ey v 1'd
i = 7‘—‘hmﬁ2-, “‘ﬁ "{l'\\.\!ll \l b
q I‘\h '|: “ " =. u/

CUMULATIVE EFFECTS OF
FOREST PRACTICES ON THE
ENVIRONMENT

e ! i . ol -
A ‘l;_ ‘:l T i) MR [ s \ ) ¥
R : i P T ‘o : ‘ IR oy AT TR i ‘}
T VT WG T T ey B

Ay, . 2 sez o ! y <

Al ol R oR

’ ‘ "
G VR '_’.',

1= X

gﬁ’! Wﬁﬂmﬂkﬁmo}'
e







CUMULATIVE EFFECTS OF

FOREST PRACTICES ON fHE ENVIRONMENT

A STATE OF THE KNOWLEDGE

Compiled and Edited

By

Rollin R. Geppert, Charles W. Lorenz
and
Arthur G. Larson

ECOSYSTEMS, INC.
P.0. Box 2048
Olympia, Washington 98507

Project No. 0130

First Printing February 1984
Second Printing February 1985

Dan Bigger, Contracting Officer
Division of Private Forestry & Recreation
Department of Natural Resources
Olympia, Washington 98504

Prepared for the

Washington Forest Practices Board
Olympia, Washington






FOREWORD

Terrestrial and aquatic ecosystems are dynamic systems providing a moving
target for the learning curve on which we attempt to single out specific
problems and solutions. This is an on going reiterative process tempered by
social and economic perceptions. There are few absolute answers to the
questions of past and future forest management. What we know best is what
happens today.

This report on cumulative effects is today's experience on the subject.
I+ is not intended to be all inclusive. It represents the first in what could
be many steps to understanding how forest practices interact with air, earth,
water, flora, and fauna to produce anticipated changes in the environment.

At a minimum, this report will increase the reader's awareness of
cumulative effects. At a maximum it will bring about progressive change in
the way forest managers perceive their problems, cause researchers to work
more closely with forest managers and administrators to fill data and
knowledge gaps, and provide administrators with new perspectives on
environmental effects of forest practices.
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READER’'S GUIDE

This guide is offered as a means of orienting the reader to the location
of specific information. In conjunction with the Table of Contents, this
guide should allow the reader to find subjects of special interest. The
Executive Summary contains the salient points of the study.

Chapter 1 introduces the project, outlines its purpose, and develops the
historical background that lead to its need.

Chapter 2 describes the goals and objectives of the project as contained
in our proposal to the Forest Practices Board dated January 14, 1982,



Chapter 3 describes the methods used to collect published and unpub!ished
literature, interview key people, discuss preliminary findings at a one-day
workshop, and review of draft material by a technical panel.

Chapter 4 explains our definition of cumulative effects, forest
practices, and elements of the environment.

Chapter 5 explains how forest practices interact with the environment to
cause direct and indirect cumulative effects.

Chapter 6 discusses our findings and conclusions.

Chapter 7 contains our recommendations.

A glossary of terms used in the report follows Chapter 7. Additionally,
a bibliography of literature cited in the text follows the glossary. Several
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EXECUTIVE SUMMARY

Washington State has a surface area of 42 million acres of which 18
million or 43 percent is commercial forest land. From about 1820 to present
many of these forests have been commercially harvested once and sometimes
twice with even a few now in third growth. As a result of these forest
practices, the character of the environment has changed. Whether these
environmental changes accumulate in time and space is a concern to the Forest
Practices Board (FPB).

In 1982 the FPB commissioned a study to:
1) derive a broad yet useful definition of "cumulative effects",

2) develop a first approximation of the nature, source, and extent of
cumulative effects, and

3) provide direction for future study of cumulative effects.

These three goals were satisfied through an extensive review of the
natural resources literature and interviews with forest managers, researchers,
and administrators.

The study was conducted by an interdisciplinary team of 11 specialists
with expertise in air quality, hydrology, fisheries, wildlife, systems
ecology, forestry, geology, and plant ecology.

The | iterature search discovered ten documents that focused on cumulative
effects of forest practices on the environment. None of these documents were
the product of scientific research but rather were discussions of perceptions
and proposed methods for analyzing effects on soil and water. The most
prominent source of |iterature was California where the US Forest Service has
selected cumulative watershed impacts (soil and water) as issues of concern.
In Washington, only the Department of Natural Resources draft forest land
management plan and accompanying environmental impact statement contained any
recognition of anticipated cumulative effects from proposed forest practices.

After examining these documents, it was concluded that a more detailed
analysis of the subject was necessary in order to provide the FPB with a
useful product. To this end, the forest practices and elements of the
environment were compartmentalized into discrete units and the factual and
theoretical potential for cumulative effects examined based on a broader
review of the natural resources |iterature. During the |literature review
period 107 researchers, forest managers, and administrators from seven states
and three countries were also interviewed for their experience, training, and
perceptions on cumulative effects.

Information collected from the |iterature review and from the personal
interviews was used to develop hypotheses on cumulative effects. These
hypotheses were discussed at an all day workshop attended by 31 researchers,
forest managers, and administrators. Many of the workshop attendees were
people interviewed earlier in the project. The workshop assisted in narrowing
the focus of cumulative effects to specific issues. AT this stage in the
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project the |iterature was again reviewed but this time for specific
information that would confirm or reject information collected in all of the
previous steps. From this second |iterature search factual and speculative
conclusions regarding the nature and source of cumulative effects were
developed. However, no estimates of the extent of cumulative effects were

developed.

Cumulative effects are defined as:

Changes to the environment caused by the interaction of natural
ecosystem processes with the effects of two or more forest practices.

The key to this definition of cumutative effects is the requirement of
interaction between effects of multiple forest practices. A cumulative effect
occurs whenever an environmental change caused by a forest practice interacts
with environmental change(s) from other forest practices. |f environmental
effects of individual forest practices do not interact, there are no
cumulative effects. Interaction may be additive (accumulate), subtractive, or
synergistic.

Multiple forest practices include all possible combinations of the many
diverse types of forest practices that may be ongoing within a forest (timber
harvest, road construction, site preparation, etc.) as well as combinations
and repetitions of the same type of forest practice. These forest practices
may occur on the same site over time, or be widely dispersed within the
forest, occurring simultaneously or in a sequential manner. In brief, there
are no combinations of practices that are not multiple forest practices.

Since all effects are not cumulative, there must be another category of
environmental change. Environmental change caused by a forest practice which
does not interact with other changes from additional forest practices is
defined as an "individuval effect" All environmental changes caused by man
are either individual or cumulative effects. Environmental change that occurs
naturally is part of the natural baseline.

Cumulative effects are either temporary or persistent. Temporary
cumulative effects will recover at some time within the forest management time
frame with the affected element of the environment refurning to its baseline
condition. On the other hand, the change to the baseline caused by a
persistent cumulative effect will continue as long as the forest practices
that cause this change continue without modification. Restoration of
persistent cumulative effects via natural ecosystem processes is slow and
continual ly aggravated by additional forest practices. Persistent cumulative
effects are probably more important than temporary ones and they are
emphasized in this report.

The definition of cumulative effects relates changes in the elements of
the environment fo forest practices as the cause. Forest practices means any
activity conducted on or directiy pertaining to forest tand and relating to
growing, harvesting, or processing timber. These practices were categorized
under the headings 1) Timber Harvest, 2) Road Construction, Maintenance, and
Use, 3) Site Preparation, 4) Reforestation, and 5) S$tand Maintenance and
Protection. These practices cause changes to the five elements of the
physical environment; air, earth, water, flora, and fauna,
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information gathered from the interviews and the |iterature review were
combined to determine the effects on the environment caused by the most common
forest practices. Discussion of cumulative effects dascribes which forest
practices would most likely result in cumulative effects. Although extensive,
this review was not all inclusive and forest practices that were considered
minor, or for which no information was found, are not discussed.

In the discussion, conclusions are presented about the potential of
specific forest practices causing cumulative effects and are meant to focus
attention on these issues. They are our best estimate of potential cumulative
effects and there is a need to further examine and test each of these
conclusions and fo add others where appropriate. Whereas potential cumulative
effects are described, the consequences of either controlling them, or
allowing them to continue was not determined. Both options have social
impl ications that only the FPB can balance.

The major conclusion of this study was, "yes", there is a potential for
cumulative effects from current forest practices. Also, if it is socially
desirable, control of most, if not all, of these cumulative effects is
possible by manipulating future application of forest practices in time and
space. However, zero environmental effect can never result from forest
practices. The steps necessary to control cumulative effects are:

1) identify cause-effect reilationships,

2) identify which practices cause which effects,

3) rank cause-effect relationships for importance as environmental
hazards,

4) assess importance of forest précficas having adverse impacts and
evaluate costs of alternatives,

5) balance trade-offs between environment, alternative forest
practices, and social benefits derived, and

6) decide on acceptable environmental changes and regulate accordingly.

Steps one, two, and three have been addressed in this study.

Determination of persistent cumulative effects requires a knowledge of
how practices are applied, where practices are located, and when they are
carried out, Whether an individual change to any element of the environment
becomes cumulative depends upon the balance of three variables:

1) the magnitude of change,

2) the rate of recovery from the change, and

3) the frequency of subsequent forest practices and their resultant
changes.

Cumulative effects are not a universal phenonmenon, but are site specific
and depend upon the interaction of time, space, and practices. Determination
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of whether or not a change becomes a cumuiative effect requires addressing the
following questions:

1) What properties or processes are changed by the forest practice?
2) What is the relative magnitude of change and its direction?

3) What is the duration of the effect?

4) What interaction with other changes is likely to occur?

5) Over what time and space frame are forest practices occurring?

Because future forest practices must occur before many cumulative effects
will develop, forest practices were often extrapolated forward in time in
order to speculate on environmental change several rotations into the future.
Where this was done, the timing and location of future forest practices was
based on an interpretation of current frends.

Three groups of practices have the highest potential for causing
cumulative effects:

1) Forest practices that physically disturb or aiter the soil,
principally related to forest roads and timber harvest.

2) Forest practices that remove excessive quantities of biomass,
principally high utilization harvesting often combined with short
rotations, and site preparation.

3) Forest practices that change the composition and structure of flora,
principally timber harvest and short rotations.

Within the first category, forest roads and timber harvest are forest
practices that cause greatest disturbance to the soil. They accelerate
erosion, increase the frequency of debris avalanches, and result in water
qual ity degradation and a change to aquatic habitat. These practices also
alter the timing and volume of runoff. Of these two practices, ftThe
environmental effects of road construction, use, and maintenance are the most
persistent and constitute the greater potential for causing cumulative
effects, ;

The second category consists of practices such as whole-tree harvest,
prescribed fire, and short rotations that remove nutrients, accelerate
nutrient leaching, and reduce the size and quantity of dead and down woody
material. These changes can effect the future productivity of both flora and
fauna. Of these practices, whole~tree harvest combined with short rotations
has the greatest potential for causing cumulative effects. Cumulative effects
likely to result include a gradval deciine in available nutrients and other
alterations in forest soil properties, a reduction in productivity of forest
trees causing changes to both forest structure and composition, and a decline
in quantitites of woody material in the soil causing changes to soil biology.

The iast category consists primarily of forest practices involved in
converting unmanaged forests to managed forests and include even-aged
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management using short rotations, selection harvest, artificial regeneraticn,
and animal and disease control. These practices cause a shift from old growth
forests cycled by wildfire, windthrow, and disease, to young forests cycled by
timber harvest, site preparation, and planting. Cumulative effects that
resuit are mostly related to reductions in large, old trees, changes in
dominant species, and maintenance of a large |and base in younger (smailer)
trees. Changes to physical, chemical, and biological soil properties which
are controlied by some aspect of mature vegetation (litter, large logs,
nutrient cycle, microflora) are one effect. Also, the loss of old growth
forest structure, both within the canopy (crown types, snags) and near the
ground (large organic debris, subordinate vegetation) is another cumulative
effect., These will cause additional changes to fiora and fauna that depend on
habitat provided by a mature forest. In most cases extinction of any species
is not likely, but decreases in some species, and increases in others will
occur, Forest practices in this last category, in particular those related to
the old growth issues, are not easily modified. The long time necessary for a
forest to develop old growth characteristics precludes the use of most
intensive forest management activities.

This study provides the FPB with a foundation for understanding the
subject of cumulative effects as it relates to the regulation of forest
practices in Washington. We recommend the FPB use this information to:

1) develop an overview of the magnitude, duration, and frequency of
forest practices having a potential for cumulative effects,

2) conduct an examination of methods used to analyze cumulative
effects, and

3) conduct an examination of representative basins throughout
Washington to develop models for quantifying and analyzing
cumulative effects.

Following these steps, the FPB would be in a position to determine appropriate

modifications of forest practices regulations necessary for controlling
cumulative effects.
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1. INTRODUCTION

What is meant by the term “cumulative effects™ in relation to forest land
management? Do cumulative effects occur on forest lands in Washington? How do
forest practices interact with the environment to produce cumulative effects?
These are just some of the questions posed by the Forest Practices Board
(FBP), the sponsor of this project.

Why is the FPB interested in cumulative effects? How did this project
get started? How will the results of the study be used? For the benefit of
those readers not familiar with the Washington Forest Practices Act, FPB, and
events leading up to this review, we have summarized the salient points of
interest to halp answer some of these questions.

1.1 FOREST PRACTICES ACT

The State Legislature enacted the Forest Practices Act in 1974 and
amended it in 1975 as Chapter 76.09 of the Revised Code of Washington (RCW).
The act created an eleven member Forest Practices Board charged with
developing forest practices regulations (rules). Rules protecting water
qual ity were developed in conjunction with the Department of Ecology and rules
protecting other public resources were developed by the FPB and its advisory
commijttees (Geppert 1978). These regulations satisfy the planning and
program requirements of sections 208, 209, and 305 of the Federal Water
Pollution Control Act (Geppert 1979). They were formally adopted by the FPB
on June 16, 1976 and made effective July 16 as the Washington Administrative
?ggg (WAC 222). The first revision of the regulations occurred in October

The Department of Natural Resources (DNR) administers the reguiations in
cooperation with the Department of Ecology (DOE), the Washington Department of
Fisheries (WDF), and the Department of Game (WDG). Compliance with forest
practice regulations requires that all non-federal l|land owners receive
approval before implementing a Class Il, 111, or IV forest practice. Over
10,000 forest practice applications are reviewed, inspected, and approved
annualily by the DNR,

Presently, each application is reviewed independent of other forest
practices applications on adjacent lands, with no consideration for pastf or
future operations. No importance s attached to possible interactions between
ad jacent or future applications. However, the FPB recognizes that some
individual forest practices have a potential for causing a substantial impact
on the environment. These Class [V-Special forest practices are subject tTo
the State Environmental Policy Act (SEPA).

In January, 1979, as a result of a lawsuit to restrict harvest on the
"Classic U Tract" filed with the lsiand County Superior Court, the FPB
recommended a review and reclassification of Class IV-Special forest practices



(Appendix A). In July of the same year, DNR commenced a factual review of the
Class [V=-Special designation by sending 57 letters of inquiry to special
interest groups. Additionatly, DNR conducted four publ ic meetings, state-
wide, in August and September. As a result of these meetings, 14 issues were
identified, Cumulative effects was one of them. The term cumulative effects
was first voiced as concern about multiple slash burning practices and the
resultant changes in air quality in testimony presented at the Everett meeting
on August 30, 1979,

Following this review, the Commissioner of Public Lands appointed a
technical advisory committee to investigate these fourteen issues. The
committee worked from October 1979 to April 1980 and issued their final report
in May (Class IV-Special Technical Committee 1980). The report recommended
three of the fourteen issues for further study; they were 1) scenic
transportation corridors, 2) sub-alpine and harsh climates, and 3) cumulative
effects.

1.2 CUMULATIVE EFFECTS

The FPB decided that further study and documentation of cumulative
effects was a high priority, and in May, 1981 issued a request for proposals.
Respondents were asked to address five tasks:

1)  Examine the state-of~knowledge about cumulative effects through a
literature search and personal interviews, and develop hypotheses on the
potential for cumulative impacts. Test these hypotheses in the remaining
tasks.

2) Examine representative basins in Washington State to detect and,
where possible, quantify periodic landscape changes.

3) Describe provisional confirmation and cause/effect relationships for
existing or potential cumulative effects that are identified.

4) Provide a framework that the FPB can use to identify future baseline
data and research needs on cumulative effects.

5) Display the rationale for the findings and conclusions in an audio~
visual presentation.

After selecting three firms as preferred consultants, the FPB decided in
December, 1981 to reduce the scope of work due to a lack of funds. The three
preferred firms were asked to re-submit technical and cost proposals on tasks
1 and 4. Ecosystems, Inc. (El) was awarded the contract in January, 1982.
However, initiation of the study was delayed for five months while the FPB and
DNR solicited funds from various private, state, and federal organizations in
Washington State and elsewhere. In June, 1982, with about half of the needed
funds in hand, the FPB decided to begin the project. The contract with El was
signed in August.

Information in this report was gathered and compiled for use by the
Washington State Forest Practices Board. It provides a basic description of



cumulative effects allowing the FPB to decide whether current regulations will
accomodate anticipated cumulative effects, or whether additional regulations
are needed. If the latter is the case, further studies of greater detail
will be needed before formal regulations are written.

1.3 HISTORY OF FOREST PRACTICES

Forests, along with mountains and rivers, are a major landscape feature
of Washington, the Evergreen State. They are a major renewable resource
providing goods, services, and jobs to people around the world. These forests
are not, however, the same forests that existed prior to settiement.
Development has reduced the commercial forest land base to about two-thirds of
its original area.

While the future of Washington's forests are tied to current forest
practices, many of their present characteristics are a result of past
activities. In many ways, this will constrain management options for a
considerable time into the future. The present age class distribution in
western Washington is an example. I+ is a result of logging first along Puget
Sound and then progressively moving inland. This restricts when and where
future harvest activities can occur. Understanding the historical development
of forest management is necessary to appreciate the potential for cumulative
effects of future activities.

Trees have been commercially harvested in Washington since about the
1820's. The state's first sawmill was constructed at Fort Vancouver in 1827
by Dr. John Mclaughlin. Early water-powered sawmills were constructed on the
Willamette River in 1838 and on Puget Sound at the mouth of the DesChutes
River in 1846. The timber came from settlers clearing the land to make way
for homes, farms, cities, and factories. Finished lumber was shipped to
Alaska, Oregon, California, and Hawaii.

By 1850, 37 sawmills were in operation in the Pacific Northwest. Most of
them were centered around the confluence of the Columbia and Willamette
Rivers. Increased settlement had increased the demand for lumber t+o build
homes, factories, and ships. Federal legislation, such as the Donation Law of
1850, played a major role in developing the west by granting settlers title to
320 acres after living on and cultivating the land for four years.

An expression of l|land settiement and Euro-American conquest of the west
can be found in the establ ishment of reservations and signing of treaties with
all major fndian Tribes in Washington by 1855, Land settlement was augmented
with passage of the federal Timber and Stone Act of 1878 authorizing "any
citizen or person who has made a declaration of his intention of becoming a
citizen" to buy 160 acres of timberland at $2.50 per acre.

By 1858, log supply shifted from settiers clearing land of "nuisance
trees™ to organized teams of loggers dispatched to cut "timber" along the
water's edge. Forests were initially selectively cut, taking the trees of
highest value and leaving the remainder. When demand exceeded supply, forests
were clearcut. Oxen pulled logs on skidroads constructed of logs 12-18 inches



in diameter placed 10 feet apart, notched in the center, and lubricated with
grease boiled from dogfish livers. The bull teeams worked within reach of the
streams, either fresh water or tidal, for they were capable only of short
hauls (less than two miles) and could not pull the grades into distant hills.
The road was by far the most important construction in the woods and was a
determining factor in the success or failure of a logging show. Oxen were
soon replaced with horses which were about four times as efficient.

Rivers, streams, and salt water served as the medium for transporting
logs long distances from the woods to the mills. Coincident with skidroads
was the use of log dams to form ponds for holding logs and to create a supply
of water to move logs downstream to tidewater. Splash, roll, and pond dams
were used extensively on coastal streams and well inland on larger rivers from
about 1880 to 1920. As a result stream bottoms, banks, and riparian zones
were changed dramatically from their pre-logging condition. Many of these
changes persist today (Sedel|l and Luchessa 1981).

Once in tide water, steam powered tug boats moved the logs in rafts to
the mills. This mode of transporting logs by towing was gradually replaced by
railroads as logging progressed inland. Commercial rail lines were
constructed from Portland to Tacoma in 1883, over the Cascades in 1887, and
coast to coast by 1883. Railroad logging started in the 1890's and was used
extensively from 1900 through the 1930's. Gasoline powered trucks with solid
rubber tires came into use around 1925. Pneumatic tires and dual wheels
appeared in the 1930's and diesel began replacing gasoline about 1940. Also
in the 1940's, power saws began replacing hand saws.

Forests were recognized as a resource worthy of protection around 1905
when the US Forest Service was formed. Also in that year, the State Board of
Forest Commissioners was formed to supervise the protection of state lands in
Washington. Later, in 1908, the Washington Forest Protection Association was
founded. The mission for these and similar organizations was one of
protecting the forests from wild fires.

In 1909, the sulphate process for making newsprint was discovered and by
1920 hemlock gained recognition as a merchantable tree species for pulp.
Prior to this it was viewed as a weed species. This transition in hemlock
value took on a new dimension when a timber cruise of the Olympic Reserve
showed that 42 percent of the trees were hemlock (Morgan 1980). In 1929,
Washington produced 7.38 billion board feet of timber, the second highest
annual production in history (7.81 biflion board feet was cut in 1973). Prior
to this, however, people were starting to show an increased awareness of how
long the boom era would last. The "cut out and get out" attitude was in
question and the future of logging was speculative at best.

In 1929, the Western Forestry and Conservation Association conducted the
nation's first comprehensive timber study. This study was conducted in the
Grays Harbor area to assure the future of Hoquiam, Aberdeen, Montesano and
surrounding towns. The report showed that by cooperatively managing private
and governmental forest resources, and by controlling fire losses that were
ruining Grays Harbor county's regrowth, a high yield of production could be
maintained permanently. Out of this study came new understandings and a firm
foundation for the communities of Grays Harbor. Another study known as the
Elma Survey, reinforced the need to manage forests for the future supply of



Sustained Yield Unit of 1946 between the US Forest Service, Olympic National
Forest, and the Simpson Timber Company (Yan Syckle 1981). These two studies

may now be viewed as precedent setting insights for charting Washington
State's future in forestry.

Reforestation of cut over lands gained importance in the 1930's,
especially through such federal work relief programs as the Civilian
Conservation Corps. In many areas, wildfire, both before and after togging,
created vast acreages with |iftle or no natural seed source. The Yacolt burn
in southwest Washington is one example, 238,000 acres burned in 1902,
Throughout the next 50 years, nine major fires reburned in the Yacolt (Felt
1977). Forest nurseries also came into existence in the 1930's, producing
seed| ings to replant the Yacolt and similar areas. The Division of Forestry's
Capito! Forest nursery produced its first crop of 1,250,000 Douglas~fir
seedlings in 1937. Barerocot Douglas=fir has continued to be the mainstay of
forest planting in the Northwest. Early attempts at growing other species
were not successful because of problems with nursery production and planting
mortal ity.

in 1931, the legislature took the first step toward improving the economic
climate for forest land owners in Washington by enacting the Reforestation Act
(RCW 84,28). Unfortunately, this act had little effect in stopping the trend
toward tax delinquency on private forest lands. The amount of tax delinquent
acreage reverting to public ownership nearly tripled between 1932 and 1941,
Tax delinquency was not restricted to cut over land. Over 40 percent of the
del inquent acreage contained some mature timber. The high rate of tax
deiinquency on private forest lands during the 1930's created an
administrative problem for many counties. In a study of 18 counties in
western Oregon and Washington, the US Forest Service found that over 23
percent of the private commercial forest land in nine Washington counties was
t+ax delinquent as of 1932 (Wilson and Malone 1948)., In an attempt to solve
this problem, the legislature enacted two laws in 1935 and 1937 which provided
alternative means for the counties to dispose of the land. The 1935 law
authorized counties to sell tax delinquent iand to the federal government for
addition to the national forests and wildlife preserves. The 1937 law
authorized counties to transfer tax delinquent land to the State Forest Board
for management as reforestation lands (Conklin 1980).

Land abandonment in the 1930's and 1940's was related to more than just
the property tax laws. [t was caused by a combination of poor economic
incentives to retain property, poor wood prices and markets, inaccessible
stands of timber, high risk of fire and insect epidemics, and annual property
taxes. As a result, many land owners harvested the most valuable timber and
let the land revert to public ownership. This is aiso the period when the
Keep Washington Green program was established (1940), timber harvest was
subject to the Capital Gains Law (1942), and the start of the Tree Farm
Program (1941).

Until World War [! produced a surge in demand for wood, many forest land
owners viewed reforestation and retention of the land for production of a
second timber crop as a form of financial suicide (Conklin 1980).
Reforestation became a requirement in 1946 with the passage of the State's
first forest practices act (RCW 76.09). In the post World War || years the
practice of forest management took shape. Trees were no longer viewed as a



nuisance but rather as a renewable resource capable of being manufactured into
numerous commodities and sold around the world.

The next major change in forestry occured in the 1960's when intensive
forest management gained popularity., Tree breeding, fertilization,
pesticides, thinning regimes, and scarification were practices designed to
increase tree survival and growth. Additionally, long reach cable systems
(skylines) were re-introduced to increase production and lower road
construction costs.

Early historical figures for timber harvest in Washington are based on
lumber production rather than the current system of log volume production.
Over time the methods of measuring volumes has varied as well, confusing the
task of comparing historical records with any degree of accuracy. Figure 1-1
displays the trends of timber harvest over time, placing some perspective on
:here we are, where we have been, and possibly allowing some direction for the

uture,

The boom years before the Great Depression, 1928 and 1929 produced ftwo of
the state's largest harvests, 7.14 billion board feet (BBF) and 7.38 BBF
respectively, exceeded only by the 1973 harvest of 7.81 BBF (Wall 1972, DNR
1981). In Western Washington the largest single yearly harvest reported is
for 1929, at 6.83 BBF followed by 1928 at 6.68 BBF and 6,59 BBF in 1973
(Figure 1-1). Eastern Washington harvest early in the century was much less
than the current rate, with the largest volumes occurring in 1978 and 1973,

Looking at acres reported through the Department of Natural Resources
Timber Harvest reports one can get a picture of the number of acres receiving
some type of treatment, though the type and extent of treatment is not clearly
delineated. The data in Figure 1-2 demonstrate only a slight general trend
upward in acres harvested. More important is the difference between federal,
and non-federal acres. Clearly the non-federal have been, and continue to be
the largest segment of the acres reported.

