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AN ANALYSIS OF THE BUFFERS AND THE WATERSHED
MANAGEMENT REQUIRED TO PRESERVE THE REDWOOD
FOREST AND ASSOCIATED STREAMS IN THE
REDWOOD NATIONAL PARK

INTRODUCTION

The Problem

In October, 1968, Congress passed Public Law 90~ 545, authorizing
the establishment of a 58,000 acre Redwood National Park. This
action culminated a prolonged, emotionally charged, consideration
of the need for such a Park and a lengthy, acrimonious, hearing on

-the effect on the local economy of the withdrawal of additional

lands from timber production in Del Norte and Humboldt counties.
Final justification revolved around the expected public inspiration
and enjoyment. this Park would provide and the need to hold for sci-

entific study a unique vegetation complex that might otherwise be

destroyed. Preservation was clearly the objective: Preservation
of significant examples of primeval coastal redwood forests, pre~
servation of the streams within these forests and preservation of
the seashore adjacent to these forests was specuflcally dlrected

One way to achieve these obJectlves would have been to restrict
the Park ownerships to whole watersheds so that boundaries could be
established along the upper limits of each watershed, and at the
same time keep the total size of the Park within the 58,000 acre
limitation. Under such circumstances Park personnel could be used
to carry out the management required and danger to the Park from
outside forces would have been reduced to a minimum.

- Congress ruled out this approach, however, when it included
parts of several watersheds in the Park -- less than 50 percent of
the watersheds of Lost-Man Creek and Mill Creek and less than 10
percent of the watershed drained by Redwood Creek. By this action
the fate of critical portions of the Park was placed in the hands
of private land owners in the watersheds tributary to the Park,
Consequently, if the preservation objectives set forth by Congress
are to be achieved, a cooperative management effort will have to be
developed with these owners -- many of whom had earlier viewed the

establishment of the Park as a threat to the economic operation of
their lands within these watersheds.

To pave the way for this cooperative effort, Congress has
provided the Secretary of the Interior with the authority to enter.
into contracts and cooperative agreements with these owners for the
establishment of buffers and watershed management practices that

]
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can protect the Park from haZardous inputs generated outside the
Park.

With this action a new and radical approach to park preserva-
" tion and a precedent for cooperation between the National Park
Service and private land owners was initiated. It is significant
that the buffers and the watersheds tributary to the Park are to

be held and operated by the owners thereof except where the cost

of establishing and operating the buffers and protecting the
watersheds involved exceeds the cost of fee title to the. land. It
is also significant that the authorization for buffer establishment
and watershed protectlon is not to be used to increase the size of
the Park.

" The success of this cooperative approach is hlghly important
to this Park; special efforts will be needed to assure its success,
Contrary to a widely accepted public attitude that the Park Service

and the industrial forest owners surrounding the Park have unresolv-

able, conflicting interests, many areas of common interests exist,
which, if expanded -and developed, can serve to protect the Park and
enhance its values.

It is clear from current. trends that most of the remaining old-

growth timber outside the Park will be converted to-young=growth

stands over the next two decades. In fact a majority of the forest
properties on the-Park boundary are already cut-over and in various
stages of .this-conversion. For those who visualized a larger Park
this. conversion period will be a traumatic one. Yet it provides
the opportunity to create the kinds of buffers around the Park
which will be most important to.its protection and preservation over
the long run. .

It behooves both the National Park Service and the surrounding
owners to make every effort to establish effective buffers as
quickly as possible. This will require a major cooperative effort
and strong leadership on the part of the Park.

The Assignment

Our assignment was to define those problems requiring solution
of the situation envisioned in the House of Representatlve Report
No. 1630, dated July 3, 1968.

Their report pointed out !'". . . that damage may be caused to
the margins of every park, however large or small it may be, by
acts performed on land outside those boundaries and that the streams
within a park, whatever its boundaries, may likewise be damaged if
the land on the watershed above them is permitted to erode. The
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trees along the margin, for instance, may be subject to blowdown

if clear cutting occurs right up to the property line, and the
streams within the park may be heavily silted if proper soil con-
servation practices are not maintained upstream.'”" The Committee
apparently visualized restricted selective logging along the Park
boundaries and in the watersheds tributary to the Park as a possible
solution. This is further suggested in the authorization they
granted ', . . the Secretary of the Interior to negotiate agreements
with the owners of adjacent lands and of lands on watersheds tribu-
tary to the park and, if necessary, to acquire interests in their
lands which, while allowlng selective logging, for instance, to go
forward wull require the land owner to follow practices that will,

as far as possible, protect the trees, soil and streams within the
park.,' '

The Approach

We began our assngnment by examlnlng the mosaic of ecosystems
that constitute the redwood forest, reviewing the successional pro-
cesses involved and defnnnng the. relationshnp between the ''present'!
uncut redwood forest in the Park and the !'primeval' redwood forest.

Then, in light of the dynamlc character of .the redwood forest
and the successional stages represented in the Park today, we con-
sidered the kind of management required to preserve significant

examples of the primeval redwood forest and associated streams.

According to our contract with the National Park Servtce, our
principal concern was a management prescription for lands surrounding
the Park that would minimize any deleterious effects they might have
on park resources. We quickly found, however, that we could not
evaluate potentially destructive inputs into the Park without char=-
acterizing the biological structure to be preserved, i.e., the
primeval redwood forest, and the kind of management that is needed
to assure its preservation,

Fortunately, this characterization was simplified by the fact
that wilderness values had not been interjected by Congress into
the preservation requirements., Thus we were able to focus our con-
cern on the ecological aspects of the preservation involved. Much
of the ecological background for preserving the redwood forest had
previously been developed in connection with a series of reports we
prepared for the State Department of Parks and Recreation on the
preservation of the alluvial-flat redwoods along the Eel River.

O0f major concern was the need for replacement ecosystems over
the next 500 years and how these could be obtained without radically
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altering ecosystems in the Park now support1ng redwoods. Conse-
quently, the possibility of deveIOping these replacement ecosystems
on the cutover lands included in the Park was carefully examined.

Next we characterized the potentially destructive inputs into
the Park and considered the several types of buffers and watershed
management practices needed to reduce these inputs. In particular,
we were concerned with the relative effectiveness of buffers managed
under the selective and even—aged silvicultural management systems,

Following this evaluation we reviewed ‘the potentially destruc-
tive inputs from land adjacent and from watersheds trlbutary to the
Park.

And flnally we examined Park boundaries and watersheds tributary
to the Park in terms of the specific buffers and management required
to protect the Park. Cost 'elements were considered, but a full
study of them did not fall within the scope of our assignment.

" The Ecosystems Involved

Ecosystems can be of any size or level of organlzatlon. How
they are viewed depends on the objectives at hand, thus making the
scope of the term very elastic. The level of organization with which
we are concerned in this study is that of the plant community and
it is for this reason that we have viewed the redwood forest as a
mosaic of ecosystems each identifiable by the species present and
the successional stage represented.

For convenience, when considering specific ecosystems within

the mosaic of ecosystems that make up the natural redwood forest,
'we have viewed each as having fixed geographical limits. In this
way the adjacent and/or surrounding ecosystems can be treated in
‘terms of their potential inputs, e.g., fire, waterborne materials
and wind. The areas involved in these ecosystems are thus important
only in how they relate to the magnitude of the input they supply.
Where we have focused on a watershed and the alluvial flats at its
mouth, we have drawn the boundaries of the ecosystem along the
drainage limits of the watershed and have included the alluvial
flats within the boundaries. All streams, originating within the
watershed have been treated as part of the ecosystem, Streams

that originate outside this watershed but which impinge upon the
alluvial flats we have viewed only as a source of potential inputs
into the ecosystem. Where we have focused specifically on the.
alluvial flats, we have drawn the boundaries of the ecosystem
around the flats only. The slopes behind the flats and all streams

impinging upon the flats, regardless of their source, are viewed
as potential inputs into the ecosystem.




THE PRIMEVAL REDWOOD FOREST

The Forest

Simply stated, the primeval redwood forest was a mosaic of
ecosystem supporting redwood that existed prior to the arrival of
modern man. Today this mosaic is not precisely the same as then
because growth, death and successional change -- all normal eco-
system processes -- have occurred throughout the mosaic. ' The sig-
nificant point is that change is an important. dimension of the
ecosystem. Changes, however, except where logging and clearing

" have occurred, probably do not differ greatly from those that
~would have occurred had modern man been absent from the scene.

The major impact of his presence has been the vigorous suppres-

sion of fire over the last 50 years. This has not yet, however,
resulted in any significant successional changes. Therefore for
all practical purposes we can view the uncut portions of the Redwood
National Park as primeval and typical of the kind of redwood forest
Congress has ordered preserved ~ Briefly let us take a look at the

‘characterustlcs of thls mosatc of ecosystems ln the Park

Not all ecosystems in the mosalc support redwood at any given

'p0|nt in time, Some’ ecosystems are’ part ‘of successional’ sequences

that do not include ‘redwood. Other's are part of successional
sequences that have orwill ultlmately include ‘redwood, but ‘in _
which redwood is now'absent, eltheF because it is too early in the
sequence, as where fire induced grasslands are in the process of -
belng re-converted ‘to redwood forést, or because it’is too late:

in the sequence and redwood has been replaced by specues such as
hemlock whlch appear later ln the sequence :

Historically, the successional relatlonship of redwood in
this mosaic has been confused. Even today, in spite of increasing

evidence to the contrary, the mosaic is often viewed as if each

and every ecosystem in it is moving successionally toward a red-
wood dominated cover. This view largely reflects a failure to
fully appreciate the limitations imposed when techniques success-
fully employed by the ecologist in characterizing successional
sequences involving short-lived species are used in attempts to

characterize successional sequences involving long-1ived species.

In brief, plant succession is the ecological process through
which the plant cover changes with time. This change is brought
about by the replacement of one species by another in response to
plant or other induced changes in the environment.

A sequence of changes, each involving one or more stages,



can often be identified: There is a short period during which
colonization takes place, followed by a much longer period during
which the environment undergoes repeated modification and finally
an equilibrium or steady-state is reached., The particular sequence
of stages in each period will depend on the climate, the soil parent
material and the relatlve capacity of species with access to the
area to: . (1) grow in different environments, (2). modlfy their en-
vironments, (3). produce and distribute their seeds, (4) escape or
tolerate browsing and grazing by herbivores, (5) escape or tolerate
insect attack and (6) tolerate fire,

As successnon progresses, an envuronment is eventualiy deveIOped
within which only a. few . of the.species native to.the region are
capabie of compietlng thelr fe cycles. ThIS is the point at which
the steady-state or equillbrium is reached. The duratlon of thls. _
steady-state depends“' how long. the factors controlllng the environ- .
' eady state'was reached remaln unchanged

¢limaxes depending on th'_termlnoiogy em icyed Clements, an eariy
American ecologlst, Teferred “to ‘the steady-state as ‘the climax only
when climate was the controLilng factor. Aiivother steady-states

. Rl P T RN o R

could persist only as Iong asithe ccntroiilng factor d|d not change
and that aii other controlling‘fa tors changed faster than ciimate.

factor was treated as a edaphlc-subclimax which could be expected

to persust until soil development masked any. dlrect effect that ‘the
soil parent material might have on plant growth. The steady-state
reached when.fire was -the controlling factor was treated as a fire-
subclimax which could persist only as long as succession was regularly
interrupted by flre. : :

Some ecoioglsts now prefer to follow Tansley s lead. Tansley,
a British contemporary of Clements, referred to all vegetational
steady-states as climaxes, .and assigned them prefixes according
to the controlling factor involved, e.g., climatic-climax, edaphic-
climax and fire-climax. It realiy makes little dlfference which
terminology is used, provided it is used consistently. We prefer
to treat the ciimate-induced steady-state as the climax and the
other steady-states as subclimaxes because the regional vegetation
is then separated from successional vegetatlon whlch is normally
subject to change long before the cllmate is.

Plant succession can be evaluated in a number of ways.
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Permanent plots or photoestatfons can be employed and change over
a period of time can be accurately documented. This approach is
largely restricted to situations where succession is rapid following

- the removal or the introduction of an interruptive factor -- other-

wise most researchers could not afford to wait for the record. 1In
the redwood forest mosaic permanent plots are rare and have been
used largely for interpreting growth, Short term succession follow-
ing fire, floodln? and logging has been studied with the use of
temporary plots.

The most widely used approacn to study succession has been to

~substitute area for time by inference. Two basic assumptions are

made, First, it is assumed that the successional changes, through
which many of the ecosystems in the mosaic pass, are the same.
Second, it is assumed that different successional stages can be
found in the mosaic at any point in time because succession is
proceeding at different rates in response to soil parent material,
topographical position, ‘the ava!labllity of seed and the frequency
and |ntensity of interruptive factors such as fire. Accordingly,
all the investigator needs to do in this approach is to'ldentlfy

the different successional stages represented In’the mosaic and to
arrange ‘them in the proper time “sequence, Obvcously,,the success -
of this method’ requires that“succession still be underway in the
area under study and that it proceed at different rates at different
points within the mosaic. It is ‘also necessary that enough be known
about the phyS|oIog|caI potentlal of the plants involved to allow
the placement of the successionadl stages represented in the mosaic

in their proper position in the ‘successional sequence

For many years this approach has been employed effectively
by the range manager to follow short term successional changes
involving short-lived grass and shrub species. It has been used
to characterize successional changes following the removal of
interruptive factors such as grazing on the coastal grasslands
and fire in the Sierra Nevada. And recently it has been used to
characterize sand dune succession on the Monterey Peninsula, where
succession is rapid and the stages are well marked.

(M Superscripts in parenthesis refer to elaboration or citations
requested by the Office of Natural Science Study in Washington,
D.C., following a review of the preliminary draft of this
study. These are presented in Appendix C.
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In the uncut redwood forest, however, this approach has limited
effectiveness and must be applied with caution The longevity of
the specnes its ability to sprout -- a characteristic through
which it is able to maintain itself in environments in which: it
" can not reproduce by seed -- and the limited areas In which redwood

trees originating from seed can be found to be invading sz ?ds
dominated by other species, complicates such an..analysis, Field
estimation of the physnologncal capacity of these species to respond
to the sequence of environments made available as succession pro-
ceeds, is difficult and consequently must remain suspect. Some
laboratory characterization is required and few researchers are
equipped to handle this aspect of the analysis.

Fire has been an |ntegral part of the redwood forest environ-
ment for a long time, possible since the redwood forest flora
segregated out along the coast of Calufornna more than a million
years ago, 3) . That fire has been a part of the environment for
the last thousand years is certain. Radiocarbon dating of charcoal
layers in a 30 foot alluvial ‘deposit, uncovered along Bull Creek
during the 1955 flood, established this fact. Since then a 10,000
year old alluvial deposit containing Douglas-fir logs has been
uncovered further up the drainage, along Cuneo Creek.. We. expect to
be able to show charcoal of a. similar -age in this dep05|t

The source . of these fires is hot partlcularly relevant. Some
were undoubtedly started by Indians and others by . llghtnlng. The °
important pount is that prior to organized fire suppression, every
ecosystem in the redwood forest reflected the interruptive effect
of fire. 1In reality the primeval redwood forest was a mosaic of
fire subclimaxes. Species composition differed in these subclimaxes
because soil development, availability of seed, and frequency and
intensity of burnlng have been different in each ecosystem in the
mosaic, and succession has been interrupted at dlefrent stages in
the successional modification of the envi ronment. {

The Streams

Streams in the Park, except for Redwood Creek, have not changed:
greatly since modern man arrived. Even in Redwood Creek there
undoubtedly were periods in the recent past when the gravel loads
contributed by upstream erosion were comparable to what they are
today.

These streams owe their characteristics to the geology, the
resulting soils and the hydrology of the area. Generally, the struc-
tural grain of the country extends from southeast to northwest along




fault and shear zones which determine the direction of flow of
the major streams. This directional alignment is illustrated by
Redwood Creek along the major part of its length., During the
uplift of the area, cutting by the bigger streams such as the

~ Klamath River and Smith River kept pace with the uplift and are

now entrenched in deep canyons. The smaller streams such as
Redwood Creek, Mill Creek, and Prairie Creek have in a sense
ridden -upon ‘the uplift and are now only barely entrenched -
except at their lower reaches. Frequently, the creeks and

‘rivers show old mouths to the sea, such as that of the Klamath

River west of Yurok, and the -old Skunk Cabbage Creek mouth of
Redwood Creek west of Orick.

The concentration of precipitation in the winter time
results in seasonal peak flows which occasionally results in
large floods. In dry periods the streams dwindle until ‘there
is barely enough flow to link the pools in their channels.

Streams such as Redwood Creek carry heavy loads of sediment
during these peak flows because of the instability of the shear
zones in the rocks into which they have cut. Characteristically,

these streams have a steely gray color because of the suSpended

clays they carry. During floods the load of eroded material is
carried both as susperided sediment and as a bedload of rolling
rocks and gravels. When the stream is able to spread out onto
the adjacent lower lying alluvial flats, the water velocity is
lessened and the load of suspended sediment is dropped to form

a layer of silt loam soil. Floods of this type can be expected
to take place at thirty to fifty year intervals and are responsi-
ble for alluvial flats such as the one on Redwood Creek which
supports the Tall Trees Grove, .

In addition to the immediate effect of bank cutting and the
widening of the channel, the accelerated movement of gravels, and
the raising of the height of the downstream bed these large floods
reactivate old slides that have come to rest on the edges of the
stream, When the base of these slides are cut away by such floods -~
two since 1955 -- these slides begin to move and do not come to rest
again until their footing on the edge of the stream channel is once
again firmly established and the mass'of the sliding material above
has reached stability on the slope. ’

In Redwood Creek a large number of old slides, readily recog-
nized by their Atwell soil, their young vegetative cover and the

preponderance of hardwood species, are now actively moving., If
left on their own -- which may be the only real choice the park
manager has -- they will require years to stabilize. In the mean-
time they will continue to dump large amounts of medium and fine
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‘gravels into the creek.

Streams in the Park support large runs of salmon, steelhead
and cut-throat trout which use the coarse bedload materials for
spawning beds. Prior to the arrival of the white man,. Indian popu-
lations had built up around this resource. In Redwood Creek, for
example, sizable fishing villages were located at its mouth and
midway upstream in Redwood valley..

The greatest obstacle to complete fish utilization of the
streams in the Park is the extreme seasonal fluctuation in the
natural flow. Largely, it is the low summer flow that limits the
year around habitat. Turbidity of the water due to heavy suspended
sediment loads and clogging of the spawning riffles with fine sedi-
ments.could also seriously impair spawning habitats in the Park.

A major source of such material is the Atwell soul that dots the
slip-zone along upper: Redwood Creek.- :
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MANAGEMENT IN THE PARK

The destructiveness of inputs from adjacent lands and water-
sheds depend to a considerable degree on the Park's management
’obJectlves and how they are to be accomplished. Preservation of
significant examples of the primeval redwood forest and its streams
has been clearly stated as the objective in the case of the Redwood
National Park. This forest is a mosaic of ecosystems each developing
and changing at its own rate. How and at what point in their develop-
ment are they to be preserved? Will each be held as long as possible
at some particular successional stage by the emp loyment of lnterrup-
tive factors or will they all be completely protected and succession
allowed to run its course to the climax?

In considering the action required to minimize deleterious
inputs-we have assumed ‘that preservation means the retention of the
-mosaic of ecosystems’ that were present in the primeval redwood for-
est and that roughly the same proportion of the various successional
stages then present will be maintained. This is a big job., Let us

briefly review what it entails. o

Sff; IR The Need to Control Natural Forces ‘ ”'j“”-

N AN

The more than' '2' 000 000 acres of redwood forest. that ‘extended
ng the" Californla E ast from San ‘Luis’ Othpo coiinty to, the Oregon
border was’ an ek rgagloﬁ“'F successTon ‘that® had taken pléce Tn the
g md"aic of ‘ecosystens’” Thvo Ve %’p“tq‘that point in ‘time. ° Fitve, winds,

i ralns, and‘Floodéyhad’El Mcrit1cal roles Tn’ T'ts development
%

':~K'-x

‘ufThlslls a’ fact”rarely recognlzed.by the active conservationlst
many 'of whom' Took upon -0ld-growth ‘redwood ‘stands as’ unchanglng monu-
ments. Too often preservatlon has been viewed as. if the vegetative

that ln fact Tt 1s.” Had hlstory‘been
tcal development ‘had contlnued for another
y he” ecoéystems that’ have been SpeC|flcally ‘In-
cliuded’ |n'the Park'today, ‘because”of * thelr advanced succe¥sional
development - stahds ‘of the biggest, oldest redwoods -- would have
already advanced to the point that they would no longer be superla-
tive and would no longer be of park quality. To have found such
"ecosystems we would have ‘had to go elsewhere -- outside the present
Park ‘boundaries --" to'where succession had advanced Just far enough
'“1to meet our aesthetlc taste for the primeval

In terms of park management thls slmply means that the natural
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forces that created the primeval redwood forest would in time, if
uncontrolled, destroy it. Only if the Redwood National Park were
many times its present size -- a million acres or more -- could

- these forces be allowed free reign. Only then could the park

. capacity, to sprout from its. root -Crown. followlng destruction of the

"ﬁgens and,- oddly enough,lbyrits susceptlblllty to. heart-rot following
flre-anury. Redwood can only{sprout when its root crown_is left

"
wr

by,

above the ground when. they_fal
in the process.:

manager presume that significant examples of the primeval redwood
forest were automatically being perpetuated by letting nature do
its best and its worst.

