as endangered or threatened). The USFWS no longer intends to
publish this list as a Notice of Review, and these species are no longer considered federal
candidates for listing.

SE: State of Oregon endangered species.

SC: State of Oregon candidate species for endangered or threatened.

BS: U. S. Bureau of Land Management sensitive species in Oregon.

AS: U. S. Bureau of Land Management assessment species in Oregon.

TS: U. S. Bureau of Land Management tracking species in Oregon.

NHP!: Oregon Natural Heritage Program list 1. Taxa which are endangered or threatened with extinction
or presumed to be extinct throughout their entire range. :

NHP2: Oregon Natural Heritage Program list 2. Taxa which are threatened, endangered or possibly
extirpated from Oregon, but are more common or stable elsewhere.

NHP3: Oregon Natural Heritage Program list 3. Taxa for which more information is needed before status
can be determined, but which may be threatened or endangered in Oregon or throughout their range.

NHP4: Oregon Natural Heritage Program list 4. Taxa which are of concern, but are not currently
threatened or endangered. Includes taxa which are very rare but currently secure, as well as taxa
which are declining in numbers or habitat but are still too common to be proposed as threatened or
endangered.

LP: Lodgepole pine

PP: Ponderosa pine

WF: White fir
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Bellinger’s meadowfoam

Bellinger’s meadowfoam is an annual species that grows in moist meadows and vernally (seasonally) moist-wet
sites, and in intermittent wet-dry stony flats. These areas fit the classification scheme for vernal pool habitat
described by Holland (1976). All known sites occur in open coniferous and coniferous/oak woodlands
dominated by ponderosa pine or foothill pine (in California). The elevation range of sites in Oregon vary from
1,800 to 4,200 feet, but in California sites range from 3,070 to 3,600 feet elevation with a single population at
950 feet. The range of the species covers parts of southwest and south central Oregon and north central
California, and includes documented populations from Jackson and Klamath counties in Oregon and in Shasta
County in California (Masinton 1995).

In the landscape analysis area, Bellinger’s meadowfoam occurs in vernally wet meadows within ponderosa
pine/oak woodlands. The landscape analysis area contains the largest number of populations of any management
unit within the range of the species, however, these populations are at the extreme upper end of the elevational
range. A draft conservation strategy called for more intensive inventory in order to better understand the
environmental range of the species.

Pygmy monkeyflower

Pygmy monkey flower is a diminuative, annual species that tends to occur most prevalently in low meadows or
herb-dominated openings along the edge of sagebrush swales or uplands. However, it can also be found
scattered among the adjacent shrubs as well. ‘Generally, known populations occur between 4,000 and 5,000 feet
elevation. Surrounding vegetation may be dominated by juniper, pine or Douglas fir trees. In Oregon, pygmy
monkey flower occurs from Lake County in the east to Jackson County in the west. Its range continues south in
California through the Sierra Nevada to at least Plumas County, and possibly as far south as Nevada County
(Meinke et al. 1994).

In the landscape analysis area, pygmy monkey flower occurs in vernally wet meadows within ponderosa pine/oak
woodlands. The only two populations documented on BLM-administered lands occur adjacent to populations of

Bellinger’s meadowfoam. Surveys by Oregon Department of Agriculture personnel on the Fremont and Winema
National Forests in 1993, following an unusually wet winter, found numerous large populations of this species.

Red root yampah

Red root yampah is a perennial species which is found in moist grasslands, valleys, and paturelands, often (but
not always) in heavy, poorly drained soils. Sites occur within oak and/or pine woodlands at low to mid
elevations (500 to 5,000 feet). The range of the species covers the southern Cascades of Oregon in Douglas,
Klamath, Josephine and Jackson counties (Meinke 1981).

In the landscape area, red root yampah has been reported by amateur botanists in seasonally wet grasslands
adjacent to streams on private lands. Botanical surveys on BLM-administered lands have not located any
populations, but it would seem likely that populations of this species would be found as a result of more
intensive inventories given its occurance on adjacent private lands.

Green’s mariposa lily

Green’s mariposa lily is a stout perennial which inhabits clay soil of chaparral areas, around dry thickets and on
rocky slopes (Meinke 1981). Known populations range between 2,400 feet and 6,400 feet elevation, with the
majority between 3,400 feet and 4,000 feet. The range of documented sites of the species covers parts of
Jackson County, Oregon and Siskiyou County, California (Brock 1988). -
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In the landscape analysis area, a crew collecting range data using the Soil and Vegetation Inventory Method
reported two populations of Green’s mariposa lily. To date, BLM botanists have been unable to relocate these
sites, but a more intensive botanical inventory effort would be likely to locate populations of this species.

Condition Trends

To the extent that human activities continue to affect species abundance, relative abundance of species, and the
distribution of uncommon habitats, the abundance and distribution of special status plant species will likely
continue to be reduced within the landscape area. This would probably result in contributing to an increased
level of concern and/or to the need to list individual species. As a result, management activities will probably be
constrained to conserve the species, and/or the species will eventually be extirpated.

Survey and Manage Species

Historic Conditions

Little is known concerning the historic distribution of survey and manage species within the landscape area.
Survey and manage species are species that are primarily associated with many of the old growth conifer forest
communities in the Pacific Northwest. This type of habitat was once more abundant than at the present time
(see the Vegetation core topic). Therefore, it might be assumed that the survey and manage species were once
more abundant and widespread within the landscape area.

Processes of Change

The primary cause of the decrease in old growth conifer forest in the landscape has been the harvest of timber.
Timber harvest has removed the structural components that comprise old growth habitat of some forest
communities within the landscape area, including large trees, down and dead woody material, standing dead
snags, a multi-layered canopy, and a closed tree canopy. The disturbance to the substrate and alteration of
environmental conditions also can affect species composition and relative abundance of species in the understory
community, where most of the survey and manage species occur. These activities combined with fire
suppression can alter fire return interval and fire intensity due to the accumulation of heavy fuel loads. Grazing
by domestic and wild ungulates can also affect the understory community through selection of more palatable
species for consumption, and trampling and compaction of soils.

Current Conditions

None of the survey and manage species of lichens, fungi, bryophytes, or vascular plants included in Table 3C of
the Northwest Forest Plan are known to occur within the landscape area. Populations and/or potential habitat
may be present for some of these species. Preliminary field surveys for cryptogams were conducted in the
summer and fall of 1995. A list of taxa that were found in the field is included in Table 15.
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Noxious Weeds

Issue: Alteration of the landscape area has resulted in
the introduction of populations of noxious weeds and the
displacement of native plant species.

Historic Conditions

All of the noxious weed species that occur within the landscape are exotic (introduced) to North America, mostly
from Furasia. Therefore, these species were not present before Euro-American settlement, and the effects they
have on species composition and relative abundance of species within invaded communities, and on the
ecosystem processes that support those communities were not present.

Processes of Change

Many of the noxious weed species are well adapted to the environmental conditions associated with disturbances
that result from human activity. Some noxious weed species (knapweeds from the Middle East) are even thought
to have evolved with human disturbances as a primary selection pressure. The primary disturbances in the
landscape area associated with human activity include timber harvest, livestock grazing, road construction and
water diversion for irrigation. Disturbances associated with these activities include alteration of the soil surface
and profile, compaction of soils, changes in micro-habitat conditions, changes in fire frequency, and changes in
hydrological regime. In addition to providing environmental conditions favorable for invasion by these species,
human activities also provide dispersal mechanisms through machinery, equipment, livestock, and clothing and
boots. »

Key Questions: What species of noxious weeds occur in the landscape
analysis area? Where do known populations of these plants occur in the
area? Are populations increasing in size and, if so, what is their estimated
rate of expansion?

Current Conditions

Five species of noxious weeds have been documented on BLM-administered lands within the landscape area.
Weed populations seem to be primarily associated with physical disturbance. The Klamath Falls Resource Area
Integrated Weed Control Plan and EA addresses management of noxious weeds on BLM-administered lands in
this area. :

Yellow starthistle (Centaurea solstitialis) is widespread and abundant within the landscape area. Large, dense
populations occur at Wild Gal Spring, and at the Big Bend and near the powerhouse within the Klamath River
Canyon. These large populations are treated primarily with several biological control organisms. Smaller
patches and roadsides are treated mechanically and chemically under a contract with Klamath County.

Along a powerline right-of-way east of the Klamth River, a large population of diffuse knapweed (Centaurea

diffusa) has become established and has been spreading along adjacent roads in recent years. St. Johnswort
(Hypericum perforatum) and white top (Cardaria draba) are becoming established primarily along roadsides.
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Tansy ragwort (Senecio jacobaea) has also become established near Parker Mountain within the landscape area.

Bull thistle (Cirsium vulgare) is present on disturbed sites throughout the landscape area. It is often a dominant
species in clearcuts, on landings, and on ripped units, where it persists for approximately 5 to 10 years following
disturbance.

Key Question: To what extent are population sources displacing
populations of native plant species?

Condition Trends

Human activity that physically disturbs a site provides the site conditions where noxious weeds have a
competitive advantage relative to native species. In addition, most noxious weed species have been introduced
intentionally or unintentionally by Euro-Americans without the biological agents that may have reduced their
ability to compete with other species in their areas of origin. Therefore, many of these species become
established in areas disturbed by human activity, but then are able to persist on the site since the biological
control agents that may have defined their successional role are absent. Invasion by noxious weeds and other
exotic pest plants can reduce the diversity of plant communities and disrupt the ecological processes upon which
these communities depend. These effects are expected to continue within the landscape area to the extent and
intensity that management actions create disturbed areas.

Summary

Many of the plant species and communities of concern have been affected by human activities that change
environmental conditions and introduce exotic pest plant species (noxious weeds). This results in changes in
species composition and relative abundance of species within plant communities, and distribution of uncommon
plant communities. Additionally, noxious weeds can affect the ecological processes that maintain native plant
communities. Management actions are needed that are designed to reduce the level of disturbance usually
associated with these activities, and designed to mitigate the impacts already present from past activities.
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Core Topic: Plant Associations
Background

The plant association concept dates back to the 19th century and was formalized in the early 20th century by
European biologists (Henderson et al. 1989). The concept was developed with the recognition that forests are
more than just trees and that a diversity of ecosystems and plant communities exists across the landscape. The
concept allows for thinking about forests as whole ecosystems rather than individual species or commodities
(Henderson et al. 1989). In the United States, Daubenmire (1952, 1968) incorporated such ideas as "associations"
and "site types" to describe northern Rocky Mountain forests in terms of their potential (climax) plant
communities, the particular kind of vegetation that a given area of land is capable of supporting. He also
described the land area where an association occurs as the “habitat type."

Plant association classifications are used to describe the diversity of plant communities and kinds of ecosystems
that occur across the landscape based on potential natural communities (PNC) or stable community types (Hall et
al. 1995). The PNC is defined as the "biotic community that one presumes would be established and maintained
over time under present environmental conditions if all secondary successional sequences were completed
without additional human-caused disturbance. Present environmental conditions include site characteristics,
eroded or damaged soils, and existing climate. Grazing by native fauna and natural disturbances, such as drought,
floods, wildfires, wind, insects, and disease, are inherent in the development of communities. However, PNCs are
described without disturbance by natural elements, including fire. PNCs may include naturalized nonnative
species. PNCs also have been called plant associations, habitat types, and range sites. They are used as a
reference point and as an achievable end-point in secondary succession" (Hall et al. 1995). Plant associations
offer valuable information on the composition, distribution, and environment of individual plant communities as
well as their management opportunities for appropriate uses and values such as timber, water, wildlife, forage,
and recreation. Today, classifications of plant associations and habitat types are available for many areas of
federal forest lands in the western United States.