This brief review of forestry in the Pacific Northwest indicates a
dramatic change in natural resource values and management in the 130 years
between 1850 and 1980, From beaver pelts to beaver fever (Giardia), from
oid growth nuisance trees to high value veneer, from cut and get out to high
yield forestry, from splash dams to riparian habitat and large organic debris
management, from wildfires to smoke management; the comparison of change
becomes endless.

Forestry as we know it today is, at best, only 20 years old. No land
owner has ever been through a rotation of planning and intensive management.
Add to this the concern for environmental protection, which is only about 15
years old, and the challenge of predicting or controlling changes in air,
earth, water, flora, and fauna and the issue of cumulative effects becomes
very compl icated.

Both the management of forests and the methods of assessing resul tant
changes in the environment are based on a very narrow window of knowledge
accumulated over a relatively short period of time. What does the future hold
for the forest industry in the next 130 years? The fact that none of us will



Figure 1=-1. Log production in Washington, 1869-1982
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Figure 1-2, Trends in acres harvested by ownership 1949-1978.
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be here to experience the change makes the question even more important
because the progess of true civilization is judged by the consideration we
give to the future, not only the present. This consideration for the future
is exemplified by the Washington Forest Practices Board's desire to learn more
about the interaction between forest practices and the environment and the
potential for cumulative effects.



2. GOALS AND OBJECTIVES

The goails of this study were to:

1) Define what is meant by the term "cumulative effects™ so that both
spatial (i.e. throughout the forest or downstream, downwind) and temporal
(i.e. throughout the forest or next year or 100 years from now) effects
are included.

2) Develop a first approximation of the nature, source, and extent of
cumulative effects on the environment arising from forest land management
activities based on a review of the appropriate |iterature and
consultation with knowledgeabie professionals.

3) Provide a basis for directing future scientific studies on the
significance of cumulative effects.

The objectives of this study were to:

1) Conduct an extensive literature review and conduct interviews with
current researchers to identify cumulative effects of forest practices on
the environment; prepare a |library of pertinent |iterature. This review
will establish a definition of cumulative effects and develop a first
approximation of the nature, source, and extent of cumulative effects.

2) Conduct a one~day workshop with invited forest managers, researchers,
and regulatory administrators to review draft hypotheses on nature,
source, and extent of cumulative effects.

3) Develop a framework for future studies to fill information gaps on
the presence or absence of cumulative effects, as well as the nature,
source and extent. This will inciude a listing of basel ine research
needs and a process for evaluating proposed studies and study results.

To fulfill these goals and objectives within the time and cost
constraints, we found it necessary to make some assumptions that would control
the study's magnitude. Without these constraints such a study could easily
consume our team in a decade of full time work. Since the intent was to
develop a first approximation of the subject, we used the following
assumptions as a guide:

1) The forest industry will continue to be a major industry in
Washington.

2) Young growth management using short rotations will continue to be the
policy for the majority of forest land managed in Washington.

3) The standard of performance of forest practices will continue as
presently practiced and reguiated by WAC 222, dated October 1, 1982, In
other words, we are not predicting technological changes that would



influence the way forest practices are conducted.

4) The search for |iterature on cumulative effects will be world-wide,
however, the interpretation of the information should be applicable to
the biogeocl imatic conditions in Washington.

5) The study will consider all commercial forest land in Washington
independent of the differences in ownership and management.

6) The study will be limited to establishing the potential for forest
practices to cause cumulative effects. |t was not a task to identify
mfi;'ig:ﬁng or control measures that could eliminate or reduce cumulative
eof fects.

7) The Forest Practices Board wiil be responsible for determining the
importance of each cumulative effect issue identified.

8) The Forest Practices Board will be responsible for determining

whether current forest practices regulations adequately address
cumulative effects.
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3. METHODS

This literature review consisted of both standard and innovative methods
for collecting and analyzing timely information on potential cumulative
effects of forest land management activities on the environment. In addition
to the published |iterature we concentrated on people: what they research,
what they practice, and what they bel ieve regarding the nature, source, and
extent of cumulative effects. The challenge of this project was literally to
examine the world of |iterature on the interactions between forest practices
and the physical elements of the environment. Our approach to accomplish this
consisted of 1) using an interdisciplinary team of 11 specialists and 2)
separating the project into discrete tasks. The 11 tasks, each divided into
distinct steps of manageable size were designed to complement and build upon
preceding tasks and to determine the content of succeeding tasks, thus
providing a logical progression of outputs and supporting data.

The project commenced on August 16, 1982 with a general scoping of the
cumulative effects issue and the development of background information for use
by team members. Douglas Canning summarized the regulatory processes
contained in various federal and state laws for their applicability in
controlling forest practices and changes to the environment. He outlined the
relationship between cumulative effects, Class IV - Special, and SEPA
(Appendix A). Bruce Grogan summarized the status of methods, studies, and
programs used in California to address cumulative effects of forest practices
on federal, state, and private forest lands. California has been the most
active state in addressing cumulative effects, however, their programs
emphasize the effect of forest practices only on water resources (Appendix B).

The second task was a literature search on cumulative effects using local
and regional computer abstract services. Next, the team developed a draft
definition of cumulative effects used, in conjunction with the above
information, to conduct manual |iterature searches. Abstracts were prepared on
pertinent documents reviewed using a standard format.

The manual and computer searches discovered ten documents on cumulative
effects of forest practices. This finding confirmed our suspicions that the
bulk of the information was contained in bits and pieces among site specific
research projects and in the minds of people. Our next step was to pursue
both sources for information. During the review of pertinent articles each
team member noted key authors and other people as candidates for personal
interviews.

In March, questionnaires were sent to many of these people to determine
their experience with this subject and their interest and expertise that would
merit a personal interview. Interviews were conducted primarily in April and
May of 1983. Findings from the |iterature and inferviews were summarized into
short statements and presented for review at a one~day workshop on June 24,
Review comments were analyzed and used to confirm or reject our hypotheses on
cumulative effects. The draft report was prepared from July to September and
presented to the Contracting Officer on October 5, 1983. Additional copies
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were given to a six-member technical review panel, selected by El.

3.1 INTERDISCIPLINARY TEAM

The interdisciplinary team, consisting of eleven specialists, was
selected for expertise and familiarity with |iterature and key people
appropriate to the cumulative effects subject. The names and responsibilities
of each team member are:

¥ Rollin Geppert - served as program director in charge of overseeing
all aspects of the project. Additionally, he assisted other team
members in the area of forest practices and flora, and supervised the
compiling and editing of the final report.

¥ Charles Lorenz - provided information on forest practices and flora
and was in charge of the questionnaire. He also assisted in compiling
and editing the final report.

* Arthur Larson ~ provided information on water, soils, forest
practices, and flora. Additionally, he was in charge of the computer
| iterature search, all data processing, and much of the data analysis.
He also assisted in compiling and editing the final report.

Matthew Brunengo - provided information on geology and soils.

Douglas Martin - provided information on aquatic fauna, especially
fish.

Douglas Canning - provided information on environmental assessment
methods, SEPA, NEPA, and terrestrial fauna; as well as insight to many
aspects of the project.

Peter Haug - provided information on NEPA, |iving systems theory,
environmental analysis, and conceptual frameworks for ecosystems
model.ing.

Bruce Grogan - provided the background information on the status of
the cumulative effects issue in California plus valuable insight
during the formative stages of the project. He authored the very first
document in Washington state on cumulative effects in early 1980 as
part of the Forest Practices Board's review of Class 1Y - Special
practices.

Wolfhard Ruetz - a forest physiologist and geneticist living in West
Germany provided sources of |iterature from Europe.

Rainer Muenter - a German forester currently living in the USA was

also the source of European |iterature and performed translations to
English.
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Larry Sims - provided information on slash burning and air quality.
* Core Team Members

All phases of the project were directed, managed, and conducted out of
Ei's office located in Lacey, Washington. Eight of the team members met on a
monthly basis for the first six months of the project. Thereafter the team
met bi-monthly. Team meetings provided a forum for interaction between
various disciplines. Other forms of interaction and communication were
achieved via telephone, mail, and in meetings of two to four team members.

3.2 LITERATURE SEARCH

The search for appropriate |iterature was divided into two phases. The
first was a search for publications that dealt directly with cumulative
effects, either in foresitry or a related discipline. The second was a broader
search of the [iterature for publications describing the effects of forest
practices on the environment, but with no restriction to being cumuiative or
even long-term. Both manual and computer-aided searches were made in each
phase.

The manual |iterature search was initiated with a search of the Forest
Service's West~For-Net |ibrary headquartered at the University of
Washington's, College of Forest Resources Library (CFRL). In addition, CFRL's
files of prior computer-aided abstract searchs were reviewed for relevant
publ ications, Each E! team member also searched his personal |ibrary (several
of which are quite extensive in their specialty field). Many additional
publications were suggested by various scientists and administrators during
the personal interview stage of this project.

A search of applicable abstract data bases kept on computer files was
conducted in conjunction with the manual search. Facilities of the Natural
Sciences Library of the University of Washington were used in this endeavor,
and the search was restricted to those data bases available through DIALOG (a
commercial data bank of the Lockheed Corporation). Data bases found to have
the greatest volume of useful information were CAB (Commonwealth Agriculture
Bureau - includes Forestry Abstracts), Agricola, Water Resources Abstracts,
Pollution Abstracts, and BIOSIS (Biological Abstracts).

Computer searches matched forest practices with the separate elements of
the environment. Major key words used are |isted in Appendix C. The strategy
used an initial search of broad +topics followed by a narrowing to more
specific issues until the number of abstracts found was of affordable size.
It was not uncommon for the initial search to uncover several thousand related
publications, the majority of which were extraneous to our needs. For
instance, if a search of forest management versus water produced extraneous
publ ications, then the search was narrowed to forest management and water
quality, or even narrower, to forest roads and suspended sediment., Searches
were conducted in this manner until the number of extraneous publications was
81|i‘{1Li&1‘ized. At the end of a search the relevant abstracts were ordered from
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If a search strategy proved successful on the initial data base, similar
searches were made of other data bases. Additional data bases were searched
until either the majority of useful publications found were duplicates of
previous searches (there is a very large overlap in the journals abstracted by
individual data bases), or until the total number of potentially useful
publ ications exceeded our capacity to review them (within the given study time
frame). Generally, our search strategy was halted by excessive duplication
rather than an overioad of material.

With the exception of those publications dealing directly with cumulative
effects, we made no attempt to search out each and every publication on the
effects of forest practices on the environment. The |iterature on this
subject is immense. {1t was our goal, however, to review some publication on
each forest practice issue of interest, and where the number of publications
was large, to review a cross-section of the material. We continualiy
attempted to narrow the available literature to those publiations having some
relationship to our developing concept of cumulative effects.

Once the bibliographic information on potentially useful publications was
gathered and catalogued, the documents themselves were located at one of the
various |ibraries in western Washington, primarily the State Library in
Olympia or the University of Washington Library in Seattle. Publications were
also obtained from state agency |ibraries or ordered from various state and
federal agencies. These publications were subsequently reviewed and
abstracted for use in preparing this report. Many larger publications, such
as textbooks and symposia proceedings, having several chapters or articles of
interest, were not abstracted but either borrowed for the study duration or
purchased.

3.3 QUESTIONNAIRE

Coincident with the developing cumulative effects philosophy and
definition, a questionnaire was developed to provide input from a cross-
section of forest managers, researchers, and administrators. The
questionnaire had three purposes:

1) ldentify and locate knowledgeable people with an interest in the
subject.

2) ldentify those people willing to participate in personal or telephone
interviews and/or to review draft material.

3) Identify additional contacts with information or interest in the
sub ject.

Initially, more than 200 questionnaires were mailed throughout the
United States, Canada, western Europe, and Africa (for a complete listing see
Appendix D). The sources for these initial names were varied, and included
several of the funding organizations, as well as names already known to the EI
team, and others identified through the |iterature searches. Additional names
were suggested by early responders and even from personal inquiry upon reading
or hearing about the study. Many of those suggested were part of the original
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mailing; however, 60 additional names were generated from this process. The
final number of questionnaires exceeded 300, Geographicaily, the bulk of the
sources were in the west, with 70 percent being in the west coast states and
British Columbia,

Responses were greatly in excess of our expectations, with 60 percent of
the questionnaires returned. Geographically, responses were similar to the
original distribution, with 75 percent from the west coast. As could be
expected, the variety of response was as great as the distribution, ranging
from the bizarre to the common. Fully 80 percent of the respondents were
willing to participate in either or both of the interview and review
processes.

The information gleaned from the responses was useful in developing the
interview strategy, and was extremely valuable in arranging for and conducting
interview sessions at various locations throughout the country.

3.4 PERSONAL INTERVIEWS

The purposes of the interviews were threefold. First, we wanted to
obtain unpublished research caught in the two- to five- year time lag in
pubtishing by professional journals. Second, conversations with key pecople
provided us with ever-broadening viewpoints on the entire cumulative effects
issue. Third, the personal interviews were instrumental in locating obscure
research projects that escaped discovery in the regular |iterature search
process. Respondents to the questionnaire served as the source of key people
willing to be interviewed. Appendix E contains additional information on the
interview process.

Four methods were used to interview researchers, forest managers, and
administrators:

1) Travel: DOuring the course of working on other company projects and
general travels we were able to start interviewing on an informal basis
as early as August 1982 in Utah, northern California in September, and
Minnesota in October. Experience from these early interviews was used to
develop our formal interview strategy.

2) Conferences: We attended a variety of iocal and regional conferences
where we interviewed key participants. These conferences discussed
topics pertinent to some aspect of the cumulative effects issue. The
interviews were most productive when we made appoiniments with people at
least a week prior to the conference. The location of the interviews was
a function of convenience ranging from in the hall during coffee breaks,
in adjacent class or motel rooms, to discussions over dinner.

3) Interviews: Formal interviews with key researchers, forest managers,
and administrators were conducted from April 5 to May 27, 1983,
Interviews conducted in the Olympia area were generally organized into
separate meetings of researchers, or forest managers, or administrators.
Interviews conducted outside the Olympia area were arranged by
geographical location as a function of efficiency and mutual convenience.
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These group interviews were a mixture of researchers, forest managers,
and administrators. Reference materiails were sent at least two weeks
prior to the interviews. "Appointments were made with groups of people
based on their geographic location or professional background. All
meetings were tape recorded. When people were unable to attend the
interviews, we held a second meeting in the Olympia area. The interviews
ranged from one to four hours in length.

4) Telephone: Many people were contacted by telephone to obtain
information on specific questions. General discussions on cumulative
effects were usually not productive in discovering new information.

3.5 WORKSHOP

A workshop was conducted by El on June 24, 1983 at The Evergreen State
College in Olympia, Washington to display, review, and discuss cumulative
effects statements contained in a working paper developed from the |iterature
search and personal interviews. Workshop participants were selected based on
their interest and expertise demonstrated during the interviews. Letters of
invitation, including reference material, agenda, and vicinty map, were mailed
to participants on May 31, 1983 (Appendix F).

The workshop was attended by 15 researchers, four forest managers, and
12 administrators from Washington, Oregon, California, Idaho, and British
Columbia. Additionally, the workshop was attended by eight FPB members and
five representatives of organizations contributing funds to the study.

Roliin Geppert, El president, served as workshop chairman. Brian Boyle,
Commissioner of Public Lands and FPB chairman, explained the purpose of the
study and the importance of developing a first approximation of cumulative
effects for forestry. Dr. Arthur Larson, El hydrologist, explained the
proposed definition of cumulative effects used to develop the working paper
on forest practices and the affected physical elements of the environment,
Included in this explanation were such key terms as baseline, muitiple forest
practices, and recovery rates. These are essential for differentiating
between individual effects and cumulative effects.

Participants then formed groups to discuss the working paper and
specific statements on cumulative effects of forest practices on air, earth,
water, flora, and fauna. Eight E! team members served as facilitators in
these groups to explain the working paper and record the response to each
statement.

El systems ecologist, Dr. Peter Haug, served as moderator for a
discussion of the participants' general comments on the study and to identify
future research needs.

The workshop was a success in many ways. Excellent comments were
received at the workshop and later in writing from many of the participants.
These comments were reviewed by the El team and used to prepare the final
report. )
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For the FPB, the workshop was the first time in their 8-year history
that they were presented with an opportunity to interact with researchers,
forest managers, and administrators in the Pacific Northwest.

3.6 ANALYSIS

Three stages of analysis were used to synthesize the data and information
collected in this study. Each stage consisted of one or more tasks, as
described in our proposal dated January 14, 1982, Each stage received two
levels of review.

STAGE
1 Background Information-4
Literature Search :
t Level One Level Two
2 Interviews - = =~ - - == - }--bCore Team =====+Full Team
. Review Review
3 Workshop = = == == = = =2

The core team was responsible for conducting the first level of review in
each stage of the study. Their role was to test each piece of information
using the fol lowing questions:

1) How is the information applicable to this study?

2) What biological, chemical, and physical processes are involved?

3) What forest practices are involved?

The full team was responsible for conducting the second level of review. Their
role was to refine each piece of information developed by the core team using
the following questions:

1) What are the primary and secondary effects of each forest practice?

2) Are these effects perceivable and measurable?

3) What is the documentation for the above answers?

The information was then fed back from the full team to the core team,
who further refined the information by:

1) Determining the interaction between various effects.

2) Determining which effects are temporary or persistent.
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3.7 TECHNICAL REVIEW PANEL

The draft report was reviewed by a six-member technical panel. Although
many people were candidates for the panel, we limited the panel to a
manageable group willing to make a quick and efficient review. Final
selection of the panel was based on the expertise and interest expressed by
people interviewed throughout the project. Members of the panel were:

Members
Jerry Frankiin Jeff Cederholm
Forestry Sciences Lab Dept. of Natural Resources
3200 Jefferson Way Rt. 1, Box 1375
Corvallis, OR 97331 Forks, WA 98331
Ralph Coons Robert Beschta
USFS, Olympic Nat'l Forest School of Forestry
P.0. Box 2288 Oregon State University
Olympia, WA 98507 Corvallis, OR 97331
Chris Maser David Handley
Forestry Sciences Lab MacMil lan Bloedel Ltd
3200 Jefferson Way 65 Front St.
Corvallis, OR 97331 Nanaimo, B.C. VYO9R 5H9

The purpose of this review was to achieve two levels of critique prior to
finalizing the draft for the Forest Practices Board. One level of review
addressed the overall approach essential to understanding cumulative effects.
The second level of review focused on our interpretation of the |iterature.
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4. DEFINITION OF TERMS AND PROCESSES

This chapter defines the term "cumulative effects™, and explains the
practices, and glements of the environment to which it applies. We have
included the salient points of each subject necessary for understanding
fundamental concepts. These terms and processes are essential for
understanding the direct and indirect cumulative effects contained in Chapter
five. The description of forest practices is specific to the practice of
forestry in Washington, and the description of elements of the environment is
specific to the commercial forest lands of Washington.

The term "cumulative effects"™ as used here is not all-encompassing.
Since no one can stop time, all things in nature will be cumulative.
Evolution, succession, and even erosion are cumulative processes. Each
modifies the environment resulting in a continual change in the worid around
us.}I Al?hzugh change cannot be stopped, the rate at which change occurs can be
influenced.

To speak of cumulative effects in a workable way, we restrict its meaning
to changes which are caused, and therefore controllable, by man, and whose
effects will manifest themselves in the foreseeable future. The forseeable
future is probably less than 1000 years, certainly less than the average

recurrence intervai for ice ages or other natural processes that reshape the
earth. We also restrict our discussion of man's actions to those activities

known as forest practices.

4.1 CUMULATIVE EFFECTS

In the context of forest management a cumulative effect is:

A CHANGE IN THE ENVIRONMENT CAUSED BY THE INTERACTION OF NATURAL
ECOSYSTEM PROCESSES WITH THE EFFECTS OF TWO OR MORE FOREST PRACTICES.

This definition combines all the elements necessary to identify a
cumulative effect. A cumulative effect occurs whenever an environmental
change caused by one forest practice interacts with environmental changes from
other forest practices. The result of this interaction (or accumulation) of
effects from more than one forest practice is always a cumulative effect.
Conversely, if environmental effects of individual forest practices do not
interact, there can be no cumulative effect.

The key to this definition of cumulative effects is the requirement of
interaction between effects of multiple forest practices. Multiple forest
practices include:

1) Combined practices: all possible combinations in time and space of

the many types of forest practices (timber harvest, road construction,
site preparation, etc.).
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2) Repeated practices: repetition of a single type of forest practice
in time and/or space.

Combined practices include road construction, timber harvest, and
prescribed burning; thinning and fertilization; or any other possible
combinations. They can occur on the same site, one following another; or they
can occur on different sites within the forest or watershed. This might
include fertilizing one acre, spraying herbicide on another acre, logging a
third acre, and roading on the fourth acre. These latter combinations may be
occurring simultaneously, consecutively, or continually.

Examples of repeated forest practices include repeated harvesting, and/or
burning, spraying, etc. on the same acre of ground rotation after rotation;
and the annual cropping of a larger forest. Combinations of practices can
also be repeated rotation after rotation. Other continual practices in this
category include road construction, maintenance, and especially road use.
While we do not necessarily consider the passage of each vehicle to be a
separate forest practice, we do consider such activities as log-hauling from a
single harvest unit and rock-~hauling for a new road to be separate practices.
In effect, the annual construction, maintenance, or use of forest rcads are
all repeated forest practices.

This definition, as it relates to forest land management practices, is
broader than earlier definitions by Standiford and Ramacher (1981). [t is not
restricted to water resources, but includes the environmental elements of air,
earth, water, flora, and fauna. Other elements of the human environment, such
as the social, economic, aesthetic, and recreational aspects, are not covered.
This is not to say that this definition does not apply to these and others,
only that its application has not been tested.

For cumulative effects to become a workable term, we must be able to
separate them from other categories of effects. To this end, we define two
types of environmental change, individual effects and cumulative effects
(Figure 4-1),

Changes resulting from a single forest practice, without further
intervention by man, are individual effects. Thus, long~term and in some
cases chain~reaction effects that occur from a single practice are considered
as direct or indirect individual effects. Although these effects may be long-
term, with a potential for aggravation by natural ecosystem processes, there
is no accumulation of effects.

Also, effects that persist for such a short time that there is no
opportunity for interaction with other effects from future forest practices
are individual effects. Specifically, if the effect is reduced to a haseline
level before recurrence of the same practice, or application of adifferent
practice, then it is an individual and not a cumulative effect. That is,
there is no remaining effect to be additive with the new effect from the
subsequent practice. Likewise, if the effect is reduced to a baseline level
before leaving the treated area, there is no effect to be additive with
similar effects from surrounding space, and it is again an individual effect.

For an environmental change to be considered a cumulative effect, it must
be additive either in time or space with changes from other practices. This
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Fig'ure 4-1., A conceptual model illustrating individual and cumulative effects.
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1 - 1
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before next practice not occur before
or group of practices next practice or
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remains an L
INDIVIDUAL TEMPORARY PERSISTENT
EFFECT CUMULATIVE CUMULATIVE
EFFECT EFFECT

21



does not mean that the change increases indefinitely as forest practices
continue over time, as there is probably a physical limit to any induced
environmental change. Rather, as a change brought about by a forest practice
decl ines over time, additions are made by similar impacts from subsequent
forest practices.

Whether or not the environmental change returns to the haseline condition
(i.e., recovery) before application of additional forest practices determines
whether the effect is cumulative or individual, |f recovery occurs it is an
individual effect. If recovery does not occur and the environmental component
is again affected by a forest practice, it is a cumulative effect.

The term "basel ine" refers to the desired state or condition of the
environment. It is the condition of the forest or watershed that we wish to
maintain now and into the future and from which we measure the changes caused
by forest practices. Setting appropriate baselines is required before
determining if cumulative effects exist. |t should be noted that o control a
cumulative effect, neither the definition nor Figure 4-1 requires a return to
an undisturbed condition, but rather only a recovery to the desired baseline.
The desired baseline for various environmental components is generally set by
society for public resources and by the land owner for private resources.

Because we did not consider the socio-economic interests of society in
this study,- we chose the old growth forest as the principal baseline. The old
growth baseline includes the natural processes of fire, wind, flood, insects,
etc. and the natural variations in the forest that result from these
processes. The old growth forest includes all age classes of vegetation as
they would appear if the natural successional processes were to continue
unhindered. "

The elements of time and space are not explicitly included in this
definition of cumuiative effects, but are implicit in our understanding of
forest practices. Forest practices do not occur randomly in either time or
space. For example, timber harvest occurs after a prescribed rotation period,
and involves a specific unit size and positioning. A forest manager does not
harvest a site the year following its reforestation, nor reforest a unit not
yet harvested.

A consequence of excluding time and space from this definition is the
necessity for two classes of cumulative effects. Because forest practices may
be closely grouped or widely separated in space and/or time, the resulting

cumulative effects may be temporary or parsistent.

Temporary cumulative effects are those for which we can forsee at some
point in the future the reestablishment of a baseline condition before
recurrence of forest practices. These effects are not necessarily short-term,
but they are temporary. Temporary cumulative effects are generally caused by
forest practices that occur in sequence, for example timber harvest and site
preparation, and after which there may be no additional forest practices for
considerable time (often until the next harvest).

Persistent cumulative effects are obviously long=term, but of greater

importance, their duration is indefinite. Restoration of-the change via
natural ecosystem processes is slow and continually retarded by additional
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forest practices. The result is a change in the equilibrium or average
basel ine of the affected component. The baseline now resides at either a
higher or lower level than before forest practices, and as long as forest
practices continue without modification the change will persist,

Temporary cumulative effects have the potential for becoming persistent,
and persistent cumulative effects becoming temporary, depending upon the
balance between the return period of the forest practice(s), and the recovery
period from the effect. For example, shortening the rotation may cause a
temporary change to become persistent. Or, a change in logging system such as
from highlead to skyline, resulting in a reduction in the impact recovery
period, may cause a persistent change to become a temporary one. It is our
opinion that, magnitudes being equal, persistent cumulative effects are more
important than temporary ones. This review emphasizes persistent cumulative
effects.

Effects can also vary as to their direct and indirect nature. All forest
practices have a direct effect on the environment. Ia turn, these direct
(primary) effects can become secondary change agents producing secondary
effects, and so on. For example, construction of a forest road causes
erosion. Erosion contributes to stream sedimentation. Stream sedimentation
reduces spawning habitat for fish. Road construction is the primary change
agent, erosion is the primary (direct) effect and a secondary change agent,
sedimentation is a secondary (indirect) effect and a tertiary change agent,
and finally, reduction in spawning habitat is a tertiary effect (also
indirect), Changes are separated into direct and indirect effects based on the
cause or change agent.