Successional Status of the Uncut Portion of the Park

According to our assessment of the overall successional state
of the uncut portions of the Redwood National Park, the climax has

‘not yet been reached in many of the slope and alluvial flat ecosys~

tems. What is largely represented in the Park and what the park
manager is charged with preserving, are fire induced subclimaxes on
the slopes and fire-flood induced subclimaxes on the alluvial flats.
This is because redwood has a unique capacity to take advantage of
fire and flood interrupted environment and because fire on the slopes
and fire and floods on the alluvial flats have been highly important
factors in the prlmeval redwood forest environment.

Redwood is favored over other .species in the. presence of fire
by its thick, essentially flreproof bark, by its capacity to sprout
along its stem and replace. its;, branches when killed.by fire, by its

vl

rest of . the tree, by. its resustance to insects, and>killlng patho-

in the ground Anythlng that .increases the: percentage of ‘root. crowns
left ln the ground when the, dwood falls, ‘thus increases, the ‘number
of trees that can replace themselves by. . sprouting. Heart-rot does
just thls, because most of the.heaVIIy infected trees break off .

11, and fail to pull up their. root- crowns

: .
R

S capaCIty to tolerat prolonged.lnundation. It has a unlque'
capac:ty to send new. rodt .vertically upward, into newly deposited,
silt,as well as to develop new-root systems at. successuvely hlgher

levels up the trunk as it is gradually buried under successive b
deposnts of snlt S

Other. specues are favored over redwood by the exclus:on of flre.
Redwood seedlings -- unlike western hemlock and associated, Species -
cannot establish themselves on. the undisturbed forest .floor.. .Further-
more, because the |ncldence of heart rot will drop off sharply in thej
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absence of fire, most of the old redwoods will not break off and
when they fall W|ll pull their root crowns out of the ground in
the process. Consequently they will be unable to replace them-
selves by sprouting.

The net result is that, in the absence of fire, an understory
of shade-tolerant trees becomes established beneath the redwoods --
completing several life cycles while the redwood is completing but
one -- always present and ready to occupy the space vacated in the
forest canopy any time an old redwood loses its foothold and crashes
to the ground. How many, if any, redwood seedlings in stands with
this structure and in this shaded environment can become established
on the mounds of mineral soil -- referred to as cradle mounds --
thrown up by the root-crown as it is ripped loose by the falling tree,
will depend upon the availability of redwood seed relative to that
of other species .present:and the micro-environment prevailing at the
time. We expect some re-establishment of redwood to occur on these
exposed areas of mineral soil and occasionally on slide areas as
well. ~But with the completion of each succeeding life cycle, we
expect redwood to decrease:in the forest and eventually to entirely
disappear. - In’ terms- ‘ofipark management, this means that with com-
plete protection the redwood in the various: ecosystems that now
support~them, ‘could be expected to"decrease in number over. time and
eventually:disappear-untess’ fire on" “the’ slopes and fire and fldods
on .the alluvial flats are* allowed to’ operate again ‘as interruptlve
factors much .as- they have :in :the- past “-This of course:is obviously

¢ 0 Fe’ oF ' some other form of

,  what- successlonal stages the -

varlous ecosystems in the: redwood forest - mosaic:wilil-pass through

if fire:is permanently excluded, or- alternatlvely, if the:best pro-
tection the fire fighting agencles can supply, only lengthen the

=intervals-‘between fires.:By:reducing:the:frequency of fire:we can
- expectsuccession to: progress further during:the:fire=free.intervals

than;it.evershas. in=the, pasts: Fuels\avaslable on-the ground-wiill

- differiwith, the result: that: the ‘burning: .pattern.will differ and .

wndespread flres'will onlyloccur ‘when:theiburning potential in. the

*forestylsnat.. Jtsihighest. sWeihave:at:; this.time:no reliable estimate

of : the: length of:time-required. followung the-exclusion of fire,

.before.changes in the: specles -composition of the redwood forest.in

the Park :become significant:in a preservation sense. We can be cer-
tain, however, that it will vary widely from one ecosystem to the

next. 4

The cllmax can’ be predlcted wuth considerable confidence; how-
ever; :from -an evaluation of the relative growth of i the several tree
specles now present, in the environments that will become available,
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_following the exclusion of fire, and the relative capacity of these
species to further modify these environments. Of course, the rela-
tive response of these species to herbivores, insects and pathogens
must also be considered,

Should fire be successfully kept out of the Park and no suitable
substitute interruptive factor be introduced, succession over the
next one-hundred years would certainly result in some change, parti-
cularly on the alluvial flats. Succession over the next five-hundred
years would result in the predominance of hardwoods, Douglas fir,
Sitka spruce, lowland white fir, hemlock and western red cedar.
Succession over the next two-thousand years could result in the dis-
appearance of redwoods from the Park.

Devélopment of a Preservation Plan.

The first step required to preserve significant examples of the
primeval redwood forest in the Park is to develop a landscape plan
of the Park. Ideally this should be completed by a Master Plan Team
before the preservation responsibility is handed over to the Park
administrator. Such a plan involves stratifying the Park into a
number of landscape units based on.species composition, appearance
of the vegetative cover, its topographical position and any other
parameters that are judged to be sngniflcant. :

Once these landscape units are outlined, the ecosystems included
w1th|n each, landscape unit must be characterlzed according to its:
successnonal potential and the rate of successional change expected.
Along with this. characterlzatlon some readjustment of the landscape
units may be requlred so-as not to spllt ecosystems between .two or
more unlts._' S . : :

W|th this information available, a decision should then be made
as ‘to how each landscape unit is to be maintained. Should succession’
be:allowed.to proceed.unchecked? - Certainly, some unchecked succes=-

. sion should be allowed;forgpurposes of scientific study, If for no-
other reason. If succession is to be allowed, to what extent?: .Or-
:should.:succession -be: regularly interrupted. and held at some particular
intermediate or subclimax stage? Obviously, very early in arriving

at these decisions, another decision must be made as to the relative

amounts of each type of landscape unit that is to be maintalned in
the Park in perpetuity.

Finally, methods to achieve these objectives must be adopted.
Interruptive factors already accepted as being compatible with Park
management are fire, herbicides and planting. Others are available
and more can be developed. g
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The development of the preservation plan as well as putting it
into operation must be handled with great sensitivity and accom-
panied by a careful program of public education. "The basic plan
for preservation as well as its subsequent application in the Park
‘must be widely understood. This is of particular importance with
respect to conservation groups which have shown construction concern
over Park establishment, but are not always well-informed on vege-
tation dynamics and the necessity of managerial manipulation for pre-
servation purposes., Unless these groups are reached with effective
educational programs, constructive concern could change to destructive
distrust. These same conservationists could become an effective force
in blocking the preservation of the primeval redwood forest for which
they have worked so hard. This would be a national tragedy if it
were allowed to happen. The danger of this happening can be greatly
reduced if the National Park Service accepts a management philosophy

of keeping redwood in all the ecosystems in the Park in which it now
occurs, as long as possible. In addition this philosophy must be
clearly stated and explained.

Development of_Replacement,Ecosystems
on Cutover~Lands in the Park

" In a successuonal sense ecosystems domlnated by younger age
classes are needed to replace those with older age classes' as the
redwood trees finally die,’ The situation can be 1ikened to a pipe
‘fllled wlth ecosystems supportlng redwood of decreasing age.. Today,
fat’ thls particular point “In" tlme, only a trlcklf‘of ecosystems sup-
portlng bld ‘age ‘classes of ‘rédwood are’ runnlng_ 't “at the bottom ‘end
of .'thHe pipe; ‘but as the redwoods grow older and the trlckle ‘increases
to a steady flow, ecosystems supporting redwoods of . youngder age classes
must be. fed into the other end of the pipe or it will eventually run
dry and the Redwood National Park will no longer be a redwood park.

‘Ecosystems supporting younger age classes can be readily deve-
loped on the cut-over areas now included in the Park. 1In this sense
these® ‘areas become a highly important asset., They can be ‘managed so
that’ 500 years from now, when'many of the ecosystems it Nthe Park will
begin to lose’ their redwood ‘dominated vegetative cover, there will
be ecosystems avallable, supporting 500, koo, 300 200 and 100 year
old redwoods, and a combination of age classes.

We do not visuallzé'anz'lnsurmountable ublic-relations problems
arising during the first 100 years of operations of a simple ecosystem

replacement plan involving the cutover lands. We can, however, clearly
see a major problem 100 years from now, when 4/5 of the revegetated
cutover areas will need to be manlpulated if the plan to establish a
flow of age classes -- to keep the pipe fllled -= is followed (5) 1t
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is imperative that a public education program go hand in hand with
the revegetation of these cutover lands and that the public be fully
informed of the objectives and the plans for future manipulation,

Preservation and the Wilderness Syndrome

The most troublesome public attitude that must be overcome
initially, in getting a preservation management program underway,
will be that of the dedicated conservationists who were .instrumental
in getting the Redwood National Park established but who visualized
in it, not the preservation of a significant example of the primeval
redwood forest and its associated streams, but another wilderness.
The focus of this group can be expected to continue to be on the
uncut nature of the redwood forest. To this group preservation of
the primeval redwood forest per se, and ‘the mosaic of ecosystems it
entails, will be of only secondary umportance._ They want a forest
of redwood, established long before modern man's activities became
an input into its various ecosystems and from which his inputs can
now be excluded.

Had Congress drawn the Park boundaries differently so as to
include ln the Park a much larger portion of the Redwood Creek water-
shed, | 9551ble to, meet .this need .in part, . With
the boundarles as they'now’stand, no such wllderness potentlal xlsts
in the Park The most th,t can;be ‘done to meet the need of this ' ..
‘grotp, is to’ desugnate'ce'tafn locks of landscape units located back
:and away«from'the roadsva? ;maln'trallsxand to-treat these unit as:

‘a m

wllderness units wltllt n"‘lmum of mam"pulatlon thereln. ,,Ideal_: Yy

‘-.i-%{J"')l ¢ S s DT & T IOt S PP A TN

.. Critical- nagement Areas ln the Park

“the Parkifrom a; management vuewRol

) ntl
s he upper end of the Redwooq Creek*corrldorvbeginnlng about'a U
hélf—ﬁlle downstream from the mouth of Bridge ¢i overthis dis-
tan i y within 'a lghly{aCtlve 1an. =

lfp-zone whlch extends'u ‘both slopes for dlstances of up, to a

half-mile,

“In this area, landslldes are a natural feature of the landscape

_and slldlng has been going. on |nterm|ttently for thousands of years.

Here Redwood Creek follows a major schist-sandstone contact zone ‘and

in many places the schist’ has been flnely fractured by the shearlng '
_action that has taken place along the contact. Where seepage water,
is present, this finely fractured material is deeply weathered and '
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has produced the Atwell soil which is high in clay content. Where
the creek has cut into these materials, compound slides have been
activated. Until a few years ago, many of these slides were rela-
_tively stable with their bases resting some distance back from the
creek channel., Since 1955, a large number of slides have been reacti-
vated by the undercutting of their bases by the flood peak-flows in
1955 and 1964. This undercutting may still be underway since it
appears that the streambed has been raised by sediments allowing the
streams to spread out during normal peak-flows and eat away at the
bases of the slides.

The upper edge of the slip-zone, along with the soils mappgd
as Atwell by the Soil Vegetation Survey, is shown in Figure 1.
A more detailed examination of the soils in the slip-zone would prob-
ably show more areas with Atwell soil and a considerable amount of
Atwell parent material" hidden beneath- colluvial-creep from further
up the slope ‘on whlch Melbourne and other solls have developed

On_our reconnalssance of thls portlon .of “the Redwood: ‘Creek
corridor, we crossed several large compound slides involving Atwell
soils that extended- up slope to near or beyond the Park boundary --
three on the notth bank! (the ‘Arcata National- side) and five on the
south bank (the-~ Georgla-Pacnflc side) -- ‘and:many smaller compound
slides near the’ creek “0ur lmpreSS|on ls that there are’many more
actlve slides on, the south bank than ‘on the north bank.

. On_the north side there are relatively few windfall trees on--
the - ground., In’ contrast “on the south side there are several places
where 20 percent or more‘are down. Many of these trees are clearly
assoclated w1th active s)ides. but with some, the relationship is
not .clears=-in; general, the dlrectlon of fall -has been downhill on
both'sldes'bf the ‘creek.: ‘How many of -the trees on the ground are a
result”of wind-throw or. sllde -activation we were unable to judge,
but” Tn. many cases .it must involve a combinatlon 'of both factors.

" The floods and heavy rains in 1956, undoubtedly activated many slides
and._ by 1962 the trees on'this loose footing would have been a poor
match for theé winds of ‘hurricane force that struck at that time.
Since then, slides, which were further. activated by undercuttin
during the 1964 f100d- -peak flows, have been responsible for much of
the tree fall. The final force that pushed-over several trees this
last winter was probably the strong southerly winter winds, which
would explain why most of the trees fell in a downhill direction

on the south side of the creek Where sliding is actively going

on, however, trees fall even on a:calm.day when associated with
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Figure 1. Slip-zone boundary and slide-prone soils == largely::
‘ Atwell =~ in the upper end of the Redwood Creek
corridor. A
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rotation slides -- as did one tree that fell for our edification
while we were in the area. :

Two major problems will face the preservation manager in

dealing with this slip area. First, he will need to decide whether
he can do anything about stabilizing the slides. He probably could
do a great deal, but it will be costly, It will involve diverting
water off these slides, removing trees from and adjacent to many of
the slides, reshaping the surface around the edge of these slides and
planting. Second, he will have to decide what to do about the large
number of trees now lying on the ground and those that are certain

to fall during the next several years regardless of what he does.
These fallen trees constitute a major concentration of heavy fuels

. in the Park. Should he leave them on the ground or should he remove

them? -Also, not the least of his worries will be the tough public
relations problem he will face, whatever he does in this area. This
slip-zone has been widely publncnzed as the '"Emerald Mile;' not a
word has come out about the dynamic forces at play and the preserva-
tion problems they have created.

Although far less critical in a management sense, the Tall Tree
alluvial flat must also be classified as a highly critical area in
the Park, At all cost it must be preserved -=- the public expects
it! Two' problems ‘must be considered. First, the health of the
trees on the flat must be: assured ‘which could become a problem
should periodlc flooding be ellminated Second, the flat must be
prevented ‘from being washed awayy” Technlcally, ‘neither problem

should be” dlfficult to solve. ‘A modest research ‘effort should be

‘able” to develop methods for malntaanung the. health ‘of trees on the

flat in the absence of flooding. To keep the flats from washing

. ‘away is.a stralght forward engineering job. The stream must be kept
“from belng ‘deflected against the bank of the flat. “During the last
- few years the Arcata National Corporatlon was faced with this prob-

lem. They found it necessary to excavate gravels from the bed of
Redwood. Creek in order to retard the development of a delta at the
mouth of McDonald Creek which was beginning to turn‘the force of
Redwood Creek against the flat._ Rip-rapping with heavy boulders,
properly hidden by- ‘willows and alders, may also have to be used -

)eventually to protect “the upstream side of the flat.




POTENTIALLY DESTRUCTIVE INPUTS INTO THE PARK

There are a number of potential inputs into the Park that could
interfere seriously with the preservation of the primeval redwood
forest and its associated streams. Wild-fire is an input that can
be expected to alter most ecosystems supporting redwood but not to
destroy them. As an input into other ecosystems in the Park, however,
wild-fire can be expected to destroy many if not all of them. Wind,
soil -- moving either along the surface or in the form of slides,
and water -- moving down the slopes or in streams eroding away the
alluvial flats during peak flows, are inputs capable of destroying
some or all forest ecosystems in the Park. Increased peak flows,
sediment loads carried both in suspension and moved along the stream-
beds as gravels and rocks and organic debris are inputs capable of
changing the character of the various stream ecosystems in the Park.

Fire as an'Input

The potential effect of wild- fires on ecosystems in the Park
depends on the quantity and quallty of fuels on the ground, air
temperatures, relative humidity, wind, whether the fire burns up or
downslope, and. whether the fire stays on the ground or moves up into
‘the tree crowns.. Generally speaking, we can expect a well-fueled
~ wild=fire; during a period of low humidity -and high: winds, to kill
~all but the sprouting.species, This, of course“:means that redwood

will remain, some to sprout - from root-crowns, an Trs'to-
from the trunk whére the bark.is ‘thick enough to’ ¢ “the cambium.
A1l Douglas fir -- some . blgger than 6 feet in diameter ,_Sitka spruce, -
lowland white-fir and hemlock can be destroyed, “Thus’ even ‘though red-

wood could be expected-to continue to 0CCUupy:. most: of . the ecosystems
it occupled prior to the fire, . aesthetic values i f- not ‘totally des~
troyed, would be greatly reduced over the next 50-100 ‘years. .In
addition erosion and water runoff characteristics that could be ex-
pected to contribute dlrectiy to the deterioration of ‘the streams in -
the area would ‘probably result. Wild- -fires, however, should not be’
confused with the use of ‘controlled~ fires as an interruptive factor
in the Tapegement of partlcular ecosystems in the primeval redwood
forest. Fire may have a role to play as a tool in redwood preser-
vation but if so, only when under close control and where the possi-
"bility of wild-fire from escaped controlled-fire has been eliminated

by prior cultural operations. The determining factor in the use of
fire as a preservation tool in the Park will depend upon its cost as

compared with the use of other interruptive factors.,.

Recent wild-fire history in and around the Park is charecterized
by a large number of fire starts but with an inordinately small number
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of fires that reach a sizé of 100 acres or more. Fire starts are
related principally to man's activities and only secondarily to
lightning; the area burned per fire start is related to fuelg
weather and availability and access to fire control forces. J The
latter two factors are responsible in a major way for the small num-

‘ber of large recent fires in the Park area. Fuel accumulations

remain high, however, in the uncut redwood ecosystems and on many

of the cutover areas. The mix of dense understory vegetation, heavy
accumulation of large, down-logs and the presence of overmature tall
trees with dead tops -- highly susceptible to lightning strike but
more important when fires start they tend to throw burning embers

far ahead of the fire -~ constitute a highly hazardous situation in
the uncut redwood écosystems. With the exception of local accumula-
tion of heavy fuels around old landings and in gullies, recently cut-
over lands are less hazardous primarily because less fuel is available
and better access for fire control forces is avallable on the logging
road-net.

The cool-moist ¢limaté which prevalls from November to late
August is characteristic. of the area in and around the Park It is
responsuble for the much lower fire hazard condltions that are ex-
perienced in this area. during this period of the’ year than_ in: other
wildland areas of- Callfornla - The late August ‘to- late- October period,
however, is frequently ‘the’ ‘oécasion for a reversal of prévailling con-:
ditions with the intrusion of warm dry air coming .in from. the north
These intrusions are often accompanied by high winds predomin ]
from. the north and northeast. Relative humidities drop; femperatures
increase and high winds may blow for several days at a: time.c“By late

‘”getatlon is
under its, greatest ‘moisturée stress and new'fuels have'been created
by ‘the:season's logging. During this period the frequency of fire
starts -- partlcularly man- caused ‘'starts -- increases : sharply and
in the past Tt : his period that most Targe wildfires
have occurred y,fall that the hazard from wild-

e

In the redwood , wind-damage consists largely of windfall
and stem-and branch breakage. Close to the coast, however, - foliage.
is often burned by wind=-borne salt. wlndfall results from a failure
in the root system either due to damaged roots or the inability of
the soil and its parent material to provtde root anchorage sufficient
to offset wind forces developed high in the crowns. Involved is a
shear failure of a rotating surface in a clay soil or the parting of
a pre-eX|st|ng shear-zone underlying the root-zone (Flgure 2) which




Pre exlstlng sheor zone zone o'f weakness or seepoge
woter ‘level,

Figure 2. wnndthrow showing two types of shear failure in
cohesive souls.
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results in a pit and mound combination called a cradle-mound
(Figure 3). Stem breakage usually occurs at some point of weakness
in the stem caused by decay and fire scars.

It is readily evident from fallen trees on the ground and
cradle-mounds in undisturbed stands that windfall and windbreakage
are natural forces in ecosystems in the Park that support redwood.
The series of unusually heavy storms which occurred in 1955, 1962
and 1964, for example, have caused an acceleration in windthrow in
the Park unrelated to man's activities. The 1962 Columbus Day storm
accompanied by winds of hurricane force was particularly devastating

as evidenced by the large~number of fallen trees dating to that storm.

Man's activities can, however, greatly increase the amount of
windfall and stem breakage. Chief among these is harvesting, where
formerly. protected trees are suddenly exposed to wind forces pre-
viously not experienced. Figure & depicts the wind flow patter?s
that .can be expected over a forest adjacent to a clearcut area.

A zone of turbulence and accelerated wind velocities will occur at
the canopy level at the edge of the uncut forest. This will result
in severe oscillations of the crowns in the zone and subject the
trees to increased stem breakage and windfall. Trees along a front
exposed by clear cutting, for; ‘example, are partlcularly susceptible
to windfall and breakage immed ely following exposure. In time,

these newly exposed trees adjust.-to the new windforces by:shifting

the: pointaof néw :wood *depos: on: ‘the stem nd/‘on -the ‘roots put -
undeF'stress’ by ‘the* th:

In the area in and around ‘ ge‘ls-largely
assocnated with winter: wlnd Tfrom the southeast, accompanying the
major wet storms durlng the?October to April period.