Plant Associations in the Landscape Analysis Area

The landscape analysis area falls in the category of federal forest lands for which systematic sampling of plant
communitites has not been done; hence, the area lacks a plant association classification. Inventory, classification,
and mapping of soils series have been conducted for the area, and stand inventory plots reflecting silvicultural
and timber considerations are available. But no research has been done to describe plant associations or other
ecosystem attributes and processes in the landscape area. To  adequately inventory, describe, classify, and map
plant associations across the landscape area, extensive and intensive field sampling is required, an effort not
possible for the scope of analysis in this document because of a lack of field workers, time, and financial
resources. However, a preliminary assessment of plant associations that probably occur in the analysis area can
be done based on personal observations in the field, stand inventory data, plant association classifications for
adjacent areas (Hopkins 1979a, Hopkins 1979b), an insect risk assessment for the adjacent Bear Valley National
Wildlife Refuge (Eglitis 1995), and the Final Eligibility and Suitability Report for the Upper Klamath Wild and
Scenic River Study (BLM 1990). A finer scale of resolution that would entail detailed description and
classification of plant associations in the area remains for future work following systematic field sampling.
Species discussed in the following plant community descriptions are representative only and not intended to be
an all-inclusive list of plants that occur in the analysis area.

The plant community descriptions that follow are arranged according to five somewhat arbitrarily drawn sub-

areas located within the landscape analysis area, moving across the landscape in a clockwise direction from north
at Buck Mountain to southwest at Long Prairie Creek. The sub-area designations stem from preliminary surveys
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of vascular and non-vascular (lichens, bryophytes, and fungi) plant species conducted in the autumn of 1995. The
five sub-areas are 1) Buck Mountain south to Highway 66, 2) Bear Valley National Wildlife Refuge, 3) Grenada,
4) Hayden and Long Prairie Creeks, and 5) the Klamath River Canyon.

Buck Mountain south to Highway 66

At the northern end of the landscape analysis area is township T39S, RO6E, extending roughly from Buck
Mountain south to Highway 66. This mid- to high-elevation sub-area (ranging from approximately 6,250 ft.
elevation at Buck Mountain to 4,000 ft. at Highway 66) is dominated by mixed conifer forests. White fir (Adbies
concolor) and Douglas-fir (Psuedotsuga menziesii) dominate forest composition in these stands with remnant,
large-diameter individuals of ponderosa pine, sugar pine, and incense cedar scattered in the overstory. Deciduous
tree species such as willows (Salix spp.) and quaking aspen (Populus tremuloides) can be found within the sub-
area as well. At higher elevations, as daily mean temperatures decrease and precipitation levels increase, the
Shasta red fir (4dbies magnifica) component increases in forest stands. Forests within the sub-area support a rich
diversity of vascular plants in their understory. Common understory plants include golden chinquapin
(Castanopsis chrysophylla), western serviceberry (Amelanchier alnifolia), snowbrush ceanothus (Ceanothus
velutinus), squawcarpet (Ceanothus prostratus), boxwood (Pachistima myrsinites), thimbleberry (Rubus
parviflorus), red-osier dogwood (Cornus sericea [stolonifera]), snowberry (both Symphoricarpos albus and S.
mollis), Douglas’s spirea (Spirea douglasii), wax currant (Ribes cereum), Wood’s rose (Rosa woodsii), bracken
fern (Pteridium aquilinum), pipsissewa or prince’s-pine (Chimaphila umbellata), and twinflower (Linnaea
borealis).

Common foliose and fruticose lichens associated with the cool environment produced by the denser mixed-
conifer forests in the sub-area include taxa such as Letharia, Bryoria,. Cetraria, Hypogymnia, Sphaerophorus,
Parmeliopsis, Peltigera, Melanelia, Platismatia, Alectoria, Usnea, and Cladonia. Common crustose lichens
which adhere to rocks include taxa such as Lecanora muralis, Umbilicaria hyperborea, Caloplaca holocarpa,
Rhizoplaca melanophthalma, and Rhizocarpon geographicum. Common bryophytes include saxicolous (rock-
inhabiting) taxa such as Grimmia spp., Lescuraea incurvata, and Dicranoweisia crispula, and terricolous
(ground-dwelling) taxa such as Tortula ruralis, Encalypta rhaptocarpa, and Homalothecium nevadensis. Common
aquatic bryophytes and liverworts that occur in riparian areas remain to be identified.

Because a plant association guide does not exist for the landscape analysis area, the best that can be done at this
point in time for classification purposes is to fit existing plant communities in the area into plant associations
developed by Hopkins (19793, 1979b) for the Winema and Fremont National Forests. Forests in the sub-area
would fall largely into the Mixed Conifer, White Fir, and Shasta Red Fir-White Fir series described by Hopkins
(1979a) for the Klamath Ranger District, Winema National Forest. All of these communities represent forests
that lie at the wetter end of the scale for the described plant associations. They are individually:

Mixed Conifer/Snowbrush-Bearberry CW-C2-15

Mixed Conifer/Snowbrush-Squawcarpet/Strawberry CW-S1-16

White Fir/Snowberry/Strawberry CW-S3-12

White Fir/Chinquapin-Boxwood-Prince’s Pine CW-H1-12

Shasta Red Fir-White Fir/Chinquapin-Prince’s Pine/Long-Stolon Sedge CR-S3-11

Shasta Red Fir/Long-Stolon Sedge CR-G1-11 '

Where ponderosa, sugar, and western white pine were more prevalent at lower elevations within the sub-area in
turn-of-the-century forests, selected plant associations from the Fremont National Forest (Hopkins 1979b) are
applicable: '

White Fir-Ponderosa Pine/Manzanita-Oregon Grape CW-S1-17

White Fir-Ponderosa Pine-Sugar Pine/Manzanita CW-C4-12

White Fir-Ponderosa Pine-Incense Cedar/Serviceberry CW-C1-11
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These associations are confined to more xeric environments within the sub-area. With a natural fire regime or
regular underburning allowed to occur, there may be portions of the sub-area that would support a Ponderosa
Pine Series. Again, however, intensive and extensive field sampling is needed to describe and map locations of
individual plant associations within the sub-area. At present, a plant association classification of finer-grained
resolution is not possible until systematic field sampling is done.

Bear Valley National Wildlife Refuge

On the more xeric eastern edge of the landscape analysis area, the forests of the Bear Valley National Wildlife
Refuge fall into two broad vegetative series (Eglitis 1995). Lower elevations are dominated by the Ponderosa
Pine series which then quickly grades into the White Fir Series with a slight increase in elevation. The White Fir
Series is the most prominent within the refuge and consists of plant associations which are considered at the
drier end of the scale for this vegetative series (Eglitis 1995, based on communication with W.E. Hopkins).

Grenada

Moving west to the Grenada sub-area, a White Fir Series and, at higher elevations on Hamaker Mountain, Shasta
Red Fir-White Fir Series appear to dominate. Preliminary field sampling in the autumn of 1995 within this sub-
area suggested a White Fir-Ponderosa Pine/Manzanita-Oregon Grape plant association, CW-581-17 (Hopkins
1979b), to be representative of many mid-elevation stands. On cooler aspects in this sub-area in both open and
denser stands, a mixed-conifer forest of Douglas-fir and white fir dominates with some ponderosa pine.
Occasionally, there are incense cedar, but they tend to be smaller trees in the understory. Sugar pine is also an
occasional tree species. Small lodgepole pines can be found that appear to have been planted. In shallow
drainages in the area, Douglas-fir and white fir dominate with or without ponderosa pine as a stand associate.
The understory is dominated by Oregon grape (Mahonia [Berberis] aquifolium) and green-leaf manzanita
(Arctostaphylos patula).

Foliose and fruticose lichen diversity is generally lower compared to mixed conifer stands north of Highway 66
because of more xeric environmental conditions and more open stands. The most common foliose and fruticose
lichen taxa are Letharia, Bryoria, and Hypogymnia. Crustose lichens which adhere primarily to rocks and the soil
become more dominant in this more xeric and open environment. Bryophytes become less common, confined to
an even greater degree to cooler microclimates such as riparian areas, the perimeter of ground surrounding rocks,
and shaded areas on the forest floor. The same crustose lichens and bryophytes listed above for the township
north of Highway 66 occur in this sub-area. Historically, Douglas-fir dominated in this township/sub-area
(Leiberg 1899), so in general the sub-area probably consists mainly of plant associations in the White Fir Series
or Shasta Red Fir-White Fir Series. A Ponderosa Pine series could dominate on drier sites at lower elevations in
the Grenada sub-area.

‘Hayden and Long Prairie Creeks

Farther to the west, the Hayden and Long Prairie Creeks sub-area generally appears to be an even more xeric
environment than the Grenada sub-area with ponderosa pine and western juniper the dominant tree species.
Oregon white oak (Quercus garryana), California black oak (Quercus kelloggii), Douglas-fir, white fir, and
incense cedar also occur among the pine and juniper. Common understory shrubs include Oregon grape
(Mahonia [Berberis] aquifolium), wooly mullein (Verbascum thapsus), wedgeleaf ceanothus (Ceanothus
cuneatus), western serviceberry (dmelanchier alnifolia), and snowberry (both Symphoricarpos albus and S.
" mollis). Common grass/sedge/rush vegetation includes Lemon’s needlegrass (Stipa lemmonii), Kentucky bluegrass

(Poa pratensis), Baltic rush (Juncus balticus), and medusahead wildrye (Taeniatherum caput-medusae).
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Lichen and bryophyte diversity is relatively limited, similar to the taxa listed above for the Grenada sub-area, as
a function of the dry environmental conditions that prevail in the sub-area. Forest in this sub-area generally have
a more open canopy than those in the Grenada sub-area. A Ponderosa Pine Series may be the appropriate plant
classification for much of this sub-area; however, the distribution of California black oak within the conifer
stands in the sub-area calls for a plant association in a ponderosa pine - California black oak/mixed shrub type
that remains to be described and classified (Hopkins 1996, pers. comm.).

Klamath River Canyon

As a large riparian corridor that cuts across the Cascade region and through the landscape analysis area, the
Klamath River Canyon supports its own unique and diverse plant communities that differ markedly from
neighboring upland areas. The following description is largely excerpted from the Final Eligibility and Suitability
Report for the Upper Klamath Wild and Scenic River Study (BLM 1990).

A mosaic of pine, oak, and mixed conifer communities dominate in the canyon. Ponderosa pine and Orgeon
white oak are the dominant tree species throughout the canyon. A plant association series for ponderosa pine -
Oregon white oak needs to be done for the Klamath River Canyon since one currently does not exist. The
northern portion of the Klamath River Canyon is more moist and densely forested than the southern portion of
the canyon where it widens out and the forest opens up and becomes drier as rim elevation of the canyon drops
from 3,900 to 3,400 ft.. Major plant communities in the canyon include mixed conifer forest, pine/juniper,

. pine/oak forest, oak forest, and oak/shrub. Meadows and riparian areas occur within the canyon, but are small
and limited to specific sites and conditions. Limited areas of oak grasslands occur on slopes and benches.

Mixed conifer forest is found on the rim, in the canyon bottom, and on north-facing slopes of the upper canyon.
Dominant overstory species include ponderosa pine, Douglas-fir, and Oregon white oak. Incense cedar, California
black oak, sugar pine, golden chinquapin, and white fire occur less frequently in these stands. Dominant shrub
species include snowberry, western serviceberry, mountain mahogany (Cerocarpus spp.), deerbrush (Ceanothus
integerrimus), and Oregon grape. Common forbs include wild strawberry (Fragaria spp.) and lupine (Lupinus
spp.). Common grasses include western fescue (Festuca occidentalis), pine bluegrass (Poa scabrella), blue
wildrye (Elymus glaucus), and medusahead wildrye (Taeniatherum caput-medusae).

The pine/juniper community is found on drier, more exposed slopes in the upper canyon. Dominant overstory
species are ponderosa pine and western juniper. Oregon white oak is uncommon but does occur. Understory
shrub species include deerbrush, rabbitbrush (Chrysothamnus spp.), mountain mahogany, and occassionally
gooseberry (Ribes spp.). Common forbs are buckwheat (Eriogonum spp.), common buttercup (Ranunculus
occidentalis), pussytoes (Antennaria spp.), Nuttall’s gayophytum (Gayophytum nuttallii), and Puget balsamroot
(Balsamorhiza deltoidea). Common grasses include cheatgrass (Bromus tectorum), hairy brome (Bromus
commutatus), medusahead wildrye, needlegrass, and pine bluegrass.