The above description is usually applied to individual effects, but we
found it useful to divide cumulative effects into these same categories of
direct and indirect. (Figure 4-2). The analogy between individual and
cumulative effects is not, however, perfect. Cumulative effects are not as
"direct™ as individual effects. By definition, a cumulative effect requires
interaction between effects from two or more forest practices, that is, two
individual effects must accumulate in some manner before we have a cumulative
effect. Therefore a cumulative effect can never be tied directly to the
single application of a practice. Nevertheless, we have separated cumulative
effects into direct and indirect categories.

Direct cumulative effects are caused by direct individual effects of two
or more forest practices. Practices can be the same type spread out in time
and space, or different types also distributed through time and space.
Indirect cumulative effects are traceable to a prior cumulative effect or to
two or more indirect individual effects. It is not necessary that an indirect
cumulative effect be caused by a direct cumulative effect although this is
general |ly the case. However, an effect that is indirectly related to a prior
cumulative effect is always another cumulative effect. That is, cumulative
effects can not interact to become individuval effects.

By this definition, a single occurrence of a forest practice cannot cause
a cumulative effect. We are interested in changes resulting from continual
forest management and do not expect a single forest practice to occur in a
management scheme. Management practices are necessarily recurring. This
definition is also in keeping with the historical development of the term.
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Figure 4-2, A conceptual model illustrating direct and indirect cumulative

effacts.,
FOREST PRACTICE FOREST PRACTICE
Direct Individual Effect Diract Individual Effect
DIRECT CUMULATIVE EFFECT
‘Indirect Individual Effect . Indirect Individual Effect
Y
INDIRECT CUMULATIVE EFFECT
_ 1
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CUMULATIVE EFFECTS-PAST

The term cumulative effects has evolved to mean changes caused br man's
actions, either to himself or to his environment, that add up or accumulate as
new actions follow preceding ones. That multiple or repeated actions are
inferred is evident in the evolution of this term. Although it is applied to
describe changes to both the physical and human elements of the environment,
the latter has probably been most responsible for elevating people's awareness
of the cumulative effects concept.

Researchers in the fields of medicine, toxicology, and sociology have
studied the effect of incremental stress (physical, chemical, and mental) on
the human mind and body. In the field of medicine, researchers have studied
the effect of repeated use of aspirin, birth control pills, tobacco, alcohol,
sugar substitutes, etc. Toxicologists have studied the body's accumulation of
DDT, dioxin, and other chemicals from repeated exposure to the environment
both at work and home. Sociologists have studied the physical and mental
stress resulting from multiple |ife changes including marriage, divorce,
retirement, pregnancy, and career changes. This concept has even been
perceived from an aesthetics standpoint. A recent example is the Shoreline
Hearings Board rul ing regarding construction of a 70-foot high office building
in Olympia, Washington (DOE 1982):

"The cumulative effect of allowing this and similar proposals on the
isthmus would irreversibly damage the aesthetic views remaining.”

In relation to the physical elements of the environment, man caused
stress is expressed as changes in air, earth, water, flora, and fauna.
Initial recognition of these cumulative changes can probably be traced back
hundreds of years to the first visible changes to European |andscapes caused
by grazing and fires. Perception and concern for forest practice effects on
the environment are more recent, starting in the 1930's and 40's. This era
paral led development of the term "ecosystem" by the British ecologist A.G.
Tansley in 1935,

The recognition that cumulative effects are caused by forest practices is
even more recent, but not exactly new. David Smith, in his 1962 edition of

The Practice of Silviculture, states:

"It is important to understand the long~term, cumulative effect of
cutting operations in building, or degrading, a forest."

This recognition of potentially beneficial cumulative effects is rare, but the
recognition of detrimental cumulative effects is evidenced today in many of
our laws, policies, and natural resource development practices.

The Council on Environmental Quality in formulating regulations for
implementing the National Environmental Policy Act (NEPA) of 1969 made
specific requirements for considering cumulative effects in the preparation of
an environmental impact statement (Appendix A). The intent was to ensure that
environmental effects of past, present, and forseeable future actions were
intfegrated into the planning process.

Also, the Federal Water Pollution Control Act (PL 92-500) as amended by
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the 1977 Clean Water Act (PL 95-217), under the provision of Section 208
(b)(2)(F) carries the charge fto examine a process to "(i) identify, if
appropriate, agriculturally, silviculturally related non-point sources of
polliution, including return flows from irrigated agriculture, and their
cumulative effects™ The U.S. Environmental Protection Agency has interpreted
this requirement as applying to all non=-point sources, including silviculture
in Section 208 (Burd 1982). Based on this requirement, the California Water
Resources Control Board found the State Board of Forestry's 208 report (1980)
inadequate in not considering the cumulative effects of timber harvesting.
Again the emphasis was on multiple practices as they expand over the landscape
and/or time. A discussion of California's experience with cumulative effects
is included as Appendix B.

CUMULATIVE EFFECTS~PRESENT

Cumulative effects of forest practices have recently received
considerable attention. The Caiifornia Department of Forestry and Resource
Management, and the Cooperative Extension at University of California Berkely
sponsored a two day conference, June 2-3, 1980, to discuss the cumulative
effects of forest managment on California watersheds (Standiford and Ramacher
1981).

In Washington the subject of cumulative effects became a legal issuve in
the case of Steelhead Trout Club of Washington vs. Bert L. Cole, Commissioner
of Public Lands. On October 29, 1980 the club filed a complaint for
declaratory and injunctive relief stating in part:

"The actions of defendants Cole and DNR in approving or acquiescing
to forest practices on private forest lands have been taken withou
adequate study, knowledge or review of their environmental impact,
of any unavoidable adverse environmental effects, of any
alternatives to the proposed forest practices, of the relationship
between local short term use and long-term productivity, and of any
irreversible and irretrievable resource commitments involved in the
permitting of such practices. No consideration has been given to the
cumulative impacts of such forest practice approvals.”

in April 1980, the Skokomish Indian Tribe filed a complaint for
declaratory and equitable relief against the U.S. Forest Service (case known
as Skokomish Indian Tribe vs. Richard D. Beaubien). The Tribe claimed, among
other things, that the Forest Service failed to adequately assess the
environmental effects of the 1977-1987 Timber Resource Management Plan on
anadromous fisheries and game resources on the Shelton Cooperative Sustained
Yield Unit.

In April 1981, the tribe's memorandum in support of a motion for
preliminary injunction stated:

"The FES (Final Environmental Statement) does not discuss the
cumulative effects of this accelerated cutting of old growth
acreage, especially the effects of harvesting areas adjacent to
older clearcuts, and in steep drainages at higher elevations where
the soils are less stable.”
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The tribe went on to say:

"The potential cumulative impacts of additional roads and additional
clearcuts are not adequately displayed in the FES. Without this
information the decision maker is unable to accurately determine the
immediate and long-term risks to the environment.”

At their annual meeting in Sun Val ley, Idaho on December 3, 1981, the
Trustees of the Western Forestry and Conservation Association expressed their
concern for cumulative effects. They requested the Northwest Forest Soils
Council, the Western Reforestation Committee, and the Western Stand Management
Committee to address the growing concern of possible long-term cumulative
effects of forest practices on forest site productivity. Their resolution
stated:

"Existing information should be compiled and made available to
foresters. Additionally, needed research should be identified and
supported. ™

On May 21, 1981, C. Jeff Cederholm, DNR fisheries biologist, gave a
presentation to the Washington Forest Practices Board titled, "Cumulative
Effects of Logging and the Fishery on Coho Saimon". This same speech was
given to the House Natural Resources and Environmental Affairs Committee on
June 13, 1981. The purpose of these presentations was to familiarize decision
makers with the subject of cumulative effects during the period in which the
Board was receiving proposals from consultants to conduct a detailed
| iterature search on the subject (Cederholm 1981, tape recording, and FPB May
21, 1981 minutes).

Coincident with recent interest in forestry related cumulative effects,
concern has developed with respect to other natural resource uses, primarily
energy development. Here again emphasis is on multiple developments spread
out in space, but not necessarily in time.

In 1981, the U.S. Fish and Wildlife Service contracted with Dynamac
Corporation in Fort Collins, Colorado, to conduct a |iterature search titled,
"Methods for Determining Cumulative Effects of Coal Development Activities on
Fish and Wildlife Resources"

Concern over the cumulative effects of another form of energy
development, hydroelectric projects, has been expressed. The Northwest Power
Pianning council adopted cumutative effects provisions in the Columbia River
Basin Fish and Wiidlife Program on November 15, 1982, Section 1204(b) states:

1) "The federal project operators and regulators shall review all
appl ications or proposals for hydroelectric development in a single
river drainage simultaneously through consolidated hearings,
environmental impact statements or assessments, or other appropriate
methods. This review shall assess cumulative environmental effects
of exaffing and proposed hydroelectric development on fish and
wildlife."

2) ™pon approval by the Council, Bonneville (Power Administration)
shall fund a study to develop criteria and methods for assessing
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potential cumulative effects of hydroelectric development on fish
and wildlife. The study shall also develop a method for
incorporating these assessments into federal processes for review,
authorization, or other support of hydroelectric development.”

Volume one, page E~267 of the February 1983 draft environmental impact
statement for the South Fork Skokomish River Hydroelectric Project states
(CH2M Hill 1983):

"The potential hydroelectric projects on the Olympic Peninsula are
especially important regarding cumulative impacts on fishery
resources, because many streams on the peninsula contribute to the
commercial and sport fisheries."

Additional interest was expressed on March 4, 1983 at a conference sponsored
by the Institute of Environmental Studies at the University of Washington
titled, "Small Scale Hydropower?"™ Attorney Lorraine Bodi spoke on the
cumulative effects of hydroelectric projects. The Institute sponsored another
conference on August 12, 1983 titled, "Perspectives on Cumulative Effects;
e.g. Small Scale Hydropower",

The Los Padres National Forest in Caiifornia is currently developing
methods forassessing the cumulative effects of oil and gas leasing on
watersheds., By mid-1982, the Forest had received 243 applications for oil and
gas leasing. The need for a procedure to analyze the granting of multiple
leases was demonstrated in early 1982 by the Draft Environmental ‘Impact
Statement for the Lomex Corporation's proposed mineral exploration in the
Navajo vicinity of San Luis Obispo County.

In summary, the term cumulative effect is not new. It has been in active
use for at least 20 years and probably longer to describe long-term effects of
changes in the environment caused by interactions of multiple projects. In the
last three years, the term has gained recognition as an expression of
society's concern over semi-permanent environmental changes that result from
expanded hydropower development, coal mining, oil and gas leasing, and forest
practices.

For each of these resource uses, the term cumulative effects probably has
a special meaning or usage. Each of these resource developments will cause
different and sometimes unique changes to the environment with the
environmental components receiving greatest change also differing.
Nevertheless, one need only exchange the words "orest practices" with other
appropriate terms to broaden (or narrow) the scope of this definition to
include (or exclude) any of these or other of man's actions.

CUMULATIVE EFFECTS-OUR CONCEPT

Cumulative effects are an extension of the concept of individuval effects.
To clarify the definition of cumulative effects it is helpful to understand
the meaning of environmental impact. As a guide to understanding the term
"environmental impact" we use the basic terminology of Haug e'l' al. (1983) and
the following three statements:
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1) The impact is a temporal or spatial change in some indicator in the
ecosystem. This implies some baseline condition from which to perceive
o; measure the change, and it implies a magnitude and direction for that
change.

2) The impact is initiated by human activities through a cause, a change
agent. This distinguishes an environmental impact from a change in the
ecosystem caused solely by natural forces.

3) The impact has a meaning or value separate from the change itself.
Depending on the context within which a change takes place, an impact can
be beneficial, adverse, or both simuitaneously.

Throughout this report, we are interested in environmental change and
although the term "change" is preferred we use the additional terms "effect"
and "impact™ interchangeably. This concept of change invites quantitative
questions such as "how much® and "increase or decrease"™ These concepts of
magnitude and direction are the scientific issues we address. Whether these
changes are adverse or beneficial to another component of the ecosystem is
also important, but only as long as this additional component is not man. An
environmental change is perceived by man in terms of "significance"™ or "non-
significance” and implies consideration of "value" and "threshold®™. These
judgements are beyond our present responsibility and we have tried to
eliminate the term significant from this discussion.

We evaluated the cumulative effects issues discovered but did not
investigate all of them. Our criteria for selecting cumulative effects
issues to review were related to the effects' importance to ecosystem
processes. Those cumulative effects we perceive as affecting a large segment
of the ecosystem for a long time are probably more important than those
affecting only a small segment of the ecosystem. This is highly subjective,
and ignores the basic ecosystem premise that al! components, no matter how
small, are interdependent parts of the total system. |t further assumes we
understand all processes that constitute a forest ecosystem and can identify
the important ones, a tenuous assumption. Nevertheless it was necessary to
continual ly narrow the scope of this study to keep it within workable bounds.

Our definition of cumuiative effects relates changes in the elements of
the environment fo forest practices as the cause. Before discussing

application of this definition, we must define what is meant by forest
practices and elements of the environment.

4.2 FOREST PRACTICES

The statutory basis for the FPB's Rules and Regulations define forest
practices as:

"..any activity conducted on or directly pertaining to forest land
and reiating to growing, harvesting, or processing timber, including
but not limited to:

a. Road and trail construction
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b. Harvesting, final and intermediate

¢. Pre-commercial thinning

d. Reforestation

e. Fertilization

f. Prevention and suppression of diseases and insects
g. Salvage of trees

h. Brush controi

"Forest practice"™ shall not include: preparatory work such as tree
marking, surveying, and road flagging; or removal or harvest of
incidental vegetation from forest lands such as berries, ferns,
greenery, mistietoe, herbs, mushrooms, and other products which
cannot normally be expected to result in damage to forest soils,
t+imber, or public resources."

(RCW 76.09.020 (8)).

This framework was adhered to by the FPB in promulgating the original and
subsequent Rules and Regulations (WAC 222). The necessary commentary is
primarily contained within four sections:

222-24 Road Construction and Maintenance
222-30 Timber Harvesting

222-34 Reforestation

222-38 Forest Chemicals

Other sections of the Rules and Regulations, notably Definitions and
Applications, are required to understand the intent and scope of the
appl ication procedures and requirements. We found it efficient to restructure
these categories of forest practices into a format consistent with the
sequence of most forest operations:

Categories of Forest Practices

Timber Harvest
a. Intermediate Harvest
(1) immature timber
(a) pre-commercial thinning
(b) commercial thinning
(2) mature/overmature timber
(a) partial cutting
(b) shelterwood cut
(¢c) seed tree cut
(d) salvage cut
b. Final Harvest
(1) immature t+imber
(a) conversion
{(b) rehabiiitation
(2) mature/overmature timber
(a) overstory removal
(b) clearcut

Road Construction, Maintenance, and Use -
a. Construction
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(1} truck roads
(2) landings

(3) frails
(a) skid
(b) fire

b. Maintenance
(1) +ruck roads
(2) landings

(3) trails
{(a) skid
{b) fire

Site Preparation
a. Prescribed burning
b. Mechanical
¢c. Chemical

Reforestation
a. Natural
b. Artificial

Stand Maintenance and Protection
a. Vegetation control
b. Fertilization
¢. Animals, diseases, and insects
d. Wildfire

TIMBER HARVEST

Timber harvests can be either intermediate or final. Intermediate cuts
are used in immature and mature/overmature stands and leave a productive
forest. Thinning an immature stand is designed to stimulate growth on the
remaining stems. While not a removal of merchantable timber, we included pre=-
commercial thinning here also. Within the mature/overmature stands,
intermediate cutting takes several forms. One of those is salvage, which is
the recovery of existing or imminent mortality.

The remaining categories of intermediate cuttings are principally
regeneration cuts. Partial cutting is the principal form of harvesting under
uneven-aged silviculture and management. Shelterwood and seed tree are
variations on the same theme, merely leaving different levels of residuals.
Their purpose is to provide a natural seed source for regeneration, as well as
providing some site amelioration, particularly in shelterwoods.

Final harvests are applied to both immature and mature/overmature timber.
Two categories of immature cutting are conversion and rehabilitation.
Conversion is the removal of an undesirable timber type, frequently hardwoods,
and replacement by a preferred crop. Rehabilitation is the replacement of a
desirable timber type that is severely understocked or otherwise incapable of
utilizing the site throughout the planned rotations. Within the mature/over-
mature forest, final harvests are either an overstory removal following
successful regeneration under a shelterwood or seed tree cut, or a clearcut.
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Clearcutting is the primary method of harvest in western Washington while
some form of partial cutting is prevalent in eastern Washington. Based upon
interviews with foresters throughout the state there appears to be a shift
toward even-aged management in eastern Washington with the use of shelterwood
cutting and increased clearcutting.

ROAD CONSTRUCTION, MAINTENANCE, AND USE

Forest roads are a necessary part of forest management, The road network
provides access to the forest for harvests, for protection and administration,
and for non-timber uses such as recreation, fishing, hunting, and camping.
New construction is required to enter previously untapped areas, and
frequently for re-entry to thin, salvage, or harvest again. Reconstruction of
previous roads occurs as well, thereby maintaining and/or expanding the road
system.

There are currently 18 million acres of commercial forest land in
Washington (Larsen and Wadsworth 1982 - Figure 4-3). Using an average of five
miles of road per square mile of land harvested, the total length of roads
built to harvest all the commercial forest land may approach 150,000 milies.
Since approximately 10 acres of land are cleared for each mile of road
(Anderson et al. 1976), potentially about 1.5 million acres will be disturbed.
This amounts to about 8 percent of the forest land base (Froehlich 1977),

CONSTRUCTION

Forest roads have evolved from crude but effective skid roads to, in some
cases, mini-highways. A forest road is usually gravel surfaced and single
laned with turnouts. While the running surface may be 10-15 feet in width,
the right of way is often cleared to a width of 40-80 feet. Roads are
normaliy drained by inside ditches and cross drains spaced at intervals less
than 1000 ft+. Outsloped roads are sometimes used and are more common in
eastern than western Washington. Where heavy traffic and |imited surface rock
supply make it economical, forest roads are occasionally paved.

Through time, construction methods have taken advantage of changes in
available machinery but processes have remained remarkably the same. One must
still clear the roadway of trees and stumps, excavate and fill to provide an
acceptable road grade, and install a drainage system to keep the road
passable. Landings are frequently constructed concurrent with the road
construction and are primarily a part of the road network. Therefore, we
treat them as such.

Skid trails and fire trails are more specialized systems, one an
extension of the transportation network, the other a principal protection
tool. Though the horse might occasionally be seen on a skid even today, more
commonly the rubber-tired skidder and the crawler tractor are the principal
modes of skidding logs. Fire ftrails, in conjunction with forest practices,
are principally used to contain prescribed burns, and are constructed either
with crawler tractors or by hand. Like most skid trails they are temporary,
frequently being replanted following use. =
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Figure 4-3. Area of commercial forest land by owner class and region for the
state of Washington, 1980.
Western Eastern
Owner Washington Washington TOTAL
Class 1000 Acres| Percent | 1000 Acres| Percent | 1000 Acres *Percent
i i

National Forest 2,256 44.6 2,801 55.4 5,057 28.4
Bureau of
Indian AFfairs 187 11.9 1,390 88.1 1,577 8.9
State 1,252 68.3 581 31.7 1,833 9.7
Other Public 236 44.4 295 55.6 531 3.0
|Forest Industry 3,544 82.8 735 17.2 4,279 24.0
Other Private 2,328 51.4 2,200 48.6 4,528 25.4
TOTAL 9,803 55.1 8,002 44.9 17,805 100.0
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MAINTENANCE AND USE

Maintenance, the activity of keeping a road, landing, or trail in
condition for use, includes grading, ditch and culvert cleaning, and brush
control, as well as preparing the road to be abandoned. To the extent the
processes are quite similar, they are treated collectively rather than as
separate components in further discussion. Road use includes all traffic over
the road.

SITE PREPARATION

Site preparation is the first forest management step in the rotation of a
timber crop. It is the process of preparing a site for either natural or
artificial reforestation. The objective is creation of a suitable environment
for establishing desirable tree species. Generally, achievement of one or
more of the following is desired (Stewart 1978):

1) reduction of logging slash or other debris

2) reduction of competing vegetation

3) preparation of a mineral seedbed

4) reduction in compaction

5} creation of more favorable microsites on harsh sites
6} and disease control

The most common goals are the reduction in the residue remaining after
logging and reduction in competing vegetation. Residue includes both the
slash created by logging and the natural debris that accumulates through
mortality. Residue management techniques include prescribed burning,
herbicide application, and mechanical clearing or scarification.

Herbicide application is often used in combination with prescribed
burning to dispose of brush and undesirable tree species. |t is appiied
aerially, or with ground equipment, or by hand. Washington's diverse
topography and vegetation exclude any single method of site preparation as
best for all conditions,

Mechanical site preparation includes scarifying and piling of debris,
crushing, plowing, and masticating. These practices reduce debris and
competing vegetation, and prepare a mineral=-soil seedbed. Minor practices
include furrowing and trenching to improve microsite conditions, removing
infected stumps to control root disease, and ripping of landings and skid
trails to reduce compaction.

The most common residue disposal tool is fire. Fire has always been one
of nature's principal methods of preparing sites for regeneration. When used
as a management tool, it is referred to as prescribed burning. Prescribed
burning is "the controlled application of fire to wildiand fuels in either
their natural or modified state, under such conditions of weather, fuel,
moisture, etc,, as to allow the fire to be confined to a pre-determined area
and at the same time to produce the intensity of heat and rate of spread
required to further certain planned objectives of silviculture, wildlife
management, grazing, fire~hazard reduction, etc." (Pierovich et al. 1975).
Prescribed burning is widely used following clearcutting and also used in
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partially cut stands of fire tolerant species such as ponderosa pine.

Broadcast burning is the major method of residue disposal in western
Washington accounting for greater than 90 percent of all slash burned on state
and private forest lands (Carnine 1981). Although pile burning occurs year
around, the vast majority of all burning occurs between June and October. In
eastern Washington, nearly all burning is of machine piles with only limited
broadcast burning. Because of its drier summers, burning is generally
restricted to spring and early fall. Although large areas of federaily
managed lands (USFS, BIA) are burned in eastern Washington, acres burned by
State and private land owners are relatively small.

Combinations of mechanical, prescribed fire, and chemical site
preparation techniques have been most successful. Mechanical and chemical
combinations reduce resprouting while mechanical and burning treatments
combine to reduce the accumulation of debris and alter potential habitat for
tree-damaging animals. Prescribed burning, particularly in western
Washington, can be more effective when combined with herbicides, either in
"brown and burn™ or in "spray and burn". The primary difference is the type
of herbicide used and the necessary timing of the two functions.

Because of its wide use, prescribed burning affects more acres of forest
land than any other site preparation activity. In addition to slash disposal,
prescribed under-burning is done in eastern Washington ponderosa pine forests
to reduce fire hazard. This is primarily an attempt to mimic the results of
natural fire frequency. Although the potential acres under-burned each year
may be large we limit our discussion of site preparation to burning of
logging residue,

A discussion of burning is not compliete unless it accounts for man's
prevention and control of wildfire. Historically, wildfire played an
important role in determining the condition, distribution, and content of
forests in the Northwest. The natural frequency of fire varied greatly from
site to site depending on climate, vegetation, fuels, and topogrpahy. Iin
western Washington fire was infrequent, occurring at intervals of 150-700
years. In eastern Washington the fire interval was much shorter with natural
fires occurring every 5-15 years in pine types or up to 50 years in wetter
cedar-hemlock types. The relative impact of fire in shaping the ecosystem
varied by the size and intensity of the fire, with some setting succession
back severely while others promoted succession toward the climax condition
(Fahnestock and Agee 1983, Martin and Dell 1978). Prior to settliement, fire
was the primary natural force modifying forest ecosystems.

Recently, man has been very effective in controliing wildfire. Concerted
efforts at fire control began early in the 1900's, primarily as protection for
man's life and investments, and secondarily for forest and watershed values.
The area burned by wildfire in western Washington has been reduced from about
50,000 acres to 3500 acres per year (Fahnestock and Agee 1983). A result of
this near elimination of fire from some areas has been a subtle change in
ptant communities (Wright and Bailey 1982). Although not a forest practice
regulated by the FPB, prevention of fire and its effects on the environment
must be considered with the re-introduction of fire as a management tool.
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BEFORESTATION

Individual efforts at reforesting cut-over lands have probably occurred
since late in the nineteenth century. However, there was no generalized
effort to secure and maintain adequate reforestation of harvested iand until
the 1940's. With passage of the Forest Practices Act in 1945 the State
Division of Forestry was given the administrative responsibitity for securing
reforestation on all non-federal forest ownerships following harvest. The
1945 report of the Douglas=fir Second Growth Management Committee fixed the
Western Washington acreage of poorly stocked, non-stocked, and recent cut-over
stands at approximately 29 percent of the region's non-federal commercial
forest lands at that time (Peet 1948). Today, this figure has been reduced to
21 percent. Data from the Washington Forest Productivity study (Larsen and
Wadsworth 1982) list non-stocked land at 3 percent and recent cutover land as
18 percent of the current non-federal commercial forest base.

Reforestation is achieved by natural or artificial regeneration. Because
desired regeneration, whether natural or artificial, usually involves
conifers, especially Douglas-fir, we concentrate on conifers rather than
hardwoods.

NATURAL REGENERATION

Natural regeneration occurs where adjacent stands provide the seed source
for the next crop. Use of natural regeneration in western Washington is
usually confined to high elevation harsh sites. On these sites the residual
vegetation, stored seed, and surrounding seed source are usually the preferred
species, and survival of planted stock is poor. In eastern Washingion natural
regeneration is the principal regeneration method under uneven-aged
silviculture,

Historically, fire, inadequate or non-existent site preparation, and
cutting of seed-sources often led to poor stocking when natural regeneration
was relied on. Much of the hardwood timber harvested in recent years is a
result of this inadequate conifer regeneration. Even following the 1945 Act,
seed blocks left were often poorly situated or of inferior quality, or
inadequately protected, resulting in the creation of brush and hardwood
dominated sites. The present reluctance to rely on natural regeneration is
often related to these past failures rather than to inadequacies of natural
regeneration.