Topography can relnforce these wnn? flows and increase turbu-
lence in certain.situations (Figure 5) 9) on major rldges winds
are. normally accel ated,and turbulence accentuated on- ‘thé” immediate

: 4 .side == where vortices form
during high windflow =- and the middle'Sl"es of the windward side.
Windflows are. ‘also’ often accentuated in narrow valley situations and
on the windward middle 'siopes and two thirds up the lee slopes on
secondary rldges. :

Sonl and Water as -Inputs

Soils in and around the Park derlve thelr characterlstlcs from
the geology and the length of time that they have weathered from the
rock types involved. They progress through a sequence of colors on




Figutre 3. The development of cradle-m’oﬁnds from windthrown trees.




Figure 4, Generalized wind-flow pattern over a clear-cut forest boundary.
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Figure 5. Generalized wind-flow pa'ttern'ove'r R'_edwood Creek.
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a given rock type from grey to brown to reddish brown and finally

to red at maturity. Soil series names have been given to each of
these stages on the major rock types by the Soil Vegetative Survey.(6)
Generally, on the steep slopes where ''‘natural' erosion is relatively
rapid, the soils will not have developed beyond the brown or light
reddish brown stage. On the gentle slopes where ''natural' erosion

is relatively slow and the surfaces as a result are older, the soils
will have developed to the reddish brown or red stage. The major
soil types in and around the Park are moderately erosive. The most
erosive are the stony phases of the Hugo, Josephine, Melbourne and
Orick soil series as they occur on slopes of 50 - 70 percent or more.

Slope and disturbance are the most critical factors contributing
to the erosiveness of these soils. Clear cutting with tractor log-
ging for example, on slopes of over 40 percent on Melbourne, Hugo
and Josephine soils is highly hazardous in terms of potential erosion.
Tractors operate most efficiently in a downslope direction with the
result that the general pattern of flow is downhill toward landings
where the trucks are loaded. A series of fan shaped patterns of
skid trails each converging toward a downhill landing is created
with each trail becoming a potential ditch for collecting water and
concentrating it at the landlng. It is these concentrations of
water that cause the serious: er0510n on steep slopes.

Cable logglng systems applued on. these same slopes tend to -
minimize the concentration of water.on: the slope. - These. systems~,v
are most efficient operating in an uphill dlrection and the pattern
of flow is.one of convergence: toward. the. top of the slope.: ..Any
overland flow of water ténds: to. be: dISpersed along the skid-trails.-
rather:than concentrated, Furthermore, on’:these steep slopes,;~'
cable systems do not generally dlsturb ‘the sonl to the same extent:

.as tractors. . - S _ . L

Logging roads are another major source of soil disturbahce .
and thus an erosion hazard on steep ground. Heavy cuts and fills
are a major source of erosion unless quickly and satisfactorily

. re-vegetated after construction. - Size of cuts and fills 'are a

function of topography and road width; the steeper the topography,
the:wider the road, the larger ‘the‘cuts and fills. .This means road:
widths should be reduced to-a minimum In steep land and where possi-
ble a one-way road system should be established, Road drainage-also
critically affects erosion, ~Normally, .logging roads are constructed
with a slight inslope toward the bank, necessitating a drainage

ditch on the bank side. These dltches are cross-drained at intervals
by metal culverts installed in the road bed structure. Since ditches
and culvert-openings are on the bank side of the road, bank-sloughing
can fill them during periods of heavy rain and when this happens-high
concentrations of water are dumped.-on to fill slopes with heavy .
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erosion resulting. Consequently a high level of road design, con-
struction and maintenance is desirable in steep lands in an uplepe
position from the Park.

There stnll remains around the Park about 15 to 20 years of
cutting in old-growth timber and thus thousands of acres are yet
to be converted to young-growth management. It is during this
conversion period that the threat to the Park in the form of
accelerated erosion will largely exist. Many miles of new roads
must be built, especially in the lower portions of the Redwood
Creek watershed. 01d stands will be clear-cut and large, soil-
disturbing equipment will be employed in their logging. Potential

.inputs into the Park of soil and water from new roads and skid trails

will be high during this period.unless care is taken in planning,
constructing and maintaining new roads, .and in.planning and con-
ducting ‘logging upslope:from thePark. .The technical knowledge is
avallable to' reduce thesedestructive- inputs, ‘the incentive must
be provided to employ this: knowledge over the crltlcal 20-year
perlod that lles ahead CRAE L A

T PR EG s‘i=‘i’.' DI
Several” types iof}
gorized*according'tbﬁi 1
taking. place: “Whén thédmaterj "%are nOn-cohesive consisting ofsex
loosel soily=sand: or? ro ting at or: near the angle of - repose, and
the movement. is sliding '

- These slides are composed of individual particles of soil and rock

maternal and are usual]\ actlvated by undercutting (Flgure 6)..

S EMERES BERTATE & EAEN f«"“;i T3 q-' : ;
whenjthe materialLISftoheslve consusting of masses of clay-rlch
soil andsinterbedded: rock;: occurring oni a>wide range.of slope: .angles,
andytheimovement: of: thejsliding mass ls:rotatlonal relative to.a:.con-
caveishearlng surface i1tods arrotational slide:  These:slides:are:
composed 1of - 1arge>bi ockssof ‘5o 1:-and7rock materlals -With.: concentrlc
crack1ng~|back-tilted)surface5>and ‘with:trees:at. the ;upper- end of~
thex slide leaning -and thenv' alling uphill (Flgure 7) : :

AWhererthe material~is\cohesive, con5|sting of large blocks of

-s0il.and the movement is that:.of a block moving along a zone .of

slope. weakness it is:a translatory block slide. :These slides:are -
composed .of large: blockssof:soil and trock material. .Trees on:these.
slides.often remain: in their.original .upright:position or may lean~w
slightly downhill (Figure 8). :




o

Colluvial or debris slide." TR A SR

Figure 6.




Figuré 7;

Rotational slide.
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When the material is cohesive and the movement is a compound
- motion composed of a train of rotational slides that have activated
moving blocks with additional rotational slides developing at major
changes in the slope, it is a compound slide and is occasionally
“referred to as a land glacier. These slides consist of soil and
rock materials occurring on a wlde .range of slope angles, often
with the lower portions able to move on-almost horizontal slopes
because of the lateral pressure Qf’movlng materials behind it.
Trees on these slides may be erect, tilted backward, or tilted for-
ward, falling upslope at the beginning of the rotatlonal portions
of the slide and falling downslope along the translatory portions
of the slide (Flgure 9) ~

actor in these cohesnve type

Water content is a comp“1ca .
he soil . is reduced by wetting.

slides because shear strengt

Inputs of organlc 1 to:the'stream ecosYStems in the
Park consnst of windthrowniit riiwood debris. derived from
logging. ‘ 3 SR

;ream channel
ma'ler streams

relatively: smal]; 1
of fish to the[r

ant- complex --
1 source in-the Park -- was
Present State anti-pollution:
pollutlon of this sort should

explained to us, there shoul
laws are. adequate to. control
it develop n the. futur‘

: 12 the maJor source" f..organic
debris. In the logging of larg ©O1d “tFees ;7 bot “hﬁuood’and Douglas
~fir_produce a prodigious amount4bf  debris because of:the high inci-~
dence fof rot and breakage" and %he’adarge amount of follage and
branch mater1al¢-Also Tuntil’ recently, the major orientation of log
utilization has been for- lumber which has highly restrictlve quality
requirements. Thus large quantities of broken and rotten material
was left In the woods. Some of It ended up Jn the - st;eams. The
.pr05pect|ve costs'.of removing ithis debris, asilegally-required,

from streams used by migrating game flsh has encouraged careful
practice on the part of‘responslble operators in their Iogglng of -

Ji In recent years man has
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.“sPark durlng these flood-peak flow
“chain of . erosional events_ these fl_ K. . _
“adjacent: slopes. " Almost everywhere along the streams, banks are
,undercut resulttng in subsequent céllapse, sendlng sol] and rockj

’twood Creek, they are reactlvated s they dre under qf
_these slides extend hundreds of feet . and in soffie casé!
.sands of feet up the slope and do not come to rest’ again'until
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stream-side timber, but has not solved the problem completely.

Diversified production facilities and expanding wood markets
for products such as paper and particle boards has increased utili-

' zation of low grade Iogs. As a result, today, many cut-over lands

are being re-logged in order to pick up logs and pieces of logs
which earlier were left on the ground as cull material., This will
reduce the amount of materual left in the woods.

Once old-growth stands have been converted to intensively
managed young-growth stands, which will be characterized by smaller
logs, less breakage and better utilization, logging debris should
be a minor source of organic matter input into the streams in the
Park. Windthrow inputs will largely be from within the Park and
will need to be handled accordlngly.

FioodéPeak'FTows as Inputs

Most of the’ alluvial flat soil and parent material in the
Park is removed during the relatlvely few occasions -- perhaps two
or three times during a century -- ‘that flood-peaks are reached in
the adjacent streams. The exceptlon is when'a shift in the normal
channel directs the stream against a. vulnerable part’ "of the flat,
such as the sharp bend in Redwood Créek behind which the Tall Tree
flats developed.: - Then each succeeding;yea]_large amounts of mater-
'lals are removed:by normal high winter fl ws.

cutting of the base by the stream ceases and the. upper portions’

of the sliding mass have reached a dellcate equulibrium on ‘the
s lope. : :

It is important that the preservatlon-manager protect agalnst

'ftopd-peaks to the greatest extent possible. Thls‘isnp'rtrcplarlyll B
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important where he has alluvial flats as along Redwood Creek and
the mouth of Mill Creek and in areas of highly unstable redwood-
covered stream bank slopes -- as along the Redwood Creek corridor.
His job will be a difficult one and whatever success he achieves,
will depend upon a knowledge of the hydrologic characteristics of
the watersheds within and tributary to the Park. '

“

For the Redwood Creek watershed these hydrologic character-
istics are best explained in terms of a yearly water balance for
the watershed upstream from the gauging station at Orick. This
water balance is summarized in Table 1., The total watersheds

_ drained at this point cover about 180,000 acres (278 square miles)

to which Prairie Creek contributes roughly 19,000 acres (30 square

mlles)

From 1956 to 1965 the maximum annual yleld varied from

, 174,000 to 533,200 acre feet which is equivalent to an. average
depth of yield over the watershed of between 79 and 36 inches.
The average depth of rainfall for the period varied between 102
and 59-inches. The différences between water yield and rainfalil
are attributable to evapo-transpiration and interception_losses
which, of course, are related to’ 'vegetative cover. In this partl-
cular case-this differencezamounts to about 23 inches. Without,.
vegetation, interception -and' ‘transpiration losses would dlsappear
and evaporation would increase. ‘Studies In other areas indicate.-
that vegetation will. use about 20 percent in lnterceptlon and ,
transpiration. Thus some. gulde Is avallable to the |mpact of vege-

tation on water ylelds.

The lmmedlate effect 'f timber harvest “on the* Redwood Creek

'watershed is to increase water yleld;™” 'This increase in yield

however, can be expected to decline once the current period of

‘accelerated cutting of-old-growth 1s~ completed *“Lands will revege-

tate and evaporation:and: interceptlon 16sses’ w!ll “Increase. ™’ .on

the well-managed working -forest" ‘only “about”’ ‘one or two percent of
its total.area is cutover-each year, thus the ‘Increase in yield

due to’ harvesting will be expected ‘to"decline in. the years ahead.
Ultimately yield should stabilize at a- polnt slightly above that
on the watershed ‘before * cutting began.

Durlng the short time. the ‘gauging’ statlon has been in 0perat|on
at. Orick, "the. maximum flow of Redwood Creek at’ flood stage has been
50,000 cubic feet per second. Presumably flows of this magnitude
can be expected about once In every hundred years. Whether or not
logging in the watershed would increase flood-peak flows at critical
points along Redwood Creek in the Park is not certain. The distri-
bution of logged areas relative to the location of these critical
points could easily nullify the increase in surface ‘run-off that.
can be expected to result from logging. It Is not unreasonable to

expect,

for example, that increased surface run-off from watershed




Table 1., Estimated Water Balance

year and a dry year based upon streamflow recorded
at the Orick gauging station (1956-1964).

HYDROLOGIC COMPONENT
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fdr Redwood Creek for a wet

WET YEAR DRY YEAR

Water Yield

Estimated Losses
(Evapo-transpiration
and Interception)

Estimated Precipitation‘

79" .36
231 o 231

102" 59"
(Average over the
Watershed)
Recorded Precipitation e :
Prairie Creek - LLoerer Moy

' Forest'Glen
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points near the Park would get water off the land more quickly and
past critical points in the Park before flood waters from further
upstream arrlved :

Low-flows as well as high-flows which occur seasonally are an
outstanding feature of the .hydrology of the Redwood Creek watershed.
Eighty percent of the yearly precipitation occurs between November 1
and April 30 and most of the stream-flow is concentrated in the
winter and spring months. Thereafter, the flow drops off sharply.
By late summer it may be as low as .10 cubic feet per second.

For the Mill Creek watershed there are not enough data avail-
able -for developing a yearly water balance. Speaking in general
terms, however, it should be similar to. that described for Redwood
Creek, but with less of a tendency toward low flows., In wet years
precipitation should average around 100 inches over the watershed;

evapo-transpiration and :interception losses should be around 20 inches,
and. water yield as stream-flow should.be around 80 inches. In dry
years ‘the precipitation should average around 50 inches and since
evapo-transpnratton ‘and tinterception losses will be about the same

as ‘in wet years, water:yleld as stream-flow .should be -around 30
inches. Dry years we.can assume will‘be less severe on-Mill Creek "
than on Redwood Creek*because of its proximity to the coast.

“LMlll Creek becausecof itSsdeeply incised channel in: the Park
should be: :able to:handle“flood-peak flows: with less difficulty than
Redwood. Creek. : Exceptsforvthe :upper .one-half mile of low:alluvial .
sobsls:gin the. Park alongmthe creek, the {deep :channel between .High. -
Terrace: sonls-shouldamakenthe¢Park irelatively immune f rom damage o,
when flood-peak flows?deve10p from the Mlll Creek dralnage

<A ;stream.gauging=station. should beﬂlnstalled -on. MIII Creek
gdust above the ‘Stout.Grove in order:that:information that may be .
-needed -in:-the;: future,,-inmaking management decisions. regardlng this
watershed and -ts - performance, wall be avallable. e I

(SR I R RO AR .
G -, ediments. as71nputs
8% cidr Yo siluest sAT P sloecsan’ o : e
Clays, snlts, sands, gravels, rocks and boulders constltute-'
the stream carried sediment input. These materials are carried
either in.suspension-:or.are rolled or bounced along the stream bed
by the: force generated by the flowing water. Except for the flnely
suSpended clays and.si.lts, these materials . are largely moved into.
and/or -through the. Park .during periods of high winter flows. . The
amount -of. suspended material sis particularly important because it
increases ithe buoyancy of- the:heavier materials carried by the
stream- and ‘the: rate :at’ which :they can be moved., - As the density of.
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suspended material is increased, even big boulders can be readily
moved along the stream bed. As stream flow subsides, these sedi-
ments are deposited. Small deposits have little impact on the

stream ecosystems. Large deposits can change the direction of the

~ channel but probably more important, they can raise the bed of the

streams, thus exposing unstable slopes =-- previously safely out of
reach of ‘the winter peak flows -- to extensive undercuttlng and the
erosuonal chain of events described in the last section.

The amount of sediment entering the Park from bank-cutting and
land slippage is related to the type of soils found in the watershed
and their relative amounts. The general pattern of land slippage
along Redwood Creek -i.s one of compound slides of the type shown
in Figure 9, involving Atwell and associated soils. The Atwell
soils form on deeply weathered metamorphic and sedimentary:rocks ==
generally finely fractured. Rock weathering takes place under

--reducing conditions with large amounts of: seepage water present and

the 'soi.l that .develops is:high in clay.content. Redwood:Creek has
cut .deeply into these materials:and:by this action has: activated -
slides, usually the Atwell soils iare.closely associated with -the
shearing:actionﬁthatzhasltaken:place*Ln'theafault-zone;walong;which
Redwood Creek runs:for most -of /its length. - :Consequently they .are -
found borderungfummedlately :upon :the :creek, :often extending’ up. the

slope for a quarter to a half-mile. Occasionally largé compound -

slidesi involve ‘Atwell parent materialsi=- ‘notvisible :on the isur-
face -=- that ‘extend iunder. more :stable isoi'l" types:causing:themtto: .

~also‘slide: JConsequently noticall.careas’with high.sediment .input:-

potential:can :be- |ﬁentif|ed~byﬂa ‘slimple review-of. the Sokl Vegeta-
tion’Survey: mapsvd )1i-Neverthe less r%obtach*some -estimate oficthe:"
magni tude ‘of - these *poténtial: sediment inputs:ofrom !the iRedwood ‘Creek
watershed upstream from the Park, we used these maps to determine
the relative amounts 'of ‘Atwebl: and’AtWell-Masterson-Hugo scomplex,
Yorkville, High: Terrace, Mas terson;"Hugo and ‘Low:Terrace soils along
a 42.5'mile section ‘of “the ‘creek charnnel ‘between the upstream limits

'-‘of the Park and where 't ‘Yeaves' the :Six Rivers National'Forest: in-

the Snow Camp area below Board Camp Lookout. We tallied the soil

" types present on Soil Vegetation Survey Quadrangels 112, 11€3,.

26B1, 26BL, 26A3, and <26D2 ‘on ‘bothisides of theistream channel at
approximately quarter-mile intervals,(6)  The results of this tally
are taﬁulated ¥ “Tablé€ 2--""‘O _E""“f"" SRR LR AL R

e e gieinetar srudl o Jduon BRI IREY tﬂw,‘-_.g

o Based on thig? survey, there are 28 mlles of bank-length capa-
ble of actively feedlng material ‘intg the creek from-compound=slides.

These materials will come ‘from the blue-grey Atwell and Yorkville.
soils == the soils that ‘give the ‘characteristic grey color to Red- -
wood Creek. Mainly, ‘their contribution will be to'the :suspended -
sediment Ioad - Some rocks :in the s17ding mass may .be solid :enough,
however, to add to the ‘bed: 1oad.~ There-are -12 miles of :bank-length
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Table 2. Soil Types along 42.5 miles of Redwood-Creek from the
: Redwood National Park boundary to the Six Rivers
National Forest in the Snow Camp Area.

1/

SOIL TYPE POTENTIAL MILES— PERCENT
SEDIMENT OF OF .
INPUT _ BANK DISTANCE
Atwell (823) or Very high (compound - 28.0 33.0
Atwell complex with
Masterson or Hugo
Yorkville (752) Very high (compound 0.8 0.9
' : landslides) :
High Terréce (400) Moderate (debris . 12.0 14,1
o slides and bank
_cutting)
Masterson (821) Modéﬁaté to low - 33.8 39,7
- ‘ o _(block .slides if dip - ’
of schist is downslope:
: toward creek)
Hugo . (812). - * Low:to- moderate‘ .. 8.5 10.0
slop
vegetation ls removed)
RecenfiAITuvjpm.- Low (unfess bank 2.0 2.3
LOW'Tefracej(200)=w"~ cuttlngfoccurs) :
1/ Egﬁﬁ;ﬁfigiﬁflcfeék”w ; _of ‘bank.
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of High Terrace soils capable of contributing to the bed load

where any undercutting of the bank occurs. These terraces are made
up of cobble and rock from old creek-borne deposits left stranded
well above the current grade of the creek. There are 42.3 miles

of moderately stable bank-length where Masterson and Hugo soils
line the creek. However, about half of these soils rest on slopes
greater than 50 percent and are thus potential sources of increased
sediment inputs if poor land management is practiced. Where they

are allowed to erode, their contribution will be mostly to the bed
load. There are 2 miles of stable bank-length composed of recent

alluvial deposits; where they erode, they will also contribute -
largely to the bed load. '

Thus on Redwood Creek,_ln that part of the watershed lying
upstream from the Park, 3l4 percent of the ‘bank distance consists
of highly erosive soils which are the maJor source of the sediment
load carried by the creek today. Fifty-two percent of the bank dis-
tance consists of moderately stable soils under natural conditions
but which could become areas of accelerated erosion if the land sur-
face is disturbed; Poor road location and faulty diversion of sur-
face runoff waters could supply this disturbance. Fourteen percent
of the bank distance consists of moderately stable soils, provided
the grade of the creek is not drastically altered and bank cutting
is held to a minimum. Only 2 percent of the bank distance can be
considered stable but even there bank cutting is a potential source
of sediment input. '

Mi1T Creek differs markedly from Redwood Creek in the. composu-
't|on ‘of the soils found along its banks upstream from the Park.
Unlike the banks of Redwood Creek which are actively adding sedi-
ment over much of their length, through the action of compound land-
slides, the banks of Mill Creek are relatively stable. '

In order to obtain a measure of potential sediment inputs. from
the Mill Creek watershed upstream from the Park, we tallied at
quarter. mile intervals, soils along a 14 mile stretch of Mill Creek
that appeared on Soil Vegetation Survey Quadrangles 9Dpl, 902, 9A3
and 9AL. The results of this tally are tabulated in Table 3.