The pine/oak forest is found primarily in the lower canyon. Dominant overstory species include ponderosa pine
and Oregon white oak. Incense cedar, Douglas-fir, and California black oak occur on moister sites. The
understory varies with drier environments composed of wedgeleaf ceanothus and bitterbrush (Purshia tridentata).
In moister environments, deerbrush, poison oak (Rhus diversiloba), snowberry, western serviceberry, and
rabbitbrush dominate.

The oak forest community occurs throughout the canyon on dry slopes and in the river bottom. The dominant
tree species is Oregon white oak. Associate tree species are ponderosa pine, western juniper, and California black
oak. The understory varies and includes mountain mahogany, snowberry, wedgeleaf ceanothus, bitterbrush,
rabbitbrush, deerbrush, and western serviceberry. Common forbs and grasses include Puget balsamroot, Idaho
fescue (Festuca idahoensis), bluebunch wheatgrass (4gropyron spicatum), cheatgrass, bottlebrush squirreltail
(Sitanion hystrix), junegrass (Koeleria cristata), needlegrass, and medusahead wildrye.
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The oak/shrub community is found throughout the canyon on slopes and benches. Oregon white oak is the
dominant tree species and can occur in the form of a small, shrub-like tree. Associate tree species include
ponderosa pine, western juniper, Douglas-fir, and sugar pine. Understory vegetation varies. Common shrubs
include mountain mahogany, wedgeleaf ceanothus, manzanita (Arctostaphylos spp.), poison oak, deerbrush,
snowberry, and rabbitbrush. Forbs and grasses are well developed in open areas and include Puget balsamroot,
mountain dandelion (Agnoseris spp.), yarrow (Achillea millefolium), Solomon-plume (Smilacina sp.), large-
flowered collomia (Collomia grandiflora), wooly sunflower (Eriophyllum lanatum), buckwheat (Eriogonum sp.),
and tarweed (Madia spp.). Common grasses include cheatgrass, bluebunch wheatgrass, needlegrass, hairy brome,
two-flowered fescue (Festuca reflexa), pine bluegrass, and bottlebrush squirreltail.

Small meadows occur in the canyon along the river bottom and on benches, supporting a diverse array of forbs
and grasses. Riparian communities occur along the river, in drainages along the canyon, and on the edges of
islands in the river, supporting trees, shrubs, forbs, and grasses. Overstory species include Oregon white oak,
birch (Betula spp.), white alder (4lnus rhombifolia), and Oregon ash (Fraxinus latifolia). Common shrubs include
blue elderberry (Sambucus cerulea), Lewis mockorange (Philadelphus lewisii), willow (Salix spp.), Douglas
spiraea (Spiraea douglasii), western wild grape (Vitus california). Common forbs include watercress (Rorippa
nasturtium-aquaticum), monkey-flower (Mimulus spp.), speedwell (Veronica spp.), cattail (Typha latifolia), and
boreal bog-orchid (Habenaria dilatata). Reed canary grass, sedges, and rushes are also present. Quaking aspen
(Populus tremuloides) can also be found in drainages along the canyon.

Future Needs

‘A real need exists for systematic field sampling in the landscape analysis area to produce a plant community
association classification that discerns the continuum of diverse and unique plant communites that occur across
the landscape and the relative abundance of species that falls within each plant association. The BLM-Klamath
Falls Resource Area is dependent for the present on fitting plant communities that occur within the analysis area
into plant associations developed for areas and regions outside the analysis area (Hopkins 1979, Hopkins
1979b). The result can be an artificial or forced fit that does not reflect with accuracy or precision the plant
communites in the analysis area. A plant association guide specific to the analysis area and other BLM-
administered lands in the Klamath Basin is needed. Such an effort would require an investment of human and
financial resources, but the information gathered would provide for better decision-making regarding management
of natural resources (plants, wildlife, water, range, and timber) that occur on BLM-administered lands.
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Core Topic: Wildlife

Issue: Critical use areas for terrestrial listed and non-
listed wildlife have been altered.

Key Questions: How has habitat been changed by management
practices? What have been the habitat changes?

Two principal vegetation communities (ponderosa pine and mixed conifer) and a range of seral stages occurs
throughout the area, providing habitat for a variety of both specialist and generalist species. In general, the
occurrence and persistence of species associated with old growth areas increases as patch size and connectivity
of patches increases. These species are primarily associated with interior habitat of one seral or structural stage.
Refer to the landscape ecology core topic and Appeqdix B for more information.

Timber Harvest. Historically, dominant tree species within the landscape area were ponderosa pine and Douglas
fir, with scattered stands of white fir. However, past timber management practices have resulted in increased
numbers and densities of white fir. Although forest openings are within the natural size and percentage range for
disturbance in the area, they are the result of timber harvest instead of wildfire. Natural fires cause patchiness
and diversity of habitat while recent logging has caused more uniformity. Differences between burned and
logged stands may have an effect on wildlife using them.

Fires. Natural fire and/or fire suppression has shaped many of the vegetative communities in the landscape area.
Historically, in ponderosa pine forests in this area fire returned in intervals of eight to ten years. Also, fires
maintained large oaks which produced larger crops of mast. Fire suppression has caused oak to intrude into
some areas resulting in smaller "stemy" trees, and has allowed vegetation on scrub rock flats to become
decadent. Refer to the fire ecology section for more information.

Water. Historically natural water sources were scarce in the uplands, limiting the use of those areas by some
wildlife species. Water sources (guzzlers) have been developed in the last few decades, primarily for the benefit
of big game species. These have also expanded the area available to many non-game wildlife species. Other
water sources developed for fire protection, road watering and grazing management are also being used by
wildlife.

In a joint effort between BLM and Oregon Department of Fish and Wildlife, seven water developments have
been installed on BLM land, enhancing habitat and expanding distribution of big game, wild turkey and many
other non-game species (see Table 16). For additional information refer to the Livestock Grazing core topic.

Roads. In the landscape area on BLM administered lands only, there is an average of 3.9 miles of road per
section. Within the entire landscape area the miles of roads per section is believed to be significantly higher.
Roads affect wildlife and wildlife habitat by: 1) removing potential foraging and cover areas; 2) creating edges
and linear openings allowing species normally associated with openings access to interior forest stands; and 3)
causing direct loss and disturbance by providing easier and more widespread access to hunters, poachers,
recreationists and others such as mushroom harvesters and firewood cutters. :

Livestock Grazing, Historic grazing practices competed with wildlife for vegetation. With recent reductions in

numbers of animal unit months and season-of-use, competition between wildlife and livestock has decreased.
For more information refer to the Livestock Grazing core topic.
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‘ Table 16. Wildlife Water Developments in the Landscape Analysis Area

Development Location Year Developed | Comments
Grizzly Butte guzzler T. 41N, R. 6E, section 4 | 1972 fenced
Fox Lake cistern T. 41N, R, 6E, section 6 | 1974 fenced
Parker Mountain guzzler |T. 40N, R. 5E, section 7 | 1989 fenced
Hayden Mountain T. 40N, R. 6E section 16 |1993 fenced 1994
Mud Spﬁngs Mountain T. 40N, R. SE section 34 | 1993 fenced 1994
Grenada (Chicken Hills) |T. 41N, R. 7E, section 5 | 1993 ‘ A livestock exclusion fence was
guzzler built in 1994. Guzzler receiving
high levels of wildlife use,
) especially elk.
North Chicken Hills T. 40N, R. 7E section 20 | 1994 no fence (no grazing in vicinity)

Key Question: What are the species of concern, their life history
characteristics, and how has habitat alterations affected these species?

Species that may have been present in the past, but were extirpated from this area, include grizzly bear, gray
wolf, lynx, wolverine, fisher, bighorn sheep, and possibly California condor. Other species, like elk and bald
eagle, were greatly reduced but have since increased in population numbers. There have been several new
species introduced to this area since Euroamerican settlement, including starlings, house sparrows, Norway rats,
house mice, elk, chukars and turkey.

Special Status Species and Species of Concern

The following species which occur in the landscape area, were selected for analysis because they are protected
under the Endangered Species Act of 1973, as amended, require protection buffers under the Northwest Forest
Plan (NFP), or have high social value such as deer and elk.

Bald Eagle

(Haliaeetus leucocephalus) ~ Federal status: Threatened

Bald eagles within the inland Pacific Northwest are found in close association with lakes, reservoirs, rivers, or
large streams providing abundant prey and suitable nesting and roosting habitat (Anthony et al. 1982; Lehman
1979). Nests are usually located in uneven-aged (multistoried) stands exhibiting old growth characteristics
(Anthony et al. 1982), and generally the largest or codominant ponderosa pine, sugar pine and Douglas fir are
the most frequently used nesting and roosting trees in these stands.

Bald eagles feed primarily on fish during the spring and summer but may shift to waterfowl and carrion in the
winter. The biggest change in the prey base has been the loss of anadromous fish runs in portions of the
Klamath River (Spencer Creek Watershed Analysis 1995).

Historic conditions in today's mixed conifer zones within the landscape area were likely suitable for bald eagles,
especially areas in proximity to the Klamath River. The number of suitable nest and roost trees has declined due
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to timber harvest and fire management practices over the last 100 years. This has included selectively cutting
large, dominate trees like ponderosa pine, effectively altering successional patterns (Emmingham et al. 1992).
The encroachment of white fir has impacted eagle populations by: 1) providing poor nesting and roosting habitat
due to the characteristic branching and crown structure of white fir; 2) precluding regeneration of preferred tree
species in open canopy stands for nesting and roosting through fire suppression; and 3) reducing the amount of
multi-story habitat upon which eagles depend. Eagles also vary in their tolerance of roads during nesting season.

The landscape area lies within the Klamath Basin Recovery Zone under the Pacific Bald Eagle Recovery Plan
and the Klamath River has been identified as a "Key Area" for which target recovery territory goals have been
set. Recovery Plan goals include evaluating and managing lands for existing and potential nesting and foraging
habitat, and protecting roosts by maintaining their integrity and securing them through purchase or cooperative
agreement. Within the landscape area, recovery goals have been exceeded, due to the establishment of the Bear
Valley Wildlife Refuge in the late 1970s and the increased habitat protection effort from Weyerhaeuser and J.C.
Boyle of Pacific Power and Light.

Historically there was a nest site at Dorris Hill, located in the extreme southeast portion of the landscape area.
This nest has not been occupied since 1985. Today, there are five nest territories with 11 known nests in the
landscape area. Since 1990, the Klamath Canyon nest has produced 12 young, the Chicken Hills nest - eight
young, and the Chase Mountain nest - three young. Since 1992, Bear Valley nest has produced five young. In
1995, a new nest territory on Hamaker Mountain was discovered which produced one young. May 1996, a new
nest was found on the southern boundary of the landscape area. Refer to Table 17 for additional information on
nest sites.

Northern Spotted Owl

(Strix occidentalis caurina)  Federal status: Threatened

Northern spotted owls (spotted owls) likely inhabited the shasta red fir/white fir plant community within the
shasta red fir zone where the presence of large diameter ponderosa pine, sugar pine, and Douglas fir trees
existed. Patches or stringers of mixed conifer provided canopy closure and the prey base necessary for their
survival. Spotted owls may have also been present in those white fir zones in which periodic fires common in
the landscape area did not reach.

Mature and old growth forests are preferred nesting and roosting habitats (Forsman 1980, Marcot and Gardetto
1980) although spotted owls are known to roost during the day in hardwood and second growth stands, in
association with stands of old growth (BLM 1994a). Nesting and roosting habitats in the landscape area consist
of mixed conifer dominated by Douglas fir with greater than 60 percent canopy closure.

Spotted owls seldom forage in clearcuts or second growth stands younger than 60 years, instead preferring old
growth (Forsman et al. 1984, 1987; Solis 1983) which typically has an abundance of prey and habitat with
structural features favorable for foraging (Carey et al. 1986a, Forsman et al. 1984, Raphael and Barrett 1984, and
Raphael et al. 1986). This habitat must be capable of supporting small mammals such as the bushy-tailed
woodrat, red tree vole, flying squirrel, snowshoe hare, deer mouse, western red-backed vole or other prey under
closed canopied areas.