ARTIFICIAL REGENERATION

Artificial regeneration is obtained by planting young trees or by
applying seed. Where direct seeding is used, it is usually by aerial methods.
Either regeneration technique offers greater opporfunity than natural seeding
to control the genetic and species makeup of the resulting stand. In addition
to species control, planting bypasses the critical stages of germination and
early development, periods of greatest tree mortality in naturally regenerated
stands. Planting seedlings, as opposed to seeding, usually increases the
probability of successful and earlier reforestation to desired stocking levels.
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Planting stock, primarily Douglas~fir, is grown in forest nurseries,
usually in open fields as bare-root seedlings. Recently there has been an
increase in use of seedlings grown in containers under greenhouse conditions.
This has shortened the time to reach plantable size as well as provided better
opportunity for growing and handling previously difficult species such as
Sitka spruce and western hemiock,

Artificial regeneration requires collection of seed both for direct
seeding and for nursery sowing. Seed is usually obtained by collecting cones
from natural stands. Because trees are adapted to specific latitude and
elevational zones, cones are collected from geographical areas representative
of sites where resultant seedlings will be planted. The Oregon=¥ashington
lnferagency Forest Tree Seed Certification Program was developed to assure
identification of the source of seeds and to maintain that identity from seed
to seedling. The goal is the return of seedlings to the appropriate zones
from which seeds were collected.

Collection of natural seed is, however, difficult and |ittle control is
generally available over the selection of genetic material (good parent or
phenotype). To improve source confrol, cones are increasingly collected from
pre-selected individual trees. To further improve the success of artificial
regeneration and later tree growth, seed is also obtained from seed orchards.
These orchards, established specifically for seed production, are composed of
trees with desirable genetic characteristics.

Similarly, the desire for greater control over genetic traits has
resulted in free improvement programs aimed at increasing growth and vigor.
These programs are anticipated to provide a significant portion of future
planting stock.

Genetic selection for a few characteristics runs the risk that trees may
later prove highly undesirable because of hidden characteristics not
appreciated at the time of selection. This potential is generally recognized,
although the magnitude of risk is largely unknown.

STAND MAINTENANCE AND PROTECTION

Adequate site preparation and successful reforestation are only the
beginnings of a long cycle of practices commonly used to provide a continuing
forest crop. Additional investments are frequentiy made through the
silvicultural practices of controlling competing vegetation, controlling stand
stocking, and enhancing growth. These practices are common in western
Washington, and have gained recent acceptance in eastern Washington. Other
practices influencing forest development are the control of animals, disease
and insects, and wildfires.

Yegetation control is designed to favor preferred timber species.
Control is principal!ly achieved through the aerial application of herbicides
but hand methods are also used. Precommercial thinning (see Timber Harvest)
is the principal method for controlling stand stocking. Should a stand be
determined to be understocked at an early age, interplanting to increase the
stocking level may be required.
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Growth of many forest stands can be improved by the application of
nitrogen fertilizer. Nitrogen is aerially applied as Urea priil, containing
46 percent organic nitrogen, at a rate of about 200 pounds of N per acre.

Animal, disease, and insect control are carried on throughout the life of
a stand. . Control is accomplished by both chemical and mechanical means.
Chemical control includes planting anti-palative treated seediings and the
application of anti-palatives on established plantations. Anti-palatives
reduce browsing by animals. Aerial applications of insecticides to control
insect epidemics and the use of pheromone baited traps to reduce population
buildups are other examples of chemical controls. Mechanical protection
inciudes the use of plastic mesh tubes, paper bud caps and leader protectors.
These reduce browsing by big game and clipping by small mammals and rodents.
Direct population reduction by trapping of small animals such as mountain
beavers or hunting of bear are also used. Fencing may be installed to replace
natural vegetative barriers removed through timber harvest or road
construction where domestic grazing is a problem. Mechanical disease control
includes removal of root-rot infected stumps and cutting of mistietoe infested
regeneration.

Silvicultural methods are also used to control insects and diseases.
Stands are thinned to encourage better growth, particular species are favored
to avoid infestations, and potential disease carriers are removed through
prescribed burning.

Wildfire control has been practiced since early in the twentieth century,
principally to protect human life and property. Fire control includes the use
of hand and mechanical means to construct firelines, the use of aerial
retardants (generally ammonia fertilizers), and prescribed fire to reduce fuel
buildups. Fire prevention during the past eighty years has contributed to the
buildup of fuel levels, particularly in habitat types naturally subject to
frequent fire. Fire pevention techniques have recently included prescribed
fire as understory burning to reduce fuel accumulations.

4.3 ELEMENTS OF THE ENVIRONMENT

The focus of this section is on natural processes exclusive of human
disturbance. We describe the important physical, chemical, and biological
processes associated with the physical elements of the environment: air,
earth, water, flora, and fauna. Determining the effects of forest practices
on the human elements of the environment was not an objective of our study.
As an initial guide to categorizing the environmenat| elements we used an
:gggeviafed list of elements of the environment as found in SEPA (WAC 197-10~

Elements of the Physigal Environment
Air

a. Air quality
b. Climate
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a. Geology

b. Soils

c. Topography

d. Erosion
Water

a. Surface water movement
b. Runoff/absorption

c. Floods

d. Surface water quantity
e. Surface water quality
f. Ground water

a. Numbers or diversity of species
b. Unique species

a. Numbers or diversity of species
b. Unique species

¢. Barriers and/or corridors

d. Fish or wildlife habitat

Discussion of the five elements of the physicial environment, as they
relate to natural processes, forest practices, and the inter-relationships of
both, dictates a systems approach for understanding, predicting, and
controlling environmental change. The ecosystem is the basic unit for
ecological study (Evans 1956) and the level of biological organization most
suitable for analyzing the effects of forest practices on the environment. An
ecosystem is an ecological system composed of living organisms (flora, fauna)
interacting with their non=living environment (air, earth, water). The term
ecosystem stresses interaction, flow of energy, and the continuous cycling of
matter (Figure 4-4),

An ecosystem has six structural components:

1) inorganic substances involved in material cycles

2) organic compounds that link the biotic and abiotic

3) climate

4) producers, mostiy green plants that manufacture
food from simple inorganic substances

5) macroconsumers, mostly animals which ingest other
organisms or particulate organic matter

6) microconsumers, mostly bacteria and fungi which
serve as decomposers and nutrient absorbers

Components 1-3 comprise the ecosystem substrate, component 4 the energy
producers, and components 5 and 6 the energy converters.

An ecosystem has six functional processes:

1) energy circuits
2) food chains
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Figure 4-4, A simplified ecosystem showing the basic components of an
ecosystem and their interrelationship and flow of energy and
matter. (after Proctor et al. 1980)
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3) diversity patterns in time and space
4) nutrient cycles

5) development and evolution, and

6) control or cybernetics

The ultimate goal of study at any level of biological organization is
understanding the relationships between structure and function (Odum 1971).
Before integrating forest practices into our ecosystem concept it is necessary
to briefly describe what we mean by the ecosystem components of air, earth,
water, flora, and fauna. Our use of these terms is restricted from their
traditional definitions to include only categories believed affected by forest
practices. When discussing an element of the environment we include the
processes that control the quantity or quality of that element within the
ecosystem. For example, we are not only concerned with the chemical we call
water but also the processes that control its distribution within a forested
watershed, i.e., the hydrologic cycle.

AR

Air is the invisible mixture of odorless, tasteless gases that surround
the earth, and as we use the term, it is synonomous with atmosphere. The air
we breath is primarily nitrogen (78 percent) and oxygen (21 percent) with alli
other components accounting for less than 1 percent. Carbon dioxide, the next
greatest gas in volume makes up only 0.03 percent of the atmosphere. Like all
other aspects of our environment, we are interested in both the air's quantity
and its quality.

Our greatest concern with air quantity is maintaining a balance of the
various gases, especially oxygen and carbon dioxide (Figure 4-5). The free
oxygen in the atmosphere that supports life also arises from |ife. The oxygen
now in the atmosphere is mainly, if not wholly, of biologic origin. The
present supply of oxygen is continually replenished by photosynthesis, and if
it were not, it would slowly be consumed in the oxidation of ferrous to ferric
iron and sulfides to sulfates. The green photosynthetic plants are also the
primary producers of the biosphere, converting solar energy into the organic
compounds that maintain the plants and all other Iiving things. Forests,
which cover only about one-tenth of the earth's surface, fix almost one-half
of the biosphere's total energy and in the process constitute a major and
potentially unique control over the composition of our atmosphere.

Thus, the importance of forest practices on air cannot be overstated.
However, unl ike the other eiements of the environment (with the possible
exception of water), air is truly a global resource. Changes to the atmosphere
caused by land-use practices can have global repercussions. Research is
underway to define the global effects of the declining world forest |land base
as it relates to atmospheric composition (Reynolds and Wood 1977, Darling
1974). Questions being addressed include: Are de-foresting and burning
decreasing the oxygen level and increasing the carbon dioxide level; are they
contributing to the "greenhouse effect", or to cooling effects from
particulate matter in the air?

Undoubtedly, forest practices in Washington have some bearing upon these
global concerns. However, determining any such association is well beyond the

41



Figure 4-5,

The oxygen cycle and its linkage with carbon and hydrologic
cycles in a simplified form.
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scope of this review. Potential contributions of forestry as practiced in
Washington to the balance of gases in the atmosphere, or to a change in global
climate due to particulates, are recognized but hereafter ignored.

The primary interest in Washington's air supply is one of quality. Our
concern is with air pollution and the processes that contribute undesirable
gaseous chemicals and particulates. The Clean Air Act of 1963 (PL 88-206) and
amendments of 1970 and 1977 require control of air poilutants that have
adverse effects on public health and welfare. It includes as a pollutant the
impairment of visibility. Therefore, the discussion of cumulative effects on
air is limited to forest practices that may result in air pollution.

EARTH

As it relates to forest practices, the term "Earth" is restricted to
those geologic properties and controlling processes that occur at or near the
Earth's surface. Specifically, we are interested in the regolith, the
unconscol idated materials that overlie bedrock. In a general sense, we are
interested in both the quantity and quality of the regolith. |ts quantity is
controlled by the balance between erosion and weathering processes. As to its
quality, we are interested in the hydrologic, physical, and chemical
properties of the soil. We are concerned with forest soil fertility, that is,
the soil's ability to supply essential nutrients and water to plants in a
proper balance for plant requirements. Therefore, we have divided our
discussion of EARTH into grosion and soil properties.

EROSION

The set of processes known collectively as "erosion" simply involve the
detachment and transport of materials from place to place on the land surface.
In regions such as the timberiands of the Pacific Northwest, sheetwash
erosion, soil creep, mass-wasting, and debris flows have always occurred in
response to long-term weathering of rock to soil, the availability of water,
the presence of topographic relief, and biological activity. The processes
are active in different areas and at different rates, depending on such
factors as the mechanical strength of materials, climatic conditions
(especial ly storms), local geology, and vegetation.

Erosion inctudes both the movement of erosion products by a transport
agent and their temporary or permanent deposition. Water, particularly
streams, is the most important transport agent. The products of erosion are
transported in streams as dissolved load, suspended sediment, and bedload. The
dissolved load and suspended sediment are discussed further under WATER as
water qual ity parameters.

These natural processes have many beneficial effects. For exampie,
continual erosion replenishes the stream gravels necessary for a viable
fishery. However, certain forest practices tend to exacerbate erosion
processes on Washington forest lands, especially in mountainous areas.
Accelerated erosion can cause excessive loss of soil from hillslopes, with
resultant decrease in the ability to grow trees; and deposition of the eroded
material in places where it is unwanted and/or in excessive volumes,
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especially in streams where it can adversely affect downstream resources and
uses. Because of these negative effects, it is desirable to avoid or control
any forest practices that accelerate erosion processes, or at least to
amel iorate their effects. In this discussion, we have divided erosion into
two types, surface erosion and mass moyement.

Surface Erosion

Surface erosion refers to the movement of individual soil particles in
response to gravity and/or fluid flow. [t includes:

1) Dry ravel: movement of dry soil particles.

2) Needle-ice movement: slow movement as a result of growth and melting
of ice needles.

3) Rainsplash erosion: displacement of particles due to the impact of
raindrops.

4) Sheetwash erosion: movement due to the shear stress exerted by a thin
layer of water flowing over the ground.

5) Gullying: erosion of rills in previously unchannelled slopes.

These processes are usually minor in undisturbed forest lands.
Yegetation protects the soil from surface erosion by intercepting raindrops,
providing cohesion (roots and organic material), and insulating the soil from
ice formation., Overland flow is uncommon in these areas since soil
infiltration capacity usually exceeds rainfail intensity. Therefore,
sheetwash erosion and gullying are also uncommon. The drier forests of the
east side of the Cascades, the Okanogan Mountains, etc., may experience
overiand flow during intense convective storms or snowmelt runoff. Under such
conditions granular soils, such as those formed on granitic rocks and
sandstones, are more susceptible to surface erosion than are more clay-rich,
cohesive soils (Megahan et al. 1978). However, ground vegetation usuaily
binds the soil together, and surface erosion processes become important only
when forest land is disturbed, either by nature (landslides, wildfires) or by
forest practices.

Mass Movement

Mass~wasting and mass movement are general terms for a group of processes
by which fairly large volumes of earth are moved, at various rates of speed,
under the influence of gravity (Figure 4=-6)., A fluid (especiaily but not
exclusively water) may or may not be involved, but rates of occurrence and
velocities are usually increased by the presence of a fluid. Mass movement is
general |y caused by long-term weathering and reduction of strength, but
individual landslides are usually triggered by discrete environmental events,
especially heavy rainstorms (and associated melting snow) and earthquakes.

The potential for mass movement is analyzed in terms of the balance
between the forces tending to cause movement (gravitational shear stress) and
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Figure 4-6. Modes of mass movement in soils and rocks.
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the forces tending to resist movement (strength, especially shear strength).
The major component of shear stress is the downslope component of the weight
of the mass (rock, soil, soil moisture and trees). Strength also involves the
weight and the slope angle, but this time as the component of weight acting to
hold the mass against the slope, called the normal force. This normal force
is reduced by the buoyancy of any water-saturated zone existing above the
failure surface. Any increase in local gradient will increase stress and
decrease the normal force; any increase in soil saturation will decrease
strength, as will any reduction in cohesion. The effects of forest practices
are related to their effects on these forces.

There are several kinds of mass-wasting processes operative on forest
lands of this region (Schuster and Krizek 1978, Swanston and Swanson 1976):

1) Rockfall and rockslide: the rapid movement of bedrock.

2) Creep: the slow movement of the soit mantle in response to
gravitational stress.

3} Slump-earthflow: the rotational movement of a block of material aiong
a discrete slip surface.

4) Debris avalanche: a shallow mass failure that moves rapidly down
steep hillslopes, by falling, sliding, flowing, or some combination
thereof. The material in a debris avalanche is almost always wet, since
large storms and high soil-water levels are usually the triggering
events,

5) Debris torrent: a highly erosive mixture of slurry, rock, and
organic debris, that moves down a defined channel, generally originating
at a debris avalanche. Such torrents can scour steep channels to
bedrock, undercut valley sides, and deposit large piles of logs, rock,
and mud in larger downstream channels and alluvial fans. The deposits, up
to 10-100 times greater in volume than the initial failure (Swanston and
Swanson 1976}, can have severe effects on channel morphology, stream
behavior, and sediment transport.

Under both natural and disturbed conditions, mass-wasting processes are
by far the most significant means of erosion in Northwest timberlands. This
has been documented in many field studies throughout the Northwest., In
Oregon, Fredriksen (1970) discovered that about 99 percent of the sediment
derived from experimental watersheds moved out in years of landslide activity.
One landslide in ldaho accounted for 70 percent of the total sediment
production in a 6-year study (Megahan and Kidd 1972a). And Reid (1981) found
that almost 60 percent of the sediment getting into streams from roads was
moved by mass-wasting processes.

Although rockfall and creep are types of mass movement, they are not as
important in Northwest forests as slump-earthflows or debris avalanches, and
they will not be discussed. Rather, we concentrate on possible acceleration
in the occurrence of earthflows and debris avalanches. Since most debris
torrents begin as debris avalanches, any increase in activity of avalanches
due to forest practices will be translated into increased frequency of
torrents. Considering their frequency, their long reach (up to several
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miles), their ability to damage downstream structures and resources, and the
long time periods required for channel recovery, debris torrents are arguably
the most important erosional agents in steep timberlands of Washington, and
along with debris avalanches, are a primary concern in this report,

FOREST SOIL PROPERTIES

Forest soil characteristically consists of a layer of organic material,
the forest floor, underlain by several layers or horizons of mineral soil.
The properties of each horizon vary as a result of soil-forming processes
acting on the parent material over time. These soil-forming processes are
broadly influenced by climate, vegetation, topography, and time. A fully
developed forest soil may take several thousand years to form (Mitchel 1979).

Weathering of rock-forming minerals at the earth's surface is the first
step in soil formation. Chemical weathering along with physical weathering
(mechanical breakdown) form the more stable clay minerals, concentrate iron
and aluminum oxides, release the major plant nutrients potassium, phosphorus,
sul fur, and iron, as well as several minor nutrients, and increase acidity.
This contributes to the solute composition of the soil water and ultimately of
groundwater and streamwater. The weathering of rock to soil is caused by large
quantities of water, dissolved gases in the water, and the presence of organic
compounds, notably organic acids and chelating agents (Clayton et al. 1979).
Understanding these chemical weathering processes, including their rates, is
necessary to understand soil formation and related soil fertility in natural
ecosystems.

Soil fertility and its contribution to forest productivity depend upon
the soils' physical, chemical, and biological properties (Figure 4-7). These

properties and their associated processes influence the nutrients available
for plant uptake, soil moisture, root aeration, and root growth.

Physical Properties

Soil physical properties control the drainage and availability of soil
water and aeration of the root zone, affecting both root growth and nutrient
transformations. Physical soil properties include texture, structure,
consistence, and density. Texture refers to the relative abundance of sand,
silt, and clay in the soil and is often used as an indicator of forest
productivity with somewhat finer textures preferred. Structure is the spatial
arrangement and bonding together of soil particles (aggregation) and is
important to drainage, aeration, and erosion resistance. A soil's relative
hardness under various moisture conditions is its consistence, Density,
specifically bulk density, refers to the soils relative compactness and is
important to root distribution and water retention (Ballard 1979).

The natural bulk density of forest soils is relatively low, normally
increasing with depth. An optimum compactness has a pore-size distribution
that allows water and air movement suited to plant growth. Vegetation and
related soil biological processes are probably most important to the
development of a soil's physical properties. Development of the soil's
organic matter contributes to water-holding capacity, maintains aggregate
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Figure 4~7, A general soil model presented as a storage silo of three
horizons (A, B, C), with the processes of destruction,
accumul ation, and translocation. (after Proctor et al. 1980)
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stability, and improves a soil's resistance to erosion. This organic matter is
the main energy source for the micro- and macroorganisms that play an active
role in controlling both chemical and physical soil properties. Any change in
the quantity or quality of vegetation, air temperature, water regime, or a
host of other environmental variables will cause a change in the soil's
physical properties. The most direct change to physical properties caused by
forest practices is probably compaction which increases the soil's bulk
density and disrupts its structure. Soil compaction is the topic we address.

Chemical Properties

Soils are primarily comprised of 15 chemical elements. Of these, seven
(iron, calcium, potassium, magnesium, phosphorus, sulfur, and manganese) are
important plant nutrients derived from soil weathering. Nitrogen, one of the
most essential nutrients, is not derived from soil weathering, but is obtained
from nitrogen gas in the atmosphere. This process, called nitrogen fixation,
.is primarily a biologic one. There are several other soil=derived nutrients
sparingly present in most rocks but required by plants in only trace amounts,

The clay=-sized minerals and the organic fraction are the most chemically
active parts of the soil. They are responsible for retaining exchangeable
cations against leaching while making them available for uptake by plants.
Most soil nitrogen is contained in the organic fraction and is converted by
microorganisms to the mineral forms, ammonium and nitrate, used by plants.
Nitrogen availability is a balance between fixation from the atmosphere,
accumulation in organic matter, mineralization, and denitrification back to
the atmosphere. Nitrogen is most often the limiting nutrient in Washington's
forest soils, although response to phosphorus and sulfur fertilization has
been noted (Heilman 1979),

The soil's chemical properties can be affected by any forest practice
that tends to change the quantity of organic matter and its related nutfrients,
the rate of mineral weathering, or the dissolved ionic composition of the soil
water. We are particularly infterested in nutrient removals or losses at rates
in excess of replenishment and in persistent changes to chemical processes
that control rates at which soil nutrients are made available to plants.

Biological Properties

Soil biology generally refers to the organisms that inhabit the soil.
These organisms include viruses, bacteria, fungi, algae, protozoa, nematodes,
microarthropods, macroarthropods (insects), earthworms, and slugs and snails.
Most contribute to beneficial processes such as weathering of parent material,
soil aggregation, organic matter decomposition, nitrogen transformation,
gaseous nitrogen fixation, phosphorus and micronutrient solubilization and
uptake, capture of nutrients that would otherwise be lost by leaching, and
protection of tree roots from pathogens. Others are detrimental *to
productivity, they aid in formation of iron pans and highly acid raw humus,
immobilize nitrogen, or are disease organisms (Trappe and Bollen 1979).

Growth and activity of soil organisms are affected by water, temperature,
aeration, pH, food supply, and biological factors. In an undisturbed forest,
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populations of soil organisms reach a dynamic equilibrium, seasonal changes
occur but annual populations are relatively stable. Fire, insect attack,
disease, blowdown, timber harvest, fertilization, or any other major site
disturbance will upset this equilibrium,

EARTH SUMMARY

It is difficult to separate surface erosion from mass movement, or to
distinguish between physical, chemical, and biological soil processes. All of
these factors contribute to soil formation and the development of soil
fertility and are intimately connected. While it would be ideal to discuss in
detail the effects of forest practices on each of these processes, we
concen*rate on surface erosion, debris avalanches, soil compaction, soil
fertility, and soil microbiology. Forest practices affect these processes
through physical soil disturbance and modification or removal of vegetation.

WATER

Precipitation ranges from about 5 inches in the driest part of central
Washington to over 200 inches in the Olympic Mountains. Statewide, 68 percent
of this precipitation ends up as streamfiow with the majority of Washington's
streams and rivers originating from forested watersheds. These are the
important rearing areas for resident and anadromous fish. The quantity and
qual ity of most fifth order and smaller streams (ail but a few of the largest
Washington rivers - Figure 4-8) are strongly influenced by forests. Forest

practices affect both water quantity and quality.

QUANTITY

Water enters the forest in four ways; as rain, snow, intercepted
atmospheric moisture, and condensation. Some of this water adheres to the
leaves and branches of the vegetation and is either adsorbed, drips to the
forest floor, or evaporates. The difference between precipitation and what
reaches the forest floor as throughfall is the interception loss.

Precipitation reaching the forest floor contributes first to surface
storage, that is water on the forest |itter, ponded in soil depressions, or
held in the snowpack, It then infiltrates the soil or runs off as overland
fiow. In the undisturbed forest it is generally conceded that overland flow
is rare even during flood=-producing rainfall. Water infiltrates, flows
laterally, and eventually surfaces as streamflow. |t may surface quickly, as
in headwater areas with steep topography, or not for many years, as in major
groundwater basins at lower elevations.

infiltrating water is detained temporarily by the soil as it percolates
toward groundwater or streams but a portion is retained, eventually to be
evaporated or transpired. The amount of water retained and available for use
by vegetation depends on soil density, structure, depth, and organic matter
content. Of the annual soil water evapotranspiration (ET), 60-80 percent is
lost via transpiration with the remainder primarily evaporated from the forest
floor or snow surface. The annual ET from a forest is controlled by available
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Figure 4-8. Hierarchy of stream ordering. Numbers indicate ordering of
respective segments. The watershed is fourth-order.
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energy which is related to the regional climate and to the micro-climate as
controlled by local slope, aspect, elevation, and vegetation.

The water not evaporated, transpired, or retained by the soil to satisfy
future ET needs, is the forest's water yield. It includes both surface runoff
as streamflow, and subsurface losses to groundwater. Because commercial
forests in Washington are generally located in mountainous areas, our primary
emphasis is on streamflow. However, the importance of the forest!s
contribution to groundwater aquifers, especially in eastern Washington, is
recognized (Urie 1967). Streamflow from forest lands is a balance between
precipitation, consumption by ET, losses to groundwater aquifers, and the
capacity of the soil to store water.

While it is generally apparent that water, usually the lack of it, exerts
a major control over vegetation, the control that vegetation has over water is
not always appreciated. Natural or man caused modification of the forest
watershed has the potential for affecting all segments of the forest
hydrologic cycle. Forest practices can change (Chamberlin 1982):

1) the distribution of water and snow on the ground

2) the amount intercepted or evaporated by folijage

3) the amount that can be stored in the soil or transpired from the soil
by vegetation

4) the physical structure of soil governing the rate and pathways of
water movement 1o stream channels

In turn, any of these changes can have a major effect on streamfiow.
Streamfiow characteristics potentially altered include annual yield, timing,
iow fiow, and peak flows.

QUALITY

The water that enters the forest ecosystem as precipitation is not pure.
Atmospheric moisture contains dissolved gases and mineral ions as well as
chemicals that are either man-made or industrial byproducts. Generally,
however, precipitation is Jow in dissolved ions and streamflow quality is
targely determined by the forest ecosystem. Water quality variables of
importance inciude stream ftemperature, dissolved ionic composition, and
suspended sediment,

Stream water temperature is controlled by the exposure of the stream to
direct solar radiation and the temperature of inflowing tributary or ground
water. Air and ground temperatures exert only minor influence on water
temperature once it has surfaced. Stream temperature may be affected by forest
practices which remove shade from streamside areas or alter channel
morphology. Smaller streams generally have a greater potential for
temperature modification than do larger streams.

The ionic composition of stream water includes pH, cations, anions, and
organic nutrients. The concentration of the majority of cations and anions
increases rapidly from their values in precipitation to near constant values
by the time a stream has reached third order (Larson 1983). These mineral
constituents and pH are controlled by mineral weathering of the parent
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material and forest soil. Quantities of the important elements nitrogen and
phosphorus are usually low in most of Washington's streams and rivers and
their concentrations vary more than the common ions. Their levels in stream
water are strongly influenced both by the forest and by processes taking place
in the aquatic environment.

Dissolved oxygen is another important constituent of stream water. A
balance between consumption and accrual determines the dissolved oxygen
concentration of stream water. The former via respiration by aquatic
organisms, and the |atter related to the turbulence of the water leading to
reaeration from the air. A stream's maximum capacity for dissolved oxygen is
controlled by its temperature with colder water having potentially greater
dissolved oxygen content. Forest practices that change the quantity or
quality of the water within the forests vegetation or soil, or add chemicals
to the ecosystem, have the greatest potential for affecting the dissolved
composition of stream water.