Based on this survey approximately 60 percent of the bank-length
consists of low lying gently sloping alluvial soils which have a low
potential sediment input except where bank cutting occurs. Another
14 percent of the bank-length offer moderate to low potential sedi-
ment input. Only 2 percent of the bank-length is actively feeding
material into the creek from compound slides but 24 percent of the
bank-length consist of soil lying on very steep slopes -- at or
above the angle of repose -- that have a high potential sediment

. input if disturbed,
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Tab1e‘3 Soil Types along 14 miles of Mill Creek upstream from
the Jedediah Smith Park boundaries. .

1/

SOIL TYPE POTENTIAL : MILES—= PERCENT
AR SEDIMENT ©OF OF
INPUT . - BANK ‘DISTANCE
Recent Alluvium Low (unless bank 17.0  ~  60.6
Low Te(rage (200) .cutting occurs) ’ '
Hugo solls, on steep High (due to steep | 6.7 24.2
slopes’ (812) slopes in this water-
. shed which 1f undercut
will‘produce debris’
. slides)
' Josephlne Sol|s i; CoLkow 25 8.9

Lowtomodrt R : IR 1 A
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In addition to determining the percentage of each soil along
Mill Creek, we examined the distribution of soils in the watershed
by running transects at mile intervals across Soil Vegetation
Quadrangles 9D1, 9D2, 9A3 and 9AL and tallying the soil intersected
along each transect at quarter mile intervals., ) The results of
this tally are tabulated in Table 4. Based on this survey about
73 percent of the watershed is covered by soils with moderate or
low potential sediment input. The remaining 23 percent of the water-
shed is covered with soils with a high potential sediment input.

Sediment inputs into Prairie Creek could seriously damage the
spawning riffles that now handle most of the Chinook salmon and
Cut-throat trout spawning in the Redwood Creek drainage. Potential
sediment inputs can come from Lost Man Creek and Skunk Cabbage Creek.
Lost Man Creek has its own watershed -- part of which is in the Park --
and near its mouth is joined. by May Creek and Little Lost Man Creek -=
which lies entirely within the Park.

Potential sediment inputs into Lost Man Creek from May Creek
is low. Over the western third of its area the May Creek watershed
is dominated by Empire soils developed from deep sandy marine and
old dune deposits. Over the eastern two-thirds of its .area, in the
headwaters of the creek, Melbourne soils prevail with siopes ranging
from 30-70 percent. Both of these soils offer low to moderate poten- -
tial :sediment inputs. The steep_ slopes .immediately along:the eastern
ridge of the watershed can be expected to . furnish the greatest poten-
tial sediment input. The future problems ‘in this watershed in terms
of its; potentlat sediment - |nputwwlbl be .those assoclated with the .
new freeway, which in all probablllty will be routed up May Creek
and across”its horthern heddwaters. "This freéeway c6uld hHave "a”very
high potentlal sedlment input ' : : '

Potentlal sedlment lnputs into Lost Man Creek from |ts own
watershed is fairly high., The lower western two-thirds of its
watershed .is not steep and is covered mainly with Melbourne soils
with -a moderate potential sediment. input. The upper eastern third
of the watershed is steep:and is largely covered with a Hugo-Mel-
bourne soil complex with a high potential sediment ‘input. The north
fork of Lost Man Creek also traverses a considerable area of gently
sloping Empire soil before headlng up in a steep slope covered with -
Hely soils which also has a high potential sediment input. These
Hely soils are developed on the soft sand and gravel deposits of

an old river bed which was left perched on ridge tops following
the Coast Range uplift. Generally the deep beds of the material

on which this soil forms are permeable to water -and surface runoff,
unless concentrated by roads or skid trails.” Deep seated slumps

in the steep sandy deposits may occur, however, where clay seams
form zones of weakness,
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Table 4,

SOIL TYPE

POTENTIAL
SEDIMENT
INPUT

L3

Distribution of Soils in the Mill Creek Watershed

PERCENT
oF
WATERSHED

Deep Melbourne, Hugo

and Josephine soils
on moderately steep

slopes (30-50%).

Deep Melbourne and
Josephine solls on
gentle slopes
(less than 30%).

Soils ‘on recent
'alluvual flats
(nearly flat)

Deep Emplre sonl'
on gentle slopes

’(less than 30%):_'

'Mbderatély deep,
stony Melbourne,
Hugo, Josephine
. and-Orick soils
. on steep slopes

' (50-70%) .

'Shallow, very stony

.Hugo soils on very
_steep slopes

(greater than 70%).'

Moderate to slight (unless
surface runoff is concen-
trated; then is subject to

deep gullying)

Slight =~

Slight._

‘,Slight (unless surface

ffhls concentrated

High (when cover is
severely disturbed,

~and surface runoff is

concentrated)

High (subject to loose
debris slides, and’
severe gullying in skld
trails)

43,1

13.7

8.0

8.0

22.7 -

. L,5
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In order to obtain a measure of the potential sediment input
into Lost Man Creek -- a large part of which will come from within
the Park -- we tallied at quarter mile intervals, along a 6% mile
~stretch of the creek, starting at its juncture with Prairie Creek,
the relative amounts of Low Terrace, Empire, Melbourne and Hugo
soils that appeared on Soil Vegetation Survey Quadrangles 10Ak and
1183. The results of this tally are tabulated in Table 5. Based
on this survey, there are 10 miles of bank-length along which poten-
tial sediment input is low and 3 miles of bank-length along which.
potential sediment input is very high. A large proportion of the
bank-length of Lost Man Creek is along gently sloping alluvial
flats involving the western two-thirds of the Creek. Presumably,
in this distance, sediment originating from the steep Hugo soils$,
may be trapped before reaching Pralrue Creek.

In summary the potentlal sediment lnput into Praurle Creek
from Lost Man Creek is low but could be high if proper steps to
control it are not taken during and following freeway construction.

Potential sediment inputs from Skunk Cabbage Creek which
drains into Prairie Creek from the west is low. The valley of this
creek is unusual in that it was probably an old outlet to the sea
for Redwood Creek. Skunk Cabbage Creek now flows in a reverse -

" direction to the east with very little gradient. If there is any
'significant amount of sediment input into this creek, it will
probably remain largely in the creek channel and will not” move
into Prairie Creek except over a long period of time. '
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Table 5. Soil Types along 6.5 miles of Lost Man Creek and
Tributaries,
SOIL TYPE EROSION MILESY PERCENT
SOURCE OF “0F .-
POTENTIAL BANK "DISTANCE
Recent Alluvium Low (except where 3.5 26.9
Low Terrace (200) bank cutting.occurs)’ .
Empire (920) Moderate (subject -to 3.5 26.9
bank’ cav:ng and deep
gullylng) ¥
Melbourne and Low to moderate 3 23.1:.
Hugo (30~ 50%
lePeS) .
Steep stony Hugo Very hlgh (occurs :@3 P .;.:-23;ff,-"

soils (50= SOA
slopes): €

" malnly southeastern::
i headwaters of Lost Man

streamﬁcan

debrls slides into -
creek).
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~Each mile of creek was. considered to> have two mlles of bank
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MANAGEMENT PRACTICESVbN ADJACENT LANDS AFFECTING
THE MAGNITUDE OF POTENTIALLY DESTRUCTIVE INPUTS

The magnitude of destructive inputs reaching the Park is in part
related to the management practiced on the surrounding lands. These
practices in turn are influenced by the characterlstics of the Indl-
vuduai ownerships.

Industrial Forest Ownerships

The lands surrounding the Park are dominated by four major’
industrial owners -- Arcata National Corporation, Georgia-Pacific
Corporation, Rellim Redwood Company and Simpson Timber Company.
This group occupies 80 percent of the total lineal boundary of the -
Park, while the remainder is divided between the United States
Forest Service and miscellaneous small owners. The location and
general - sugnlflcance of these owners are descrlbed beiow.-}:uw4<

Arcata National Corporation is the smaliest of the owners in
terms of total acreage. Its -lands and their management, however
are highly critical from the viewpoint offpreservation ofthes: o:..
southern portion of: the Park:-:Itishares- slightly less tban :25 per--
cent of the Park.boundary;: whlch is:next:tosthe largest amoung:of-.
common. boundary held.by. any:of: the-owners,::Even more significant
it owns major portions- of ‘the: watershed ofuMay .Creek and Lost 'Man
Creek as well as the east siope -of- Redwood Creek north of Counts
HITI Pralrie. s ;¢¢:'33L s ;

Much of this corporatlon [ ownership "is in an upslope positlon
relative-to-Park-lands-and-highly -important-because-of..the: potentiai
inputs it can generate. The largest portion of its remaining old
growth stands are concentrated in the Redwood Creek watershed west
of the‘Bald Hill5 Road: and.north of:Counts Hill Prairle.:: The: com- "
pany has plans to cut-over these stands during the next 14 year
period. :

‘ Georgna-Pacuflc Corporation Is the second largest owner in
terms of total acreage. It shares about 13 percent of the Park
boundary. Its lands border on the southwest of the Park and include
major portions of the watersheds of McArthur, Elam,Bond, Forty-four,
McDonald and Bridge Creeks as well as the west slope of Redwood
Creek above the Park. With the exception of several fingers of
uncut or partially cut timber which remain in the steeper portions
of McArthur, Bond, Forty-four and McDonald Creek, stands northwest
of Bridge Creek have been cut and substantial progress ?as been
made in converting them to thrifty young-growth stands.




L7

The largest block of old-growth this corporation has in the
vicinity of the Park -- about 2500 acres =-- lles in the Bridge
Creek area.

Rellim Redwood Company is next to the smallest owner in terms
of total acreage. It shares about 15 percent of the Park boundary.
Its lands border the east boundary of the Del Norte unit and the
south boundary of the: Jedediah Smith unit, It owns nearly all the
upstream portions of Mill Creek and thus the policies and practices
of management on these lands directly affect the character and
behavlor of this important: stream.

This company has around: 4 000 acres of uncut old-growth timber
most of which lies on: the south boundary of Jedediah Smith State

Park and - to the north of the main east-west dralnage of Mill Creek

Simpson Tlmber Company is the Iargest -of" the owners In térms
of ‘total .acreage. It shares over 25 percent of the Park ‘bounda'ry.
Its lands border much of “the'east side of the Park'but it has no
large areas of uncut old-growth in the vicinity of the Park. From
the viewpoint of - Park: mahagement - the most ¢ritical of these lands
are- those”fn upper Redwood Cteek south®of:the" Park, 'In‘thls area
this-company's land management practlces will have a direct“Tnflu-*
ence- o“’the sedlment load’of the creeki ™ T GRS T

:‘To the north thls pany borders the Park on virtually the

entire east boundary el Norte andﬁPrairle Creek unltsf(i

contained niits: ownershlpﬂbdt the creek~ltself Impinges onlvfat
theyPark's narrowest: pointbnear False Klamath- ‘Cove, - “For~ ‘the: most
4downslope posltlon relatlve to the

: heaprtnclpal farmnand ranchvownershnps*arev

¢ high:prairies:onitheleastern ranges<ofithe

, Redwood Creek watersheds. They affect -the Park only ‘th¥ough
sedlment inputs into Redwood Creek. Most of these ranch and farm
‘holdingsinclude both natural grasslands-and forests. “The: prfncipal
microp i's forage’ which IS marketéd as meat or wool. ‘Timber
has: been handled malnly as“d’one-time crop where once’ the ‘merchantable
trees‘ha”'"been -cut ‘an* aftempt is ‘made ‘to convert “the ‘land to ‘grass
or’ browse productuon. ‘To achieve “this conversion 'is both: difflcult
and expensive and the forage and product output values have not R

FAR
LA
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justified the full investment required to fully achieve the con-
version, Consequently many of theése converted lands are now in
an erosive condition.

Government Ownership

The Six Rivers National Forest is the only significant govern-
ment ownership adjacent to the Park. Approximately five miles of
boundary are shared along the southeastern corner of the Jedediah
Smith unit. This land is nearly all in a downslope position rela-
tive to the Park. Consequently, erosion and other water borne inputs
are not a problem. The area has a fairly high fire potential, how-
ever, because much of it is covered with soils of low fertility and
in places support fairly dense stands of brush. The fire problem
is intensified by the fact that the land is currently managed pri-
mari.ly. for watershed and wildlife, which are extensive uses from the
viewpoint of the Forest Service, and land on which a high level of
flre protectlon normally cannot be justlfled .

Also |ncluded in the boundarues of the -Six Rivers. Natlonal
Forest are portions of the far upstream reaches of the Redwood

" Creek watershed, .There are. potentlal sediment inputs. from these

lands but we have not attempted to evaluate them in. thlS study.

e gt ces
7

. ’ Ownershlp Characternstics; ¢
ngﬁaqm“gm ;; Land Management golicles

PIUIRE ALY A

There are some basnc and common characterlstlcs of landownerS'

whlch -affect their.management practices and: thus. the: character and
magni tude .of potentlal inputs into-the. Park e S

' Our concern here with ownership on the Park boundaries is the
need for stable ownership with strong economic and ethical inter-
ests in keeping the land productive:.with. tree:crops and protected
from fire and erosion. Forest land’ |ntenslvely managed for tree

production - will :generally be protected:land in the sensé:.that a

vegetative ,coverrwill be: manntalned-~which will:minimizeierosion, -
and .intensive fire. protectlon will be. provided to protect the ‘
|nvestment. o A CE T e ERTEL

- Stabulnty of ownershlp is one of several factors whuch affect
the .care with which the land and its vegetative cover is managed. .
In general large corporate ownerships tend .to be more stable .and.
to apply better. land management practices than’ do small |ndIV|dual
ownerships. The:investment of the larger, industrial owners in land
and timber _generally exceed their investment .in the. manufacturlng
facilities; and this investment yields most and malntalns its value
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best when growing well-stocked stands of trees. Forest tree crops
are characterized by the long period required to establish and grow
them to a state of economic maturity. Few other businesses deal

with products or crops that take decades to grow. Thus both planning
and ownership must be stable and take a long term view in order to
protect and nurture the investments in land and growing stock and

to realize return in the form of harvestable tree crops.

Intensity and tenure of management is related to size and
productivity of the property. The ownership must be large enough
to operate as an economic unit on a long term sustained yield basis
for it is only under this situation that old stands will be conscien-
tiously replaced with young ones and that continuous profitable
production is feasible. Numerous examples exist of small ownerships
where the objective was.to harvest and.process old- growth stands
only. Manufacturlng facliitles associated with these ownerships
were desagned flnanced and depreciated with a lifetime determined-
by the period over which the old-growth timber could be processed
and marketed. Long-term ‘management of these. properties was not
contemplated nor was it feasjble because. the sustained yield pro-
duction potential of’ ‘the” land area |nvoived was ‘hot sufficient. 'In
order to,. sustain production over the Iong run there must be a suffi-

I e B ERERERE.

3A”property of 20 000 ‘acres, for example
iquidat}bn cut- of Squlilion board feet for
ther hand ogsustain the same’ cut’

Xis,,equal to growth eagh year,,approxmately twice‘as much Jand would
.be; eeded The'. larger fprest area and the’ higher its productlve
capacity the greater the, feaslblilty of. balancing ‘the cut: sof. 1d-growth
stands with the growth .of . ewly established young "stands ‘and‘thus’ to
create;the balance of ageJ lasses necessary for sustained productlon.

SETIE There are . some estgmates that a. m|n|mum of 25 000 acres of hlgh
qquality forest land are- needed in. a sungle ownershnp to allow the.
'deve10pment of ;an economicaiiy profttable;;fuiiy regulated forest .
Such;a; forest wn]l need.;toisupport.a;normal; istnjbution of . age.
_ciassesgvranging from. one-year-old to. harvest ;age and. .will need, to.
be;properly: balanced by. -area,so. as to provide a: continuous flow. of

products_and income sufficlent to cover the costs of maintaining a
competent management staff, taxes and reasonable profit.” In such
a forest every acre will be vegetated and growing wood at the eco-
nomi ¢.optimum;. losses .from fire, pest and windthrow will be at a.

. minimum. ‘Such a forest will be least susceptible to erosion and

~ other destructive outputs which might affect its neighbors,

‘giJLarge wrdeiy-heid corporate ownershlps generaiiy have -
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stability of direction and the continuity necessary to plan and
undertake long-term intensive management. Closely-held corporate
or family held ownerships on the other hand are not likely to be
as stable over the long planning periods necessary for sustained

" forest production. The inevitable shift in ownership brought about

by death or departure of a maJor owner in & closely held corpora-
tion or individual ownership is frequently accompanied by a change
in objectives and in land management practices.

Private ownership 'is profit-motivated and profit motivation
in the management of forest land on the boundaries of the Park may
or may not lead to practices which affect Park preservation, Land
management practices on private holdings are closely related to
rates of return expected on capital invested in them. A private
owner is not likely to invest in regeneratlng cutover land, sal-
vaging windthrown trees or cull logs, engaging in special cutting
practices or even in improvement of fire’ protectlon facilities
unless the prospectlve return on the" Investment is 6 percent or
more, Of course, prOSpective rates of return cannot be clearly
predlcted in all investment activities, - Consequently, many invest-
ments, such as in the reduction of fire hazard, in extra erosion
control measures _or in the foregoing the cutting of certain stands,
are made on faith, The owner hopes they ‘will yleld or enable the
yneld of 6 percent or more”in ‘terms of sustained productlvity,

rpubilc reiatlons or. freedom from hazards. The point we want to

stress here, is that an identlfiable return is expected from each

' activuty (lnvestment) in‘iand management"and that - practuces ‘which

e the normal, -such -as_the appiicatlon of ‘extra“erosion con-

;\troi "‘a5ures departure from normal’ cutting practices and’the use
“of extraordunary care” in’ preventlng siitlng of* streams --:the kinds

- of practices which may ‘be ‘desired on’the buffer areas == wull not

" be. undertaken voluntarllyfand with0ut jompensation. B -

“From the viewpoint of the Park the des:red management of
nelghborlng lands is that which maintains full vegetative cover,
aiiows the ieast soi l- dlsturbance and provndes the lowest” inc1dence
of fire. “On- prlvately bwned iands, these” condittons are most” likely
to be' met” where the obJective of- management “is- iong term sustained
2 1d d;rected toward' ‘the': highest economic’yleld, from tree crops.’
Most,of the large industriai forest ownétships-on the boundaries
of the Park have pubilciy stated this® objective. -In some Individual
cases due to the’ smali size of 'their property‘and its productive
capacnty, or to other limitations, this objectlve may not be obtain-
able. When this is the case the practices may be such that full
vegetative cover, minimum erosuon and Iow flre hazard condltlons
may not be achleved ‘ : : -

Markets for most products of the redwood forest have expanded
greatly thCh from the viewpoint of land management, has ‘increased




by

. .
o
b

:v‘ .

51

the variety and the amount of raw material utilized, These increased
markets have also increased the rate of cutting and have supported
the cutting of species and forest stands formerly considered unmer-
chantable, A case in point is the market which developed after

1945 for Douglas-fir. A constantly increasing price for this

species was responsible for the cutting of large areas of farm and
ranch ownership such as in the headwaters of Redwood Creek. In
general farm owners were pleased to have this timber removed
because it provided an opportunity to clear the land for grazing
purposes. - Consequently this cutting was largely opportunistic and
was carried on without major regard to soil erosion and sustained
production of wood.,

Market expansion continues and is responsible for the develop-
ment of more widely integrated utilization facilities marked by the
installation of particle board plants and paper mills, These mills
are subsisting mainly on sawmill residues but have created markets
for low quality logs and cull materials which were formerly left in

the woods, Export markets have also developed for small logs which

has increased greatly the opportunlty to thin and harvest young
growth stands. .