Past timber harvest within the mixed conifer zone caused removal of large diameter trees suitable for spotted owl
nesting. Based on surveys conducted from 1990 through 1995, five of the six nest sites documented in the
landscape area are still active; the sixth site is entirely on private lands along the extreme west boundary of the
landscape area and nesting was last successful in 1992. All activity centers were located prior to January 1, 1994,
and those on BLM-administered lands are protected by 100-acre no-cut buffers (Northwest Forest Plan 1994).
The Dixie site, which is on private lands, has a 43-acre BLM buffer; the Hayden site, also on private lands, does
not have a BLM buffer. Habitat surveys in three of the five active sites have documented mixed conifer/Douglas
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Table 17. Bald Eagle Nest Sites Within the Landscape Area

Nest site Land Status Discovery Year/young

Klamath Canyon private/BLM 1979 1990 /1
1991 /3
1992 12
1993 /2
1994 /2
1995 /2

Chase Mountain BLM 1979 1990 /uk
1991 /ud
1993 1
1994 /f
1995 /2

Chicken Hills FWS 1971 1990 /1
1991 /2
1992 /uk
1993 /1
1994 /2
1995 /2

Hamaker Mtn. FWS | 1995 1995 /1

Bear Valley ' FWS 1992 1992 /1
1993 /1
1994 /1
1995 /2

(New active nest) 1996 (More information is
needed)

(Isaacs 1995) _
uk- unknown ud- undetermined f- failed

fir-dominant forests in the stem-exclusion stage of growth (20 to 60 years). A fourth site is in mixed conifer
also in the stem-exclusion stage but in association with old growth, and the fifth site in a true fir mature or
understory reinitiation stage of growth (60 to 150 years). Refer to Table 18 for information on nest sites.

In addition to the 100-acre buffers (Northwest Forest Plan 1994), protected habitat area buffers (PHABs)
comprising suitable habitat, have been reserved in the vicinity of the activity centers. Portions of these buffers
may be cut at the rate of five percent each decade provided old growth characteristics are maintained (habitat
will continue to remain suitable for nesting, roosting and foraging).

The landscape area has and continues to provide connectivity (dispersal habitat) for spotted owls moving between
late successional reserves (LSRs) located in northern California approximately five miles south of the landscape
area, and those to the west and north approximately eight miles and ten miles respectively of the landscape area.
Dispersal habitat for the landscape area is defined in terms of the 50-11-40 rule where 50 percent or each quarter
township has trees greater than 11 inches diameter at breast height (dbh) and 40 percent canopy closure.
Although the Northwest Forest Plan (1994) does not specifically require use of the 50-11-40 rule in maintaining
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connectivity between LSRs, this measurement, as described by Thomas et al. (1990) is useful in assessing
dispersal and connectivity habitat in the matrix. The 50-11-40 rule is assessed for each quarter township within
the landscape area.

In the landscape area three one-quarter townships on BLM do not meet dispersal habitat and probably never will.
The average home range size for spotted owls in the Eastern Cascades Province is 1.2 mile radius activity center.
The Service has endorsed recommendations to provide a minimum of 50 percent suitable habitat within a 0.7
mile radius (500 acres) and a minimum of 40percent suitable habitat within a 1.2 mile radius (1182 acres).

Table 18. Survey Information for Northern Spotted Owls

Nest Site Land Status | Discovery | Year/young Habitat Habitat within 1.2 miles on BLM
lands'
Dixie private 1990 | 1990/ud mixed conifer | 280 acres suitable habitat
1991/2 40-60% canopy
1992/2 ’ 43 acre activity center
1993/nn
1994/nn Stem exclusion |97 acre PHAB
1995/2 stage (20-60
yrs)
elevation
Hayden Creek | private/BLM 1991 1991/2 mixed conifer |60 acres suitable habitat
1992/2 40-60% canopy
1993/2 0 acre activity center
1994/3
1995/2 Late stem
exclusion stage
elevation
Long Prairie |BLM 1990 - |1990/nd mixed conifer | 237 acres suitable habitat
1991/1 >60% canopy
1992/nn 120 acre activity center
1993/nd Late stem
1994/nr exclusion stage |33 acre PHAB
1995/ud
elevation
Parker private 1990 1990/nd No information
Mountain 1991/ud
1992/2
1993/nn
"1994/ud
1995/nr
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Table 18. Survey Information for Northern Spotted Owls
Buck BLM 1985 1990/fn true fir 692 acres suitable habitat
Mountain 1991/nn >60% canopy
1992/nn 116 acre activity center
1993/nr mature
1994/nr understory 176 acre PHAB
1995/ud reinitiation
stage
elevation
Topsy private 1990 1990 mixed conifer | 539 acres
1991/1 40-60% canopy
1992/2 359 acre activity center
1993/nn :
1994/ud Stem exclusion | 110 acre PHAB
1995/2 to old growth
elevation
Information from Beak Consultants survey & BLM nn = did not nest during the year
fn = failed nest - nr = no response to survey
nd = no data available ud = reproductive status undetermined
! acres- suitable nesting, foraging and roosting habitat for northern spotted owl on BLM land
activity center - required 100 acre suitable nesting, foraging and roosting habitat buffer on BLM land (Northwest
Forest Plan 1994)
PHAB - protected habitat area buffer where five percent excessive volume may be harvested every decade with the
management goal to sustain old growth characteristics

—— — — —

Northern Goshawk )

(Accipiter gentilis) - Federal status: none Other status: Oregon critical

Goshawk habitat has decreased slightly since the 1940s, primarily a result of logging which reduced the number
of large, mature and old growth ponderosa pine stands (Klamath Ranger District 1996). Impacts from roads and
off-highway vehicle management, and acres available for timber harvest could have also reduced suitable habitat.
Roads and off-highway recreational vehicle use may have caused disturbance near nesting and foraging sites.
Allocations that could have positive effects include riparian buffers to enhance habitat for the prey base, and high
snag and old growth and mature retention levels which would provide nesting, foraging, and perch sites.

This species prefers mature (understory reinitiation stage) and old growth conifer forests (BLM 1994a) with a 40
to 60 percent canopy cover created by tall trees for nesting habitat. Today, suitable habitat may be found in the
mixed conifer zone of the landscape area, where sufficiently large intact stands occur within one-half mile of a
perennial water source (Hamilton 1996, pers. comm.). Most of the suitable habitat on BLM and Weyerhaeuser
lands have been surveyed for goshawks, and two nest sites have been reported. The nests, both on
Weyerhaeuser lands, are closely tied to spotted owl habitat.

Dixie. This site is in the southwest portion of the landscape area in close proximity to the Dixie and Hayden

spotted owl nest sites. The nest was first located in June 1992 and nesting has been successful through 1995. In
1992, 1 young was produced; in 1993 - 2 fledged; in 1994 - 3 fledged; and in 1995 - 1 fledged.
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Parker Mountain. This site is in the extreme western portion of the landscape area. Nested in 1992.

Bats, including Townsend's Big Eared Bat

(Plecotus townsendii ) - Federal status: none Other status: Oregon Sensitive, California Threatened

Suitable habitat for many different bats exists within the landscape area, but only the following seven species and
one subspecies have been documented.

Townsend’s big-eared bat Plecotus townsendii
Western Pacific big-eared bat P. townsendii townsendii
Long-eared myotis Myotis evotis
Long-legged myotis M. volans

California myotis M. californicus

Little brown myotis M. lucifugus

Yuma myotis M. yumanensis

Big brown myotis Eptesicus fuscus

Of these species the long-eared myotis (Myotis evotis) and long-legged myotis (Myotis volans) are specifically
targeted in the standards and guidelines of the Northwest Forest Plan (Cross 1995). The pallid bat (Antrozous
pallidus), fringed myotis (Myotis thysanodes), hoary bat (Lasiurus cinereus), Keen’s myotis (Myotis keenii) and
silver-haired bat (Lasionycteris noctivagans) were also listed in the Northwest Forest Plan and may potentiallly
occur in the landscape area. :

Feeding activity over ponds and streams and in adjacent riparian habitat have been described for several species,
including the California, long-eared, little brown, and silver-haired bats (Anthony and Kunz 1977; Bell 1980;
Cross 1976; Kunz 1973; O’Farreil and Bradley 1970, cited in Thomas and West 1991). In Oregon, the feeding
rates of Myotis spp. were found to be more than ten times higher over ponds and streams than in forests
(Thomas and West 1991). According to Donna Howell (pers. comm 1995) all bats will take advantage of insect
hatches associated with riparian, wetland, and aquatic habitats at some time during their life cycle.

Townsend’s big-eared bats. Townsend’s big-eared bats have been widely distributed in western North America
and Oregon. Caves, wooden bridges and abandoned buildings are extremely important roost and hibernation
sites for this species. Adequate numbers of large snags and green trees are also critical for use as maternity
roosts, temporary night roosts, day roosts, and hibernacula (Barbour and Davis 1969, Kunz 1982, Rainey et al.
1992), which provide much needed thermal stability. Large snags and green trees should be well distributed
throughout the landscape area because bats compete with primary excavators and other cavity-dependent species.
Cave roosts and hibernacula sites are selected because temperature and humidity remains constant over time.
Although this species does not migrate, they do move from one roost to another as temperature and weather
conditions change. While some bats remain active year-round, those that hibernate do so in moderately large
colonies. Females hibernate more continuously than do males. Males are generally solitary in spring and
summer but do hibernate in colonies (OSIS 1994).

Nursery colonies are formed in spring and begin to disband in August. The matemity colony is made up of an
adult female and her young which are born around the first of August. Mid- to late-July is the most appropriate
time to determine if a site is used. Females who lose their young are the first to depart the site followed by
lactating females. Young can fly when about three weeks old but are still dependent upon the mother and do not
leave the maternity site with the adults until six weeks old (Pearson et al. 1952).

Townsend's big-eared bats emerge and forage only after dark. Flying insects, especially moths, compose the

majority of their diet, along with some beetles and other soft bodied insects. Foraging densities are
approximately 310 to 419 acres per bat (OSIS 1994).
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The population of Townsend’s big-eared bats wintering in western Oregon seems particularly depleted (Perkins
1987). A ‘study was conducted within the landscape area where bats were netted at ponds which were developed
to provide water for livestock and/or wildlife (Cross 1994). Currently, many of these ponds and springs in the
landscape area are trampled by livestock. The changes in plant diversity and the increased sediment and nutrient
loading at these sites could affect the insect prey base available to the bats. This in turn could have an affect on
the population of bats in the area.

Townsend’s big-eared bats are especially intolerant of disturbance of maternity colonies and hibernacula by
humans. Entire colonies may move, which can cause increased mortality.

Inventories conducted in 1977 for Townsend's big-eared bat revealed no evidence of this species in Klamath
County (Cross 1977). Then in 1988, a maternity colony was discovered in the Salt Caves in Klamath River
Canyon. In the summer of 1989, Dr. Steve Cross initiated a monitoring study on this population to determine
the species and numbers of bats in the cave as related to numbers at a control site. The results showed a
decrease in the maternity colony population over the course of the study. The maternity colony has been
subjected to heavy disturbance in the past from people accessing the caves during the breeding and rearing
period from May through late August. Cross’s studies also found a few bats use the caves as winter
hibernaculum, and at least five other bat species use the caves (Myotis yumanensis, M. californicus, M. lucifugus,
Eptesicus fuscus, Plecotus townsendii). Additional studies have shown small numbers of Townsend's big-eared
bats use old buildings for roosting. -

With a seasonal closure in place and rafting outfitters aware of the sensitivity of the bats, hopefully this will
change the level of activity in the cave.

Resource allocations and management activities that could have negative effects by causing disturbance near the
known sites include: off-highway vehicle management and mineral exploration and development. Riparian
buffers and special habitat feature buffers could have positive effects by protecting the site from disturbance.
Timber harvest, mineral exploration and development, or other actions around active sites could result in
alterations of the air flow into the caves, and /or cause noise related disturbance that could reduce the suitability
of a site either as a summer roost and nursery colony or for winter hibernation. In addition new road
construction and increased water activities could increase the chances that human disturbance would also
interfere with the bats’ use of these sites (BLM 1994a).