The sediment ioad of a stream (both suspended and bedload) is determined
by such characteristics of the drainage basin as soils, vegetation,
precipitation, topography, and land use. The sediment enters the stream
system by a variety of erosional processes (see EARTH). To achieve stream
stability, an equilibrium must be sustained between sediment entering the
stream and sediment transported through the channel. Any forest practice that
changes sediment load can upset this balance and result in physical and
biological changes in the stream system.

NATER SUMMARY

Since water yield is the final product of the forest hydrologic cycle,
reflecting all water-soil-vegetation interactions, discussion of water focuses
on forest practices and streamflow. We are interested in its runoff
characteristics and its quality as indexed by temperature, dissolved
composition, suspended sediment, and bedload. Other components of the forest
hydrologic cycle (Figure 4-9) are discussed oniy as they influence stream
water. While lakes, ponds, and estuaries are recognized as important habitat
for fish and wildlife, they are not included in this study.

FLORA

Flora is the term used to describe all plant [ife. Flora of a particular
area is expressed as a list of plant species arranged in families and genera.
The study of flora and its surrounding environment is plant ecology which is
subdivided into autecology and synecology. Autecology is the study of the
inter-relations between the individual plant and its environment. Synecology
is the study of the structure, development, and causes of distribution of
plant communities. Our discussion of flora is restricted to the synecology of
terrestrial vegetation in Washington State. It includes endemic, indigenous,
and exotic plants found in the commercial forest zones of the state's eight
physiographic provinces (Franklin and Dyrness 1973 - Figure 4-10). Plants are
subdivided into photosynthetic (green plants) and non-photosynthetic (non-
green) plants.
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Figure 4-9. The hydrologic cycle. (after Proctor et al. 1980)

-.—W

SOLAR

{ - RAOIATION
S -

y // e

EVAPORATM
PERCOLATION

GROUNDWATER OUTFLOW
THROUGH AGUIFER

54



Figure 4-10. Physiographic and geological provinces of Washington.
(after Franklin and Dyrness 1973)
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Species of non-green plants are numerous, ranging from bacteria and fungi
to angiosperms such as the Indian pipes. Non-green piants play three roles in
the ecosystem: 1) decomposers, 2) parasites, or 3) symbionts. Of the non-
green plants, fungi, especially root-inhabiting mycorrhizae, are very
important to most trees. Obligatory symbiotic relationships exist between
epigeous and hypogeous mycorrhiza, and most higher plants. The mycorrhizal
fungi translocate fungal-absorbed ions from the soil to the host root and
host-produced photosynthates to the fungus. Neither the fungus nor the host
free can complete their life cycles independentiy. Saprophytic fungi are also
important for their role in decomposing vegetation.

The green vascular plants of Washington are divided info pteridophyta
(ferns) and spermatophyta (seed plants). Seed plants are divided into
angiosperms and gymnosperms. Angiosperms are the true flowering plants and
include such trees as alder, maple, oak, willow, cottonwood, aspen, etc.
Coniferous gymnosperms include the pine, fir, juniper, and cedar families.
Non-coniferous gymnosperms are represented by the yew family.

This report stresses trees, primarily conifers because in the Pacific
Northwest conifers outnumber hardwoods 1000:1 (Kuchler 1946). A free is
defined for our purposes as a woody plant having one well-defined stem and a
more or less definitely formed crown and attaining somewhere in their natural
or planted range a height of at least eight feet and a diameter of not less
than two inches (Sudworth 1967). Figure 4-11 |ists the major Washington tree
species with their scientific and common names.

The forests of Washington are divided by the Cascade Range into two
general geographic areas - eastside and westside Cascades. The eastside
Cascades are composed of the Blue Mountains, Columbia Basin, Okanogan
Highlands, and eastern slopes of the Northern and Southern Cascade
physiographic provinces and contain six forest- zones. The westside Cascades
are composed of the Olympic Peninsula, Coast Range, Puget Trough, and western
slopes of the Northern and Southern Cascades and have four forest zones. in
general, each forest zone is named for the tree species that most |ikely wili
occur naturally as the climax species (Franklin and Dyrness 1973):

Eorest Zones
Eastside Mestside
ponderosa pine Sitka spruce
lodgepole pine western hemiock
Douglas-fir Pacific silver fir
grand fir mountain hemlock

western hemlock
subalpine fir

Forests are characterized by their:
1) Composition: the array of plant species to include abundance as well

as presence and absence of a species. This also includes endangered,
threatened, and sensitive plants.
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Figure 4-11.

Major Washington tree species, with their scientific and common
name. (after Mosher and Lunnum)

Scientific Name

Common Name

Abies amabilis [(Dougl.) Forbes]

Abies grandis [(Dougl.) Lindl.]

Abies lasiocarpa [(Hook.) Nutt.]

Abies procera [Rehder]

Acer circinatum [Pursh]

Acer macrophyluum [Pursh]

Alnus rubra {[Bong.]

Arbutis menziesii [Pursh]

Betula papyrifera communtata (Regq.) Fern
Celtis reticulata {Torr.]

Chamaecyparis nootkantensis [(D. Don) Spach]

Cornus nuttalli {Audubon]

Fraxinus latifolia [Benth.]
Juniperus scopulorum [Sarg.]

Larix lyalli [Parl.]

Larix occidentalis [Nutt.]

Picea engelmannii [Parry)

Picea sitchensis [Bong.) Carr]
Pinus albicaulis [Engelm.]

Pinus contorta (Dougl. ex Loud.]
Pinus monticola [Dougl. ex D. Don]
Pinus ponderosa [ Dougl. ex Loud.]
Populus tremuloides [Michx.]
Populus trichocarpa [Torr. and Gray]
Pseudotsuga menziesii [(Mirbel) Franco]
Quercus garryana [Dougl.]

Rhamnus purshiana [De Candolle ]
Salix species

Taxus brevifolia [Nutt.]

Thuja plicata [Donn]

Tsuga heterphylla [{(Raf.) Sarg.]
Tsuga mertensiana [(Bong.) Carr.]

Pacific silver fir
Grand fir
Subalpine fir
Noble fir

Vine maple
Bigleaf maple

Red alder

Pacific madrone
Western paper birch
Netleaf hackberry
Alaska-cedar
Pacific dogwood
Oregon ash

Rocky mountain juniper
Subalpine larch
Western larch
Engelmann spruce
Sitka spruce
Whitebark pine
Lodgepole pine
Western white pine
Ponderosa pine
Quaking aspen
Black cottonwood
Douglas-fir

Oregon white oak
Cascara

Willow

Pacific yew
Western redcedar
Western hemlock
Mountain hemlock
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2) Structure: the size and spatial arrangement of vegetation.

3) Function: the production of organic matter and the cycling of
nutrients through pathways and compartments to include the secondary role
vegetation plays in providing habitat to fauna.

Changes in composition, structure, and function as vegetation passes
through the various life stages of establishment, growth, and mortality are
referred to as plant succession (Odum 1971). Succession is directional and
predictable and results from modifications of the physical environment by the
community. Daubenmire (1968) describes succession as any unidirectional
change that can be detected through changes in proportions of species in a
stand or the complete replacement of one community by another.

Succession is either primary or secondary. Primary succession involves
the amelioration of extreme site conditions by gradual alterations brought
about by the organisms over long periods of time. The colonization and
development of vegetation on bare rock, sand, or talus surfaces is an example
of primary succession. Secondary succession occurs when piants grow in an
area from which a plant community was removed or when plants succeed from
relatively shade intolerant species to more shade tolerant ones. An example
of secondary plant succession would be the invasion of clearcut or burned
areas by opportunistic, shade-intolerant herbaceous species which are replaced
in turn by shrubs and ultimately, a stand of shade-intolerant, pioneer tree
species (Franklin 1978). General successional stages for some Pacific
Northwest forests are illustrated in Figure 4-12, |[n this study, we are
primarily interested in secondary plant succession and the changes in

ition, structure, and function of coniferous forests as they pass
through the various |ife stages of establishment, growth, and mortality.

Establ ishment

Trees are established naturally either by seed or vegetatively from
sprouts or layered branches.

Seed is the principal means for perpetuating most trees and many woody
species from one generation to the next. The life of 8 seed is a complex
series of biological events beginning with initiation of the flower and
concluding with germination of the mature seed. Trees produce large
quantities of seed at infrequent intervals, and the more favorable the
conditions of soil and climate for plant growth, the more frequent are good
seed crops. Seeds are displaced by gravity, wind, birds, mammals, insects, and
flowing water.

Seedfall and dispersion for most trees occurs from August to November and
germination usually occurs the following spring. The most critical stages in
the life of a tree are when it is an embryo in a seed and when it is a tender
young seedling. Losses result from seed eating animals, insects, pathogens,
adverse microclimate, fire, or unsuitable seedbed. Mortality during the first
few weeks after germination is usually far greater than that throughout the
remaining life of a stand (Smith 1962).

Vegetative reproduction from sprouts usually occurs when the parent tree
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Figure 4-12,

Successional stages of flora

in some forest zones of Washington.

Grass-forb:

Shrub-seedling:

Pole-sapling:

Young:
Mature:

0l1d growth:

FOREST DBH | Grass- Shrub- Pole- Mature
ZONE in forb seedling sapling
inches| 0-D.4 | 0.5-4.9 }5-8.9 .} 9-20.9 {21+
WESTERN |AGE in{ 0 -6 {7 -20 |21 ~35 |36 - 70|71 - 120 121+
HEMLOCK | years
Douglag-fir _ | Western hemlock Western |hemlock
western [red cedar| (Douglag-fir in
seral stlands or
on dry gites)
TRUE FIR |AGE in| 0 - 20|21 - 35 |36 - 65 | 66 - 100{101-140 . {141 +
MOUNTAIN |years
HEMLLOK Douglag-fir _,| Westem fhemlock Pacif{c silver
and/or Noble fir| Pacific |silver fi fir
1/

Successional Stage Definitions —

Shrubs and/or tree regeneration less than 40 percent crown cover

and less than 5 feet tall; unit may range from largely devoid of

vegetation to dominance by herbaceous species.

Shrubs greater than 40 percent crown canopy; of any height;

trees less than 40 percent crown canopy with small diameters.
Tree crown canopy less than 60 percent.

Crown canopy cover exceeding 60 percent.

Crown cover may be less than 100 percent; little decay or defect

present;minimal occurrence of understory trees; dead and down

material residual from previous stand.

Stands with at least two tree layers (overstory and understory);

at least 20 percent of the overstory layer composed of long-lived

successional species; standing dead and down material; decay in

some trees.

1/ Adopted from Hall, F. et al. 1982.
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is unhealthy or recently killed. Sprouting can occur from dormant buds at the
root collar of stumps (stump sprouts), dormant buds higher up on the bole
{(epicormic branches), and adventitious buds on the bole and roots. No
Washington conifers produce stump sprouts, but alder, aspen, maple, and oak
are examples of hardwoods that do. Vegetative reproduction by layering arises
from living, low-hanging branches that have been partially buried in moist
organic matter. |In addition to producing seeds, western redcedar, western
hemlock, Sitka spruce, and subalpine fir can reproduce by branch l|ayering.

Growth

Forests in the Pacific Northwest differ markedly in composition,
structure, and function from the deciduous forests that dominate most mesic
segments of the world's temperate zones (Franklin and Hemstrom 1981). There
are relatively few major tree species, and most are conifers. Forest recovery
following disturbance typically requires several decades, and is substantially
slower than deciduous forests (Borman and Likens 1979).

Most tree species in the Pacific Northwest pliay multiple successional
roles. It is important to distinguish ecological roles from species' shade
tolerances. Species colonizing a site early in a sere are playing a pioneer
role. Species capable of perpetuating themselves on a site in the absence of
disturbance are playing a climax role. Several intolerant species can form a
stable type of climax if environmental conditions exclude their more toterant
associates. An example is the development of self-perpetuating stands of
Douglas=-fir on habitats that are too dry for western hemlock or grand fir. In
other cases, environmental conditions need only favor the less tolerant
associate, such as snowpack favoring reproduction of Pacific silver fir over
that of western hemlock.

Similarly, many shade-tolerant species can and do play pioneer roles on
most sites where they are also climax. Western hemlock is conspicuous early
in seres on cut-over forest lands in the Sitka spruce zone, as is Pacific
silver fir on many high-elevation burns. This can be due to an absence of
seed source for faster~growing intolerant species, or the growth rate of
tolerant species may equal or exceed that of the intolerant species (Franklin
1981).

Mortal ity

Natural mortal ity can occur at any age to individual trees or stands.
Causes of natural mortality include both active and passive agents. Active
mortality arises from causes readily evident to the casual observer, such as
fire, wind, flood, and volcanoes and is usually of a large magnitude for a
short duration. Passive mortality is not readily evident, may cover small or
|arge areas, have a small or large magnitude, and is usually of a shorter
frequency and longer duration. Examples include insects, disease, drought,
and suppression.

Predicting mortality in Pacific Northwest conifers is complicated by the

long=1ived character of many species. Two to four generations of shorter-
lived species may germinate, mature, and die during the |ife span of one
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Douglas=fir, redcedar, or Alaska-cedar tree (Franklin and Hemstrom 1981).

When a2 free dies and remains standing it is called a snag. When it falls
to the ground it is called dead and down woody material. As much as 60
percent of the annual litter fall of a mature forest may be woody debris
(Grier and Logan 1978). In a mid-elevation, unmanaged 470 year-old Douglas-
fir stand, MacMilfan et al. (1977) found 53~-265 tons/acre of dead and down
woody material.

A tree undergoes a series of successional changes from the time it dies
and becomes a snag until it fully decomposes and becomes incorporated into the
soil as humus. The size, tree species, and condition of a log along with
moisture and temperature, determine the rate of decomposition. Different
species and parts of a tree within a species vary in susceptibility to decay.
For example, Douglas-fir needles may require 10-14 years to decompose,
branches one inch in diameter require 36-50 years, and the bole, up to several
hundred years (Bartels et al. 1983, Maser et al. 1979 - Figure 4-13),

As a log decomposes, the plant community and |ife forms inhabiting it
radually change. These changes result from infternal and external succession
Figure 4-13). Internal succession is related to the persistence of the log

over time (residence time) which normally is determined by the rate of decay.
External succession is the change in the plant community surrounding the log.

As logs decay they increase in moisture content maintaining a high
moisture content throughout the process of decomposition. This is the basis
for three ecosystem functions of down woody materials:

1) provide moist and cool microhabitats for some or all life history
functions of many reptiles, amphibians, and small mammals

2) serve as sites for nitrogen fixation by nonsymbiotic bacteria

3) serve as sites for regeneration by some tree species

FLORA SUMMARY

For any given habitat there is a distinct progression in a plant
community structure toward a climax (stable, mature) community. These
communities are formed by the replacement of a species by others more adapted
to the prevailing conditons. Often these conditions are in turn modified by
other plants provoking new replacement. The sequence of species replacement,
however, is thought to be determined to a large extent by the tolerance to
shading of the individual taxa. For this reason, once a community reaches the
forest stage of development the sequence of events is predictable because
trees are established and grow according to their tolerance to shading. The
more tolerant species replace the less tolerant ones until the most tolerant
individuals within the region have established a climax forest. This does not
mean, however, that the climax forest is composed of only the most tolerant
species because the uneven-aged nature of a mature forest permits the presence
of many species with a broad spectrum of shade tolerance characteristics (West
et al. 1981).

The westside Cascades is discussed here as an example of plant succession
within various forest zones. Topography is typically mountainous with gentle
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Figure 4-13, Successional stages of snags and dead and down woody material.
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intfermountain regions such as the Puget Trough. Forests extend from sea level
to over 5,000 feet elevation. Mild, wet winters and relatively warm, dry
summers are a major factor in the dominance of conifers over deciduous
hardwoods. The mildest climates are in the coastal sitka spruce zone. The
coolest environments are in the subalpine zones above 3,000 feet elevation.
Synecological studies in the region have shown that moisture and temperature
are the primary environmental controls on plant community composition (Zobel
et al. 1976 - Figure 4-14). These relationships most |likely hold true in
Washington. Temperature and moisture vary sharply over short distances in the
broken mountain topography, and consequently, similar contrasts occur in the
composition and structure of forest communities (Franklin 1981).

Several general succession sequences have been described in coastal
Pacific Northwest forests (Franklin and Dyrness 1973). A typical sere in the
western hemlock zone would be:

Douglas-fir =-~> western hemlock and =---> western hemlock
western redcedar

In the Sitka spruce zone a normal sere would involve:

Sitka spruce and ---> western hemiock
western hemlock

Red alder stands could conceivably occur as the first stage in either of these
seres although its successional replacement by conifer stands is still
unproven.

In the lower subalpine areas of the Cascade Range a normal sere would be:

Douglas=fir and/or --=> western hemlock -=-=-> Pacific silver
noble fir and Pacific silver fir fir

Throughout most of the westside Cascades, western hemlock and Pacific
silver fir are the major potential climax species. Special habitats are
exceptions, such as the dry sites where Douglas=-fir is self-perpetuating.
Some species of moderate shade tolerance, such as western redcedar and Alaska=-
cedar, typically reproduce poorly in old growth stands. This may indicate
subclimax status in a stable age class distribution despite an apparent
sparsity of reproduction,

Forest practices are superimposed on these complex successional patterns
with the intent of influencing the composition and structure of the
vegetation. Chapter five addresses the changes to composition, structure, and
function caused by forest practices.

FAUNA

The term fauna means all animals of a specific region and includes
mammals, fish, shellfish, reptiles, amphibians, birds, insects, and protozoa.
Fauna function as either consumers or decomposers, As consumers, they are
either onmivores (eat both plants and animals), herbivores (eat green plants),
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Figure 4-14, Distribution of two climax vegetation zones in relation to
moisture and temperature, defined by plant response indices.
(after Zobel et al. 1976)
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or carnivores (eat animal tissue).

Producers are eaten by grazers which are in turn eaten by carnivores.
Dead plants and animals provide the chemical energy for decomposer organisms
and microorganisms, including some insects, worms, fungi, bacteria, etc.
These organisms are usually concentrated in or near soils and sediments and
they ultimately break down decaying organic materials into basic nutrients to
again support plant growth, thus completing the cycle. Since the decomposers
are seldom able to break down organic materials completely, there is a
continuous accumulation of organic detritus which remains as part of the
substrate and contributes to the formation of soils and sediments.

Al though groups of organisms can be classified into major functional
units and basic food chains for conceptual purposes, the actual trophic or
food-energy relationships between individuals, populations, and communities of
organisms in ecosystems is much more complicated. When the trophic
interrelationships of individual populations within a community are considered
in detail it becomes obvious that they are better represented as complex food
webs rather than simple food chains (Figure 4-15). All converters (fauna),
unable to trap the sun's energy on their own, are dependent on other organisms
or organic material for nourishment. These food webs or roadmaps are composed
of many interrelated sequences of who eats whom (Proctor et al. 1980).

Washington has four major faunal habitat types: steppe and shrub-steppe,
alpine-subalpine, water, and forests, We are specifically interested in
freshwater (aquatic), forests (ferrestrial), and riparian habitats (the
transition area between aquatic and terrestrial). Freshwater habitats include
all perennial or intermittent streams, lakes, and wetlands.

Forests include the vegetation within the commercial forest zone of
Washington described in the FLORA section of this chapter. This zone includes
special habitats such as caves, talus, cliffs, old growth snags, and riparian
zones. The term "riparian® is used in a variety of ways. For our purposes
we use the expression riparian ecosystem to refer to all living organisms
interacting with their non~living environment bordering water. The geographic
area in a riparian ecosystem includes the riparian and aquatic zones and the
adjacent upland areas which directly influence the qual ity and quantity of
faunai habitat (Figure 4-16). The riparian zone composes about 3~5 percent of
the forest area.

For purposes of this study, we have separated fauna into two categories:

ic and terrestrial. The discussion of aquatic fauna refers primarily to
habitat of the aquatic zone and discussion of terrestrial fauna refers to
habitats of the riparian zone and the upland forest zone.

FAUNA - AQUATIC

Aquatic fauna includes all animals dependent on bodies of water for all
or part of their life cycle. We have Iimited this category to fish found in
Washington's freshwater systems and invertebrate insects important to fish.
Fish include 14 species of salmonids (Family Salmonidae) and more than 50
species of nonsalmonids. The study addresses only saimonids which are divided
intfo anadromous and resident based on |ife-history patterns (Figure 4-17).
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Figure 4-15. A simplified food web in an ecosystem. Arrows show the direction
of energy flow. (after Proctor et al. 1980)

3.
CONVERTERS

OMNIVORES

et ’\“J“”“"
QEF T~ sussTRATE

Soll, Water, Alr



Figure 4-16. Boundaries of a riparian zone and riparian ecosystem.

Boundary
of

Riparian

Ecosystem

Aquatic zone (AZ) is the area below the mean annual high water mark of surface
waters including the water, banks, beds, organic and inorganic materials.

Riparian zone (RZ) is the area bordering streams, lakes, tidewaters and other
bodies of water. Riparian zones are transitional areas which lie between
aquatic and terrestrial environments. They have high water tables and may
contain plants which require saturated soils during all or parts of the year.

Direct influence zone (DZ) is the zone located adjacent, but outside the ripar-
ian zone containing vegetation which directly shapes the physical structure
of the aquatic environment, or contributes organic material to aquatic and
riparian zones through the forces of gravity or wind.

Riparian ecosystem (RE) is the area bordering streams, lakes, tidewaters, and
other bodies of water that include elements of the aquatic and terrestrial
ecosystems. They have a high water table and may contain plants that
require saturated soils during all or part of the year. Riparian ecosystems
include aquatic and adjacent terrestrial areas which directly influence the
quality of fish and wildlife habitat.
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Figure 4~17. Common and scieatific names of anadromous and resident
salmonid fish of Washington. (adapted from Reiser and Bjornn

1979).
Common name Scientific name
= Pink salmon Oncorhynchus gorbuscha (Walbaum)
L o |Chum salmon Oncorhynchus keta (Walbaum)
o %|Coho salmon (silver) Oncorhynchus kisutch (Walbaum)
< <|Sockeye salmon (kokanee) Oncorhynchus nerka (Walbaum)
Chinook salmon Oncorhynchus tshawytscha (Walbaum)
— |Cutthroat trout Salmo clarki (Richardson)
>|Rainbow (steelhead) trout Salmo gairdneri (Richardson)
& ({Golden trout * Salmo aquabonita
+1Brown trout * Salmo trutta (Linnaeus)
e [Brook trout * Salvelinus fontinalis (Mitchill)
<|Dolly Varden Salvelinus malma (Walbaum)
S| Lake trout Salvelinus namaycush (Walbaum)
Mountain white fish Prosopium williamsoni
Artic grayling Thymallus arcticus

* Introduced species
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Anadromous salmonids spawn in fresh water but spend most of their adult lives
in saltwater and include the Pacific saimon, various sea-run trout (steelhead
and cutthroat), and char (Dolly Varden) (Figure 4-18). Resident fish remain
in fresh water throughout their life cycle and include cutthroat, kokanee,
silver salmon, grayling, lake trout, brook trout, golden trout, rainbow trout
and brown tfrout.

Major steps in the life cycle of salmonids are:

1) Spawning: includes the deposition and fertilization of eggs in
redds, egg incubation, and emergence. The period from egg to alevin to
fry emergence ranges from two months for spring-spawning trout to nine
months for some Pacific salmon. Salmon and char usually spawn in the
fall, on declining water temperatures whereas tfrout spawn in winter or
spring, generally on a rising water temperature regime. Pacific salmon
die after spawning while trout and char may survive to spawn more than
once (Fisheries & Oceans 1980). Egg incubation is a sensitive stage of
the life cycle of salmonids and egg survival is dependent upon sediment-
free spawning gravel and clean, weli-oxygenated water,

2) Rearing: the growing stage for fry and juveniles. Stable stream
conditions are important to those species that spend part or all of their
early life in fresh water. Chinook and coho young spend the greatest
time of all salmon in streams, ranging from a few months to a year or
more.

3) Migration: the deliberate movement of fish from one habitat to another
and includes the downstream movement of young salmonids from streams o
sea and upstream movement of adult spawners to spawning areas. All
anadromous salmonid species, except coastal cutthroat and Dolly Varden,
undertake extensive feeding migrations in the Pacific Ocean, between
northern Cal ifornia and the Guif of Alaska. Fry and juveniles move to
different habitats as they grow older, and hence require unobstructed
access up and down the stream and into side-channels and tributaries.

Saimonids require special conditions for successful spawning, egg
development and hatching, growth, and survival of their young. In general,
salmonids require cool, well-oxygenated water, a clean gravel subsirate, and
abundant cover and shade. Salmonids are much more demanding in the these
respects than are many of the so-called coarse fish such as carp, squawfish,
and suckers.

Specific habitat requirements for salmonids vary with species.
Requirements of certain species may be in direct conflict with others. For
example, a small log jam may create a nursery area for cohc salmon but remove
a spawning area from chum or pink salmon. Recognizing these differences, we
have generalized about the optimum habitat for salmonids using two categories,
physical characteristics and water conditions.

There are four basic physical requirements:
1) Access: the opportunity for movement by adult salmonids upstream to

spawning and nursery areas, and by fry and juveniles seeking rearing
habitat.
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Figure 418, Anadromous salmonid |ife cycles.
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2) Streamflow: the volume of water carried in a stream. Relatively
stable streamflows without extreme freshets and droughts characterize the
best salmon and trout streams.

3) Substrate: the bedrock, boulders, cobbles, gravels, sand, and silts
making up the streambed. Spawning requires clean, stable gravel varying
between 0.4 and 6 inches in diameter, depending on fish size, and
permitting an intragravel flow of water adequate to provide each embryo
and alevin with high concentration of dissolved oxygen and to remove
metabol ic wastes.

4) Cover: the plants, rocks, deep water, turbuience, shade,and organic
debris used by fish for shelter and protection from adverse conditions
and predation, Cover also provides feeding stations and food sources.

There are three basic water condition requirements:

1) Temperature: young of all salmon species prefer water between 53 and
57 degrees F. Temperatures above 59 degrees F are avoided and temperature
may become lethal above 77 degrees F. For example, if water temperature
rises much above 68 degrees F to 77 degrees F for very long most
salmonids, especially in early stages, are seriously stressed or will
die. Coarse fish, however, can adapt or tolerate water temperatures
approaching 90 degrees F.

2) Dissolved oxygen: high concentrations are required in both intra-
gravel and surface waters. Low concentrations will seriously stress or
kill salmonids, especially in early life stages.

3) Clarity: the transmission of sunlight to the stream bottom and the
algal community where most of the primary food production occurs.
Salmonids are dependent on vision for locating their food supply and
usually feed and grow better in clear waters having adequate cover and
protection. Coarse fish locate their food chiefly by smell or feel and
can therefore tolerate murky water and less cover better than trout and
salmon (Toews and- Brownlee 1981).