Thus,: in the ‘'short run, expanded markets have accelerated the
cutting ofiold-growth redwood and Douglas=fir which :in many aspects
is detrimental:to the Park environment. On the other hand, these
markets havessupported .the utilization of wood formerly wasted as-
cull:and iwhich- provides an opprotunity-for better ‘¢lean-up of the
land ifollowing :logging -and :a ‘reduction ‘Ln:fire<hazard. - Most signi-

. ficant, ‘however, is the: -opportunity these markets~have created for.>
~ more intensive management ‘of young- growth stands, ~Better marketa-
. bility<of young~growth material- provldes the economic incentive

for :more:rapid establishment -of :new stands-after.iold-growth is cut.
and for more wintensive ‘care than has been posslble under ‘the Ilmited
markets of a few years ago. ' ; :

Cooperatlon Between the. Park and Adjacent 0wnersh|ps

S ropen5|ty of owners to cooperate wlth the Park on . matters '
of .common-interest:and the characteristics of land . -management -prac-
tices which-afféect potential .inputs into the Park are related -- as
we..have already discussed --.to tenure of ownershlp, size of property,

objective of. management, criteria for lnvestment and availability
of markets. ,

Arcata Natlonal Corporatlon.- This corporatlon was most deeply
affected by -the creation of the Park and in turn is likely to have

the greatest .affect on the management of the Park. While it is now

smallest in size relative to the other industrial holdings around
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the Park, it occupies the largest portion of critical Park boundary,

Emphasis in the handling of this corporation's lands has been
on the liquidation of old-growth timber. The original cutting
method applied was characteristic of that widely applied in the
region and a form of economic selection wherein 70 percent or more
of the original stand was removed in the initial cut. This quali=-
fied the land to be classified as ''cut-over' which meant that the
residual stand was not subject to county-ad valorum tax. These
residual stands, however, suffered heavily from windfall and because
of the high losses, this particular form of cutting was abandoned
in favor of even-aged silvicultural management involving the removal
of all the merchantable volume in one cut,

This corporation was the first to apply the clear cut system
on a planned basis to redwood and to méke a conscientious effort
to obtain adequate restocking of cut-over:lands. The corporation
has :Invested 'substantial sums -in aerial reseeding which has been
relatively successful.:" The.practice, -however; quickly -aroused great
indignation on the:part ‘of some .conservationists who interpreted
this-action as an abandonment of responsibility for the productivity
of the land. Productivity was not really:the issue. Largely, it
was aiquestion of -aesthetics:in:relationsto the:visual -incongruities
.imposed- on ‘the landscape; - :From:the -viewpoint ‘of . managing the forest

forsuccéssive tree cropsjithe ‘even=aged-silvicultural management
system:combined with immediate.stand! regeneratlon»followlng cutting
has*much In-its favonaen,asiwe:will dlscuss later --fand as ;a:cons

acreage'invthe presentﬁownershlp and.the*capacity -of. thlS acreage

‘to gnow wood -are notsincbalance:x’Lesszthanplc .000.zacres. ‘remain of -

s“consideredtnsufficientiland on which

to develop a'viable, fully regulated forest,'Some additional" land'

will be’ forthcomlng from“the Northern Purchase Unit but will not’
greatly change the 1 tuatTons tAt- the ! presentrrate of cutting,: all

’ s 11 be’cut: 1ong befor'”a balanced- distribution”

to estébrlsh3an economica“1 _enable“sustained yield operation -other
- land" will have “to" be-acqudredfwith ‘advianced: young growth stands - inn
the 30-50 :year 61d age classes. " But ‘most ‘of ‘the 1and, with ‘the "
particular age classes needed-and in the-amounts requfred to provnde
the product:ve capacity necessary for long-term sustained yield

management,* is either ‘in Park or other ‘industrial ownerships. - Thus
“the" corporatcon will have ‘to either buy stumpage:(standing timber)

from other ‘owners, or ‘obtain-a“larger:than?its proportionate: share

of ‘the Northern Purchase: Unit,~to: continue sto »operate or it wlll
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have to merge with some other company. This latter event, of course,
need not necessarily occur within the next few years, but the effect
of this outlook will have an overwhelming impact on the corporation's
long term land management plans. Any change in ownership will pro-
bably require a reorientation of the basic transportation net. This
could start a new cycle of road development and Iand disturbance.

The corporatlon has just recently submltted an Alternate Plan
to the State Board of Forestry calling for the clearcutting of its
remaining old-growth stands on the eastern portion of Redwood
Creek, upslope from the Park corridor. The Plan encompasses a
5,160-acre area on which cutting is to be completed over the next
Ih-year period, This infers that stands will be cut at the average
rate of something over 360-acres per year.

The Alternate Plan is a means of legally substituting a parti-
cular forest practice for practices specified under the State Forest
Practice Rules. These Rules as applied to the Redwood Region call
for the leaving of seed trees -- the number depending on sizé of the
tree to be left. This seed-tree system is considered to be the "
minimum practice that will assure regeneration'of cutover land.
Regeneration: of the seed-tree system in the. redwood forest tends to
be very slow and uncertain. " Furthermore it does not provide the
land manager with the opportunity to obtain the kind of reproductlon
he wants when he wants it, ‘and-:in the quantity he.-wants. Thus,"
increasingly, companies.-in the Redwood Region -are: filing alternate
plans whereby clear- cuttlng ‘followed by aerial’ seeding or planting
is substltuted for the 'seed-tree’ system."j- :

o The:Aiternate Plan i 990 at’ which’ tlme
the corporatton expects to have all lands’ regenerated and ‘in° full_"
production. ‘Reseeding’ or plantlng will, however;*be'completed on
each parcel within two" years :after each parcelis:cut; It s’ ex-ﬂ
pected that restocklng thus” obtalned will exceed that required by,
the Forest Practlce Rules.il__‘

The Alternate Plan; |s of important concern.to ‘the Park. because '
these" lands ‘are among the last of ‘the remaining rivateiy-owned old-
growth stands adJacent ‘to ‘the_ Park Furthermore,ia'portlon of “the.
Plan® encompasses the’ highiy crlticai lands1ip= prone area in, Sections
L, 5 and 9-in the Redwood Creek area (Figure’ i) ‘Particular atten-
tion must be glven to the” deveiopment of road systems in this area

so as to avoid the Atwell soils and cuttina should be confined to
small blocks along this portion of the Park Boundary.

Georgia'Pacific Corporation. This corporation owns over 90,000
acres of. high quality wood producing land near”the Park and has a -
large -:and weil-integrated utilization facility enabling it to pro-

cess logs of any grade and owns ‘operating forest lands in nearly
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all major timber producing areas of the United States. It is a
widely-held stock company whose major business is growing, pro-

cessing and marketing forest products. Through its management

_ practices it is moving rapidly toward the development of a well-
balanced distribution of young age classes and the beginning of
a.fully regulated, sustained-yield forest.

Its lands in the vicinity of the Park have an unusual back-
ground of management, The immediate predecessor of the present
owner, Hammond Lumber Company, demonstrated some of the earliest
interest in progressive sustained-yield management. It was among
the first companies to have a professional forestry staff whose
responsibility included planning for long term land management as
well as the supervision of scheduled cutting of old-growth. These
management policies have persisted and to an extent have been
strengthened through changes in ownership., One important result
of this planning has been the consistent development of young age
classes on cut-over areas and thus the company is in an excellent
‘position to shift smoothly from its dependence on old-growth har-
vesting to young-growth management and harvesting once the old-
growth is removed. The sustained future yield of young-growth on
the iands invoived should ultimateiy reach 150 to 200 million board
feet per year with a cash flow value large enough to justify an
intensive and progressive land management policy. o

As in the case: of . the Arcata Nationai cOrporatlon, the -
Georgla-Pacific Corporatlon .has shifted. |ts silvicultural manage-
ment system from a modified economic-selection to even-aged with
clear-cuttlhg - The. change. was . made in response to poor growth and
windthrow in the residual stands.: The: overall system as planned
|nvoives ciear-cuttlngjof old-growth in blocks followed by immediate
regeneration from natural seed fall and redwood sprouts, supplemented
where necéssary to achieve adequate stocking with aerial seeding.
Stands will be grown on a 50-70 year rotation age at which time they
are expected to be economlcally mature and ready for harvest.

Logging of old-growth is done principally by tractor in'a
downsIOpe ‘direction with an 800-1000. foot maximuni yarding distance.
The transportation net IS thus ‘located on. the lower sides of logging
blocks and roads ‘are. spaced roughly at 800-1000 foot intervals.
This results in a road density of 5~ -6 miles of road per square mile
of land. While high density road systems present high erosion
hazards, the roads have been designed so as to reduce this hazard.
The road engineering staff has demonstrated a sensitivity to erosion '
and land slip hazards and has developed an imaginative approach to
preventing land-slips along their road locations. The only major
exception is the road on the southwest bank of Redwood Creek near .
the mouth of Bridge Creek. When the Park was established this.road
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had to be abandoned by the corporatlon before it could be completed
and properiy dralned .

The corporatlon«has shown a willingness to invest money in a

" study of thinning in .advanced young-growth stands and as a result
now has the data on which to base a iarge scale, commercial thinning
program to start in 1969 Thlnnlng is an lmportant part of the
evan-aged silvicultural management system since it provides the
opportunity to control the growth characteristics of young stands,
to capture a larger portion of the total wood produced, by utilizing
trees that would ordinarily die due to overcrowding, .and to provide
income throughout the production period. .

From the viewpoint of potentiai destructive_innuts into the
Park from this corporation's land, the next decade or so will proba-
bly be most critical. During this period old- -growth.stands in the

Redwood Creek area. W|ii be: cut'.and converted to young- growth Because
of the large size of the tlmber, heavy Iogglng equipment will be re-
quired and the maximum amount of soil will be disturbed. A sub- |
stantial amount of debrls wili -be generated and even though markets
less: accumulate. The greatest hazard however, wlii be assoclated ‘
with the. deveIOpment of, the,road -net, against thg P rkﬁboundary on.
5 rldge ‘Cree

" acrés and .is-being offered.a_proximateiy 1 300r‘ff
Forest. Service Northern Purchase Unit aS|part €

lands - ios
a whole;l

quailty and‘a 20 year suppiyr. |
i s:backed with a-good. representatlon,of intermedLat 2.class
40-50 .years old. , Overall.age class.balance, however,.is lacking at .

present because of a shortage of stands in the O-houyear age c]asses.

is; capabie of yleldlng betwe :
on a sustained. yield basis: :.TF cle
the ultlmate .capacity of the. prOJected manufacturlng facillty which
includes .a Chlp -board plant .in addition to Its.present sawmill “and

veneer. piant. .The company has, however, strategic _access .to timber
sales.on the: nearby Six Rivers:National Forest.; Atcombinatnon of

logs .from its.own land plus .stumpage purchased from. ‘the U. S, Forest
Service coyld. make long- term. sustalned yieid management,of the e
company zowned.. lands -tenable. .. : P '
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The company is largely controlled by one family which also
has interests in forest operations in Oregon. It is somewhat
"vulnerable to change in ownership because of the limited number
of owners. If ownership changes, management policies can also
change. This should be taken into account in arranging agreements
with this company for the management of buffer areas.

Until about 10 years ago, the company managed their lands on
an economic selection system remov1ng at least 70 percent of the
volume on the original cut. They now operate on a clear-cut even-
aged silvicultural system, They make good use of both tractor
and cable logging systems. Access roads are located between 500
and 800 feet above the subdrainages, and little if any cut or fill
materials are sidecast into the creeks during road construction.
Timber is harvested'and'yarded uphill and away from the creeks to
these roads. : Unless there are ‘large areas next to major sub-
dralnages the siopes immedlateiy above - the streams are logged by
a cabie system. fdj*

" While® functlonlng as ‘a’ hlgh-yieid wood producer the company
has demonstrated its intent-and ability to practice good watershed
management o For exampie they have ‘had an extensive stream clear-
ance;project “on’ the west branch of Mill Creek which in its natural
state’as’ a°0irg|nﬁforest ‘became “nearly blocked by windfalls and
debii$¥  ‘After “the ‘€inber “hdrvest, this stream’was cleared of its
natural .as well as iogging debris and has been cited by personnel -
of the Californ|aiDi\i f-Flsh and Game as a good exampie of
str am,, ainténaricé; .

cess to Highway iOi WhICh may

v “The companles present main
. f'd"at,. he entrance to Highway 101, This = -
h to’t_ company 5 fiow of traffic inand -

properties heid by’thls company .
X R .are’ the’ iargest of the fndustrlal
b fthe vicunity of the Park. and is only one of the com-
pany'§. severai hoidlngs 6n’the west coast. It is'a closely held
stock company which has been both aggressive and progressive in
land’ achisition ‘and management., It was among the first companies
to commit Its' lands in Shelton, Washington to a cooperative sus-

talned yieid anit’ under ‘Public'Law"273, the Cooperative - Sustained
VYieid Act. Under the Act” the company and the Forest SerV|ce com-
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term agreement for intensive management for the purpose of assuring
a permanent supply of wood for the industrial complex developed at
Shelton. The basic objective was to stabilize and develop the
community. It was the first major attempt of joint action of this
sort between the forest industry and the Federal government.

Their lands which now amount to more than 150,000 acres -in
the vicinity of the Park, were acquired during the post-World War
I1 period from several timber operating firms. Their total pur-
chases made them the largest single owner of high quality old-growth
redwood which aroused fears that through these purchases the com-
pany had achieved a degree of price control over the old-growth
redwood lumber market. Consequently, the Federal Trade Commission
brought anti-trust action against the company. Subsequently, an
agreement was reached under which the company agreed to sell on
the open market, each year a portion of its old-growth stumpage
(standing trees).. This has forced the company to liquidate some
of its old-growth timber at a faster. rate than perhap_sdesi red..

It has not, however, significantly affected the company's land

management policies with. respect to regeneration of young-growth
stands or its ability to develop a fully sustanned permanent
tree growing operatlon.', L : - R

=7 The company IS progressive wuth highyquallty lands and a.:

forestry staff. capable of applying carefu management practices to
the.:land. . Until about five:years-ago;: oMy
of their. lands ‘on. .an’economic: seiectio"
ber growing: act”vuties -dre: organi zed:u,
tural management * system.' Thelr cutting

is: pianned and the resulting young-growt \ “mi
The: amount of .redwood:will:be controlled. largeiy by the: uti.
of the. redwood initiaily in the area.= The resuiting ‘1ay igcks;ﬁ.

| "\r y;,x,-,

n' Efforts at-
types,,however,

have no reason 'to. beileve at this ttme't,at arsuccessful solution
to thlS probiem wnii not soon be forthcoming. fe

Logglng by thls company involves heavy equipment and iarge
cutting ‘areas. Tractors are used principally.in yardlng .operations-
with the direction of wood flow downhill to the truck loading area.
The maxnmum yardlng dlstance is around: 800 feet. -Qverall..road.

e i1
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density is 6-7 miles of road per square mile of land. The quality
of their road system is highly variable. Much of it is well
designed but in the Redwood Creek watershed -- where as already
discussed the potential for natural land-slip is extremely high --
" serious erosion has resulted from poor design and maintenance. On
the southeast corner of the Park for example, roads have been cut
through areas of erosive Atwell soils and a serious drainage prob-
lem along with an attendant high land-slip potential has been
created,

The company has a well-integrated manufacturing complex in
the Arcata~Eureka area which provides opportunity for utilization
of logs of all qualities, Last year, for example, they salvaged
approximately 75 million board feet of cull material from their
cutover lands. This ability to utilize a wide variety of raw
.materials allows-a large measure of versatility in timber manage-
ment-which favors careful attention to husbanding of perharvest
age stands |nclud|ng thlnning and inten5|ve flre protectlon.

Agricultural .Ownerships. Agrtculture occupies a minor portion
of lands-in _the vicinity of the Park.. The land management practices
on these lands however, have -an important impact on the Park, parti-
cularly in the upper Redwood Creek watershed. The principal farm
or ranch ownerships include:both natural grassland and forest. The
forested. portions of:these properties have been subjected to land-
clearing iin: order to enlarge theigrass-and browse producing areas;:
In.more. recent times they have:also.been used to produce timber
lncomes.f»TheLbaS|c crop-is:forage which: is: uitimately marketed -
in the form~of?meat ors woo TEOD OV TET e o d AR T St

Price for these commodities have been relatlvely depressed
in: the :ast! severalayears ‘and: smaller: ‘holdings have.become unprofit-
able . as: operating farms, ~ Owners;-Tn-order to maintain-a way of ]Ife
which many:of ~them cherish’ and- ciihg to; have-been forced to sell -
vparts of theI 'properties, their timber, or seek outside employment.

Teo Gl ‘,.

Low iivestock prices have been somewhat offset by increasung
timber’values on’ these properties.“Consequentiy, in the last’ twenty
years Tncome” from” stiimpage sales has’been an“tmportant SUpporf 'for’
the farm® enterprlse in-thls areai® -Because of the relativeiy small:
size of" properties, however ;i few’ of these’ farms can opérate proflt-
ably as:long term timber seiling enterprises. ‘As a result timber
cutting has been a one-time“affair with little" hope of working
toward sustained forest production and most of these forest lands
have been poorly" mariaged because of the low economic incentive.
There are ‘some - lmportant exceptions to this generality, of course. '

, Some of the iarge ownershlps will undoubtediy remain profitabie o
as multiple-product enterprises combining livestock, timber and the



' but_-both deal with products; or,s

59

leasing of hunting rights. These ownerships should remain essenti-
ally intact with reasonably good land management practices. The
smaller ownerships, however, will be under strong pressure to sub-
divide their most desirable sites for summer home use.- Summer home
- development is among the most undesirable uses of adjacent lands
from the viewpoint of the Park. Proximity to the Park in several
areas of Redwood Creek watershed could create fire and pollution
problems as well as visual incongruities of serious proportions,

Area of Common Interest and Confllct Between the Park
and Private Landowners

It is evident that the well-being of the Park and lts freedom
from destructive inputs from. neighboring lands is highly dependent
on the attitudes, policies and cooperation of its neighbors. There
has been a traditional schism between public and industrial forest
owners in the United States and-in many aspects this schism was
widened in the rancor that surrounded the establishment of the
Redwood National Park. .There are clearly many areas of.common
interest between the Park and the nelghboring owners, however,
"which suggest that the schism can be narrowed 1 f not entlrely
elimunated : . , o ,

Both groups of owners . deal with simllar kinds of lands and
a common forest-type.. . The obJectives of . management are different,
,vices whlch are . outputs from the
<concerned with its preservation.-

redwood forest-and .thus. both. ar4
The.industrial. forest: owners:; hav mi 1 in: land- and .
growing stock and thus share ..ful. oncern;for‘the, avoc: of. fire,

It is thus necessary that: both: cooperate closely in'the development
of mutual protection thrOUQh a.contractual fire control agency such
as the California.Division:of: Forestry.r Cooperation.on fire. control,
however, is but part:of. the overall fire control picture; Fire .
. prevention is a major issue which cannot be snmply contracted. out
to a neutral agency. The forest industries have for long periods
campaigned. among their employees and.the public about the. dangers
of fires-and the prevention of.its causes, Of: course,. there have .
‘been - publiclyisupported efforts - well,fbut ‘the ‘industry’'s. efforts,

- through the Redwood-Region.Conservation:Council-and.the.Keep Calif-~

ornia-Green organizations, have been both vigorous:and effective.

in this particular area. An additional ‘aspect of fire:prevention

is the removal of fire hazards, and the maintenance and interconnec-
tion of fire roads.  Accumulations of hazardous fuels are most
obvious on the industrial lands, but. they also exist in abundance

on the Park ‘lands in. the form ofwstanding snags, dead-top old-growth
trees and windthrown trees. In the area of the:buffer the removal
of these materials can be accompllshed most effectively by a coopera-
tive effort.
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A well-designed and maintained fire road system is highly
important and in parts of the Park, fire control access will depend
largely on private roads on adjoining property. The creation of

new roads for fire protection will not be desirable along the Red-
wood Creek corridor because of the unstable nature of the area and
the aesthetic values that will be reduced. Thus this problem is

one which clearly involves mutual interest.

Some common interests exist in the prevention of erosion.
The Park's interest is mainly that of preventing the entry of
slides and water-borne sediments onto lands in the Park and into
the streams that run through it. The industrial forest owners'
interest is to prevent the deterioration of the productive capacity
_of their lands through soil loss by erosion and slides. The harm
to the Park in this case is likely to be greater than the loss of
productive capacity on the private lands., The private owners are
nevertheless sensitive to the problem. An effort on the part of
the Park to show a cooperative interest in developing practical
erosion control measures for private lands upslope from the Park
and on tirbutary watershed could be a major key in developlng this
common lnterest. :

_ Common interests potentially exist in the interpretlve-
educational aspects of land management. The National Park Service
has set a superb ‘standard of interpretation of natural and histori-

cal features of the -landscape. It is not so well known for its
efforts in land management. Industry, particularly in the Redwood .
Region, has demonstrated a beginning effort in such-interpretation. "
Granted that ‘these efforts have been défensively motivated to meet
adverse criticism of cutting methods, nevertheless, the effort now
has momentum which, if encouraged, could carry it beyond pure
defense and into a positive program which could contribute to the
public's understanding of forest land management for both the
production of wood crops as well as the preservation of the primeval

redwood forest

An opportunlty exists -to coordinate Park and lndustrial inter-
ests in interpreting the total landscape -- that being. preserved
as well-as that dedicated to the growing of forest crops. Leader<
ship is needed to activate this area of potentlal common interest
which would be the first of its kind. The Park Service couldd pro-
vide this leadershlp. : _

Areas of possible conflict are .legion and obvious, However a
major potential problem from the viewpoint of the Park .is the devel-
opment of residential and summer home sites on the immediate peri-

phery of the Park. - The problem already exists on the west face of
the Jedediah Smith unit and in the Orick-area. The potential. exists



61

for proliferation of these developments on most. boundaries of the

_Park., Private land owners, whether large industrial owners or

individuals, will shift land uses to those which yield highest rates
of return within limits of consistency with overall objectives,

" The boundaries of the Park contain highly desirable sites for such

use and rates of return for sales or leases are high as demonstrated,
for example, by Southern Pacific Land Company, Fibreboard Corpora-
tion and Pacific Gas and Electric Company, all large forest land
owners in the central Sierra.. There is little doubt that similar
potential exists in the Park area.

.. .The principal problems with such developments relate to high
fire hazard, danger of pollution, legal responsibility for physical
hazards such as falling trees from nefghboring lands, and the visual
and .environmental incongruities thrust upon the landscape. The
problems, of course, relate to.industrial lands as well as Park
lands; but the industrial lands are the only ones . ‘on whlch such
developments can take place. '




CONTROL OF INPUTS WITH BUFFERS

Up to this point in our analysis we have been concerned with
the nature of the resource to be preserved, the inputs-into the
Park that can be expected, the potential destructiveness of these
inputs and how ownershlp ‘and management on the adjacent lands and
watersheds trlbutary to the Park can modify these inputs. Now, we
want to examine the feasublllty of establishing buffers around the -
Park that can control or reduce these ‘inputs.