Deer, black-tailed and mule

(Odocoileus hemionus columbianus, O. hemionus heminous) - Federal status: none Other status: none

Optimal habitat for black-tailed deer is a mix of forest openings and shrublands that provide both forage and
forest cover for protection from adverse weather or disturbance (Witmer et al. 1985, in City of Klamath Falls
1986). Forage areas near cover are preferred because animals can quickly escape predators or harassment.
Habitat requirements for deer differ seasonally, dictated by physiological changes and changes in forage quality
and climatic conditions. Around November when winter weather conditions develop, deer move into their winter
range (see Map 6). Migratory mule and black-tailed deer generally use higher elevation winter range when
weather conditions are mild and low-elevation, south-facing slopes only during extended periods of severe
weather (Loveless 1964; Wallmo and Gill 1971; Hanley 1984; Loft et al. 1984; Schoen and Kirchoff 1985, in
City of Klamath Falls 1986). As weather conditions continue to change towards March, deer migrate to summer
range. During summer, migratory populations occupy energy-rich, high-elevation sites, moving again to
nutritionally poorer winter ranges as winter snow cover becomes excessive.

Cover is required by black-tailed deer to avoid disturbance or predation, and for protection from adverse weather.

Hiding cover is represented by vegetation capable of obscuring 90 percent of a standing adult deer at 200 feet or
less, making small trees up to six feet tall very important. Thermal cover is provided on winter range by
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evergreen trees and shrubs at least five feet tall with 70 percent or more crown cover; on spring, summer, and
fall ranges, deciduous trees and shrubs also provide thermal cover (Thomas 1979; Witmer et al. 1985, in City of
Klamath Falls 1986). Sufficient hiding cover is present in the mosaic of cover types found in the Klamath River
Canyon. Optimal winter thermal cover may be limited to mixed conifer forest and pine/oak forests, although
some pine/ juniper, oak shrub and steppe stands may provide marginal thermal cover. The pine/oak cover type
has been used extensively by deer throughout the winter for both food and thermal cover. During severe winters
deer tend to concentrate in oakscrub/ steppe elevations. As the weather changes deer tend to use oak shrub and
meadow cover types where extensive greenup of vegetation has occurred. Also, scab-rock flats are very
important in March-April when the new grasses and forbs are out. Bed sites have been identified under
ponderosa pine, Douglas fir and juniper trees. Protection from adverse weather is also provided by topography.
Areas near the Klamath River Canyon rim receiving extensive solar radiation and south-facing slopes offer
thermal benefits to wintering deer populations (Loveless 1964; Hanley 1984, in City of Klamath Falls 1986).

Fawning areas for black-tailed deer typically have warm exposures, gentle slopes, low woody vegetation, dense
ground cover two to three feet in height, and succulent forage and water within 600 feet. (Lemos and Hines
1974, Hines 1975, Black et al. 1976, in City of Klamath Falls 1986).

The diet of black-tailed deer on winter range is predominately browse, particularly when snow is present. When
the weather is mild, a moderate amount of grasses and forbs is selected (Leach 1956; Crouch 1981; Hanley and
McKendrick 1985, in City of Klamath Falls 1986). The most abundant food in the landscape area is wedgeleaf
ceanothus (Ceanothus cuneatus) (BLM 1983; Opp 1984, pers. comm., in City of Klamath Falls 1986). Other
shrubs and trees consumed in large amounts include deerbrush (C. integerrimus), glossy-leaf (Ceanothus
velutinus), incense cedar (Libocedrus decurrens), Douglas fir (Pseudotsuga menziesii) and western juniper
(Juniperus occidentalis) (Opp 1984, pers. comm.; unpublished data from BLM Medford District Office, in City
of Klamath Falls, Oregon 1986). Extensive browsing is also evident on bitterbrush (Purshia tridentata);
mountain and birch-leaf mahogany (Cercocarpus spp). Acorns and foliage of Oregon white oak (Quercus
garreyana) with lesser California black oak (Quercus kelloggii), has been utilized extensively by deer.

Critical black-tailed deer winter habitat is often reported to be in poor range conditions, usually a result of past
land-use practices (Wallmo and Gill 1971; Carpenter and Wallmo 1981, in City of Klamath Falls 1986). The
changes in the distribution of forage and effective cover for big game is the result of timber harvest, fire
suppression, high road density, and forage competition with livestock and wild horses. Shrub stands in the
Klamath River Canyon have been heavily browsed, are decadent and show little sign of regeneration. Exotic
weedy annuals have dominated the herbaceous understory, displacing native species. Plant communities within
the Klamath River Canyon appeared to be in poor range condition which may explain why during the winter
deer apparently preferred communities outside of the canyon when climatic conditions were mild enough to
exploit them.

The high density of roads in the watershed is believed to be tied to deer losses resulting from poaching and
harassment. Mountain lions and coyotes are also believed to be having an impact on the deer herd.

Black-tailed deer are the dominant sub-species between Medford and Klamath Falls, Oregon, although some
hybridization with mule deer has occurred (Waterbury 1994, pers. comm.). The ODFW population trend
estimates in the 1960s and early 1970s indicate that deer were more abundant in the past. The estimates in the
late 1970s and early 1980s were lower. The winter snowfall of 1992/93 was hard on the deer population. It is
estimated that forty percent of the deer population was lost to the severe winter. The management goal set by
ODFW for the deer herd in the Keno Unit, which includes the landscape area, is 3,200 animals (Waterbury 1996,
pers. comm.) and it is estimated that 2,500 deer currently use this area for their winter range.

In February 1991 the BLM, PP&L, ODFW and Weyerhaeuser developed the Pokegama cooperative habitat
project. This project was designed to: 1) improve management of the Pokegama big game winter range; 2)
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improve winter range habitat effectiveness for elk, deer, wild turkey and other wildlife; and 3) reduce illegal take
and harassment of wildlife on critical winter ranges, and protect other resources (reduce road damage, soil
erosion, timber theft and vandalism). To meet these objectives (see Map 5) an annual seasonal motorized vehicle
closure was implemented from November 20 through mid-April, which also significantly reduced deer poaching
(Waterbury 1996, pers. comm.). The area remains open to foot and non-motorized traffic during the closure
period.

Elk

(Cervus elaphus) - Federal status: none Other status: none

Early conifer plantations are excellent forage areas for elk, as are wet meadows and vegetation associated with
springs and seeps, especially during the spring and summer. As plantations age (5 to 20 years old), become

. overstocked and dense they provide excellent hiding cover for elk (Waterbury 1996, pers. comm.). During
calving season (May to June) it is important that elk find gently sloping hiding cover adjacent to forage and
away from roads, and in area with dead and down material. Johnson Prairie is a very important calving site is
Grouse Butte (Waterbury 1996, pers. comm.). Elk winter in drainages at elevations between 3,500 and 4,500
feet. Elk are extremely sensitive to roads, and in areas where the road densities are 2.5 miles per square mile,
habitat effectiveness drops to 50 percent (Waterbury 1996, pers. comm.).

Logging practices have created more forage for elk than probably existed in the past. Even though there appears
to be a lack of cover in the clearcuts, elk seem to be utilizing this source of forage. Elk have successfully taken
advantage of the existing cover patches in heavily roaded areas as evidenced by low to moderate hunting success
(Waterbury 1994, pers. comm.). Due to the high density of roads in the landscape area, in the winter elk are
known to use roads for travel, bedding, and foraging along in the closure area (Waterbury 1996, pers. comm.).

It is not believed that poaching of elk is a significant cause of mortality especially with the winter road closure
(Waterbury 1996, pers. comm.).

Elk were first spotted about 20 years ago in the South Keno Management Unit east of the Cascades, which is a
part of the landscape area. Today, the elk found in the landscape area are mostly Roosevelt elk, although some
hybridization with Rocky Mountain elk may have occurred due to their introduction into Crater Lake National
Park during the 1920s. Elk have probably moved into the area partially in response to favorable forage to cover
ratios resulting from clearcut timber harvest prescriptions (Waterbury 1994, pers. comm.). A resident herd of
about 450 elk has become established on the east side of the Cascades north of the Klamath River (Waterbury
1996, pers. comm.), and is referred to as the South Cascades Herd. ~

Federal and state agencies, conservation groups and private companies within the area are funding a Keno Unit
Elk Telemetry study which began in 1994. To date, 20 elk have been fitted with radio collars. The objectives
for this study are to determine year-round herd range and distribution and general use of habitat in the south
Keno management unit. Data collected from the study has demonstrated interstate and inter-unit movement, has
located summer ranges in Johnson Prairie, Long Prairie Creek, Mountain Lakes Wilderness and Aspen Lake, and
has located winter ranges in Long Prairie Creek, Grenada Butte area, Jenny Creek and Emigrant Lake. Also, in
February and March there is a large concentration in the Rosebud Mountain area. The Grizzly Mountain area
has been determined to be an important summer thermal cover area (Waterbury 1996, pers. comm.).

The numbers of elk continues to expand and are expected to reach population goals for 700 animals by the year
2000. Once the herd reaches this number, intensive management is proposed by ODFW. Provided the number
of elk does not exceed 700, it is believed there would be no direct conflicts for forage or cover between
livestock, wild horses, deer, and in the overall health of riparian areas. There is potential for competition
between deer and elk for fawning and calving habitat due to the limited number of mesic sites next to good
cover. Elk are more adaptable and would probably out compete deer (Waterbury, pers. comm. 1994).
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Protection Buffer Species

Great Gray Owl

(Strix nebulosa) - Federal status: none Other status: Protection Buffer species (NFP)

In south-central Oregon, great gray owls were located in old growth (45 sites) or mature (18 sites) stands
characterized by areas of fairly dense forest in relatively large overstory trees with at least two canopy layers.
Within the range of the northern Spotted Owl, the great gray owl is most common in lodgepole pine forests
adjacent to meadows. Nest sites were located in lodgepole pine, lodgepole and ponderosa pine mix, or mixed
conifer (Bryan and Forsman 1987) adjacent to meadows (Northwest Forest Plan, 1994). Ninety-five percent of
63 nest studied by Bryan and Forsman (1987) were in forests less than 0.3 kilometers from meadows with an
average distance between the nest site and meadows of 275 meters and the maximum distance of 750 meters
(Bryan and Forsman 1987). Great gray owls do not build their own nests, depending instead on cavities or nests
built by hawks. Home ranges are very large, measured in miles, and juveniles travel many miles when they
leave the nest. According to studies by Winter (1982), the home range size of great gray owls varies from 372
acres to 753 acres, and averages 593 acres. '

Foraging occurs mainly in deep-soiled meadows or open forest stands, including partially-logged stands with
canopy closures up to about 60 percent and heavy ground cover (average 88 percent) dominated by grasses
(Bryan and Forsman 1987; Bull and Henjum 1990). Meadow size ranges from 15 acres to over 247 acres. All
meadows were relatively wet during the early spring and many had grasses and herbaceous vegetation (Bryan
and Forsman 1987). Optimum habitat is created by narrow or undulating meadows with maximum forest edge
relative to the meadow (Winter 1982). '

The diet of great gray owls consists pocket gophers, northern flying squirrels and red squirrels (Marshall 1992),
but is dominated by voles (Hayward and Verner 1994). Microtine voles generally occupy moist grass/sedge
openings and open herbaceous forests, whereas pocket gophers prefer drier meadows (Anderson 1987; Chase et
al. 1982, cited in Hayward and Verner 1994). Food supply is believed to regulate the abundance of great gray
owls across much of their range. When prey is scarce, many individuals abandon their breeding range. Winter
(1982) maintains that the breeding success of the great gray owl is tied to the cycles of the vole prey base which
forms a major part of their diet.