An additional, and obvious, requirement for fish that use streams for
nursery purposes is an abundance of terrestrial and aquatic invertebrates
(insects). During their fresh water rearing phase, salmonid juveniles feed
mainly on the larvae of aquatic insects and to a lesser extent, on terrestrial
insects, depending on stream size and flow level. Aquatic insects important
to juvenile salmonids can be classified into four basic orders of
invertebrates and five functional feeding groups responsible for processing
organic matter in the stream.

The food web leading to these insects is extremely complex with many
links and pathways, all connected to the surrounding land, particularly the
vegetation along stream banks.

Food for invertebrates comes from four basic sources:

1) Detritus: particulate organic matter. Fine particulate organic matter
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(FPOM) is smaller than Tmm in diameter and consists of plant and animal
fragments, and feces of large invertebrates. Coarse particulate organic
matter (CPOM) is greater than 1mm in diameter and consists of logs,
branches; large twigs, bark, fruits, etc. that have breakdown times
greater than one year.

2) Periphyton: an assembly of attached algae, particularly diatoms, and
associated detritus.

3) Macrophytes: mosses, flowering plants and macroalgae.
4) Animals: preying invertebrates.

It is also important to understand that as one moves downstream, habitat
and food relationships change (Figure 4-19)., As a stream system progresses
from headwater to mouth:

1} it changes from heterotrophic to autotrophic and back to
heterotrophic

2) there is a shift in the proportion of invertebrates from shredder-
collector (1st=3rd order), to collector-grazer (4th-6th order), fo
mostly collectors (7th-12t+h order)

3) fish populations shift from cold= to warm-water invertebrate feeders

4) fterrestrial inputs of CPOM decrease (1st-3rd order) and the transport
of FPOM increases (4th and greater order)

5) the food source for insects shifts from organic matter coming from
surrounding watershed to algae produced in riffle areas

A typical salmon stream is composed of two alternating and contrasting
habitats - riffles and pools. Riffles are areas of swift streamflow, usually
shal low, with rocky and gravelly bottoms. Riffies are important because they
contain the majority of the stream insects. When these insects dislodge from
the stream bottom and move downstream it is called "drifit" Drift occurs
mainly at night and is the primary method of making invertebrates available as
food for fish,

Pools are areas of deep, slow water, with a bedrock, sandy, or silty
bottom. Pools are settling basins with more organic matter than riffles,
contain burrowihg insects, and are resting areas for fish awaiting drift
(Toews and Brownlee 1981). The ratio of poels to riffies is one expression of
fish habitat quality.

In determining effects of forest practites on aquatic fauna (Chapter
5), the primary emphasis is on potential changes to this salmonid habitat.
Habitat may be altered by physicai changes to the channel, or by changes in
biologic components necessary for salmonid production.
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Figure 4-19. Functional feeding groups of aquatic insects in relation to
stream order and width. (adapted from Cummins 1979).
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FAUNA - TERRESTRIAL

Terrestrial fauna includes all animals that dwell primarily on land. We
have (imited this category to nondomesticated vertebrates (wildlife) such as
mammals, amphibians, reptiles, and birds. Terrestrial insects are recognized
as a significant food source for wildlife, but are not included as wildlife in
this study. There are approximately 432 wildlife species that spend all or
part of their life cycle in Washington forests (Guenther and Kucera 1978).

Wildlife Category JTotal
Mammals
* small 67
* medium 18
¥ large (9 ungulates) 1
Amphibians & Reptiles 27
Birds 309

We have not selected any one species as more important than another nor
have we categorized species according to status such as game, nongame,
varmints, predators, furbearers, etc. Instead we concentrated on habitat as
the element of interest. Where specific information is available on a
species, however, we have identified it where it was helpful in explaining a
process or an effect.

Wildlife habitat provides food, cover, water, and space. Habitat is used
by wildlife for foraging and watering, breeding and brooding, hiding and
resting, travel, and protection from extremes of heat and cold. We focus on
vegetation because it is the primary element defining the number and type of
wildlife habitats present in a given area. We are specifically interested in
the reliance by mammals and birds on vegetation for food and cover in riparian
zones and commercial forests. Although reptiles and amphibians are important
to the food web, documentation of their role in relationship to forest
practices is not as extensive as for warm blooded animals.

Forest vegetation is characterized by its composition, structure, and
function. Succession provides for changes in the structure and composition of
vegetation over long periods of time (decades), whereas seasonal changes, due
in part to emergence and die-off of annual plants, cause short-term changes in
composition and structure. The patterns of vegetation succession depend
primarily on the frequency of disturbance and the substrate of a given area
These patterns play a dominant role in controliing the diversity of vegetation
and, hence, the number and type of niches or microhabitats provided various
wildlife species. The role a particular wildlife species plays in the
environment is referred fo as its ecological niche.

The six successional forest stand conditons, as described earlier in the
FLORA section, provide unique environmental conditions that are ecologically
important as niches for wildlife species (Figure 4-20). The niches are a
product of the plant community, its successional stages, and other
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Figure 4-20. Stand conditions and environmental
characteristics in temperate
coniferous forests. Numbers
indicate a scale of vaiue from low
(1) to high (5)

STAND CONDITIONS | Grass Shrub Pole-~ Mature

forb seedling| sapling

Plant diversity | 2 5 3 1 2
3 4 4 1
Vegetation -- 1 2 3 4
height 1 2 3 4
- 1 2 3 5 4
Canopy volume 1 2 3 4 5 4
1 2 4 4 4 3
Canopy closure 1 2 3 5 4
Structural 1 2 5
diversity 1 2 3 5
Herbage S 2 3
production 5 1 2 3
Browse 1 2 3
production 1 1 2 3
Animal diversity |3 4 1 2 > 4 =
*/ 2 5 4 1 1 i
-~
Woody debris - - - - " - e
(natural) "/ 5 4 ~_ 3 2 3 /
Woody debris™#/|._ - - | - - - -
(intensive mngt 1 1 1 2 2 3

Source: Thomas 1979. Wildlife Habitats in Managed Forests-
The Blue Mountains of Oregon and Washington.

ities and Stand Conditions. Forest Wildlife Habitat
Relationships in Western Washington and Oregon.

j Source: Hall et al. 1983. Chapter 2~ (Draft) Plant Commun-
*/

Plant and animal diversity is based on the number of species
associated with a stand condition.

#* %/ Woody debris can be quite variable depending on treatment
following clearcutting (Maxwell and Ward 1976).
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environmental factors; including soil type, moisture regime, microclimate,
slope, aspect, elevation, and temperature. The plant community type can be
considered an integrator of the many factors interacting on a site (Thomas
1979).

We have separated the forest into five types of wildlife habitats:

1) riparian zones

2) edges

3) snags

4) dead and down woody material
5) old growth

The riparian zone is the environment bordering water. Wildlife use
riparian zones disproportionally more than any other type of habitat. More
than half of all aquatic and terrestrial fauna known to occur in western
Washington and Oregon depend on riparian areas and wetlands (Oakley et al.
1982). We assume that this relationship also holds true for eastern
Washington (Thomas 1979). Although not all wildlife require riparian/wet|and
habitats for survival, more species would be displaced if riparian/wetland
habitats were destroyed than if other habitats were eliminated.

Habitat requirements of wildlife in forested riparian ecosystems are
being studied concurrently for the Forest Practices Board by the Washington
State Riparian Habitat Technical Committee (Sachet 1982)., Therefore, no
further explanation of riparian wildlife habitats wiil be given in this
section of the report.

Edges are places where plant communities meet or where successional
communities meet or where successional stages or vegetative conditions within
plant communities come together. For example, edge occurs at the border of a
cut and uncut forest. The area influenced by the transition between
communities or stages is called an ecotone (Figure 4-21). Edges and their
ecotones are usuvally richer in wildiife than the adjoining plant communities
or successional stages (Thomas 1979). Two phenomena help explain the
importance of edges. First, dispersion, or the pattern and density of
distribution of individuals in an animal popuilation, is proportional to the
amount of edge. The greater the length of edge, the greater the potential
density of animals. Second, interspersion, the mixing of plant species and
animal communities, influences the number of animal species requiring edge.
interspersion and community size are inversely related. As the mixture of
communities or successional stages within an area increases, sizes of the
communities or stages decrease. Edge animal species benefit from more
interspersion, whereas interior species are favored less (Thomas 1979).

Snags are standing dead trees void of |leaves and branches. A snag for
wildlife use is dimensionally defined as being at least four inches in
diameter at breast height (d.b.h.) and at least six feet tall. This
definition is based on the minimum dimensions for nesting birds.
Additionally, snags provide food and cover for many species of mammals,
invertebrates, and plants. Animals either excavate their own cavities or use
existing cavities. Snags are used by birds for foraging, drumming, singing
posts, food caching, nesting, hunting perches, loafing, lookouts, anvils,
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Figure 4-21, Edge and ecotone.
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plucking posts, landing and roosting (Miller and Miller 1980).

Cavity-nesting birds usually account for about 30-45 percent of the bird
population in forested areas, but can account for as much as 66 percent.
Cavity-nesting birds are primarily insectivorous and may play an important
role in the control of forest insect pests (Scott et al. 1980). Thirty nine
of the 85 species of cavity-nesting birds in North America (excluding Mexico)
occur in the Blue Mountains of Oregon and Washington (Thomas 1979).

Dead and down woody material is woody material that is dead and lying on
the forest floor (Thomas 1979). This material is recruited from standing live
and dead trees. Insects, disease, wind, fire, landslides, and floods are
natural factors causing trees to die and become dead, down woody material.
Similarly, forest practices produce dead and down woody material.

Dead and down woody material functions as wildlife habitat providing
cover and sites for feeding, resting, and reproducing for many species. The
size and decomposition stage determines the usefullness of dead and down
material. |In general the larger the diameter and the greater the length of a
log, the more useful it is. However, small material is better than none as
small logs provide habitat for some wildlife species (Maser et al. 1979).

An example of the function of dead and down woody material is the role it
plays in the dissemination of the spores of hypogeous fungi=- mycorrihizal-
forming fungi. These fungi fruit below ground and their fruiting bodies are
eaten by small animals such as chipmunks. The spores resist digestion and are
defecated on or within the soil where precipitation and infiltration bring
them into contact with plant roots (Trappe and Maser 1978). The fungi
translocate fungal-absorbed ions from the soil fo the host root, and host
produced photosynthates to the fungus. This obligatory symbiotic relationship
is necessary for the major forest tree species - including Douglas-fir, pines,
hemlock, and alder (Maser et al. 1979). Dead and down woody material serve as
the transportation routes and cover for chipmunks, and nursery sites for new
colonies of hypogeous fungi (Trappe and Maser 1978).

In western Oregon and Washington more than 150 species of terrestrial
wildlife use dead and down woody material as either a primary or secondary
component of their habitat requirements (Bartels et al. 1983)., Maser et al.
(1979) listed 179 species of vertebrates making use of dead and down woody
material in the Blue Mountains of Washington and Oregon.

0ld growth coniferous forests are the last stage in forest succession.
Some animals find optimum breeding or foraging habitat in old growth
ecosystems (Figure 4-22). Whether these species are totally dependent on old
growth is not documented, however, the occurrence of a wildlife species in
younger stands does not assure its survival in the absence of old growth,
Much of the distinctiveness of animal communities in old growth ecosystems
relates to large live trees, large dead snags, and large logs on land and in
streams (Franklin et al. 1981). The relationship of old growth to wildlife
habitat is currently being studied by the US Forest Service, Forestry Sciences
Laboratory in Olympia, Washington (Ruggiero and Carey 1982). -
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Figure 4-22, Vertebrate animais that find optimum habitat for foraging or
nesting or both in old growth Douglas-fir- western hemlock
forest ecosystems in Washington,

Group

Common Name

Scientific Name

Birds

Goshawk

Northern spotted owl
Vaux's swift
Pileated woodpecker
Hammond's flycatcher
Pine grosbeak
Townsend's warbler

Accipiter gentillis
Strix occidentalis
Chaetura vauxi

Dryocopus pileatus
Empidonax hammondii
Pinicola enucleator
Dendroica townsendi

Canopy mammals

Silver-haired bat
Long-eared myotis
Long-legged myotis
Hoary bat

Red tree vole

Northern flying squirrel

Lasionycteris noctivagans
Myotis evotis

Myotis volans

Lasiurus cinereus
Arbarimus longicaudus
Glaucomys sabrinus

Ground mammals

California red-backed vole
Coast mole

Marten

Fisher

Clethrionomys californicus
Scapanus orarius

Martes americana

Martes pennanti
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FAUNA SUMMARY

Fauna are the biological integrators of the physical and chemical changes
in air, earth, water, and flora. All species of aquatic and terrestrial fauna
have particular habitat requirements and preferences. Some species are more
general in their requirements than others, but all have an optimum habitat
where they live and reproduce best. These optimum habitats, however, are not
the same for all species. A change in the structure and composition of the
vegetation can change the habitat for some species and not others.

Forest practices change many of the structural, compositional, and
functional aspects of aquatic and terrestrial ecosystems and in so doing,
favor some faunal species over others. This potential of forest practices To
alter faunal populations through shifts in habitat is of major interest to the
subject of cumulative effects.
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5. CUMULATIVE EFFECTS OF FOREST PRACTICES

This chapter discusses the circumstances arising from forest practices
that lead to cumulative effects. It is founded on Chapter 4 and the principles
of systems ecology. Using the definition of cumulative effects we explain the
potential for forest practices interacting with the five physical elements of
the environment to cause direct and indirect cumulative effects. Although
cumulative effects can be temporary or persistent, we have emphasized the
iatter. The matrix on page 82 is a guide to Chapter 5.

The first principle of systems ecology, germane to this discussion, and
discussed in Section 4.3, is that all elements of the environment are
connected.and influenced by all other elements of the environment. This means
that changing one element of the environment, such as flora, will change one
or more other elements of the environment, such as fauna and other flora.

To simplify a complex subject, we have gradually narrowed our scope of
concern to discuss what we perceive to be the more important aspects of
cumulative effects. We do this at the risk of missing some critical process
or element of the environment that may later prove to be as important as those
we discuss here. This violates, in part, the first principle of systems
ecology, however, we believe this level of detail is appropriate for a first
approximation of cumulative effects.

Do cumulative effects of forest practices exist? If so, what are they?
These are the primary questions we are trying to answer in this report.
Current Washington State forest practice regulations |look at each forest
practice individually considering only its potential individual effect on the
environment. The forest practice application process does not require that
consideration be given to potential interactions of individual effects and
their conversion to cumulative effects. The answers to the above questions
are a first requisite to determining whether present regulatory procedures are
adequate or require modification to cover cumulative effects.

Whether an individual change in the environment becomes a cumulative
effect depends on three variables:

1) the magnitude of change
2) its rate of recovery
3) +the frequency (in both time and space) of recurring forest practices

The cause-effect relationships between forest practices and cumulative
effects are much more complex than those of individual effects. Because of
this complexity, there are few, if any, cumulative effects that will
universally occur. To determine whether a proposed sequence of forest
practices will result in a cumulative effect requires that the practices be
exactly defined as to time of occurrence and recurrence and as fo location on
the landscape. Similar environmental changes will recover at different rates
under different site and climatic conditions; whether recovery occurs before
interaction with another practice depends on where and when this next practice
occurs. This means that all cumulative effects are "potential™ changes that
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This matrix is offered as
a guide to Chapter 5 for
locating, by page number,
cumulative effects of specific
forest practices on specific

elements of the environment.
FF—————-—-DIRECT CUMULATIVE EFFECTS

EARTH WATER

Erosion/ Forest soil Quantity

FOREST PRACTICES

TIMBER HARVEST
Intermediate
Final

ROADS 118 (119 126
Congtruction
Maintenance

L

SITE PREPARATION 127 |128
Prescribed burning 126 1281129 | 1301130
Mechanical
Chemical

REFGRESTATION
Natural
Artificial

STAND MAINTENANCE

AND PROTECTION
Vegetation control
Wildfire
Fertilization
Animals and diseases

COMBINED FOREST PRACTICES 141 141 | 145 145 | 147 147
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-INDIRECT CUMULATIVE EFFECTS

WATER J‘ FLORA l " FAUNA
/ Quality I . Aquatic /  Terrestrial

121
122

123

132

131

134

134

135

150

150}

137

137

149

149]

155

156 158

EARTH

WATER

FLORA

Combined Direct and Indirect Cumulative Effects
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can be controlled by proper application and scheduling of forest practices.

Thus, in this study, determining whether or not a change in the
environment would become a cumulative effect required answering several
questions:

1) What ecosystem properties or processes are changed by the forest
practices? Changes include direct effects, generally occurring on-site,
and indirect effects, usually to some off-site or mobile component.

2) What is the relative magnitude of this change, and the direction in
which it occurs?

3) What is the ability of the ecosystem to assimilate this change?

4) What is the duration of the effect (i.e., its recovery period) and
is this related to the "™intensity" of the practice?

5) Do these changes interact with changes from other forest practices
resulting in changes to other components of the environment?

6) What is the time and space frame under which the forest practices
occur? That is, how often are practices repeated, and how are they
dispersed on the l|andscape?

Answers to questions one, two, and (occasionally) three and four were
found in the literature. However, answers to questions five and six were
rarely addressed in the |iterature and were obtained from personal interviews
or our own experiences. Questions three through six remain the most difficult
to answer and the uncertainty in these answers restricts our discussion to the
most "common"™ forest practices as they are "generally" applied and to
cumuiative effects that are likely to result under ™typical"™ site and climatic
conditions. Where data are available, we describe the magnitude and direction
of expected change and specific conditions under which they occur. We do not
attempt to discuss the probability of cumulative effects occurring or not
occurring, nor the threshold that a cumuiative effect must surpass before it
becomes a cumulative effect of concern to the FPB.

The determination of potential cumulative effects is based on
extrapolation of the |iterature, interpretation of the personal interviews,
and our own experience. Where we have made interpretations from limited data
our reasons are best expressed by a quote from Lundgrun (1978).

"It is not so much the fact that the risk of site deterioration is
very real which should cause anxieties, but rather the very
widespread lack of recognition among forest managers that it is a
risk at all."

ln the previous chapter, we defined the term "cumulative effect® and
introduced our interpretation of "forest practices™ and "elements of the
environment™ In this chapter we will describe the chain of events that tie
forest practices as the cause to the environmental elements where the “effect™

resides. As outlined earlier, cumulative effects have been divided into
direct and indirect, and these are the major divisions of this chapter.
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The summary of each sub-section is formulated into a concluding
statement. We did this using the rationale that "no conclusions" leads to ™o
debate®., |If assigned cumulative effects later prove to be in error, the
attempt to rectify these conclusions will lead to pointed discussions which
otherwise might not take pilace.

5.1 DIRECT CUMULATIVE EFFECTS

The FPB regulates forest practices, therefore we have organized this
section around forest practices rather than the elements of the environment
(Figure 5~1). Direct cumulative effects are closely associated with forest
practices and are appropriately discussed under individual forest practice
headings. In this section we discuss direct cumulative effects resulting from
application of an individual type of practice repeated either on the same site
over an extended time pericd, or on separate sites over a short time period.
The final forest practice category, COMBINED PRACTICES, discusses direct
cumulative effects caused by interactions of diverse practices. Direct
cumulative effects are primarily changes to the air, earth, water, and flora
elements of the environment. Cumulative effects on fauna are always indirect
and are discussed under [NDIRECT CUMULATIVE EFFECTS.

Direct cumulative effects can occur on-site within the forest practice
activity area or away from the activity if the changed component moves off-
site. To determine whether a change should be considered a direct cumulative
effect we used two general guidelines:

1) It is a potential cumulative effect if the change occurs on-site and
does not recover during the rotation.

2) It is a potential cumulative effect if a change has a good chance of
moving off-site and interacting with other changes.

The risk of the off-site cumulative effect varies with the intensity of
harvest activity, the lower the activity level per acre or the greater the
time between activities the less the potential for cumulative effects.

TIMBER HARVEST

Harvesting timber has unavoidable direct individual effects on the earth,
water, and flora components of the forest ecosystem. But, as we use the term,
it has no direct effect on either air or fauna. Potential changes to air
resources caused by harvesting are beyond the scope of this review, and
changes to fauna are indirect through changes in habitat. Because direct
cumulative effects result only when two or more individual effects from
separate timber harvests interact, the potential for harvest related direct
cumulative effects is also limited to earth, water, and flora

There is little argument that a change in the forest results when timber

is harvested (McLintock 1972). The question is, does the effect of one
harvest still persist when the next harvest is initiated? Thus, the
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Figure 5-1. The relationship between direct and indirect cumulative effects,
forest practices, and elements 6f the envirohmeiit.
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difficulty in determining cumulative effects of timber harvest is not in
identifying change, but the rates at which this change is modified by recovery
processes and recurring harvests. '

Cumulative effects resulting from timber harvest can occur on the site
where the harvest takes place, or off-site away from the harvest activity.
On-site cumulative effects are associated with repeated timber harvest on an
individual site. Off-site cumulative effects are primarily associated with
intferactions of timber harvests applied relatively close in time but spread
out in some fashion over the landscape. The affected component of the
environment must be mobile to move off~site and is usually some product of
erosion or other air- and/or water-borne material (fauna are discussed in
Section 5.2).

Recovery that must occur to eliminate the potential for an on-site
cumulative effect is closely related to the rotation length. Recovery that
must occur to reduce potential off-site cumulative effects is related to
spacing and timing of the harvest activities. To reduce the potential for off~-
site cumulative effects, recovery of the air- or water-borne individual effect
must occur within a set distance. This distance must be [ess than the travel
distance between harvest-units where individual effects might interact to
cause cumulative effects. Therefore, in this discussion we can ignore neither
rotation length nor how the harvest operations are grouped.

With respect to cumulative effects, tTime and space are inescapable
compeonents of a timber harvest description. Clearcutting after a 120-year
rotation with a well dispersed age class distribution is not the same forest
practice as clearcutting after a 60-year rotation where age classes are
.grouped in large contiguous blocks. Realistically, however, we can not discuss
all conceivable manipulations of time and space that are possible in a
continuing timber harvest program. Thus, we are forced to generalize on the
most common timber harvest scenarios, knowing full well that there are many
exceptions. The following narrative describes the cumulative effects of
timber harvest on garth, water, and flora.

EARTH

Discussion of cumulative effects of timber harvest on earth resources has
been restricted to effects on grgsion and sqil propertises.

Erosion

Within the context of erosion, timber harvest has an effect on both
surface erosion and mass failures. The connection between the harvest and the
erosion process differs for each. The disturbance related to the yarding
portion of harvest is the primary contributor to surface erosion, while it is

the reduction in living vegetation and its associated effects on root strength
and water distribution that contribute to mass failures.

* Surface Erosion

Timber harvest may increase surface erosion by exposing mineral soil and
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through soil compaction. These effects are largely related to yarding
operations which disturb the soil, expose mineral soil to raindrop impact, and
reduce infiltration capacity by compaction. In general, the soil disturbance
is related to the amount and force of ground contact by the yarding system.
Maximum disturbance is caused by tractor logging and least by full log-
suspension systems (Clayton 1981, Dyrness 1970, 1967, 1965; Wooldridge 1960).
Logging systems causing the least disturbance result in least surface erosion.
However, the type of harvest method is often less important than whether or
not it is appropriate to the local terrain (Chamberlin 1982).

The amount of erosion is also related to the quantity of vegetation
removed. Yegetation cover, and its associated |litter, are the best defense
against soil erosion. With identical yarding techniques, clearcut harvest
probably has greater effect than a single selection cutting. However, the
multiple entries required for repeated selection harvest may cause greater
soil disturbance in the long-term.

Some surface erosion will result from any harvest operation, no matter
how careful the application. However much of the eroded soil will only be re-
distributed elsewhere on the site. Except where disturbance is severe and
overiand flow occurs, soil movement occurs primarily as dry ravel, especially
on steep dry slopes (Swanson and Grant 1982, Mersereau and Dyrness 1972),
Stabilization of bare soil occurs within a year or two as the site is
revegetated.

For surface erosion to resuit in a direct on-site cumulative effect, the
magnitude of erosion must be greater than the soil's ability to replace the
lost matter. We are not concerned with the simple lowering of the land
surface,

CONCLUSION: With current rotation lengths of 60 years and longer, and where
yarding techniques are used that minimize disturbance, we bel ieve there is
little potential for soil erosion loss (from harvest alone) exceeding the rate
of soil replenishment. Consequently there is |ittle potential for such on-site
losses to accumu!ate harvest after harvest.

¥ Mass Movement

Many field studies conducted over the past two decades in the Pacific
Northwest, northern California, and the northern Rocky Mountains have
established relationships between timber harvest (clearcutting) and mass~
wasting. The 1964-65 storms on the H. J. Andrews Experimental Forest (HJA) in
Oregon generated 3.9 failures/1000 acre of clearcut, compared to 0.4
failures/1000 acre of undisturbed forest (Dyrness 1967a). Over about 24
years, clearcuts in the "unstable terrain®™ of HJA experienced about 2.8 times
as many landsl ides as undisturbed areas in the same terrain (Swanson and
Dyrness 1975). As a result of 2 major storm in 1975 in the Oregon Coast
Range, 77 percent of the landslides occurred in clearcuts and only 9 percent
on undisturbed forest (Gresswell, Heller, and Swanston 1979).

Discussion in the iiterature has dealt primariiy with debris avalanches
and any resultant debris torrents, but studies have also connected changes in
soil creep and earthflow rates to vegetation removal. Decay of the root system
and increased soil moisture decrease soil stability (Brown and Sheu 1975).

88



The effect declines within 15-30 years if deep-rooted vegetation is re-
establ ished (R. Beschta pers. comm.). Creep is important in moving soil info
stream channels and refilling debris avalanche scars, but since rates are siow
and accelerating effects last such a short time we do not believe accelerated
creep by itself is a potential cumulative effect under current harvest
practices. It is not considered further.

Slump-earthflows typically involve thick bodies of weathered rock and
soil and are little influenced by vegetation removal that effects only root
strength. However, harvest can occasional ly cause renewed or accelerated sliump
movement, especially on shal low earthfiows, by increasing subsurface drainage
(resuiting from decreased transpiration) thus changing the strength of soils
(R. Beschta pers. comm.). A shift from deep-rocoted to shallow=rooted grasses
was blamed for part of the increase in earthflow activity in the northern
California Coast Range (Kelsey 1978). Earthflows are considered further under
ROADS.