4 " The problem is twofold. First, there is the ‘question as to
what type of management should be applled on the lands adjacent to
the Park in order to filter out the destructive inputs generated on
lands beyond the buffer and at the same time prevent the generation
of destructlve |nputs from wuthln the: buffer. This is the question

we will® consider in this section. 'Second, ‘thereis the questlon of
how the National Park Service can get this mandgement ‘applied.  This

.’questaon was briefly dlscussed earlier and will be considered again
in relatlon to costs. : ~

We assume that the buffers will be on private land wnth the
exception, of course, of the small amount of National Forest land
bordering on ‘the Park on its‘northeast corner.. To put the buffers
on-Park ‘land would be to reduce’ significantly the: size of the prlme-
val redwood forest ‘we are’ trylng to preserve. : R

The'most effective buffer we' could hope to- achieve would be
managementlof land adJacent to fhe Park that would accompllsh the
'follow1ng . ;

d”‘l.”f”Reduce wundthrow loss on ecosystems in the Park supportlng
fredwood '

2. Concentrate on lands outside the Park, any accelerated
- windthrow resulting from the openlng of newly exposed
“ffcuttlng fronts.‘i;:, ’

3, ’?Maantaln fnre hazard ‘at‘a mlnlmum Tevel by removlng and
"~ utilizing all’ dead and snag-topped trees as well as all
'debrls resultlng from timber harvestlng '

4. Convert old-growth stands in a rapid but orderly fashlon
to young- growth redwood stands

"5, Provide roads necessary for fire control access to all
_ parts of Park boundarles. ‘
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6. Restrict commercial, residential or summer home develop-
ments outside designated or already established areas
“in order to mlnlmize the fire hazard from this source,

7. Prevent acceleratlon of land siippage by Iocatlng roads
and ‘tractor trails so as to cross the minimum amount of
highly erosive solls and where roads must necessarily be.
built on these soils, design them so that land slippage
will not be a problem.

8. Mlnimlze the “amount- of water- borne sediments enterlng
= Park lands and streams by developing a road and tractor
trail net designed to disperse overland water-flow and
by revegetating harvested lands by the most.effective
- and rapid means.
O L rad SOAT mtwE e o : - .
9. *Minimize v1suai‘nncongruuties resulting from harvestlng
 and- manipuiation of forest cover by keeping cutting units
“”?a‘scattered and as smaii as possible. :

¥ Land adjacent 40 the Park i's ‘not now managed to furnish the
Park: wlth thls*buffe"”*For ‘the: most:'part, the practices necessary
to' ‘achieve" th1s 4 ndi ofbuffer are inotrexcessive yet even. the best .
of practicesvon'%djaben,vdndustriai forest: lands-do::not:-accomplish: -
aii<¢hat\|s neededaisPradticesﬁuhowever\ ‘are. changing-rapidiy. .For,
‘reat concern b ‘most. industri&i forest owners

iiowed tq:remain&bare untii
o aSwfrequenti‘ )ﬁlQﬂAPFOCESS.'xen
'idesigne for ione=time! ‘use ‘only: -”that»of:removing
'nd these roads ‘were. constructed with. .

dralnage: -and:Jand:stability. < And oniy
rys percent :of: .the ‘wood ivolume icut in . ..
eft onnmhe ground as ‘cullzxmaterial ‘to - .
*These practuces have

effectidﬁ”buffer WiTT quire incentives in’ the form of payment,
legai action rand ‘mutual .cooperation. .:The :nature and amount -of
incentive necessary will’ depend on what the normal management
practices .are-lat cthe itime. -.Let us briefly examine, -therefore, the
normal practiceS‘we“fanfexpect to devei0p during the next twenty
year54~>’M o e U

X 3n BRVERSS Y




6L

The remaining old-growth timber will be cut-over in-about
twenty years with essentially the same logging practices that pre-
vail now. Harvesting will be accomplished principally with large
track-laying or rubber-tired tractors. Eighty percent or more of
~ the ground area logged by these methods will be disturbed. Cable
systems will be used only on very steep ground. Average maximum
yarding distance will be 800 to 1000 feet, requiring six to seven
miles of road per square mile of land.

Companies will apply and emphasize those practices which yield
6 to 10 percent on the capital invested in the practice. Lands which
yield returns substantially lower than this will not receive intensive
management or protection and will be subject to low intensity manage-
ment, sale, exchange or diversion to other uses.

An even-aged snlvtcultural-management system ‘will be applled
to all: high quality lands,: This-will: |nvolve‘;lear cutting in.
blocks varying from 40 ‘to 4,000 acres: in size depending-on the
size of ownership, the wood market. and. company customs. Regenera-
tion of ‘these lands will depend largely on artificial methods -=

“aerial reseeding.or. p\ant:ng.; Artificial seeding and planting will
emphasize. Douglas-fir as the most.desired species. Fertulizatlon »
will be applied wherever:added. output. from fertllozatlon will yield
high rates of: return=and anima] control.measures, wnJl be applied
where excessive; browsing or, otherﬁdamage poseswa threat to: young, o
regenerating stands. < X e

:Vtuu., T(

05, CX : o ye re > -

rotat!on ‘age's w311 be” princupally"ln ‘the 18- 2&&1nch~diameter arr
classes == much: ‘smalier.-and more uniform than those: now . .harvested..:

in old-gfowth standsis:; - Smaller.:equipment wi-ll, be; usedrandnghe sotl

. will be Teséddisturbed: ' These stands: will: receive ONE;.OF:-AWO. .+ - -

commercial thinnings hefore ifinal; harvest which.wj l1:provide;income

at-Fntermediate’ periods .in: the ‘rotation;: feduce mortality.and. pro- -
vnde control -t _"flnangja ™ ) G

£3 vintenSLvet h:gh yield forest\management ofﬁ,
the type now being applied«to ﬂndustrla]_forestﬂjands;in mheifacific
Northwest and I ‘the ‘Southéaster . ’
their -wildland ! character under ‘ ent, - Wikl .be
- stantially altered and will resemble“the intensively managed stands

of Western EurOpe, Scandlnavla New Zealand and Australia._@.

G

The pattern of management of -a large portlon of - Iands that ﬁ~§
will need to be -included in-any effective buffer around ithe.Park

has been set to a. degree by the type of cutting that has taken --
place up to now. About 90 percent of the total Park boundary. has
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been cutover in some form or other and thus these lands are well
on their way toward fitting into an even-aged management scheme.
The remaining ten percent are in old-growth stands scheduled by
their company owners to be converted to young- growth in the next
' ten or twenty years. This conversion of course will not be

aesthetically pleasing to the unsophlstlcated viewer, The trauma
he experiences, however, will depend in part on how the conversion
is accompllshed

Silvicultural Systems Applicable to Buffers

Much has been said in the discussions leading up to the
creation of the Park and specific mention is made in the House of
Representatives Report No.. 1630, that. selectlve Ioggung should be
applied tolands’ borderlng on the Park It is clear, however, that
i f normal practlces are -followed on these lands,’selectlve logging,
‘or more directly stated ‘the appllcatlon ‘of the selection- -system of

“SilVicdlture” management to these 1ands will not be the ‘generally
applied system, lThe"s"'lection system no ‘lohger has’the status it
once“had as the salvation of management of redwood stands. "Although
the system has. only”been applred ln ahfew Iocalltles with all of the
techniieal detail “achTeve T

Kigh-costs in
“dn]diSf

.nverSIon process invo]ved

cu
ld-g'rogth redwood’“,stands to fully-z,regulated
: £

A A8 ni
‘6’ to‘10 years, thus requlrlng ‘the frequent entry of necessartly

large tractor equip ment which is highly damaging to the understory
treesuand whlch sul Je tslthe soul to regular disturbance\

) ’ctices strongly dlsfavor' 5
'e :; Section \2 5 of the “"y

n'of “he_se\ection Sy
,(.,.c y

. application’
:Cal,fornla Sta




of stands of trees remaining on lands where 70 percent of the
‘original stand volume has been removed by cutting. Under the
selection-system properly applied, 70 percent of the original

volume would not be removed for many years, thus constituting a

tax burden avoidable under other silvicultural management systems.
Past attempts to apply the selective-system to redwood and still
take advantage of this characteristic of the tax law led, of

course, to the removal of the required 70 percent of orlginal volume
which resulted in excessive opening of stands and consequent intolera-
ble windthrow and breakage of high-value, old-growth trees. This is
one of the maJor ‘reasons for rejection of the. selection-system by
private owners ln recent times.

 The selection-system also requires a higher level of invest-
ment in growing stock. A well- balanced selectively managed stand
of redwood should probably have at least 50,000 board feet per acre
of standing trees at ‘all times. The rate of return on this capital
on the better growing sites is less than five percent per year which
is a low rate compared to other snvestments and thus the system is
not favored from a private |nvestment vuewpount

, {ed snlvncultural management system w:l] predomlnate
on the lands surroundlng the Park. , Already 90 percent of the lands
on ‘the Park ‘bouridaFies have been cut ‘over and are ‘under or moving
‘toward ‘this system. It has some distinct financial advantages 7
lower ad valorum tax costs, lower Ievels of capital tled p, in
growung'stock standrng trees) “and’a hlgher rate of‘re,

groWrn sto J"'; ) I

frequency that'eycllcal cuts
stands, " Furthe_“rmore since "thi's n'.be done WIth smal’ler, llghter " -
equlpment there'ls fess dlsturHanc' of‘the soil. ;

1'(

Young,_e_e
than dolmixed“
are WelT: , ‘ pr
erosion. These'Stands will be more wundflrm snnce indlvldual tree§
do not have the great helght mass:ve crowns and hlgh proportion o
of decayed and weakened stems.

Fire hazard is lower in that there are fewer Snags and dead-
t°PP6d trees and a Iower accumulatlon of heavy fuels in the form of

order to obtaln hlghest performance from young stands a road system
is kept open and maintained -- as with the selection system -="which
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assures access to all parts of the properties for fire control.

The major disadvantage of even-aged management in terms:of
buffer establishment is that the conversion process from old to

" young growth is normally carried out in one cut which removes all

.standing timber.” Neighboring uncut stands -- such as those that

‘Wwill be left inside the Park boundary -- if, because of their

‘topographical position are subject to strong winds, will be left
unprotected until the young stands gain sufficient height to again
provide this protection. This may require 30 or more years, The

heavy equipment necessary to move large logs disturbs the soil,
increasing erosion hazard. Three or more years may be requnred for
seedlings, sprouts and understory species. to again provide vege-
tative cover.

‘ Specues Preference

~One of the alternatlves ‘that must be consudered In establishlng

buffers is the tree species to be favored. ‘Much of the redwood
forest 7is a mixture ‘of ‘redwood and Douglas-fir, which ‘includes
various amounts of :white fir;: ‘Sitka 'spruce “and western ‘hemlock.

All of-these ‘species ‘have commercial ‘value“and ‘can be- grown under
‘the silvicultural management systems considered here. -‘Douglas-fir,
"however, has been consndered the most versatile and marketable.

dvicod in essent,
';’*.-1, "4;,

In'the buffer,.werbelieve redwood should be the’favored

,aspe01es Versatnllty ‘and marketabilnty are not ‘the major:concern -~
calthough=redwood'srmarketabilIty ‘relative sto:Douglas-flrscontinues
~ tosimprove: Asspécies =5 ‘needed sthat icombines .the greatest. protec-

tioncharacteristics;..i:f it:has:high:growth:rate and:commercial .

- value ¢so imuch :the :better..: Redwood bestimeets; these: specuflcatlonSg

'-Its{growth‘rate iSEcomparable +OT."greater. than :i.ts: associated s
'speciies sand «:ts: wood ui's  usable sfor ;a:wide. variety-of products from

f%lumber;to paper.:cBut:its:mdst simportant :«characteristic ds:.cits -
‘abi’lity tocsprout :vigorously from -its<cut-stump. : Oncecfully-stocked
stands of redwood with 70-90 stumps per acre are established, they

can be:managed for !several .generations on.a coppice .basis.. This
assures .-the most rapid :regeneration after. harvest of any system
that. .can .be applied and-minimizes the period in.which soil :is unpro-
tected. ::Instead .of facing .the sometimes difficult and expensive ..
task of :regenerating stands by aerial. reseeding .these stands ;can -

be .regenerated one rotation «after another by ‘sprouting. : Vegetative

control of the site-is always well in hand even: after a fire because

- .'of thls sproutlng potentlal




Harvesting Techniques Applicable on Buffers

Management practices that will affect the amount of water
and soil moving downslope into the Park will be those relating to
" harvesting -- road building, road maintenance and log yarding.
Practices designed to prevent erosion will vary with the soil, topo-
graphy, the stand. structure, and the management objectives. The _
details of desirable practice are legion but some general principles
apply where the Park lies downhill from the buffer. These can be
used as a guide for specifying the practices to be used in the '
buffer. |

Roads. Roads established within the buffer should be located
so that sidecast from their construction does not approach closer
than within 75 feet of the boundary. Root systems from trees in the
Park can be expected to extend thIS distance into the buffer zone.

Slip-prone areas should be avonded Where this is not feasible,
an upslope :grade :should. be incorporated .in the road as .it enters
into the'slip -area and a downslope grade when leaving Tt. Road -
width should be held to a minimum. in these areas with ditches on
the upslope side. Ditches should be drained only onto stable
ground and..designed -to.remove the maxlmum amount of water from
the s]|P area. ‘_4 e ek b et e . I S

Temporary ‘or lnfrequently'used oads shoufd be closed - after
use and all- flllswand culverts ‘in‘major s drainages removedﬁ

MEH "“‘ "-"1:' it 7 A : "’} :""" St
Yardcng., As dlscussed earller, skldding logs fromfthe ie

fe]led trees -to. the ‘truck loading :area can be performed by- tractors
dragging logs downhill or by <cable: systems hauling logs wuphill,
From the vneWponnt :of preventing erosion the cable 'system:is pre-
ferable,::since::it does ‘not require: the :use. of- heavy trackrilaying -
,tractors that<$tir up:, and compact ‘the :sol-l;- -Furthermore ithe cable
system: .tends :to :create sa-water: dispersal pattern~of skidttralls
'rather than‘a concentrating pattern typlcal of the tractor. .

R

The cable system, however, is- not as flextble over-awide
variety of topographlcal condltlons ‘as s the tractor:-and tends to
be slightly more costly. It is not well adapted.to silvicultural
systems other ithan ‘clear-cutting-and it cannot be: used safely for -
pullnng logs in a:downhill direction, - Under normal practice :its
use is :limited to uphill uplls on slopes greater than 40: percent..m
It is, however, an ‘important tool ‘and its use should be expanded
where tlmber size and topography are suitable. ..Specific recommenda-
tions for its use will be made in connection with specific buffers. .
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Tractor yarding is By far the most common practice around the
Park. Much of this land is susceptible to erosion, and is parti-

‘cularly critical when tractors are used on slopes of over 40 percent.

Consequently, wnthan the buffer, cable yarding systems should

be used wherever the slope exceeds 40-50 percent and soils are even

moderately erosive. Where tractors are used, skid trails should
be developed with moderate grades not to exceed 30 percent. These
trails should be kept out of stream channels and when logging is
completed tractor trails should be closed off by water breaks or
cross ditches spaced at 30-100 foot intervals: dependlng on the
slope and erosive nature of the soil.

Fire Control Techniques Applicable to Buffers

An important part of management on the buffer is to reduce

" losses from fire to a minimum. Fire has been a part of the environ-

ment throughout the history of the redwood forest. Now, however,
we have placed values on the landscape WhICh must be protected from

flre.

" Fire protectidn‘on the buffers begihs with the recognition
that the Park is a part of a larger whole in which there is common
interest .in the prevention and control of fire. The owners of

. 'surroundlng lands -have made a major effort in educatlng,the publrc
© in'the causes, dangers .and preventlongof
- closely With. the, LCalifornia.Division of ,
-of a highly effective fire, control organizatlon which n

fire. They hav worked

major responsibility for private lands. "A cooperatively supported
aerial fire patrol has been organized which covers the area north
of Eureka during critical fire periods, These are all general

efforts which contribute to fire safety and will be highly important

“to the Park. The Park will need to support and aid these activities

in every ‘way possible.

Road access to all parts of the Park will be lmportant from

‘the -viewpoint of controlling fire. Thus a careful study should
‘be :made of road systems and conditions in both the Park and the

buffers. Previous studies and plans already exist and are currently
used by the California Division of Forestry and the private companies.
However, the changes in ownership brought about by the purchase of
the Park may require substantial revision and development of new
cooperative agreements with -respect to road systems, their use and
the deployment of personnel during fire emergencies. This matter
should be given high priority in the deveIOpment ‘of administrative
procedures and organization of the Park,

Heavy accumulations of dead and down fuels now exist in the
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Park and the surrounding areas in which buffers will be established.
A portion of this fuel is on cutover areas now included in the Park,
in the form of logs, windfalls, snags and chunks left after logging.
Accumulations of fuels of this nature are particularly dangerous
because they are dry and, once they start burning, they provide the
means for rapid fire Spread and are most difficult to extinguish,
These fuels should be removed from the buffer. It will also be to
the Park's advantage to remove these accumulations from their cut-
over areas., Much of this material is usable; a portion of it is
involved in land sale agreements with previous owners and thus some
complexities are involved in its removal. It is also complicated
by the need to develop replacement redwood dominated ecosystems on
these cut-over lands -- as we have already discussed -- and in many
cases fuel removal should be tied directly to this operation.

‘Every precaution possible should be taken to prevent the entry
of fire on surrounding lands from entering the Park. In a relatively
few locations this should involve the development of fuel breaks.
The kind of fuel break envisaged here is that prescribed by the
U.S. Forest Service and the California Division of Forestry for
critical locations. All large dead fuels on or near the ground
for a width of 200 to 300 feet and running at right angles to the
direction of ‘predicted fire spread are removed,  Live, healthy
standing trees are thinned so crowns do not ‘touch and lower branches
which mlght serve to conduct fire from the’ ground to the crowns are
removed. ‘These fuel breaks will be part of "the” ‘buffer but the
ground treatment should be extended ‘for at léast ‘one tree- length
inté “the Park. Specufuc prescrnptlons for fuel “breaks wlll be -
gnven for each buffer area in’the following ‘section.’



CONTROL OF INPUTS WITH WATERSHED MANAGEMENT

The principal destructive input from watersheds outside the
Park is stream'sedlments'originatlng from landslips into the stream-
beds, and erosion from newly exposed soils .on road construction and
logged areas. A major portion of this occurs during.the conversion
period from old-growth to .young- growth stands and the lack of careful
soi | management practices that is often associated with old-growth
harvesting. The problem here is to promote the application of
practices which maintain the protective function of the forest.

The key to the problem of maintaining the protective function
of the forest at harvest time is quick reestablishment of the forest
cover and the planning of roads and skid trails so as to avoid
undercutting unstable slopes, diverting. dralnage .onto erosive soils,
and the dumping of . debrls into-the .stream .channels:. All of these
are integral practices in the maintenance of the. land for .continuous
forest crops, and will in time be practiced by all companies planning
to stay -in the. timber growing business. _ _
T ast B e sy :

Roads have been a major source of sedlment'materi;l in streams
" particularly.in_ the jlast .15 years during which. time -the .north-coast
area has experuenced ‘three “or., four .storms which have caused ‘major. .
flooding., It .is vurtually |mposslble to design ‘roads :to .meet such
condiitions, ,asqwas . |llustratedeynthe loss :0f ¢ maJorastateShighway
brldges and ﬁblls duringy d I i

teylagge amo;mt of.
durPng nonmalzyears,-malnly ‘bec e.,0fisPoor’ roaqtde
nance. Good road design features are fairly ‘common’-Know edge among
forest road engineers, but this knowledge is not always applied. -

=vPerhaps:ithis: ;s anotherzaspectﬁpf the\frontler-socuety attltude
sti]l evident among:woods:workers.of the:region. . The. deslgns and,..
techniques to .prevent-erosion-on: roads.are. known; .and .for, lndustrial
owners they are not excessively expensive to apply. ‘The problem
appears to be one;, of providlngoprOper nncentuve.j y

; yar ng of Iogs.,
-It is the yarding of|pld growth tamber wlthqlarge, track-laylng
tractors-that-create~extensive, soil disturbance and yieJd patterns
.of.tractor- ‘roads..which concentrate. water in skid-. trails.: As has
.-been.discussed, these practices.are partlcularly productive of
erosion and stream sediments when conducted on slopes of Lo percent
or more and on shallow, stony and sandy souls.
SvEhiniciie o7 ey .
Detalls of road bU|lding and logglng practlces deslgned to
fdreduce .erosion:have been«covered .in. the previous.section.
= N B A : R T LPA NI BT




RECOMMENDED BUFFERS AND MAMA GEMENT ON
-WATERSHEDS TRIBUTARY TO THE PARK

Buffer Specifications

To meet the specific protection required on each section of
_the Park twelve different types of buffers are needed, Each type
‘reflects a specific objective, stand.and ground ‘conditions present,
and topographical position. These types we have grouped tnto four
categories and are described as follows:

Category I. Fuelbreaks,

All types In thls category will be treated as follows:: All
snags will be felled; all dead fuels larger than 2 inches in diam-
feter'wlll ‘be ‘removed; dead ‘'1imbs will be pruned from live trees up
to“a height of 16 feet"sapllng stands wlll be thinned to a minlmum

of 15 by 15 spacing.