Historic logging in the landscape area has effectiely reduced the timbered acres adjacent to meadows to the point
where very little suitable nesting and roosting habitat remains today. Great gray owls have not been located in
the landscape area although some potential habitat exixts around Edge Creek, Hayden Creek, and Long Prairie
meadows. Surveys will be conducted to determine the presence of great grey owls prior to implementing most
land management activities.

White-headed woodpecker

(Picoides albolarvatus) - Federal status: none Other status: State Sensitive, Bureau Assessment species
and Protection Buffer species :

White-headed woodpeckers prefer open-canopied stands of mature and older ponderosa pine and, to a lesser
degree, mixed ponderosa pine and Douglas fir (Weber and Cannings 1976; Cooper 1969; Burleigh 1972; Ligon
1973, cited in Blair 1993; Frederick and Moore 1991). Sugar pine, and red and white fir forests have been
reported to provide secondary habitat (Scott et al. 1977, cited in Blair 1993). Home range sizes vary depending
upon the quality and fragmentation of the preferred habitat, and range from an average of 261 acres in good
habitat to 1,100 acres in fragmented habitat (Rita Dixon, pers. comm., cited in Blair 1993). Two radio-tagged
birds had home ranges of 250 acres and 500 acres, respectively (Marshall 1992).
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Snags near openings are preferred nesting sites, and 26 inches dbh are the average sized trees in Oregon (Dixon,
pers comm. 1993 in Blair 1993), although trees with 18 inches dbh have also been selected (Marshall. 1992).
Reports on tree size for foraging indicate that pines (primarily ponderosa pine) greater than 20 inches dbh are
used (Marshall 1992). Thes trees, which do not produce heavy seed crops until 60 to 100 years of age (Spencer
Creek Pilot Watershed Analysis 1995c), provide up to 60 percent of the woodpeckers’ annual diet. Most nesting
and foraging occurs on the lower 15 feet of the trees. Milne and Hejl (1989) as cited in Blair (1993) reported
local breeding territories in the Sierra Nevada to be about 24 acres in size.

It is assumed that the white-headed woodpecker was fairly common in the TPLA area because of the hitoric
distribution of ponderosa pine. However, intense logging in the 1940s left the landscape area with fewer large
ponderosa pine and douglas fir. Surveys have not been conducted in the area for the white-headed woodpecker,
but there have been sightings.

Flammulated Owl

(Otus flammeolus) - Federal status: none Other status: Protection Buffer species

. The flammulated owl occurs mostly in mid-elevation ponderosa pine and douglas fir forests, but they will also
utilize very dry submontane interior Douglas fir stands that are more open due to selective logging (Hayward and
Verner 1994). A significant selection for mostly open patches of old ponderosa pine/Douglas fir and avoidance
of patches of both young conifer and mature aspen vegetation was shown by Linkhart 1984; Reynolds and
Linkhart 1992, cited in Hayward and Verner 1994. This preference for ponderosa pine and/or Douglas fir has
been linked to prey availability of lepidopteran species (moth and butterfly) associated with these forests
(Reynolds and Linkhart 1992, cited in Hayward and Verner 1994).

Flammulated owls are secondary cavity-nesters and use cavities in snags and live trees. The preferred cavities
for nesting in Oregon are those excavated by the pileated woodpecker (Bull et al. 1990, cited in Hayward and
Verner 1994). In northeast Oregon, a study of habitat structure and nest-tree characteristics indicated habitat on
ridges, upper slopes, south and east slopes was generally selected (Bull et al. 1990, cited in Hayward and Verner
1994). Two studies in Oregon indicated an average minimum nest tree diameter of 22 and 28 inches (Goggans
1986 and Bull et al. 1990, cited in Hayward and Verner 1994). In northeast Oregon, nest tree sizes were 12 to
23 inches dbh and 80 percent of the nests were located near a forest opening. The study area contained one
breeding pair per 210 acres. Average home range size during the breeding season ranges from 39 acres during
incubation to 9 acres during the fledgling period (Goggans 1986, cited in Hayward and Verner 1994).

Dense conifer stands are used for roosting by this species (Marshall, 1992). In contrast to foraging and nesting
habitat, preferred roosting habitat appears to be dense vegetation. In one Oregon study, these owls roosted
disproportionately in multilayered, mixed-conifer forest with a ponderosa pine component (Goggans 1986, cited
in Hayward and Verner 1994). Pure ponderosa pine stands were avoided, although they strongly selected
ponderosa pines for roost trees within mixed conifer stands. In Oregon, mean distances from roosts to nests
ranged from 27 yards to less than 109 yards depending upon the stage of the nestlings.

Intense logging in the 1940s left the landscape area with fewer large ponderosa pine and douglas fir. Systematic

surveys have not been conducted for the flammulated owl; however, during northern spotted owl surveys
conducted by the USFWS, one flammulated owl was located in the landscape area.

Pygmy Nuthatch

(Sitta pygmaea) - Federal status: none  Other status: State Sensitive, Bureau Assessment species, Protection
Buffer species ‘

Pygmy nuthatches use habitat very similar to those of white-headed woodpeckers, consisting of uneven-aged
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ponderosa pine forests with medium to large sized trees for nesting, roosting and foraging, although they will
forage in younger trees (Marshall 1992). Nuthatches prefer large broken-topped snags with a minimum of 60
percent bark which are at least 24 inches dbh for nesting and feeding (Marshall 1992). Very limited information
is available on preferred canopy closure levels, however, in a study of preferred habitats in Arizona, canopy
closure was usually less than 50 percent (Cunningham et al. 1980, cited in Chapel et al. 1992).

They -excavate their own cavities at least 20 feet above ground in trees usually exceeding 20 inches dbh. Flocks
of 100 or more birds may roost together in a single, large cavity. These roosts may be important for winter

survival. The breeding territories size are about 5 acres in size. Foraging can occur in young or old ponderosa
pines (Marshall 1992) '

Based on the habitat needs of the pygmy nuthatch, the characteristics of the historic ponderosa pine forests in the
landscape area appear as though they would have met the needs of this species. But no surveys have been
conducted in the past. No surveys have been conducted in the past.
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Core Topic: Hydrology
Issue: Hydrology has been altered in the TPLA area.

Key Question: What are the dominant hydrologic characteristics and other
notable hydrologic features and processes in the TPLA area?

Overview

The Topsy-Pokegama Landscape Analysis (TPLA) area is 171,390 acres in size and is entirely located in the
Klamath River Basin. The source of the Klamath River is Upper Klamath Lake via the Link River and Lake
Ewauna at the city of Klamath Falls. The river flows generally in a southwesterly direction for a distance of
approximately 260 miles through northern California before discharging into the Pacific Ocean (FERC 1990).
The portion of the Klamath River included in the analysis area (about 25 miles) lies between two existing
hydroelectric projects: the J.C. Boyle Project at river mile 225 and the Copco Project at river mile 200.
Hydroelectric peaking operations at J.C. Boyle result in a large diurnal fluctuation in streamflow through this
section of river. Flow is further regulated by controlled storage in Upper Klamath Lake, where irrigation
diversion and additional hydroelectric generation occurs (FERC 1990). The watershed area above the J.C. Boyle
powerplant is approximately 4,080 square miles (USGS 1990).

For purposes of this landscape analysis, three subwatersheds within the TPLA area were selected to assess
hydrologic condition. Excluding the Klamath River, these subwatersheds contain the primary streams in the
TPLA area: Long Prairie Creek, Edge Creek and Hayden Creek. These streams are minor tributaries to the
upper Klamath River. Rock Creek, another tributary, is not analyzed in this landscape analysis because of the

* limited BLM ownership in that drainage (approximately 640 acres). The following summarizes the information
known about Rock Creek: "Since 1965, (the) water level in neighboring Meiss Lake has been controlled by
pumping into the Klamath River via Rock Creek. Total annual quantities pumped from Meiss Lake have varied
considerable and pumping typically occurs from January through April only...Augmentation of Rock Creek flows
during Meiss Lake pumping operations has been estimated at between approximately 40 and 90 cfs (cubic feet
per second)...(During water quality sampling in March of 1984 through July of 1985 near the mouth of Rock
Creek) flows were estimated to range from a spring maximum of 75 cfs to a summer minimum of less than 5
cfs" (City of Klamath Falls 1986). Some time after 1986 (the date of the previously cited text), pumping of
Meiss Lake via Rock Creek may have been discontinued (Regan-Vienop 1996, pers. comm.). The BLM-
administered portion of Rock Creek has been noted to go completely dry during the summer low flow months.

In addition, the effect of management activities on the flow of the Klamath River is not discussed in this issue
because its hydrology is completely controlled by upstream, non-BLM entities. However, basic information
about the quantity and timing of flow in the Klamath River is provided to help assess other resources, primarily
those of aquatic and recreation.

The watershed hierarchy for the Long Prairie, Hayden and Edge Creek subwatersheds is as follows:

Region:
California
Subregion: Klamath-Northern California Coastal
River Basin: Klamath
Subbasin: Upper Klamath
Watershed: Copco
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These subwatersheds are shown on Map 2 and described in Table 18.

Table 18. TPLA Subwatersheds
Subwatershed Total Acres Percen;;t;TPLA Acres BLM Percent BLM
Long Prairie Creek 25,720 15 1,856 7
Edge Creek 4,830 3 548 11
L Hayden Creek 17,800 10 : 4,183 24
L I — T ——aes RS P

Topography in the TPLA area consists mainly (96 percent) of gentle slopes (0 to 35 percent). Less than 1
percent of the area has slopes over 60 percent. The general aspect of the TPLA area is to the south. Table 19
summarizes the major topographic characteristics of the subwatersheds in the TPLA area.

——

Table 19. Major Topographic Characteristics

Subwatershed I&::z;‘ Elevazif:r;t;{an ge Order Dra(ill)lzrgczlil)ope Aspect
Long Prairie Creck | 3,641 2,606-6,247 5 2 33‘(‘)‘{/1 %3:;1
Edge Creek L466 | 2.6404,106 3 35 65 South
Hayden Creek 2,399 2,750-5,149 5 3 ‘g"{z %g‘elgtl

Table 20 summarizes the major fluvial characteristics of each subwatershed, as calculated in GIS. Map 7 shows
the distribution of streams in the TPLA area.

= —
— —————

“ Table 20. Major Fluvial Characteristics
Drainage Density Miles Miles

Total Miles . . ok
Subwatershed of Streams (miles Ir]:;l; )square Miles Perennial Intermittent* Ephemeral*
Long Prairie Creek 141.2 35 7.0 62.6 71.6
Edge Creek 12.6 1.7 0 8.3 43
Hayden Creek 84.2 3.0 32 _ 39.8 41.2
*Estimated

The three tables given above provide insight into the relative influence of BLM lands on overall conditions in
each subwatershed and on the scarcity of surface water resources in the TPLA area outside of the Klamath River

canyon.
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Water use in the TPLA area primarily consists of the following: hydroelectric power generation, irrigation, stock
watering, road watering and fire suppression. Several in-channel and off-channel reservoirs, spring developments
and guzzlers have been constructed on or near Federal lands. These water sources are shown on Map 8. The
Pacific Power and Light Company (PP&L) is licensed to divert up to 2,500 cfs of Klamath River water for the
operation of the J.C. Boyle hydroelectric project. In addition, PP&L has three other water right claims which
were acquired with the purchase of land adjacent to the river. Two of the permits allow diversion from the
Klamath River and one uses water from small tributaries of the Klamath; all three are for irrigation, stock and
domestic use (USDI 1990). The irrigation diversions from the Klamath River near the Laubacher Ranch have
been used for flood irrigation of meadow pastures adjacent to the river. Two small diversions from Hayden
Creek near the Klamath River were noted in a 1979 Field Inspection Report by PP&L. The ditches were
apparently used to flood irrigate meadows at the 41 Ranch. The Oregon State Department of Forestry has a
permit to use up to 10,000 gallons of water per day from an unnamed tributary of the Klamath River, near the
Topsy Road, for dust abatement. The Oregon Department of Parks and Recreation and the Oregon Department
of Fish and Wildlife applied for an instream water right on the Klamath River in 1990. Based on the release
regime from the J.C. Boyle Powerhouse, the application requests 1,500 cfs for recreation and 550 cfs (not
additive) for fish population and habitat (USDI 1994).