Debris avalanches are the type of mass movement most affected by timber
harvest. The decay of tree roots after harvest causes a decrease in soil
strength, especially in shalliow, iow=-cohesion soils, (Ziemer and Swanston
1977), For inherently unstable soils, this tree=root cohesion is commonly the
fastener that is holding the soil on the hillside. The effects of debris
avalanches include loss of soii from the hillside and deposition of sediment
in stream channels. Rice (1977), in California, found that 2-6 percent of an
area may be bared in an extreme storm. When debris avalanches become
channellized, they turn into debris torrents.

Timber harvest affects debris avalanche occurrence through changes in the
forces acting on the soil, specifically changes in the weight and root
strength of the mass as a result of harvesting. The change in susceptibility
is cyclical, and the cycle seems to have three parts,

1) For the first year after cutting, susceptibility to debris
avalanching is reported to be slightly below that of uncut areas. This
is supposedly the result of the removal of the overburden of ftrees,
decreasing the downslope force and wind stress on the soil {(Brown and
Sheu, 1975), The effect is not universal, though, and in some cases
increased mass failure may start the winter after harvest (Sidle 1983).

2) Following this period of reduced susceptibility, potential for
avalanching rises dramatically in shallow scils on steep slopes, largely
as a result of the decay of roots. O'Loughtin (1974) measured a 50
percent reduction of tensile strength of roots in 3=5 years; Burroughs
and Thomas (1977) found 86 percent loss of tensile strength in 36 months;
and Ziemer and Swanston (1977) observed one=third to one-half loss of
strength in 2 years. Root decay continues for at least 10 years after
harvest as the farger roots take longer to rot. in addition, ruots seem
to decay more quickly in wetter climates (F. Swanson pers. comm.). This
period of decay corresponds to a period of increased debris avalanche
activity observed in many field studies. Swanson and Dyrness (1975)
wrote that most slides at HJA occurred within 12 years of harvesting;
Megahan et al. (1978) found a 20-year period of increased activity, with
a peak from 4-10 years after cutting, in north-central Idaho. Gresswell
et al. (1979) stated that 63 percent of the slides in their study in the
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Siuslaw National Forest occurred within 3 years, and only 6 percent on
cuts over 11 years old. Examples of overall increases in mass movement

activity were five times on HJA (Swanson and Dyrness, 1975) and about 24
times in the Oregon Coast Range (Gresswell et al. 1979).

These researchers recognize the role played by large storms in
triggering debris avalanches. Heavy rains, especially in combination
with rapid snowmelt, can cause rise of pore-water pressures in suitable
situations, resulting in loss of shear strength. Many of the papers
reviewed dealt with the effects of the great storms of December 1964 and
January 1965; for example, Pitlick (1982) estimated that half of the
sediment delivered to Redwood Creek by mass movement over 27 years was
moved as a result of these storms.

However, it does not take a storm of the magnitude of the '64-'65
events (estimated recurrence interval up to several centuries in some
basins) to initiate debris avalanches. Fredriksen (1970) discovered that
high=runoff events have a recurrence interval of 3-4 years at HJA and
Rothacher and Glazebrook (1968) speculated that large storms are probably
even more common than the data from lowland meteorologicat stations
indicate. Thus, it is probable that the frequency of storms that can
produce debris avalanches within a Ist or 2nd order basin is of the order
. of 5~10 years (though the recurrence interval of debris avalanches on an
iggividual piece of ground is more likely several centuries; Kelsey
1982).

If the period of increased susceptibility to debris avalanches is of
the order of 10-20 years, it is very probable that a storm capable of
causing debris avalanches will occur within that period (89-99 percent
chance of a 5-year storm in 10-20 years), and there is a significant
possibility of a larger storm (about 10-20 percent chance of a 100-year
storm),

3) It is thought that debris avalanche potential should decrease after a
decade or two. Most of the marginally stable areas will already have
failed, growth of new vegetation will have re-established root strength
and soil moisture will be near pre-cutting levels. This supposed
decrease has not been adequately observed or measured, partiy because
most studies have been conducted in areas logged less than 20 years ago.
Kelsey (1982), however, pointed out that most debris avalanches triggered
by the 1964 storm in t+he Van Duzen basin affected "older" slopes, those
without evidence of movement in the previous decade to century. He cited
this as evidence of a period of decreased susceptibility after failure,
and estimated the rate of recharge of avalanche scars at about 100-1000
years. In the Pacific Northwest where debris avalanches seem to occur
mostly in topographic hollows or headwalls and in inner gorges along
streams, similar amounts of time may be necessary to recharge a site
after failure (Swanson and Fredriksen 1982),

The long-term and cumulative effects of timber harvest on hillslopes will

depend upon the physical processes that control slope stabiility, and
especially the rates of processes that trigger debris avalanches and prepare
avalanche sites for further activity (soil formation, and filling by creep and
ravel). Swanson and Fredriksen (1982) pointed out that the "effect of
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clearcutting on the rate of debris avalanche erosion....is related to the rate
of recharge of these sites and the effects of management practices on
processes that recharge the sites™

The primary on-site effect of debris avalanches is loss of soil from
hillslopes, commonly the loss of the entire soil layer from the scar. Based
on several studies in California, Rice (1977) placed the area bared by large
storms at 2-6 percent; Kelsey (1982) estimated that 2-3 percent of the
hillslopes in the steep uplands of the Van Duzen basin are bared each year.
Since these figures are of the same order as the amount of area disturbed by
road construction in a year (Rothacher and Glazebrook 1968), it does not seem
to be a significant effect. However, since debris avalanche scars can
continue to remain bare, shed sediment, and undercut adjacent slopes (for up
to 100 years, according to Kelsey 1982), future examination of the time scale
of debris avalanche activity is warranted.

increased debris avalanche activity leads to an obvious increase in the
area undergoing active re~filling. So although the area recovers before it
fails again, the area has a decreased productivity during the recovery period.
If the quantity of recovering scars is increased then forest productivity of
the landscape as a whole will be reduced.

CONCLUSION: Timber harvest (in conjunction with road construction and fire)
causes an increase in debris avalanche susceptibility and activity on steep
terrain lasting a decade or two, followed by a period of decreased (at or
below background levels) activity. The length of time of these two periods
depends on rates of root decay, revegetation, soil formation, and filling of
sl ide scars. Revegetation seems o stabilize the soil within a few years,
thus on-site effects of increased debris avalanche activity, at least as far
as surface erosion is concerned, do not last long enough to be considered
cumuilative effects, But this has yet to be proven. The primary potential for
cumulative effects is if the increase in debris avalanche frequency over a
large area affects the frequency of debris torrents that move off-site
(Discussed under COMBINED PRACTICES).

Forest Soils

Timber harvest causes rapid changes to many forest soil properties.
Whether changes last long enough to become cumulative effects depends
primarily on the rotation length. An on-site cumulative effect will occur if
changes caused by harvest continue into the subsequent rotation and are thus
additive with changes from such subsequent harvest. In forestry, second-
rotation declines in growth have been documented, particulariy on poor sites
or where poorly adapted species were introduced (Ulrich 1981, Alban 1977,
Pel isek 1974).

A rotation length within which recovery occurs is identical to the
"gcological rotation™ outlined by Kimmins (1974), and the preferred rotation
described by Bormann and Likens (1979). An ecological rotation permits return
of the site to the ecological condition that existed prior to that rotation.
To maintain the soil's physical, chemical, and biological properties,
"rotations should not be shorter than the ecological rotation, except possibly
when converting climax old growth forests into second-growth forests, and
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subsequent rotations should be ecological rotations" (Kimmins 1974). We used
this concept to determine the potential cumulative effects on the forest soil

resuiting from timber harvest. The concern is whether old growth harvest and
subsequent young growth harvests cause changes detrimental to repeated

production of young forests.

We believe permanent changes to the forest soil will result when an oid
growth forest is converted to a continuous cover of younger, smal ler trees.
Once the soil has stabilized under this new regime, the forest floor will be
thinner, proportionally more nutrients will reside in the mineral soili,
nutrient cycling wiil be faster, and the size of organic debris will be
reduced (Long 1982, Turner 1975). In short, continual repetition of young
growth forests will result in a loss of soil characteristics related to old
growth. We have only limited interest in these changes except where they are
detrimental to continued productivity or related faunal habitat. It is
understood that old growth soil characteristics are not necéessarily required
for continued production of trees.

* Physical Properties

Logging systems that drag the logs along the ground cause changes in soil
physical properties. The severity of the change varies from one logging
system to another and from one landscape to another. Physical change includes
a reduction in the soil available for tree growth, soil disturbance, and soil
compaction. Disturbance by plowing of the soil during yarding is not usudlly
detrimental. Some shallow disturbance is often required to improve seedbed
condition. Undesirable deep disturbance, exposing less fertile and denser
soils, is generally limited (Froehlich 1978, Hatchell et al. 1970). The most
serious physical change is compaction (Froehlich 1978, 1974, 1973).
Compaction is usually expressed as a change in bulk density and is related to
losses in pore space, permeability, and resultant infiltration (Campbel! et
al. 1973, Froehlich 1973)., These elements are closely related and serve as an
index to each other and an expression of compaction (Froehlich 1978).

The logging system, rather than the silvicultural system, controls the
amount of soil disturbance and compaction. Ailthough harvest of a given volume
of timber by clearcutting disturbs less area than when done by selection
cutting (Smith 1979), when equal areas are considered, soil compaction is
similar between a selection cut (including thinning) and a clearcut (Cromack
et al. 1979). This is so because, regardless of the timber volume removed,
there is a need to reach all areas of the harvest unit. Any potential
decrease in compaction by selection cutting is offset by the need for frequent
re-enfries (Hatchell and Ralston 1971).

Increases in bulk density are most directly related. to the yarding
technique and to the soil's conditien when logging occurs. These include
pressure and vibration from harvesting equipment, repeated dragging of logs,
and the soil moisture content, degree of aggregation, and organic content
(Switzer et al. 1979, Froehlich 1978). Compaction is most severe following
extensive use of tractor-type machinery for final harvest or thinning
(Froehlich 1973). As much as 25-33 percent of a clearcut area may be
disturbed or compacted by tractor logging, compared tc 3~9 percent from
highlead or skyline systems (Dyrness 1965, Wooldridge 1960, Steinbrenner
1955). The high density of skid trails required for tractor thinning can
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result in bulk density increasing 13-21 percent (Aulerich et al. 1974).
Compaction decreases in more sophisticated yarding systems with partial or
full log suspension (Aulerich et al. 1974), Also, compaction is greater and
penetrates deeper under wet soil conditions, and the more porous the soil the
greater the potential change in soil density due o compaction (Miles 1978,
Steinbrenner 1955).

The extent of surface disturbance and the degree of compaction are
readily measured and published for several combinations of yarding techniques
and site conditions. However, the meaning of these values is not completely
understood. Compaction decreases growth in height; impedes root penetration,
gaseous exchange, and nutrient and moisture movement; and retards growth of
residuval trees (Switzer et al. 1979, Froehlich 1973, Youngberg 1959).
Al though seed!ling establishment is often good on compacted soils (Youngberg
1959) due to an initial flush of availabie nutrients, further growth is
impeded (Curry 1973). Subsequent growth reduction is dependent on the
intensity of compaction (Froehlich 1978) and the abil ity of the species to
cope with compacted soils (Cromack et al. 1979). Although initial growth is
retarded, the effect that compaction has on tree growth over a complete
rotation is not easily observed.

Recovery from scoil compaction is slow and can result in a reduction in
timber yield during the rotation (Hatchell et al. 1970). The rate of recovery
has received little study, but varies with the severity of the initial
treatment, depth of compaction, and the rates of processes tending to
decompact the soil such as expansion due to freeze-thaw, weitting-drying, and
biological activity of flora and fauna (Cromack et al. 1979, Miles 1978,
Froehlich 1973). Froehlich (1978) bel ieves that there is a threshold of
compaction beyond which recovery by natural processes is very slow. Below
this density threshold, enough pore space and structure remains to allow
biological activity and climatic factors to proceed at a significantly faster
rate.

Based on the severity of compaction and the specific soil type,
compaction may last only a few years, or up to several decades (Froehlich
1978, Hatchell and Ralston 1971). Heavily compacted spur roads, primary skid
trails, and landings are land areas commonly lost from subsequent timber
production.

Timber harvest results in some level of compaction. Whether this leads
to decreased site productivity depends on how much land is disturbed as
compared to the density of stems required to fully occupy the site. We
believe that only tractor logging is of present concern, and probably only if
repeated entries are planned. The potential for a cumulative effect is high
if the recovery (decompaction rate) is less than the frequency of equipment
entering the stand and recompacting the soil. For compaction to be a
cumulative effect on the soil, the condition must not recover before the next
harvest. |t is doubtful that compaction resuiting from a single entry for
final harvest will last longer than the 60+ years of a rotation. On the other
hand, it seems |ikely that commercial thinning(s) using present tractor
systems may resuit in compaction that carries over to the final harvest, and
will thus persist from rotation to rotation. The factors that can be
controlled are the skid trail location, type of equipment used, soil
conditions when yarding is allowed, and the time interval between entries.
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Even without a carry over in compaction, the initial effects of tractor
yarding can result in a cumulative effect on the flora. If the soil is
compacted each time the site is harvested (even though the soil recovers), a
decrease in timber production may occur if early growth is retarded. This has
not been demonstrated.

CONCLUSION: A cumulative effect on soil compaction is unlikely from a single
tractor entry for final harvest if initial retardation of tree growth is
ignored. Where repeated tractor entries are made, either for selective
harvest or thinning, it is highly likely that a cumulative effect on soil
compaction will result.

* Chemical Properties

In addition to changes in physical properties, the cutting and removai of
trees drastically affects soil chemical properties. Our interest is whether
these changes persist and are great enough to limit vegetation growth. We
restrict this discussion of chemical properties to nutrients, their addition,
removal, and transfer within the soils, the rates at which these occur, and
how they are changed by harvest. Nutrient budgets in forest ecosystems,
whether harvested or not, are convenjently examined within a framework of
nutrient cycles (Stone 1975).

Harvest disrupts the nutrient cycle, but the question is, does it
decrease the nutrients available for tree growth? |f so, do effects last
longer than one rotation? The main concern is nutrient loss, either through
direct removal in the harvested timber or by accelerated decomposition of
organic matter and leaching (Hornbeck 1977). Ailthough much of the literature
is specific to nitrogen because of its relative importance fo tree growth, we
make no distinction among nutrients in this general discussion.

The most obvious nutrient loss is removal in the harvested wood. Such
nutrient losses can cause reduced productivity unless long=-term nutrient
availability is maintained by natural replacement or artificial measures. The
loss of nutrients via removal is proportional to the volume of timber removed
and not how it was cut (Stone 1975, Jorgensen et al. 1975). In addition to
volume, species is also important. Deciduous trees usually have greater
nutrient concentrations than most conifers and their harvest will cause
greater loss (Alban 1977, Stone 1975).

Whether timber removal results in a cumui{ative effect on soil nutrients
can not be determined unless utilization standards are outlined and rotation
lengths specified. Lost nutrients are repiaced naturally, and no fong-term
depletion will occur if subsequent harvest is delayed sufficiently. As
Kimmins (1977) points out, "the shorter the rotation, the greater the risk of
soil impoverishment for a given {evel of utilization and rate of nutrient
replacement. And, the greater the utilization, the greater the risk of
impoverishment for a given rotation and rate of nutrient replacement." To
conserve nutrients effectively, the quantity of biomass removed must be
carefully balanced against the rofation length and rate of natural
.replenishment of nutrients (Johnson et al. 1982, Kimmins 1977, Jorgensen et
al. 1975). |If soil recovery does not occur during the rotation, we have
created a cumulative effect in the next rotation.
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Conventional harvest of stemwood, whether clearcut or selection, does not
usually deplete soil nutrients at rates greater than can be replaced by
natural processes (Ulrich 1981, Stark 1980, 1979, Stone et al. 1979, Nebe
1979, Swank and Waide 1979, Alban 1977, Brown et al. 1973, Gessel et al.
1973). Timber removal at time intervals of 50-70 years appears within
replacement rates for all but the most infertile soils. The key here is the
term "appear", some bel ieve that today's knowledge is inadequate to predict
effects of nutrient losses caused by clearcut timber harvest (Rehfuess 1981,
Curry 1973). Knowledge of soil weathering rates is apparently the weakest
link in setting appropriate rotations. These rates are generally unknown for
all but a few soils (Stark 1980, 1979, Alban 1977, Gessel et al. 1973).

Although current practices of stem-only harvesting, with relatively long
rotations, does not appear to affect the nutrient cycle cumulatively,
"intensive forestry", including shorter rotations and greater utilization,
greatly increases the risk. Whole-tree harvesting, thinning, and shorter
rotations all remove increasing quantities of nutrients from the forest.

Whole-tree harvesting removes all the above-ground portion of the tree,
including topwood, branches, and foliage and can increase fiber yield as much
as 300 percent. The consensus is that nutrient deficiencies will result on
most sites within a short time period under whole~tree harvesting (Ulrich
1981, Stark 1980, Bormann and Likens 1979, Swank and Waide 1979, Nebe 1979,
Hornbeck 1977, Kimmins 1977, Alban 1977, Stone 1975, Jorgensen et al. 1975,
White 1974). Removing the entire above-ground stand can increase nutrient
loss rates 2-5 times (Stone et al. 1979, Alban 1977). The foliage and
branchwood left as slash in stem-only harvest often contains 1/3-2/3 of the
tree's above~ground nutrients (Stone 1975). For example, 10 percent of the
available soil nitrogen was found to accumulate in the trees of a 35-year old
Douglas~-fir stand. However, of this nitrogen, only 24 percent was in wood and
15 percent in bark; the majority was in the needles, twigs, and branches (Cole
et al. 1968). Whole~tree harvesting, unless the rotation is extended greatly,
removes nutrients faster than replacement rates. Rotation lengths of 75-100
years or greater may be necessary on sites where biomass is intensively
utilized (Berg 1981). Whole-tree harvest may not actually increase long-term
production, but rather increase biomass from one harvest while lengthening the
time required for the soil to recover. The occurrence of nutrient
deficiencies is not universal; some sites show no ill effects after repeated
whole~tree harvesting (Boyle et al. 1973). Much depends on site quality and
whether appropriate rotation lengths are maintained (Johnson et al. 1982).

Even if whole trees are not removed from the site, the yarding of whole
trees to the landing for de-limbing will remove fine siash from the site,
concentrating it in a few locations. Effects on average nutrient levels may
be similar to whole-tree harvest (Ulrich 1981, Stone 1975),

Shortening of rotations (30-40 years) will increase nutrient withdrawals
in a manner similar tfo whole-tree harvesting (Berg 1981, Lundgren 1978,
Kimmins 1977, Hornbeck 1977, Alban 1977, Stone 1975). Because maximum
nutrient accumulation occurs during eariy stages of stand development, the
average nutrient removals will be greater from repeated short rotations than
from longer ones. Berg (1981) believes rotation length has a greater effect on
nitrogen loss than does utilization intensity.
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Reductions in forest canopy by harvest lead to increased soil
temperatures, increased water flow (due to decreased transpiration and
interception), and increased decomposition of organic matter (Uirich 1981,
Alban 1977, Stone 1975, Cole and Gessel 1965). Changes are proportional to
the amount of canopy removed, and are greater for clearcutting than selection
harvest. These changes, when combined with supplies of new organic |itter and
reduced uptake by vegetation, result in increased carbon dioxide in soils and
a higher availability of nutrients in ionic form (Gessel et al. 1973). Since
carbon dioxide is the source of a major mobile anion in forest soils (McColl
1972), potential exists for soil acidification and rapid loss of nutrients by
leaching.

High nutrient availability often results in rapid regeneration and
initial growth, but it can also cause high nutrient loss from the site in
drainage waters. The more complete and frequent the harvest, the greater the
leaching loss (Hornbeck 1977). Relatively large losses can occur,
particularly if slash burning is also practiced (Brown et al. 1973).
Generally, however, soil nutrient losses are believed small (Miller and Newton
1983, Fredriksen 1971, Gessel and Cole 1965). Nevertheless, small nitrate
losses have been noted 10-17 years after harvest, indicating persistent
changes to biological processes controlling the output of nitrogen (Swank and
Douglas 1975).

The small leaching losses that occur after timber harvest are considered
to have more serious consequences for the aquatic ecosystem than for forest
soil productivity (Kimmins 1977). Gessel et al. (1973) believe the
probability is low for extensive nutrient losses through leaching caused by
accelerated production of carbon dioxide. Losses are most likely if
decomposition results in conversion of organic nitrogen to nitrate, another
mobile anion. However, nitrate increases cannot occur when the total quantity
of accessible nifrogen is small, conversion of organic nitrogen to ammonium is
slow, or nitrification of ammonium is restricted. Because of one or more of
these constraints, clearcutting will increase nitrate iosses only slightly
(Stone 1975).

Nutrient outflow deciines as vegetation is re-established and soil water
levels drop. As with harvest removals, we believe nutrient leaching losses
associated with stem=-only harvest at rotations in excess of about 60 years are
replaced during the rotation on most sites.

Given the potential for loss, the determination of whether nutrient
removais will result in a cumulative effect requires answers to the following
(Kimmins 1977):

1)  What proportion of the site nutrient capital is removed in harvested
material?

2) How avaiilable are the remaining nutrients to plants?

3) How rapidly are losses replenished, and by what mechanisms? Are
these mechanisms affected by harvest treatments?

4) What is the nutrient requirement of the subsequent crop? How does
it vary during the life of the crop?
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5) What is the magnitude of other harvest-induced losses of nutrients
(leaching)?

6) How frequently will harvests occur (rotation length)?

Answers to these questions are site specific and we can only generalize about
the potential for cumulative effects.

CONCLUSION: Stem-only harvest at rotations in excess of about 60 years will
probably not cause persistent changes to the nutrient cycle that will reduce
tree growth. However, repeated whole-tree harvest and shortened rotations
will likely deplete soil nutrients of most Washington soils. On poorer sites,
lower utilization or longer rotations will be necessary to maintain
productivity.

* Biological P '

The effects of timber harvest on soil biological processes has received
less attention than its effects on soil physical and chemical properties
(Jurgensen et al. 1977), Organisms contributing to decay processes, nitrogen
fixation, and ectomycorrhizal activity provide soils with valuable biological
characteristics (Harvey et al. 1981, 1980). These microflora are primarily
responsible for the mineralization or release of nufrients from organic
matter, a process supplying a large part of the nutrients required for tree
growth (Jurgensen et al. 1979, 1977). Soil microflora are of special
importance in the cycling of nitrogen.

The energy source or substrate for all microflora is the soil's organic
matter. Decaying wood is a major site of nitrogen fixation (Jurgensen et al.
1980), and the activity of nitrogen fixers is 5-10 times greater in organic
versus mineral soil horizons (Harvey et al. 1981). Although the organic
matter may be less than 20 percent of the soil, it supports up to 95 percent
of the ectomycorrhizal activity required for growth and survival of conifers
(Harvey et al, 1981).

Harvest will affect these microfiora in two ways, directly by removal of
carbon and nutrient supplies in logs, and indirectly through changes in
chemical and physical properties of the soil (Jurgensen et al. 1979,1977).
Because of the importance of soil organic matter, effects of harvest on
biclogical activity can be evaluated by considering potential changes to
forest residues (Harvey et al. 1980, Jurgensen et al. 1980). Any change in
the quantity or qual ity of forest residue (organic debris) will cause rapid
changes in microflora populations (Bollen 1974). A shift from oid growth to
young growth may cause a shift in populations of fungi from a type adapted to
old growth heartwood to one adapted to sapwood (Aho 1974). Reducing woody
debris will alter the activity of fungi and other microflora associated with
wood decay, while any removal of foliage would affect microfioral activity in
the forest floor.

With respect to timber harvest, there are two concerns; the immediate
effects on microflora following disruption of the normal organic debris cycle,
and the long-term effects of repeated removal of organic material, including a
trend to smaller diameters. Harvest, no matter how clean, leaves some
residue, and (as discussed under Chemical Properties), leads to increased
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decomposition and carbon dioxide production. This is largely a result of
increased microbial activity (Jurgensen et al. 1979, 1977). |In addition to
contributing to nutrient leaching, accelerated decomposition may produce
higher levels of ammonium and greater nitrification, with resultant increased
nitrate loss. As a balance, however, the accompanying changes to soil
chemistry, especially pH, should tend to raise nitrogen fixation rates
(Jurgensen et al. 1979),

Changes in biological processes following harvest, if not unduly
aggravated by slash burning, are generally short-lived, declining as new
vegetation becomes established. Thus, uniess major changes are made to
composition of tree species, littlie potential exists for a cumulative effect
to result from the short disruption in debris accumulation.

The effects of repeated removal of organic material is our primary
concern. Within limits, productivity increases with the accumulation of
organic matter (Harvey et al. 1980). The reserves of organic soil material
determine how much wood can be removed without decreasing future soil
productivity. Intensive wood utilization may decrease the supply of
appropriate quantities and types of organic material. Any large loss of
organic reserves is |likely to reduce tree growth (Harvey et al. 1981).

Excessive residue reductions may require periods well in excess of 100
years for replacement (Harvey et al. 1981). The poorer the site, the more
important it is to maintain the proper amount of organic matter. The risk
with any timber harvest is that too little, too much, or the wrong kind of
residue will resultf. Too much residue is often a problem with old growth
harvest. However, this is not expected to be a continuous problem with young
growth management. What we are concerned with is the potential for too littie
residue resulting from intensive management. Intensive utilization of fiber
can potentially remove sources of soil-wood necessary for ectomycorrhizal
activity, thus reducing growth until this wood is replaced. Again, this may
require 150-200 years (Harvey et al. 1980). The key is defining "intensive™
Harvest should leave quantities and sizes of material necessary to maintain a
balanced biological activity.

In the Rocky Mountains, Harvey et al. (1981) believe organic matter is
deficient when it covers less than 15 percent of the surface of the soil.
They calculate that 10-15 tons/acre of residue should be left after any
cutting, burning, or other site treatment. Also, since larger woody sizes are
most useful, they recommend this material be 6 inches in diameter and larger.
Similar recommendations are not available for Washington, but residue from oid
growth Douglas-fir harvest is several hundred tons/acre of material with a
median diameter of 15 inches (Bollen 1974). This is probably well in excess
of biological requirements. Thus, residue treatment to reduce fire hazard or
for other purposes is probably acceptable from a biological standpoint. The
unanswered questions relate to repeated harvest of young growth.

CONCLUSION: No detrimental effects.on soil biological properties have been
found where stem-only harvest is practiced and rotations approach 100 years.
However, the long-term implications of less woody material returned to soils
is not known. We believe that more intensive practices such as whole-tree
harvest which removes the crown wood, or rotations less than 60-80 years, will
not be beneficial to the soil ecosystem. Likewise, thinnings that remove
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suppressed and dying trees that would eventually become residue may be
detrimental.