F;Txge IA, Forest lands ln ‘a downslope posltlon relative to the
The fuelbreak will be 300 feet wlde.-‘> ~

. pe:IC ‘Brushﬂlahdsaln downslope AOSLtlon

.Parks fixInzaddition” “toif&cvingithe? treatmeqt}eommonlforJallefuéld
‘breaksi' ll “Veg etatlbﬁ”éx&eﬂtftrees over?ZO%f etytall: and”herba-“F
ré‘eaﬂﬁﬁ (RdPEOVEP WI T B EDRembvEdys ;rhe\sf,uewreakswmfbersooweet-

‘wid@e sgbaiwon:l sommos ywilaisl sqs zovuiss¥npizab b SHOT
deilque @vawis Jon ghspbolmensd o idi dud L envsripns iau
l?f‘*"ID ”Bru%h landsbrlfarm land ln*downslope posltlon nelatlve
toPERe=park. "
Iandsjw ll be ’ zoned for*agrlculture or forestry ‘use, . i Twbn
widon s oA47 5 : y Houoe @ :
Category II ' Young growth redwood copplce maﬁagement to be estab-

.llshed on ‘cutover -lands, . .

- -2eol FRevblFfer Will1obe! 800> Feet |
Parkpbobndary. AN snags and‘merchantable“ﬂoﬂn‘materlal wlll be re-
mévéa’oﬁqtberuffer on’a” strlp '200°fedt ‘widéxand ‘adjacént to the
bouRBary” The ‘buffef ‘wi1l be’ managed‘“%&“és €6 'develop70 -90° well-
dlstrlbuted redwood stems per ‘acre~at” ﬁai@&st time. ‘Thereafter ‘these

stems’ will be managed ‘as’ coppice. f?f” Sk T

R SR

P A

All new roads wlll be located far enough out from the boundary
so a$'not:‘to-have-any ‘impact’ on: “the rootieystems of trees within the
Park, This will”require that/sidecast=from:road:cornstruction:be:kept
at least 75 feet away from the Park boundary, All existing roads that
do not meet these specifications will be abandoned unless they are a
critical part of the established operating road net and where their
. impact on the adjacent developing forest will not be great, such as



g P PR - e g Sy T R o3

along a ridge top or where their length along the boundary is short
and relocation would involve the undercutting of unstable slopes.
Abandoned roads will have all culverts removed, adequate drainage
channels reopenad, where fills are involved, and water check-bars
established where necessary to prevent water from running down the
road surface for a distance of more than 50 feet. All operating roads
will be maintained at least twice a year. Specifications for roads
. have been discussed under an earlier section. '

‘Type IIA, Lands in a downslope or cross slope position rela-
tive to the Park. Yarding can be either with tractor or cable.

Type 11B. Lands in an upslope position relatlve to the
Park. " On slopes 40-50 percent or greater, depending on the overall
topography yardlng will be uphill and by cable

_ Type IIC, Lands in an upslope or downslope position relative
to the Park. Treatment will be the same as in TIA or IIB above but
the adJacent land will be zoned for forestry use.

- ] A
f { Cateqory III, f>ung-growth redwood coppice management toﬁbe“estab- (ﬁ‘f
llshed durlng converslon from old-growth stands. ' ‘ M
L . o
The buffeér will be 800 fest wide outside and adjacent“fto the: 277
Park boundary. Conversion will be accomplished by cléar“cutting’in "/féjé

é.n" staggered blocks of 30 acres or less so as to achieve 70
' dustrlbuted ‘redwood stems per aere at harvest tlme; “Uné

. ERD

I e e IIIB“"?fLands in upslope posution relative to the Park
On slopes of B0 - 50 percent or greater, depending on the. overall
topography, yarding will be uphlll by cable. .

i Type ITIC, Lands in an upslope posntlon relative to the

Y Park where the landslip hazard is high. ~Treatment will-be-the same
as in’ IIIB ‘above , but wherever engineeringly feasuble roads will be
built to avoid slip-prone soils and rock: types, i.e.” AtwellNSOIl and
- , flnely fractured schists buried by’ colluvlum on which other sol»';;l .e.,
ool “‘other than Atwell ‘have developed ‘Where these areas can not ‘be

avoided in road ‘construction and are cut water must be kept out of
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them with drains designed to take off the water above the cut. In
addition, utmost care will be needed in draining skid trails and
spur roads.

Category IV, Young-growth redwood coppice management to be estab-
lished during conversion from old-growth while giving the trees

along the Park boundary sufficient time in which to become windfirm.
Only one type of Buffer falls in this category and it has been de-
signed to deal with the conditions found on the west slope (Georgia-
Pacific side) of the Redwood Creek corridor upstream from Bridge Creek.

Type IV, Forest land in an uphill posntnon relative to the
Park where the combined hazard from landslip and windthrow is high.
The buffer will be 800 feet wide outside and adjacent to the Park
boundary. Conversion to young-growth redwood coppice management
will be accomplished so as to achieve 70 - 90 well-distributed red-
wood stems per acre at harvest time. Prior to any cutting along this
boundary the area must be carefully surveyed so as to locate all
Atwell soils and Atwell parent materials, i.e., finely fractures
schlsts, buried beneath colluvium derived from the upper slopes, on
which Melbourne and other stable soil types have developed. The type
of cutting system to be’ applied, the type of yarding and the location
of roads in this buffer will be based on the distribution of these
unstable souls and ‘rock’ types.u; N : :

Speciflc Buffers by Area

Jededlah Smlth Unlt West Boundary. Startlng at the north tip
of this unit in, the northwest corner of Section 36 and running south
,,and west through the sectlon the area outsude the boundary is in

young growth . stands and Ties xmainly ina cross-slope position with

respect to the Park. Property ownershlps are small and are suscepta-
ble to diversion to residential ‘or summer home developments The -
area 800 to 900 feet back from the boundary should be zoned for
forestry purposes and managed according to Buffer Type IIC. If
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residential use is made of lands behind this buffer, a fuelbreak
specified as Buffer Type 1B should be installed.

The principal west boundary, running south from Section 36 to
the top of Section 26 in the next Township south, constitutes a
topographic front which is in an upslope position relative to ad-
jacent private lands. Young-growth stands are scattered with a high
alder component. This front is already being used for scattered
residential dwellings. The principal consideration here should be
fire protection and this section of the boundary should be managed
according to Buffer Type 1D,

The remaining portion of the west boundary running through
Sections 25 and 36 is also a topographic front which is in an up-
slope position relative to adjacent private lands. Stands have been
cutover and are of miscellaneous character with good potential for
forest production.. This section of the boundary should be zoned
against residential use and managed under Buffer Types IIC and ID.

Jedediah Smith Unit: East Boundary. The northernmost portion
of this section is river front and needs no special buffer. However,
the ‘boundary running south from the top of Section 4 to the north of
Section 16 stands next to a fairly well-developed, but scattered

residential area. This boundary should be managed accordlng to
‘Buffer Type IB. .

. From the above po|nt south and around the eastern-most pro-

" jection of the Park to about the midpoint of - Section 26, ‘Iies some
of the most fire hazardous area.of the whole Park:. This 1s ‘an’ afea
of ltow productivity.and the’ vegetative cover has ‘a hlgh component
of brush providing an ‘abundance of fine fuels’™ Most rof the land is
downslope relative to the Park and along a portion of its: base. runs
the heavily. traveled highway .into the Stout Grove. Man-caused fires
starting from either the homes along the road or by traveiers could

Hqunckiy run uphill into the Park. This. part of the boundary should
be managed accordlng to Buffer Type 'IC, :

. Jedediah Smith Unit: . South Boundary. . This section of the
boundary which first runs west and then south flnaily turning east
on the; north boundary of the Del Norte Unit to-'the Iine ‘between
_Sectlons 5 and 8, Township 15 north ‘is all shared wuth the Rellim
Redwood Company. Most, but not all, land on the company's - sude of
the boundary is cut over and well on its way toward even-aged young-
growth management. With the exception of the small part where Mill
Creek enters the Park, the Park lands are in an upslope position.
Cutover along this boundary should be managed accordlng to Buffer
Types IIA and IIB and old-growth accordlng to Buffer Type. ITIA and
1118 dependlng on the topography. : ,
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Del Norte Unit: East Boundary, A small part of the north-
ern portion of the boundary is shared with the Rellim Redwood Company;
the southern major portion is shared with the Simpson Timber Company.
All lands outside the Park with the exception of two small areas of
old-growth near the Rellim-Simpson boundary have been cutover. Most
of the boundary is in a downslope position relative to the Park,
This boundary south to the mouth of Wilson Creek is principally high
quality forest land and should be managed accordnng to Buffer Types .
IIA and IIB depending on the. topography.

W|lson Creek to the Klamath River. Lands along this section
of the boundary are highly miscellaneous in vegetation cover, owner-
ship and use. Much of it is dominated by Highway 101 and the scattered
residential and business development around it. The principal threat
to the Park from this area is fire and the boundary should be managed
according. to Buffer Type IA.

‘Klamath River South to North Boundary of Prairie Creek Unit,
This section of the boundary encloses Flint Ridge as well as a narrow
coastal strip extending south to the northern boundary of the Prairie
Creek Unit. Flint Ridge.stands as a unique topographic unit covered
by a mixture of old-growth and cut-over land which extends east to
the new Highway 101. The north portion of Flint Ridge rises steeply
out of the Klamath River mouth. A road lies between the flatlands
of the mouth and the forest. stands on Flint. Ridge. This will serve
to isolate the Ridge from fire on the flatlands, $O no specnal buffer
s needed here.,v, . g : :

The east boundary of;, é Park in the Flint Ridge area lies
Just to the east of old nghway 101 and although the private lands
are in an upslope p05|t|on relative to the Park, their principal
influence .is isolated from.the Ridge by the highway. 0ld=-growth
stands on. thlS section of the boundary should be managed according
to Buffer Type IIIA and the’ young-growth stands according to Buffer
Type IIA

, The boundary south from Fllnt Rldge to the ‘Prairie Creek

north. boundary is in cutover land with a high alder content. Park
lands lie prlmarily in an upslope position relatlve to adjacent
prtvate “lands. " This. portlon of the boundary should be managed accord-
ing to Buffer Type IIA. '

Prairie Creek Unit: East Boundary--South to Boyes Creek. This
entire eastern section of the boundary south to the quarter corner
between Section 31 and 36 is in an upslope position relative to ad-
jacent private lands. Essentially all of these lands have been cut~
over and the Slmpson Timber Company is the principal owner. Sub-

stantial volumes of standing and down timber remain on some of these

lands and the fire potential is fairly high. The area i's well roaded .
and access for both salvage of down timber and fire control is good.




Stands in this area are being slowly converted to even-aged manage-
ment, but full conversion will probably not be accomplished for
another 15-20 years. Regeneration on these lands is good, but con-
tains a very high component of Douglas fir. . Special-effort will

be required to increase the redwood component. This portion of the
boundary should be managed according to Buffer Type IIA.

Boyes Creek South to Lost Man Creek. LandS‘adjacent to this
section of the boundary are largely owned by the Arcata National
Corporation and most of them have been cut over on an economic-
selection basis. Roughly 30 percent of the original stand volume
remains as scattered standing trees. As with many partially cut
stands, windthrow of isolated trees has caused major losses and has
contributed to a relatively high fire hazard. The land is re-
vegetating along the boundary but in many areas has a high brush
component. Stump sprouting by redwood will not be sufficient to
provide the desired redwood component 'in the young-growth stand now
developing as an understory. .The cut-over areas-are mainly in large
blocks of 160 acres or more. This portion of the boundary should be
managed according to Buffer Types IIA and I1B, dependlng on the
topography.

Lost Man Creek to Arcata Mill B. This section of the boundary
is part of the narrow corridor ‘dominated by Highway 101 between .
Arcata Mill' B and ‘the Fish Hatchery. We have not prescribed a buffer
for this section of the boundary because the questlon of'relocatlon
of hlghway through th|s area’ |s stlll unresolved" ' :

~Arcata Mill'B West to Gold Bluff Thls sec he bound-
ary is marked by the road leading to Gold, Bluffs -andSﬁoh;both-
sides of the boundary have been cut’ ‘over’ and should be” managed
accordlng to Buffer Types IIA and IIB dependlng on the topography.

, Gold Bluff South to Dry Lagoon State’ Park ”“Thls rs¢beach
property primarily. No specnal buffer management |s reqmred

Redwood Creek Unlt West Boundary--Fish Hatchery ‘o Redwood
CLreek. " This section of the boundary is one.of the most critical
from the vnewpount of aesthetics as well as fire. For’ the major
portlon ‘of this sectlon the Park is in an upslope posltion relative
to- adJacent prlvate lands. The ‘corridor - through Orickwill consti-
tite the first view of the Park for' ‘visitors entering ‘from the south.
Lands in Section 23 have been clear-cut ln recent ‘years and while
there appears to be adequate regeneration to provide cover over the
next twenty years, the revegetation process should be speeded perhaps
even by the applicatlon of fertlllzers.'.

‘We have ‘not. prescrlbed a buffer for this section of the bound-
ary at this time because of the" questlon of ‘the highway ‘location
through this area is still unresolved. At this time efforts should
be made to get as much of the lands as pOSS|ble zoned for forest
use in order to prevent further urbani zation.
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Redwood Creek Unit: West Boundary--South to McArthur Creek.
This section of the boundary is principally a ridge top location
with private lands sloping away to the west into the urban area
around Orick. 0ld-growth forest stands predominate the boundary
on both sides. Fire and windfall are the primary hazards to the
Park. With respect to fire, most of the area is within ready sur-
veillance of the townspeople and fire control forces exist which
reduce.  the hazard of fire from the residential fringes. With res-
pect to wind the trees growing on the ridge top boundary have
developed wjth full exposure to westerly winds and demonstrate a
high degree of windfirmness. This section of the boundary should be
managed according to Buffer Type IIIA.

Redwood Creek Unit: West Boundary--South from McArthur Creek
to Bridge Creek, This boundary area runs mainly up and down slope
crossing several minor drainages including McArthur, Elam, Bond,
Forty-Four, and McDonald Creeks. Adjacent private land to the west
belongs to the Georgia-Pacific Corporation. Most of the ridges and
some of the upper slopes are cut over. Many of the creek bottoms
are largely uncut and still contain old-growth timber. These water-
sheds appear to be in good condition with no major erosion evident.
Cutover lands on this section ofthe boundary should be managed accord-
ing to Buffer Type IIA and IIB and old-growth stands should be managed
accordlng to Buffer Types IIIA and IIIB depending on the topography.

Redwood Creek Unit: Brldge Creek to South Boundary. This
section .of the boundary is one of the most critical in the Park. The
land on both sides of the boundary is in old growth timber, essen-
tially undisturbed by logging, yet it is the most unstable area
we encountered in the entire Park. 01d slides on Atwell soils ex-
tend upslope beyond the Park boundary onto adjacent private land
and many of these slides are active. Soil |nstab|l|ty has resulted
in maJor wnndthrow along the boundary.

When this land is reached in the Georgia Pacific Corporation's
harvesting plans, it must be treated with a very high level of tech~ -
nical 'skill.  This section of the boundary should be managed accord-
lng to Buffer Type IV

Redwood Creek Unit: East Boundary--Norfh to the Bald Hills
Road.. This section of the boundary has many of the characteristics
of the west boundary with the exceptions that wind and/or slip
thrown trees are not as evident. The schist-sandstone contact zone
moves away from the creek a short distance downstream from the mouth
of Bridge Creek, with a consequent reduction in landslide hazard.
The entire boundary except for one cut-over area downstream from the
Tall Tree flat is in old-growth timber and has yet to be roaded.
Limited access for fire control purposes is available from the Bald
Hills road and there is a tractor trail from this road to the Tall

Tree flat.

A1l of the land outside the boundary is owned by the Arcata
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National Corporation with the exception of the lower ends of several
large prairies which are in farm ownership. This land is now the
heart of this corporation's remaining old-growth timber and the
company will soon heed to concentrate its logging here,

The section of boundary running from the south end of the Park
to a point a short distance downstream from where the schist-sand-
stone contact zone moves upslope and away from Redwood Creek should
be managed according to Buffer Type IIIC. The rest of this boundary
should be managed according to Buffer Type IIIB, '

Redwood Creek Unit: East Boundary--Bald Hills Road to Sec-

tion 19, This section of the boundary is principally a ridge top
(Holter Ridge) situation with lands lying to the east and north owned
by the Simpson Timber Company. Both sides of the boundary have been
cut over, Some of these lands have been partially cut and, in com-
mon with other lands of this nature on the.Park boundary, may have
“acciimul ations of heavy fuels from windthrown trees and cull logs
left following the first cut. Generally speaking, these lands have
good regeneration which has begun to form a significant understory
which should be favored when cull logs and large standing trees are
removed This section of the boundary should be managed accord|ng
to Buffer IIA. ‘

( .

Redwood Creek Unit: North1Bohndary--Seetion'lgnto Fish Hatchery.

The ‘boundary along this~ section of the Park Is'mainly in old’ growth
" timber with ‘the adjacen /ate ‘lanc nging to ‘the'Arcata’”
Nat}onal Corporation.™’ Thewtopographip onof “th 1
"to ‘these adjacent:lands is highly. variabl 7nce the boundary ‘crosses
two ‘major forks of Lost Man Creek. Management of prlvate lands
a‘ong this boundary is‘1|kely o be’ ‘Somewhat: awkward since the Iine
“is highly lrregular creatlng“some difffe”lt Corners and?'ccess for

" harvesting. There ‘are also 'several “areas ‘of '
alohg thlS boundary: ' Caréful”Togging of these ‘areas 1’5" highly ‘Tm-

portant -otherwise’ |t will’ ‘contribute’ sedlments iditectly ‘into Lost
Man'‘Creek and thence into” Prairie Creek Cable\yardlng should be
used on these steep, .erosive areas |nstead ;of tractor yarding. - The

 old- growth stands on thIS section of the boundary should be managed
o aecordlng to Buffer Type’ IIIB and the young-growth stands accordlng
" tof;uffer Type IIB : ~ : ' :

ﬁ*ﬁuffer Costs

Investment in the Park is massive but the values it yields
“are even greater,. This, of course, is a statement of faith since
- no highly reliable means are available to clearly analyze this re-
lationship in terms of cost-benefit ratios. The same S|tuat|on
‘ applles to mak|ng decisnons with respect to- investment in buffer
management except in thlS case both costs and beneflts are difficult




'ruelbreaks.-.Ihe first requires the felllng of all snags, removing

'vthlnnlng dense. 'stands. .Cost functlons are fairly well known for

- pruning, and thlnn[pg.i Some . gulde to the latter is available,. for.
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to quantify. For example, full. information on costs ascribable to
installing a shelterwood system instead of a clear cutting system
are not known, nor can the precise benefits from reduced windthrow : l
or prevented landslides be identified, Thus the matter of invest-

ing in various forms of buffer management will remain a judgment

decision.  Further studies are obviously needed. : . I

o In general, costs assaclated with buffer management can be
placed in three categorles. First are those related to the construc-
tion of fuelbreaks. Second are the extra logging costs associated
with special treatments such as cutting in small blocks or harvest-
ing under a shelterwood-system. Third are so-called management costs
which’ relate to 'special regeneration costs, extra ‘timber marking
costs or.opportunity costs of holding extra timber on the ground as
in the case of the shelterwood-wood System. B

Fuelbreak Costs._The nnvolvement here is with two types of

all, fuels larger than. 2. inches .in dlameter, pruning dead .1imbs. and

snag_.fell |ng and_general. estimates are avallable for fuel removal,

example, from studies . at the Unlverslty of -California's Whltaker

Forest located in_ the Sierra ‘Nevada which show. costs ranging. from
; ; "None .of. these are dlrectly applicable,

where owners would'normally apply tractor systems, logglng

in. small- block versus: logglng in largerblocks, the use of uphill

roads versus the use of down hlll roads, the use of logging spurs

Versus..no logglng spurs;, the use of extra drainage structures on
-roads .and :skid tralls and the advanced roadlng requlred in shelter-

awood management

_ tractors there is; a, questlon whether .a real. dlfferentlal exists at

ﬁgespect to logglng with cable systems rather than WJth

all, since both systems are used in the Douglas fir Region which is
comparable in many ways. Use of cable systems tends to be concen-
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trated on steep ground where an advantageous uphill pull can .be
gained, but in recent years cable systems with portable towers and
other adaptatlons are being used over a wide range of topographic
situations in preference to tractors. In the region of the Park,
however, the. tractor logging is favored in most situations over
cable logging. In old-growth stands the argument is made that a
tractor must be on hand on cable settings to make beds for felling

‘large redwoods, thus why not use tractors for all aspects of log-

ging? This argument is ‘clearly not tenable in young~growth stands,
Perhaps in many cases the real reason for limited use of new cable

.systems is simply unfamiliarity and a resistance to change. Thus

the issue of extra cost for the use of cable systems is a negotia-
ble matter.