Key Question: What are the current conditions and trends of the dominant
hydrologic characteristics and features prevalent in the TPLA area?

Streamflow Characteristics

This section will characterize and assess the dominant hydrologic characteristics in the three TPLA area
subwatersheds selected for analysis. Some flow information is provided for the Klamath River to characterize
existing conditions. However, no assessment of management activities on the hydrologic characteristics of the
river will be undertaken, because of the regulation of river flow by upstream, non-BLM entities.

Current and historic streamflow data for Hayden Creek, Long Prairie Creek and Edge Creek are lacking. During
water quality sampling in Long Prairie Creek (near its confluence with the Klamath River) between March of
1984 and February of 1985, flows were estimated to range from a springtime maximum of 50 cfs to a summer
minimum of less than 5 cfs (City of Klamath Falls 1986). Flow on BLM-administered segments of Hayden
Creek and Long Prairie Creek during the low flow season is estimated to be less than 1 cfs. No other
information on stream flow is available. :

Bankfull flow is the size of a flood sufficiently common to govern the channel size, transports the largest total
amount of sediment over a period of years, and is the most effective or dominant channel forming flow.
Bankfull stage is the stage of incipient overflow. Discharges that exceed this stage must overtop the banks and
spread out over the floodplain. This flow has a recurrence interval of 1.5 years in a large variety of rivers
(Dunne. and Leopold 1978), which is about the average of the range between 1.0 and 2.5 years reported in
Leopold, 1994. The Spencer Creek Watershed Analysis used a recurrence interval of 2 years for bankfull flow;
however, until better regional information becomes available, a 1.5 year interval will be assumed for the TPLA
area.

When field information is lacking, bankfull discharge and bankfull channel dimensions can be estimated using
relations developed for four regions in the United States (Dunne and Leopold 1978). These relations express
bankfull width, depth, cross-sectional area and bankfull discharge as a function of drainage area. These averages
are useful in estimating bankfull characteristics, but dimensions for a particular stream may vary (Dunne and
Leopold 1978). The bankfull discharge and bankfull channel dimensions for Long Prairie Creek, Hayden Creek
and Edge Creek were estimated using the relations developed for the Upper Salmon River drainage in Idaho.
‘These relations were considered most likely to approximate geomorphological characteristics in the TPLA area.
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The bankfull discharge estimates are listed in Table 21 below.

The mean annual flow is the constant discharge value that, if continued uniformly, would give the same volume
of water as that observed in the period of record (usually the water year from October to September) (Dunne and
Leopold 1978). In mountainous regions there is a large variation of annual precipitation with elevation and with
exposure. Data show that there is a consistent relation between average discharge rates and bankfull discharge.
In the mountainous area of western Wyoming where floods are derived from snowmelt, bankfull discharge is 5
to 10 times the mean annual flow for ‘basins of all sizes (Dunne and Leopold 1978). Data from the California
Coast Range found a range in mean annual discharge of 0.2 cfs to 3 cfs per square mile and the following
relations: mean annual discharge is .0034 times bankfull discharge; the 5 year flood is 4.5 times bankfull
discharge and the 2 year flood is 1.9 times bankfull discharge (Leopold 1994). To estimate mean annual
discharge, mean annual discharge versus drainage area was plotted for gaged streams in the region. This plot
can be used to estimate mean annual discharge for ungaged streams, such as Long Prairie Creek, Hayden Creek

and Edge Creek (see Table 21).

Table 21. Discharge Estimates

T ————————— ——————

Bankfull Mean Annual Ratio of
Str Watershed Area Discharge - Mean Annual Discharge Bankfull to
cam (square miles) (c fs)*g Discharge (cfs) (cfs) per Mean Annual

: square mile Discharge
Long Prairie Creek 40.2 358 60 1.5 6:1
Hayden Creek . 27.8 279 47 - 1.7 6:1
Edge Creek 75 118 ‘ R i - -—-
*From Dunne and Leopold Upper Salmon River Relation ~ **Drainage area does not fit onto the plot created.

Average monthly flows were graphed for three streams within 25 miles of the TPLA area. These are the gaging
stations closest to the TPLA area for which annual monthly flow information was available and which have
relatively unregulated or diverted flows. Hydrographs were sketched for these streams using mean monthly flow
data, showing the range of monthly values to illustrate the range of flows by time period. Only one of the three
streams, South Fork Little Butte Creek at Big Elk Ranger Station, yielded a hydrograph that may be
representative of streams in the TPLA area. The hydrograph has a pronounced peak during the months of April
through June, with a wide variation in monthly flow amounts. Precipitation in this watershed ranges from 18 to
30 inches and the elevation ranges from 4,660 feet to 7,300 feet. The basin is 17 square miles in size, with an
average annual flow of about 18 cfs (about 1.1 cfs per square mile) and a mean base flow of 10 cfs. The
general orientation of the watershed is to the west. Bankfull discharge is estimated to be 175 cfs (about 10 times
mean annual flow), using the relations provided in Dunne and Leopold (1978). The soils in this watershed have
a lower infiltration rate than soils in the TPLA area.

The Klamath River. The mean annual flow out of J.C. Boyle dam is 1,980 cfs. Monthly mean flows range
from 653 cfs in July to 3,210 cfs in March. The average yield of the Klamath River Basin at this site is
1,397,000 acre-feet per year (USGS 1990). Typical daily average streamflow below the J.C. Boyle powerhouse
ranges from a low of about 350 cfs in summer to a high of about 8,000 cfs in early spring. The minimum flow
measured at the J.C. Boyle gaging station was 317 cfs in July of 1968 and the maximum was 11,000 cfs in
March of 1972 (USGS 1990).
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Peak flow

Peak flows refer to the instantaneous maximum discharge associated with individual storm or snowmelt events.
In the TPLA area, peak flows are primarily generated by spring snowmelt. However, rain-on-snow events may
be responsible for the largest runoff events. Management activities can increase the size of peak flows through a
variety of mechanisms, including: road building, compaction, removal of the forest canopy, higher soil moisture
levels due to the reduction of evapotranspiration, increased rate of snow melt, and a change in the timing of -
flows that results in a synchronization of previously unsynchronized flows. Any change in the size of peak
flows is most likely due to a decline in magnitude as one moves downstream. Proportionally larger increases in
the size of peak flows will occur downstream only if the timing of peak runoff in the managed basin is altered in
such away that it becomes synchronized with peak runoff in other tributaries (EPA 1991). Because sediment
transport rate is usually exponentially related to streamflow, increases in peak flows could create a situation
where accelerated sediment from roads or harvest units is more efficiently transported downstream. In certain
situations, the increases in peak flows from small watersheds may be additive in the higher order stream channels

(King 1989).

The following discussions are not intended to quantify the magnitude of change in streamflow from management
activities. Rather, it is a tool to translate past and present research into management considerations.

Specifically, the analysis is designed to give a picture of the probable effects given the magnitude of disturbances
within the watershed, and to give an understanding of how to view the watershed in terms of hydrologic
function.

Peak Flow Calculations. The discharges useful for a flow frequency computation are momentary peaks or the
highest discharge in each storm event. The highest flood peak in a given year is called the annual flood. The
mean annual flood is the arithmetic mean of all the annual maximum discharges for a stream. The recurrence
interval of the mean annual flood is 2.33 years (Dunne and Leopold 1978). A discharge of this magnitude is
lightly larger than bankfull and flows over the floodplain (Leopold 1994). When the annual floods for a stream
are tabulated for each year of record, arranged in order of magnitude, they provide the basis for a frequency
curve of the annual flood series (Dunne and Leopold 1978).

Several theoretical probability distributions are commonly used for fitting the observed sample distributions of
annual maximum floods. One of these is the Pearson Type III probability distribution, which was used to
analyze the annual maximum flood record for Fall Creek. Fall Creek is the gaging station nearest to the TPLA
area, excluding the Klamath River, with annual flood information available. The Klamath River gaging stations
are not suitable for this analysis because of flow regulation. Floods of various recurrence intervals were
calculated for Fall Creek using this distribution (see Table 22, Calculated Peak Flows for Fall Creek). These
calculated floods are useful to compare the results of estimations using other techniques, as described below.

Multiple regression techniques are used to predict floods of various occurrence intervals from measures of
controlling factors such as precipitation, drainage area and topography (Dunne and Leopold 1978). These
regression equations are used to estimate the magnitude and frequency of floods at ungaged sites. The USGS
has developed regional flood frequency curves for the upper Klamath River region (including the Goose Lake,
Shasta River, upper McCloud River and upper Pit River basins) using drainage area and an index of the main
channel slope to predict discharges of various recurrence intervals (USGS 1967). A more recent flood frequency
analysis for eastern Oregon was published by the USGS in 1983. For the Eastern Cascades Region (which
encompasses the TPLA area), main channel length and mean annual precipitation in the basin are used to predict
discharge at various recurrence- intervals. Both publications were used to calculate flood flows in the Long
Prairie, Hayden and Edge Creek subwatersheds and in Fall Creek. However, the drainage area of Edge Creek is
too small to use Upper Klamath River Regional Curve.
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Because neither of these publications provide equations to predict all recurrence intervals, ratios between the
annual flood and floods of other intervals (Lohrey 1982) were used to estimate bankfull discharge and other
missing recurrence intervals. In addition, the data used in these flood frequency analyses are not available for
the South Fork Little Butte Creek near Big Elk Ranger Station. Therefore, no calculations were performed for
this drainage using the two publications. Instead, flood flows for this stream were estimated using relations
provided in Dunne and Leopold (1978) and by a Pearson Type III probability distribution of annual maximum
floods.

Tables 22 through 26 list the discharges for various recurrence intervals calculated for the three subwatersheds in
the TPLA area, for Fall Creek, and for South Fork Little Butte Creek at Big Elk Ranger Station. Estimates of
discharge derived from ratios in Lohrey (1982) are indicated in bold type.

Table 22. Calculated Peak Flow for Fall Creek ' !l
Discharge I.)lscharge. Discharge Estimated | Discharge Calculated
. . Estimated using .
Recurrence Interval Estimated using ' using Upper Salmon from Log-Pearson
Upper Klamath > . .
(years) E. Cascades River Regional River Regional Type III Probability
Regional Curve* C g** Relation*** Distribution
urve
1.2 71 78
1.5 (Bankfull) 62 101 152 120
2 94 151 145
2.3
(Average Annual Flood) 1_04 168 165
5 166 276 272
10 225 367 380
25 295 574 547
*From USGS (1983). **From USGS (1967). ***From Dunne and Leopold (1978).
— ——

—

Table 23. Calculated Peak Flow for Long Prairie Creek

Recurrence Interval Discharge Estimated using | Discharge Estimated using | Discharge Estimated using
(years) E. Cascades Regional Upper Klamath River Upper Salmon River
4 Curve* Regional Curve** Regional Relation***
1.2 110 ’
1.5 (Bankfull) 151 150 358
2 227 225
23
(Average Annual Flood) 252 250
5 376 370
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10 495 450
25 625 650
*From USGS (1983). **From USGS (1967). ***From Dunne and Leopold (1978).
Table 24. Calculated Peak Flow for Hayden Creek “
Recurrence Interval Discharge Estimatefl using | Discharge Estimated' using | Discharge Estimatec? using
(years) E. Cascgdes l:eglonal U%per. Kla;néath Rizer 1I{Tp;?er Sla;n;m‘ RIZ:T«
urve egional Curve egional Relation
1.2 - 110
1.5 (Bankfull) 67 162 279
2 101 243
(Average iﬁnual Flood) 112 270
5 184 450
10 255 600
25 340 950
*From USGS (1983). **From UEGS (1967). ***From Dunne and_Leopold (1978).
Table 25. Calculated Peak Flow for Edge Creek
oo el | PR | P
Curve* Regional Relation**
1.2 -
1.5 (Bankfull) 18 118
2 27
23 30
(Average Annual Flood)
5 55
10 80
25 128
*From USGS (1983). **Froin_ Dunne and Leopold (1978).
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Table 26. Calculated Peak Flow for South Fork Little Butte Creek at
Big Elk Ranger Station '
Discharge Estimated | Discharge Calculated
Recurrence Interval using Upper Salmon from Log-Pearson
(years) River Regional Type III Probability
Relation* Distribution**
1.2 70
1.5 (Bankfull) 175 79
2 95
23 100
(Average Annual Flood) .
5 124
10 141
25 160
*From Dunne and Leopold (1978). From USGS (1993).