Determining site-specific residue requirements requires careful
examination of individual stands and a knowledge of expected utilization and
rotation lengths. Although hard data is lacking for Washington, we believe it
|ikely that intensive harvest practices will cause cumulative effects on soil
biological properties.

WATER

The removal of live vegetation through timber harvest causes immediate
changes to the hydrologic cycle by altering interception and transpiration.
Yarding of the timber causes additional disturbance that can further affect
runoff as well as water quality. The magnitude and duration of these changes
to water quantity and/or quality determine whether or not they become
cumulative effects.

Water Quantity

Our discussion of timber harvest and water quantity is divided into
sections about its effects on gn-site hydrology and off-site or downstream
effects. Off-site effects include potential changes in water yield, low
streamfiow, peak streamflow, and snowmelt runoff.

* Qp-site

Changes in interception, soil water, and snow distribution occur on=-site,
but accumulate only when a practice is repeated on the same site or after
another practice with a similar effect is performed on that site. Considering
the time involved, primarily the rotation period between harvests, these
effects are not considered cumulative.

For example, the decrease in interception following timber harvest
declines as trees are reestablished. Also, increases in soil water following
harvest dec!ine to pre-harvest levels as the canopy closes with regrowth
(Ziemer 1964, Anderson 1963) and changes in snow accumulation and melt in
forest harvest openings decline as the new stand matures. Since crown closure
and full site occupancy by vegetation occur prior to the next harvest, changes
to the forest hydrologic cycle return to pre~harvest levels as the site is re=-
occupied by trees. Even water losses from reduction in fog interception (Harr
1980) may be regained after regrowth.

Exceptions to these generalities may occur where soils are compacted, or
where permanent changes are made in the forest!'s successional stage or
structure, as when old growth is harvested or the site converted from hardwood
to conifer species. Evidence that an old growth forest consumes a different
amount of water than a fully stocked second growth forest was not found in the
|iterature. After canopy closure, additional stocking does not result in
higher water consumption, but only in increased competition for availabie
water (Zahner 1968). Whether interception is greater in old growth than young
growth forests is unknown. On the other hand, conversion will reduce the
site's water yield because conifers intercept more water than deciduous trees
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and unlike hardwoods, continue transpiring during the dormant season (Swank
and Douglas 1974, Helvey 1971, Swank and Miner 1968). Hardwood conversion,
however, is not a major forest practice, and |ike the permanent change from an
old growth to young forest, is rarely repeated on the same site (DNR 1982).

CONCLUSION: On the majority of sites, timber harvest will not result in a
persistent cumulative effect to the on-site water balance. Exceptions are
where natural hardwood stands are converted to conifer, and where fog-drip
(associated with tall, old growth canopies) was an important part of the pre-
harvest water balance.

* Water Yield

Timber harvest, whether by selection, shelterwood, or clearcut practices,
removes a portion of the overstory vegetation. In so doing, interception is
reduced, the amount of rain or snow reaching the ground increased, and the
transpiration of the forest reduced. These impacts combine to make more water
available for soil storage (Heikurainen 1967) or streamflow. Timber harvest
therefore results in increased annual streamflow (Patric and Aubertin 1977,
Cline et al. 1977, Swanson and Hillman 1977, Bateridge 1974, Harris 1973,
Verry 1972, Lynch et al. 1972, Hornbeck et al. 1970, Rothacher 1970, Hibbert
1967), Little argument remains on this general point (Golding 1981, Berndt
and Swank 1970), even though exceptions are known where fog drip was
eliminated (Harr 1980).

Harvest increases the annual water yield in proportion to the reduction
in forest cover, with clearcut harvest producing greatest yield (Harr et al.
1979, Rothacher 1970, Hibbert 1967). Attendant slash burning does not
increase water yield above that from clearcutting alone (Rothacher and
Lopushinsky 1974). Water yield increases in Oregon Douglas~fir forests ranged
from 36 percent in a 100 percent clearcut watershed, to 16 percent in a 30
percent clearcut watershed (Rothacher 1970). Increased water yield is
greatest the first year after harvest, declining thereafter, with the rate of
decline related to the rate of vegetation regrowth (Hibbert 1967, Kovner
1957). Where soils are deep and revegetation rapid, the length of impact may
be 1C years or less (Anderson et al. 1976); it may last up to 30 years on
slowly revegetated sites (Leaf 1975, Kovner 1957). In either case, increases
in streamflow from a single harvest unit retfurn to pre-harvest ilevels as the
new forest matures. Thus, there is |ittle potential for a cumulative effect on
water yield of 1st and 2nd order streams from repeated cutting of an
individual harvest unit, except where heavy precommercial thinnings and
intermediate harvests are scheduled.

However, there is a logical cumulative effect on annual streamfiow from
larger watersheds. Many 3rd order and larger watersheds containing numerous
cutting units harvested on short rotations will never reach full site
occupancy by vegetation. Some unit within the watershed is always regrowing
and the watershed as a whole will never reach its full evapotranspiration
potential. The water yield from a 4th or 5th order watershed managed through
continuous cropping will probably have a permanently increased water yield.
The question remains, is this increased yield of interest or .concern?

Increased water yield from annual timber harvest of small portions of a
watershed may not be easily measureable (Anderson et al. 1976). Current
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stream gaging techniques cannot detect the effects of forest density
reductions less than about 10-20 percent of basal area (McMinn and Hewlett
1975, Hibbert 1967). A study of the Naselle River drainage in southwest
Washington found no measureable change in streamflow over the period 1930-1956
during which the watershed was logged at a rate of 2 percent of area per year
(Martin and Tinney 1962). In contrast, a similar study on a 295 sq. mi.
drainage in central Oregon over 45 years found that after restocking with
second growth, and with sustained (although reduced) timber harvest
activities, a small water yield increase of about 1 inch persisted (Berndt and
Swank 1970). Rothacher (1970) estimated that in western Oregon an 18-inch on-
site increase in water yield would be equivalent fto only about 0.8 inch
increase from an area patch cut on a 100-year rotation. Also, the magnitude
of increase in streamfliow from any forest practice is directly related to the
amount of annual precipitation which varies greatly from year to year (Hewlett
and Helvey 1970, Hibbert 1967). During dry years, increased yields will be
lower than in wet years, and the normal variability in streamflow from large
watersheds will greatly exceed the amount of additional water yield from a
small harvest unit (Bethliahmy 1974, 1972), Harr (1983) concludes that
harvest of large watersheds under sustained yield will augment flow by only 3=
6 percent.

CONCLUSION: A cumulative effect of timber harvest, in particular clearcut
practices, applied on a continuing rotational basis is an increased water
yield from larger forested watersheds (4th and 5th order). The increase will
only be a few percent,

* Low Streamflow

in western Oregon and Washington, about 20 percent of the increased water
yield from timber harvest occurs during the summer growing season (Rothacher
1970). Although water yield increases in the rainfall zone are greatest
during fall and winter, the smaller increases in summer flow, when streams are
at their lowest, may be of greater consequence (Harr 1980, Rothacher 1971,
1970). Transpiration during the growing season maintains soil moisture at a
low level with subsequent slow drainage and minimum streamfiow. The water
savings from a reduction in transpiration following harvest may increase the
soil moisture (Klock 1981, Harr 1976a,b, Hibbert 1967), making more water
available for streamflow. Low flows were increased 300-400 percent following
clearcutting and slash burning of a small watershed in the western Cascades of
Oregon (Rothacher 1971, 1970). Summer low flows were three times greater
fol lowing clearcutting of a southwest Oregon watershed (Harr et al. 1979), and
also increased significantly after clearcutting and burning 82 percent of an
Oregon Coast Range watershed (Harr and Krygier 1972), Cutting a smaller
portion of a watershed results in a much smaller increase in low flow (Harr
and Krygier 1972).

An increase in summer low streamflow following timber harvest is the
general case, but it is not without exception. Where canopy interception of
cloud moisture and resultant "fog drip" is an important source of water during
spring to earily fall, a reduction in this component by harvest can result in a
decreass in low flow (Harr 1980),

Timber harvest in Washington will, with the exception noted, probably
cause increased summer streamfiow. |Increases will be greatest where
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clearcutting is practiced and less where some type of selection cut is used.
These increases will be primarily in small 1st and 2nd order streams draining
individual harvest units. Rapid regrowth, particulariy by riparian vegetation,
will decrease these low flow increases in a few years (Harr et al. 1979,
Rothacher 1971). Thus, low flow will return to its pre-harvest level before
the next harvest, and no cumulative effect on flow from 1st+ and 2nd order
streams will exist.

The result is different for streams draining larger, 3rd-5th order
watersheds. As is the case with water yield, continual timber harvest in a
watershed will maintain increased low flows from some portion of the basin.
Theoretically the basin as a whole will have a permanently increased low flow,
and thus experience a cumulative effect of timber harvest. |In practice,
however, the short duration of an individual increase and the normal
variability of streamflow, both from year to year and between watersheds, will
ef fectively mask these small increases (Harr 1976b). While it may be possible
to measure annual increases in water yield from a managed watershed, normal
variation will make it very difficult to isolate changes in seasonal |ow
flows, particularly with intensive reforestation and rapid regrowth of
riparian vegetation.

CONCLUSION: In most of Washington's larger forested watersheds (4th and S5th
order), where timber harvest followed by rapid regeneration is common,
persistent increases in low flow will occur. This cumulative effect will be
smalt and difficult Yo measure.

* Peak Streamflow

Considerable controversy exists about whether or not timber harvest
causes increased flood peaks. Much of the confusion arises from the
definition of fiood peak. Is it the average annual peak flow, or only the
major floods occurring at relatively rare intervals, but causing major erosion
and downstream flocoding? The average fall or winter peak flow is considerably
lower in magnitude than the large flood events. We discuss both.

About 80 percent of the water yield increase arising from forest harvest
in the Douglas-fir region occurs during October-March (Rothacher 1970). This
additional water means that some component of the normal winter hydrograph
must change. Changes to the hydrograph from forest practices, however, are
possible even without an increased water yield. The hydrograph of a stormflow
event has four components (Figure 5-2):

1) the magnitude of the peak fiow
2) +the time of rise to peak

3) the duration of the stormfiow
4) the volume of storm runoff

These components control the energy distribution of the runoff and its
resultant potential for erosion, flooding, and related damage. For any storm
event, a change in one component will result in a corresponding change in
others. For example, any activity increasing peak stormflow must increase the
storm runoff volume, or else change the stormflow timing to pass the same
water volume at higher magnitude in a shorter time. Conversely, increasing
the storm runoff volume may result in increased peak flow or only an increase
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Figure 5=2,
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in the duration of the runoff. The difficulty in predicting these responses
is that timber harvest changes many stages of the forest hydrologic cycle and,
in doing so, alters one or more of these four components in an infinite
variation of combinations and magnitudes. Although some general conclusions
may be inferred from the literature, there are many exceptions.

Most studies of streamflow following timber harvest of 1st and 2nd order
basins in the Pacific Northwest have found that stormflow peaks increase
during the fall and early winter (Chamberlin 1982, Harr 1979, 1976b, 1975,
Harr et al. 1975, Rothacher 1973, 1971). As might be expected, increases
after clearcut harvest are greater than when less timber is removed (Harr et
at. 1975). However, the size of the increase in peak flows may be related to
the amount of soii compacted by logging as much as to the quantity of
vegetation removed. In Oregon, a shelterwood cut with 13 percent of the soil
fg;g%ac?ed had a greater increase in peak flow than a nearby clearcut (Harr

Storm peaks are increased in three ways (Swanson and Hillman 1977):

1) by forcing some ordinarily subsurface flow to a surface path

2) by increasing the efficiency of precipitation delivery to the
subsurface system

3) by increasing the area of wetted stream perimeter

Increased surface runoff is generally not the case on harvested {and where
disturbance is not severe and subsurface flow continues to dominate (Swanson
and Hillman 1977, Hewlett and Hibbert 1967). Rather, in early fall storms,
the efficiency of the subsurface flow system is increased by wetter scils in
the clearing than under the forest canopy (Harr et al. 1975, Rothacher 1971).
Transpiration by the forest during the summer growing season depletes the soil
water, reducing it to 2 lower level than in a clearing. Wetter soils require
less water to fill remaining storage capacity and fall rains in the clearing
result in more water available for storm runoff and higher peak flows. The
higher fiows result from the greater water volume, with no apparent change in
the time to peak (Bethlahmy 1972). Even after ali soil storage capacity is
filled, and soil water in the clearing and under the canopy are similar,
winter streamflow can be increased by surface runoff from compacted soils or
from a lack of interception in clearings (Harr et al. 1975),

In all reports of increased peak flows, fall increases were
proportionally greater than winter increases. Although winter peaks are
generally higher, they are not changed as much as fail peaks because the
difference in soil wetness between cut and uncut areas is less. These general
results from most studies are not unanimous; the evidence that forest harvest
increases peak flows is conflicting (Bethiahmy 1974). \Under certain
conditions, peak flows following timber harvest can be reduced. Disturbance
of the larger soil channels (root channels) by harvest can force infiltrating
water to move through the smaller microchannels of the soil matrix. The
result is an attenuation of the storm event, with a longer time for streamflow
to peak, and a smaller peak flow (DeVries and Chow 1978, Cheng et al. 1975).
The reduction in snow interception when timber is harvested also can reduce
the peak flow associated with rain and snow events (Harr and McCorison 1979).
The elimination of snow normally caught and held in the forest canopy reduces
condensation and convection melt, lowering the water immediately available for
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runoff and thus the storm peak. Slower snowmelt also delays the time fo peak.

Whether forest harvest increases or decreases peak flows is relevant to
cumulative effects only when the impacts are felt off-site. Changes in storm
flows of 1st and 2nd order basins, like changes in water yield, diminish
rapidly with regrowth of the vegetation, and probably disappear before a stand
matures and a site is again harvested. Thus, the only potential for cumulative
effects is if these changes in peak flow within 1st and 2nd order watersheds
combine to change the peak flows from 3-5th order watersheds. The question to
be answered is: does rotating timber harvest throughout a 5th order watershed
with a mix of age classes persistently increase peak flows?

Like peak flow from harvest of a 1st order watershed, small increases in
fall peak flows and average winter peaks should be evident on larger managed
watersheds. The probabitity is high that continuous cutting on a rotational
basis will result in increased fall and early winter storm peaks from many
Washington watersheds. The effect will probably be most noticeable in western
Washington where larger frontal systems approaching from the Pacific Ocean
cause relatively uniform rainfall over large areas. Resulting stormflows from
all sub-basins peak at close intervals and desynchronization of flood peaks is
rare.

The magnitude of these increases on 4th order and larger basins with
mixed age classes will likely be small. They will certainly be smaller than
research findings from 100 percent clearcut 2nd order watersheds, and probably
less than results reported for larger watersheds clearcuyt over a short time
period and having only a few young age classes during the study period. This
assumes future cutting schedules within 3rd-5th order watersheds are adjusted
to maintain a mix of age classes.

Fall peak flows, however, are not the large flood events (Rothacher
1973), and the average winter peak flow is much less than the less frequent
major flood. These so called "wet mantie™ floods are generally responsibie
for accelerated erosion, stream channel damage, and loss of real property, and
are thus of particular interest. These floods occur when iong duration
Pacific storms result in heavy rainfall over several days. Under these
conditions soils are completely wetted whether in a clearing or under the
forest and interception losses become negligible. Thus with an absence of
road effects and only small non-contiguous soil compaction from harvest,
runoff should not differ between a clearcut and forest. Adequate data,
however, are not available for these rare flood events on mountainous
watersheds. Because they are rare they do not often coincide with short study
periods, and when they do they often destroy or damage the gaging facility,
wiping out all record of their magnitude. Controversy remains over the
effects of harvest on major floods.

Our understanding of large flood events is further clouded by the issue
of rain-on-snow. Maximum flows in the Pacific Northwest result from rapid
snowmelt during prolonged rainfall (Harr 1979), The primary manner in which
harvest could cause increased flood peaks is through its impact on snow
accumulation. |f harvest results in more snow on the ground when major rain-
on-snow events occur, then there is a potential for increased floods.
However, the major rain-on-snow storm events are mostly a function of
rainfall, with only about 17 percent of the runoff from snowmelt (Harr 1978).
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Since rain storms rarely coincide with the maximum snow accumulation, the
impact of increased snow in clearings is questionable. A slight increase in
snow on the ground may not greatly affect the timing or synchronization of
runoff. But again, not enough is known about these events,

In summary, timber harvest increases the small fall-storm peaks, but this
impact becomes less as the magnitude of the storm increases and is believed
small or non-existent for wet mantle floods (Harr 1976a,b, Harris 1973,
Rothacher 1973, 1971). |f these results appear inadequate, we can only say
that much remains to be learned. A final enswer is necessary on whether, or
under what conditions, harvest changes the stormflow volume or peak from
infrequent larger storms. Should stormfliow volume for major runoff events be
increased on many 1st and 2nd order watersheds of a 4th or 5th order basin,
stormfiow volume might be sufficiently increased on the parent watershed to
cause downstream flooding (Harr 1976b). Also, if increases in the fall and
early winter storms interact with some other impact of forest practices, for
instance debris avalanches, then these runoff increases may be more important
than reported here. In effect, changes in the runoff would increase the
frequency of these events.

CONCLUSION: Continual harvest of small watersheds (1st and 2nd order) within
a larger basin will result in a persistent increase in fall and average winter
stormflow peaks of the larger mainstem. This is a cumulative effect of many
scattered harvest activities, each causing only a short-lived change to the
1st or 2nd order stream stormflow, but combining to cause a persistent change
in the mainstem. As the magnitude of the stormflow becomes greater the
cumuiative effect from harvest declines and harvest impacts on wet mantle
floods are believed small. Nevertheless, additional research is necessary,
particularly with respect to rain-on-snow, before the magnitude of this change
is finally determined.

* Snowmelt Runoff

In addition to changes that timber harvest cause in the distribution of
rainfall, are the effects that harvest has on the accumulation and melt of
snow. More snow accumulates in harvest clearings than under the surrounding
forest (Golding 1981, Gary 1979, 1975, 1974, Ciine et al. 1977, Haupt 1972,
Hoover 1969, Anderson and Gleason 1959, Anderson 1956), and harvest increases
the snow pack in proportion o the timber cut (Leaf 1975). This is not caused
by more snow falling over the clearings than over the forest (Gary 1975,
Hoover and Leaf 1967), but rather, in some areas snow is blown off the trees
and redeposited in the clearings (Gary 1979, 1975, Hoover and Leaf 1967,
Andersor and Gleason 1959). In other areas the forest intercepts and
evaporates snow from its canopy, resulting in less snow under the trees
(Golding 1981, Cline et al. 1977, Haupt 1972).

Redistribution is most prominent in high elevation zones, such as the
central Rocky Mountains, where cold dry winds are common (Ciine et al. 1977).
Interception melt dominates in Washington where forests are generally lower in
elevation and snow caught in the forest canopy is melted by warm wind or rain.
Evaporation of intercepted snow is a direct loss of water from the forest and
snowmelt drip causes an immediate outflow of water rather than retention as
snow (Haupt 1972). Both result in a smaller snowpack under the forest.
Aithough the magnitude of increased snow accumulation in clearings differs
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greatly by year, aspect, and elevation, its occurrence is generally accepted
(Cline et al. 1977).

The greater snowpack in a harvested unit resuits in an increased annual
water yield, similar to that following harvest in the rainfall zone (Gary
1979, Hoover and Leaf 1967, Bates and Henry 1928). However, rather than
increased fall and winter runoff, the greater water yield usually occurs as
increased streamflow during the spring snowmelt (Golding 1981, Swanson and
Hillman 1977). The clearings also result in advances in the time of snowmelift
(Chamberlin 1982, Swanson and Hillman 1977, Leaf 1975) because the snow melts
sooner inh openings than under the forest (Rothacher and Lapushinsky 1974,
Goodell 1959). Although it may persist longer in openings because there is
more snow to be melted, the result is an earlier and more rapid melt. The
rapid melt maintains high soil water levels assisting the meit water to run
out faster (Chamberlin 1982). Melt runoff from an individual harvest unit may
be earlier by as much as a month and increased 1-3 times (Chamber!in 1982).

The increased water yield arises from a reduction in evaporation loss,
either because of reduced franspiration, little snow interception in the
clearing, or the more rapid melt and runoff from the clearing compared to the
forest (Hoover and Leaf 1967). A rapid melt means less time is avaiiable for
evaporaton. Whatever the process that results in greater snow accumulation,
the end product remains as greater water yield.

The greater snowpack and water yield after timber harvest persist for
several years due to reduced transpiration, less snowpack evaporation, and
higher soil water levels (Gary 1979, Hornbeck et al. 1970, Hoover 1969). In
high elevation forests where regrowth is slow and snow is an important
component of streamflow, the increased water yield may last 30 years or longer
(Swanson and Hillman 1977, Leaf and Alexander 1975, Leaf 1975).

Although an increased water yield from 3rd or 4th order snow=-zone
watersheds managed under sustained yield is the general case, whether this
results in higher peak flows during snowmelt is questionable. Increased peak
flows would require synchronization of the rapid snowmelt in clearings with
melt under the forest (Anderson et al. 1976). Cutting only part of a
watershed will probably desynchronize snowmelt and produce reduced peak flows
(DeWalle and Lynch 1975, Verry 1972). Desynchronization results when snow in
the clearings meits before that under the forest. This is further accentuated
when harvesting on southern aspects.

CONCLUSION: Greater water yield from larger watersheds during spring snowmelt
is a cumulative effect of continued timber harvest in the snow zone. Although
this may cause increased snowmelt peaks from small watersheds, increased peaks
from larger (3rd=-5th order) basins would probably be small.

Water Quality

Timber harvest can cause several changes to stream water quality. We are
interested here in changes in dissolved nutrients, water temperature, and
suspanded sediment.
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* Dissolvad Nutrients

Timber harvest causes higher nutrient concentrations in streams
(Tiedemann 1981, Hewlett 1978, Hetherington 1976, Snyder et al. 1975, Aubertin
and Patric 1974, Fredriksen 1971). As previously discussed, harvest
accelerates the release and mineralization of plant nutrients in the forest
soil. Subsequent leaching can move a portion of these nutrients to the stream
system, Reported increases range from near zero to several times baseline
concentrations. The actual value is site specific, varies between individual
nutrients, and depends on the amount and species of vegetation removed and any
subsequent site treatment.

Greatest streamflow nutrient increases occur directiy adjacent to the
harvest unit and decrease downstream. Increased concentrations are usvally
highest during low flows and lowest during high flows (Snyder et ail. 1975,
Tiedemann 1974). Low flow concentrations are related to high soil respiration
and nutrient availability during summer. Dilution by high flows causes lower
concentrations.

Since most Washington forest streams have naturally low nutrient
concentrations, increases following harvest can be proportionally large,
doubting or tripling nutrient levels. These changes in nutrient levels may
cause changes in stream flora and fauna within the harvest unit (Fredriksen
1971). There is also concern over potential nitrogen eutrophication of
streams and lake systems (Tiedemann 1981). However, as the vegetation returns,
tying up mobile elements, nutrient concentratons in streams decline (Hewlett
1978, Marks and Bormann 1972). Basel ine nutrient concentrations are usually
re-establ ished within a few years.

The relatively rapid decline in nutrient increases from an individual
harvest means that disscolved nutrients are highly unlikely to become an on-
site cumulative effect. Downstream extrapolation, however, indicates that
with continual harvest throughout the basin, nutrient enrichment will
repeatedly occur somewhere within the stream system. First and 2nd order
tributaries with increased nutrient concentrations will be scattered
throughout the watershed, closely following the harvest pattern. A cumulative
effect will occur if these scattered increases combine to continually increase
the nutrient level of the 3rd order or larger stream.

Whether or not a cumutative effect related to dissolved nutrients is
probable depends upon the water's travel distance between harvest units and
the frequency of harvest. As the water moves downstream, nutrients are
rapidly diluted, adsorbed by sediments, and taken up by primary producers.
The rate of these processes and the resultant travel distances necesssary to
effectively reduce nutrient concentrations have not been studied. We believe
downstream mixing with other affected tributaries probably occurs, but that
resultant nutrient increases in 3rd order and larger streams are negligible.

The importance of increased dissolved nutrients to aquatic ecosystems is
unknown, Scattered increases in overall stream productivity could result but
studies in Alaska found increased nutrient levels were too low to affect
stream periphyton or macroinvertebrates (Everest and Harr 1982).
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CONCLUSION: Timber harvest may cause a downstream cumulative effect by
permanently increasing nutrient levels as harvest progressively affects ist
and 2nd order fributaries within a 3rd-5th order watershed. However, because
of the water's travel distance between harvest units such nutrient
accumulations in the mainstem will be small.

* Water Temperature

Timber harvest that removes streamside vegetation, eliminating shade,
will change the temperature regime of forest streams. The result is often
increased summer water temperatures, and occasionally decreased winter
temperatures (Brown et al. 1971, Swift and Messer 1971, Brown and Krygier
1970, Brown 1970, Meehan 1970, Brown and Krygier 1967, Levno and Rothacher
1967). Temperature increases during summer low flow are of greatest concern;
changes in winter temperatures are less likely due to greater water volumes,
lower sun angles, and topographic shading.

The major source of heat for small forested streams is solar radiation
(Brown 1969), and increased exposure to solar radiation following removal of
streamside vegetation is the primary cause of increased water temperatures.
Harvest along streams may increase solar radiation 6-7 times resulting in
summer temperature increases from as |little as 3-4 degrees F. to as much as 24
degrees F. (Anderson 1973),

The magnitude of increased summer temperatures is directly related to the
amount of shade removed and the surface area of stream exposed to direct
sunlight (Swift and Messer 1971). Small streams are particularly sensitive to
changes in shade as they have less capacity for heat storage than larger
streams (Brown 1969). Maintaining shade is the key to control of water
temperature. Where streambank vegetation is not cut during harvest, summer
temperatures remain unchanged (Swift and Messer 1971, Brown and Krygier
1970).

Heated streams are cocled by the inflow of cooler groundwater and
tributaries, and by downstream shade. Groundwater inflow results in greatest
temperature reductions; shade is only of limited value in cooling where the
air temperature is greater than the stream's (Swift and Baker 1973, Brown et
al. 1971), With the re-establ ishment of streamside vegetation increased water
temperatures begin to decline. As revegetation along streams is usually
rapid, temperature increases are relatively short-lived. The recovery time
varies with the width of stream requiring shade but is usvally less than 10
years (Brown and Krygier 1970).

Since shade cannot be relied upon to cool heated water, large temperature
changes should be avoided in the first place. This is the intent of present
forest pr