It should be noted that the estimates listed above may or may not represent the actual peak flows. In addition,
the calculated peak flows were derived from models and not from a rigorous statistical analysis such as Log
Pearson Type III probability distribution (which would require about 10 years of annual peak flow information to
compute).

From the information presented in the above tables, it appears that the relation for the Upper Salmon River given
in Dunne and Leopold (1978) likely overestimates bankfull flow (recurrence interval of 1.5 years) for streams in
the TPLA area. If further information is made available regarding the return interval for bankfull flow in this
region, it may be found that a 2 year interval for bankfull flow (such as was used in the Spencer Creek
Watershed Analysis) would be more appropriate. And, if bankfull flow recurrence interval is closer to the 2 year
flood, then the higher flows provided the Upper Salmon River relation would be somewhat closer but still would
overestimate bankfull discharge for this region. Also, it appears that the Eastern Cascades Regional Curve
provided in USGS (1983) is more appropriate for the TPLA area than the Upper Klamath River Regional Curve.
This assumption is based on the results for Hayden Creek, which are intuitively too large for that system.
Conversely, the Upper Klamath River Regional Curve appears to apply to Fall Creek, based on the close
agreement with the results of the Log-Pearson Type III probability distribution. Therefore, until better
information becomes available, estimates of peak flows in the TPLA area will be based on the Eastern Cascades
Regional Curve.

Roads. Roads are often a major impact on the hydrology of a watershed. Roads, when incised into the slope,
may speed up the evacuation of snowmelt to stream channels. Spring snowmelt and runoff that would normally
travel in a downhill direction, usually as shallow sub-surface flow, is intercepted by the compacted roads and
their ditches and becomes surface flow (Johnson 1995). If the intercepted water is synchronized in time and
place with normal peak flows from the rest of the watershed, the flood peak could be increased. However, the
reverse might also occur. A number of factors probably govem the response of an individual watershed to road
construction, including the number and location of roads and the type of storm event. Another hydrologic effect
of subsurface flow interception results when road culverts are too far apart. Oftentimes, subsurface flows are
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intercepted from slopes and smaller drainages outside the confines of the watershed containing the culvert.

These flows are commonly carried in a ditch along the inside of the road until they can be discharged into the
nearest culvert. This situation can increase the drainage efficiency of a watershed and increase peak flows and
channel erosion. This increased drainage efficiency reduces the amount of subsurface flow moving downslope to
streams, thus potentially adversely affecting groundwater recharge and base flows (Megahan 1972).

Wemple (1994) assessed the hydrologic integration of forest roads with stream networks in two western Oregon
basins. Nearly 60 percent of the road network in these basins drains to streams and gullies and is considered
hydrologically integrated with the stream network, and roads may increase the drainage density by as much as 36
percent during high flow events (Wemple 1994). Assuming that a similar effect occurs in the TPLA area,
drainage densities in each subwatershed and other road-related statistics were calculated by GIS (see Table 27).
Based on these figures, a hypothetical percent increase in drainage efficiency was estimated, using the
methodology in Wemple (1994). For comparison, the basins studied by Wemple have the following
characteristics: an average of 3.7 stream crossings per mile of road; average drainage density of 4.8 miles per
square mile; average road density of 3.1 miles per square mile; and 60 percent of the road network is
hydrologically integrated. ‘

l Table 27. Road Density and Increased Drainage Efficiency by Subwatershed o I

Drainage Density Road Density N\;I;::;‘)f Rxclilii(t)t{in Percent Increase
Subwatershed (miles per square (miles per square Crossings per 100 feet of in Drginage
mile) mile) mile of Road streams Efficiency
Long Prairie 35 37 22 3115 66
Creek
Hayden Creek 3.0 3.6 24 21.38 73
Edge Creek 1.7 2.5 0.6 0.69 88

Because of the number of stream crossings, it appears that the road system in these subwatersheds is

hydrologically integrated with the stream network to a level somewhat less than that in Wemple’s study.
However, the percentage of total road miles in each subwatershed that are within 100 feet of streams is 21
percent in Long Prairie Creek, 21 percent in Hayden Creek and four percent in Edge Creek. Therefore, the:
majority of the road system in these subwatersheds is probably located in the midslope or ridgetop position.
Roads in these positions may intercept subsurface flow and incoming precipitation or melting snow, and the

magnitude of the resultant flow routing effect is estimated to be moderate or large (Wemple 1994).

Based on the hypothetical increased drainage efficiency due to roads, there is a moderate to high probability that
peak flows in the TPLA area have been increased by synchronization of flow and increased drainage efficiency.
Compaction of soil through harvest activities may be adding to these effects. Furthermore, road densities are
likely underestimated, due to the quality of GIS data for private ownership and for California lands. However,
the lack of actual peak flow measurements makes it difficult to determine the level of effect. Because roads can
synchronize or desynchronize peak flows (based on their configuration and position in the landscape), more

information is needed for analysis of peak flow changes from road construction (see Map 9 for more

information).
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Cumulative Effects Analysis

An attempt was made to draw conclusions from research data to determine possible cumulative effects in the
TPLA area. This creates a level of uncertainty, as various geological/geographic characteristics differ. However,
discussions with silviculturists and foresters should counterbalance this discrepancy, as site specific data
regarding recovery rates were factored into the models developed in other regions.

Research Discussion. Forest vegetation removal increases water yield due to one or more of the following
reasons: a reduction of transpiration; an increase in wind turbulence which results in redistribution of snow and
greater local snow accumulations; a reduction of interception; and more efficient conversion of the snowpack to
streamflow. Disregarding the aerodynamic effect on snow distribution, removal of all vegetation would result in
a potential increase in water available for streamflow approximately equal to transpiration, assuming precipitation
is not limiting (USDA date unk.). Removal of vegetation also makes more water available for streamflow by
reducing interception losses. Dunne and Leopold (1978) reported that median canopy interception for coniferous
forest in climates that produce precipitation in the form of rain and snow is 28 percent of gross precipitation.
Interception is particularly effective when there is a drizzle or a low intensity storm event where there is a lack
of "through fall" or "stem flow" which allows precipitation to enter the soil (BLM 1995).

The magnitude of increase in water yield is dependent upon:
1) Soil and rooting depth: greatest increases in water yield are obtained by removing deep-rooted vegetation
from deep soils.

2) Precipitation input compared to energy supply: greatest increases in water yield are obtained from areas
having great amounts of precipitation compared to evapotranspiration. Increases in water yield from north
aspects are greater than those from south aspects.

3) Amount of vegetation removal: water yield increases are roughly proportional to the percentage of the
drainage that is cut.

4) Type of vegetation removal: clearcutting produces maximum increases in yield, selective cutting produces
the least increases. Size and geometry of clearcuts also affect amounts and timing of increases in yield.

5) Species differences: increases in water yield may differ between species because of differences in rooting
characteristics, dormancy, plant size, radiation reflectance and interception.

6) Elevation and slope: an increase in elevation at a given latitude is associated with an increase in snow
accumulation, a delay in snowmelt, and an increase in melt rate. On south aspects melt is delayed and rate
of melt is increased with a lower slope angle On north aspects, melt is delayed and melt rate is increased
with a higher slope angle. These differences with change in slope are also greater at the high elevations and
are reduced as aspect shifts to east or west (USDA date unk.).

Increased water yields from clearcutting have been found to be proportional to the percent of the drainage
cleared. Rothacher (1970) suggests that removing 20 percent or less of the forest cover would not produce a
significant change in streamflow. Hibbert and Gottfried (1987) found that in mixed conifer forests in Arizona,
winter peak flow increases were readily detectable only for treatments that affected vegetation on one-third or
more of the watershed. The increases are primarily attributed to lower growing season evapotranspiration, which
results in quicker soil recharge and more efficient moisture movement. Greater water yields are obtained from
deep rather than shallow soils, and from high precipitation areas. The least increases in water yield result from
partial cutting of trees. In "wet" years, when water is not limiting, partial cutting or any basal area removal could
increase streamflow. In drought conditions, water savings may be used up by the residual vegetation and through
evaporation (Baker 1988).
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The logarithmic reduction of streamflow increases is closely associated with the rapidity of regrowth of
vegetation. Studies have shown that increases in streamflow caused by deforestation decline exponentially with
time and have a half life of about 2 to 7 years (Dunne and Leopold 1978). Increases in water yield from partial
cutting diminish to pretreatment levels in usually less than 10 years, and may only take several years (USDA
date unk.).

In the humid subalpine type with perennial flow conditions, treatment affects streamflow primarily on the rising
side of the hydrograph. Streamflow increases occur earlier because melt of the snowpack may be advanced by up
to several weeks in the clearcuts, and because soil moisture recharge requirements are smaller on the harvested
areas making the "excess" water available sooner. In the subhumid ponderosa pine type, intermittent and
ephemeral streamflow conditions introduce a greater potential for seasonal variation through greater sensitivity to
precipitation amounts and differences in antecedent precipitation conditions. Even though annual precipitation
totals may be similar, differences in precipitation distribution can produce significant differences in annual water
yields. Water yield from the ponderosa pine type averages from 3 to 5 inches per year (Baker 1988).

Although the highest water yields usually occur in the spring, major flow events can occur anytime during the
winter period in the ponderosa pine type, and rain-on-snow events are a more common occurrence than in the
higher subalpine type.  Streamflow is generally initiated earlier after harvesting because melt of the snowpack is
advanced in. clearcuts, and because soil moisture recharge requirements are smaller on harvested areas, making
the "excess" water available sooner. However, differences in melting patterns between harvested and
unharvested ponderosa pine may only be offset by a matter of days instead of weeks (Baker 1988).

Although the effect on snowpack accumulation and flow can be long-lasting in the subalpine type, the more arid
condition of the ponderosa pine type may not be as conducive to producing long-lasting treatment effects unless
sufficient water storage capacity below access of the vegetation is available. In arid situations, where water is
limited, potential savings in water by partial cutting is often used by the residual trees. Harvesting mﬂuences in
some ponderosa pine areas have been lost in the matter of a few years (Baker 1988).

Transient Snow Zone. Rain-on-snow research has shown that changes in both snow accumulation in the
transient snow zone and rate of snowmelt during rainfall can combine to cause more water to enter soil in logged
areas than in forests (Harr 1986). The Jenny Creek Watershed Analysis provides climatological information that
can be applied to the TPLA area. An analysis of elevational temperature distribution and months during which a
snow pack accumulates (based on normal temperatures) indicates that the transient snow zone for the Jenny
Creek Watershed is located between elevations of 3,000 to 4,200 feet. Due to the proximity of Jenny Creek to
the TPLA area, this elevation range is assumed to be valid. A rough visual estimate of the percentage of each
watershed in the transient snow zone is as follows: Long Prairie Creek 30 percent; Hayden Creek 50 percent;
and Edge Creek 95 percent.

Analysis Procedure. The calculated equivalent clearcut area (ECA) value represents the total acreage of
forested land within a watershed considered to be in a clearcut condition in terms of hydrologic response. The
equivalent clearcut area includes the area of clearcuts and roads plus an equivalent clearcut area for partial cuts,
overstory removals, selective cuts, and commercial thinnings. Treatment factors are used to convert non-clearcut
harvested areas to equivalent clearcut acres. "Recovered” in this analysis is considered to be "hydrologically
recovered”. Harvest units are considered to be hydrologically recovered when re-establishment of leaf area is
sufficient to return transpiration rates to pre-harvest levels and canopy closure is sufficient to prevent excessive
snow loading. Leaf area index is the ideal variable to quantify recovery; however, due to data limitations
‘canopy closure is used as a surrogate (USDA 1994).
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