Small-block versus large-block management refers to the size
of clear-cut or other treatment areas to be used. As was indicated
in .other sections of this report ~some of the neighboring companles
prefer. to plan thenr cutting in-blocks up to 4,000 acres .or more,
while we cecommend cutting on: the buffer to be limited to no more
than 30 acres, . The questionjis: are higher costs-associated with
smaller blocks? Here agaln\there is no.straight-forward answer

‘available. At least one company adjacent to the_Park uses the small-

block approach as a matter of.choice and at no apparent cost dis-
advantage. - Small-block .management, .however;.has. some :theoretical

Vextra costs‘assoc1ated wuth itmwhlch should. be; mentioned -Admi n-

her since : -roads..
nced locations

must be extep ed through%untgeat 3
that are presumabiy‘not necessagydunth'iargengb]
h d

_ The cost{of drafnagexstructures,that are.
Buffer: Types discussed are.not:: xcessive .and. shouid be. part of normai

should,be giwen.fo oiiowipg‘good practjces which many campanies
foiiow as~a,matter,of ~course; on, some”parts;of theirwproperties. The
pruncnpai issue; her,
affect the. Park and. to appiy-them wuth partlcuiar care on erosave so:is
in the buffer .area. ..Educational, .campaigns: and. group pressure--as

might be exerted by.a joint, Industry-Park Jand management commi ttee--
may be more effective than offering flnancial incentives.

P R

Managememt Costs. Idehtlfiabie managementlcosts are those
assoclated .with.favoring. redwood aver. other..species;: opportunity

Carb s H ESRRAVE S i et woo

'ncosts of.. hoiding extra. timber,.and. timber marklng costs.,»
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The issue of favoring redwood on the buffer areas to enable
coppice management has some identifiable cost aspects. Where aerial
seeding is the normal practice, a substitution of redwood for Douglas-
fir or other species is involved. Redwood seed is not commonly
available on the seed market and thus a collection cost may be in-
volved. - It is also conceivable that direct seeding of redwood will
not work and redwood will have to be introduced by planting, par-
ticularly if the percentage of redwood in the surrounding stands is
low. This would be an identifiable cost under such circumstances,

A general issue also exists as to the productivity of redwood versus
Douglas-fir on certain sites, and as to the relative values of wood
substance from redwood and Douglas-fir. At present young-growth
redwood is not as valuable as young-growth Douglas fir; however,
productivity of the two species is roughly similar.

A counter argument exists with respect to the extra costs of
establishing redwood. Once stands of the desired density of red-
wood are established, regeneration costs associated with future
rotations would be greatly reduced, since no or very low reseeding
costs would be incurred in future rotations. This possible cost
saving can be expressed in present net worth terms and compared wnth
~-current costs of establlshment

A specual case’ of ‘costs arises on the- Type IV buffer which
calls:for. shelterwood management ‘The careful application of shelter-
wood “requlrres consideration-of a large amount of technical detail in
~establlshlng “and applying- ‘tree selection‘critéfia. Tree marking"
of thiistnature is clearly ‘an extra cost and attributable directly
to sbuffer ‘management ; since'no special ‘cost for ‘tree marking i's

. associated with the normal clear-cutting. Another assocuated cost
of shelterwood management is ‘that of holding ‘extra timber.  The-

. volume and -its value: -associated with the shel te rwood overstory may
besheld ‘for- many years -depending on protectlon needs., ‘This'is an
income . foregone over ‘the period and thus interest ‘should be charged
on the value. The interest cost, however, may be partially offset
by growth of the overstory trees, thus interests costs would be

dlmunlshed by the value of th:s growth S

[V

: “The problem of ‘taxes’ also arise in’ connection with holdlng
overstory ‘trees. -As discussed previously;" forest ‘stands from whlch
70" .percent -of the orlglnal ‘standing volume''is removed, qual|fy as
''eutover'' stands and are ‘taken off the county tax rolls. Shelter-
wood management will call for removal of. leéss than 70 percent in the
initial cut thus the remaining stand will be taxed and this cost
will be dlrectly attrlbutable ‘to buffer management

: The existence or not of a partlcular extra cost associated
‘with a prescribed buffer practice is largely dependent on local
conditions and what is 'normal’ for a particular situation. The
establishment of compensatory costs for certain management or logging
practices must be a matter for study and negotiation at a level where
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each company's situation and conditions can be carefully considered.
" To accomplish this we recommend that a committee be set up consist-
ing of equal membership of government and industrial representatives
with one neutral member to explore the possibility of setting equitable
costs for the prescribed practices by study and discussion rather
" than by litigation. While this proposal may appear naive, it is made
in recognition of the great need to foster and develop cooperative
approaches to many management problems between the Park .and its
neighbors,

Water shed Management

The trlbutary watersheds with which the Park is concerned are
those drained by Mill Creek, May Creek, Lost Man Creek and Redwood
Creek. Each is currently affected by logglng and road building
actlvitles_assoclated with the conversion of old-growth or partial-
ly cut ‘'stands to: young-growth. :“The Redwood Creek watershed is:also
affected by ranchlng actuvities.-f* ;

Mlll Creek We recommend that “the Rellim Redwood Company-~-
who controls:the Mill Creek watershed outside the:Park~-continue to
manage their-lands-as they have:been-doing. On-steep ‘slopes this
means ‘using an: uphill ‘road- system’ 'with a cable yarding .system., On
gentle’ slopes it'meansthe ase’io lelther tractor”or-icable -logging.

4i0n:both7§téép rand* gentle slope tiémeans clear- cutting insstaggered
blocks ~of :40-80 acres and pay areful attentlo to<road and-skid
trail draanage, L neinitiuw, Bt

growth 15 cons] derablfy d| fferent
than “that whlch prevalled fn~ he Bull" Creek watershed ‘+n-*Humbo ldt
County at. the. time it was beingflogged > We 'bringtupthis: pointa™
_because the extensive.erosion .that has occurred in the Bull Creek
drainage Is frequently ponﬁtedf, ) g

)1‘1“ 3w

The erosion in the- Bull “Creek” watershed Is well documented
and is a good example of what can result from heavy tractor logging
oh'steep ‘unstable ‘sollsi” The: ‘watérshed was heavily-logged during
the 1950's" “without concern "for theerosion potential:-of:the soils
involved, “Sediments ‘that ¢ame off the logged areas following-the
"heavy rains in 1955 and 1%L, -were sufficient to seriously-endanger
the famous™ Rockéfeller ‘Grove downstream.  The overall problemiwas
‘s0 serious that the StateDivision of ‘Beaches and :Parks:(now: the:
State D|viS|on of .Parks and Recreation) found it necessary to

purchase the: upper watershed ‘in® order to gain control ‘of:it and
begln its stabilization., = fuis Coe v C
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The difference between the two watersheds lies largely in
- the difference in the geology and the soils. The Bull Creek water-
shed is unstable geologically. The soil parent materials are inter-
bedded shales and sandstones lying at a dip angle roughly parallel
.~ to the slope. As a result, over 85 percent of the Bull Creek water-
-shed, while less than 15 percent of the Mill Creek watershed are
covered with Hugo soils. These soils have very low cohesiveness and
are potentially highly erosive on steep slopes. Only a small amount
of slope undercutting will start them moving. Also the creek grade
is closer to the level of the soils of the principal old-growth
groves in Bull Creek. Most of the groves along Bull Creek are on
recent alluvial soils. On Mill Creek all but a few are on elevated
terraces well above the creek. And finally the percentage of steep
slopes is greater in the Bull Creek watershed. This relationship
is.shown in Table 6.

May Creek. The soils in this watershed are largely Empire
‘soils developed from deep sandy marine and.old. dune deposits and
Melbourne soils developed on relatively soft sedimentaries. Both
of these soils offer low to moderate potential sediment inputs. The
only part of the watershed that offers any serious erosion potential
‘is.the steep slope immediately along the eastern ridge of the water-
shed. Ideally, these steep slopes should be yarded uphlll with.a
‘cable system but: the road-net is-already. designed and partially:
.established which will not permit this unless radically modified.
+Beingirealistic ‘about the. situation careful skidding on:these. steep
--slopes -and.proper drainage of -the skid: ‘tralls-is the best.we. can
hope for, and we belleve it wnll be sufficient. RRTEESRETEE

,g<~a~41yContinued malntenance of - the permanent,part of the-road net
and:puttingthe -area:''to bed' following logging will be- the :most
-important aspects-of managing this watershed, This will. |nvolve
~closing the- ‘temporary - roads..after use .and- removing all fills.and
-~culverts “in. the ‘major -drainage channels. :The skid trails will . need
to ibe-: closed off .by.water:breaks or cross dltches space at 30-100
'foot tntervals depending on: the slope.' ; . :

e ,v,erhere could be ‘a maJor erosion problem |n thIS watershed if
" the new freeway is routed up May. Creek and across its. northern head-
waters.- If this does develop an active program to stabillze the
cuts and fills wull be - requlred . 'wF B e S
g Lost Man_ Creek Only the steep eastern edge of this water-
shed offers any serious .management problems..- ThIS steep area is
covered with a Hugo-Melbourne soil complex which can be highly
~erosive if undercut by roads and tractor trails.. The north fork of
Lost:Man Creek also heads up in a steep slope covered with Hely .
solls.; These soils can also be hlghly erosive-if |mproperly handled

Logglng is also goung to be compllcated on these steep slopes
by the Park boundary. Its location has created some corners that.
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' Table 6, A comparison of Slope Classes in the Mill Creek and
Bull Creek Watersheds,
WATERSHED _ ~ PERCENTAGE OF LAND BY SLOPE CLASS

R Slig'ht. (5-30%) Moderate (30-50%) Steep (5o+%)

i Mill Creek 23 , 47 ' 30
e Bull Creek 6 : . N . 40
o 3
avid idgte: < )
AViFo6 -y
, (: ",.A‘?,'.‘v}'d‘ i
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will be difficult to get to without access through Park land. The
best care of these slopes during logging can be achieved by yarding

uphill with a cable system to one or :more high level roads crossing
the north boundary at one or more points. ..

~ As in the May Creek watershed, the Lost Man Creek watershed
should be 'put to bed'' following logging and this applies. also;. to.
the cut-over portion of this watershed that lies in the Park.
- The temporary roads should .be closed and all. fills and culverts in
the major dralnage channels removed. The skid trails should be
closed with water breaks or cross ditches spaced at 30-100 foot
intervals depending on the slope. :

Redwood Creek. That part of the watershed upslope from the
Park and the recommended buffer zone on the South side of the Red-
wood Creek corridor should offer no major management problems if’
the logging practices now being followed by the Georgia-Pacific
Corporation are continued. Care, however, will need to be taken
not to activate slides in the Atwell soils that extend above the
recommended buffer zone in the Bridge Creek area. The road net is
well maintained and close attention has been paid to drainage
where required,

_ The watershed upslope from the Park and the recommended:
buffer zone on the north side of the corridor could offer serious
management problems if.the road net is not laid out to avoid the
Atwell Ssoils. It will ‘also be. necessary to.maintain-the main..
road - system once established: and to .put.each area ''to bed' follow-~
ing logging »
CEn . IR e
: Management of the watershed upstream from the Park is a more
d|ff|cult matter. The major problem will be to stabilize the -soils
nowdaqtively‘sllpp(ng and :to prevent any further-activiation of:
land-slips -along the creek. -This will require: keeping ‘the roads -
above the slip-zone, which can be easily recognized by the ‘type. of
soil as. well as the .presence of old slides, and stabilizing slides
already activated by the floods of 1955 and 1964, and by logging.
It willsalsoube_necessaryt¢o locate roads so thatﬁgully:andisurfaCe
erosion .is.limited and block:slides on Masterson soils and.debris.:
-slides on Hugo soils are: ‘not initlated on the steep :slopes higher up
in the watershed.

The cost of stabilizing the upper Redwood Creek watershed will
be considerable and will be complicated by the many ownerships in=
volved. At this time, we see no feasible means of directly influenc-
ing land management practices in this watershed through legal or .
financial means. We suggest, therefore, that a voluntary Redwood
Creek Land Management Association be organized with membership to in=
clude all segments of ownership in the watershed. Then let this
group see what it can do with the problem, Road maintenance,: for

example, in the slip-zone is costly and voluntary action to restrict




road building in this zone might be reasonable even in terms of

direct financial return., Similar volunteer land management committees
have worked well in establishing a cooperative approach to fire
protection. We recognized, of course, that a stronger common interest
exists in preventing wild fire than in reducing sediment input into

Redwood Creek.

dm




_ SUMMARY

1. A large proportion of the ecosystems that constitute the
uncut redwood.forests in the Park are primeval in a successional
sense. Almost all of these ecosystems reflect the: relatlvely recent
exclusion of fire, : .

2. Preservation of significant examples of the primeval
redwood forest in the Park is feasible. It will depend largely
on the proper management of land within the Park. Replacement eco-
systems will be needed to provide a continuing display of old-
growth redwood in the Park and can be developed from cutover stands
now included in the Park, '

3. Preservation of streams within the Park depends largely

on the proper management of watersheds outside the Park.

L4, There are a number of potentially destructive inputs
from land adjacent to the Park and from watersheds tributary to the
Park. The inputs which affect the preservation of the redwood
forest within the Park are fire, wind, water moving downslope into
the Park, soil moving downslope into the Park--either along the
surface or in the form of slides-~and band cutting during peak-
flows.  The inputs which can affect the preservation of the streams
are peak-flows and sediment-loads moved along the streambeds as

- gravel and rocks or carried in suspension as silts and clays. The

magnitude of these potential inputs are closely tied to the manage-
ment .practices and can be increased or reduced by modlfylng these
practlces.

5. Watershed management plans can be developed to minimize
potentially destructive inputs from watersheds tributary to streams

~in the Park. To achieve this a cooperative approach must be-developed

with landowners in the watersheds. The major watershed management

problem wull be in the Redwood Creek drainage, upstream from the Park.

6. Buffers must be established around all perumeters of the
Park where redwood ecosystems are to protected. The basic design
for these buffers around most of the Park is the establishment of
young-growth redwood coppice stands, 800 feet wide on all forested
perimeters. Elsewhere the construction of fuelbreaks on all up-
slope perimeters of the Park will be required.

7. Buffers can be designed to minimize potentially destruc-

tive inputs from lands immediately adjacent to the Park.

- 8. Basic buffer design and management, however, must be.
adapted and modified according to soil, topography and timber stand

situations in order to control specific potential inputs.
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9. Costs of installing and managing specific buffers will
vary. In developing fuel breaks there will be the cost of construc-
tion and of removing dead fuels., In shelterwood and small block
management there will be extra logging and management costs. In
establishing redwood coppice there will be planting costs. And where
old-growth trees will have to be retained for sometime as in the
shel terwood stands there will be taxes and interest charges.,
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MAP LEGEND OF BUFFER TYPES

BUFFER TYPE MAP‘SYMBOL
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Map 1. Jedediah Smith Unit"
. and northern part
‘of Del Norte Unit
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Map 2. Southern part of Del Norte Unit
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Map 3. Flint Ridge and @
northern part of .. -
Prairie Creek Unit -
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Slip-zone boundéry and slide-prone soils --"largely
Atwell -- in the upper end of the Redwood Creek
corridor.,

Windthrow showing two types of shear failure in
cohesive soils, ‘

The development of cradle-mounds from windthrown trees,

Generalized wind-flow pattern over a clear-cut forest
boundary. ‘

Generalized wind-flow pattern over Redwood Creek.
Colluvial or debris sli&e.

Rotational slide.

Block slide,

Compound slide,
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ELABORATION AND CITATIONS REQUESTED BY OFFICE OF NATURAL
SCIENCE STUDIES AFTER THEIR REVIEW OF A PRELIMINARY DRAFT
OF THE REPORT

(1): Pg. 7. Data from most of the observation plots that

have been established in the Redwood Region have not and probably
will not be published. "Studies of the redwood forest by researchers
"with scientific backgrounds has been sketchy. The research that has
been carried out has been concerned largely with the timber producing
potential of this species. The first major ecological study of red-
wood was undertaken by the Wildland Research Center, University of -
california, Berkeley, at the request of the California State Division
of Beaches and Parks. The results of this study are covered in six
Annual Reports. Below is a brief list of publications which cover
the range of data obtained from temporary and' permanent plots in-
volv1ng redwood:

~a. Boe, K.N. l96l :
7 Redwood: seed dl5perS|on in old-growth cutovers. Pac.
S.W, For. Range Exper. Stat., U.S, Forest Serv .
' Re54 Note;l77.e7.pp. .
b'iiBoe, -v1965 SR
' W|ndfall after experlmental cuttlng in old-growth redwood
Proceed Soc. Amer. Foresters pp 59 63 ALt

v -ii‘:'c'i*sopéf,- bw.: 4961 <5 5 Wiy
Influence of‘50|l type on* eforestatuon in’ Humboldt
_ County, calif, Agrlc.,ls h-S o

4. Pz, £.011G38; e i Be e -
Growth of redwood trees left after selectuve logglng.
Timberman 39 14-16 :563- 55 i

gt - BT

&, “Frites CEL 1950 iR
Spotwlse'dlrec ,seeding of;redwoods._ J,fForestry
h8 334-338 . f" ey

f. Frltz E. and J. A Reydellus. 1966
: Rewood reforestatlon .problems. . Found Amer. Resource

Management, l30 pp.

g. Llndqu15t J. A and M.N. Palley. |963 B
' Emplrlcal yleld tables for young= growth redwood,

Uan. of Calif Agruc Exper. Sta Bu]] 796 “7_Pbg: .
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Stone, C.s 1966 au st

(2):

Waring, R.H. 1963.
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Muelder, D.W. and Hansen, J.H. 1961, .
Biotic factors in natural regeneration of Sequoia
sempervirens, Proc. 13th Congr. Inter. Union For. Res.
Organ., Vienna, '

Muelder, D.W. and Hansen, J.H, 1961,
Observations on cone bearing of Sequoia sempervirens.
Calif, Forest and Forest Prod: 26, Unlversity of Calif.
Berk., 6 pp.

Pierce, H.L. 1901.
Studies on the coast redwood. ‘Proc. Calif. Acad. Sci.
Ser. IIT 2; :83- 105 '

QiPearson H. L.‘ 1942,

Increment of residual redwoods. Jl”Forestry_hO;9264929.

Pearson, H.L. and W. Hallin. 1942..
Natural] restocking of redwood cutover lands. J Forestry,
40 :683-688. S

‘Redwood Ecology. 1960 1961;hl§62. ié%;;iISEL‘ 1966 and

1967. WIldland Res. Center, Unlv.‘of Calif., Berk

«L{,s i adnem e LeZets

Ecology of the watershed Proc.'Sympos.‘on;Management
- for Park Preservatlon._ pp. 65-80 5ch _of Forestry,
Unlv, pf Calif‘ “Berk .f iR ﬁe 7@ .

Stone, .E.C. and R. B Vasey. 1967
. Preservation of coast redwoods on; alluvnal flats.i;
_iScience; 159:157=161., .. ‘

Vegetation of the Caiifornia coast .redwood reglon in

:elation to. gradnents qf mO|sture, nutruents, light

" “and temperature. ~Univi of Callf., Berk *}Ph D. thesis,
142 pp.- '
‘Weber, A. 1926, S

Redwood Cutover 1ands. 'Unﬁhiaé?mﬁaiff.;“Bérk., M.S.
thesis, 6k pp. Sl A HEEE

_Pg. 8. The ponnt we. wnsh to stress with this statement

is that redwood through its Sproutlng capablllty, can dominate long. '
after the succe55|onal stages lnvolvang its reproduction by seed
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has disappeared. Redwood cannot regenerate by seed in the environ-
ments that now prevail along much of its eastern and southern limits.
In these areas redwood was established under earlier favorable
environments and is now a relic and exists.only because of its
ability to sprout. Elsewhere in its range redwood can regenerate
by seed and is not a relic of earlier environments, But everywhere

7 successional stages involving seedling regeneration are almost

4 totally lacking. There are few citations alluding directly to
these points., Some background information on longevity, sprout
regenerating capacity, seed regenerating .capacity. and successional
potential can be found in the.following publications:

a. Fritz, E. 1929, o L
Redwood, the extraordinary. Timberman 30:38-39,.77.

Frltz, E. 1929, .
Some popular fallacnes concerning California redwood

 Madrono 1:221- 223 L

Frltz E. 1945. - R
Twenty years'. growth on a redwoodmsample plot. J
Forestry 43 30 36.-- : R . .

b.J:. “‘Dg

_Gate Bookshop, Berk. ;Calif

‘n“natural regeneratioo‘oflﬁeguoia B
Proc. l3th COngr. Inter. Union For. Res.

e s

1966 T

HWIldland Res. Center, Unlv. Jﬁ calif.,

“"Annual report. W|ldland Res. Center, Univ. of calif.,

- Berk.
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k. Stone, E.C. 1966.
Ecology of the watershed. Proc. Sympos. on Management
for Park Preservation, pp. 65-80. Sch. of Forestry,
Univ. of Calif., Berk. '

1. U.S. Forest Service. 1908,
Redwood. U.S.D.A., For. Serv. Silv. Leafiet 18, 5 pp.

(3): Pg. 8. Direct evidence of fire in the redwood region
“prior to the arrival of the white man is confined to buried charcoal
deposits in the alluvial flats. In one of these deposits we un-
covered charcoal that was around 1200 years old according to the
standard carbon dating technique employed. - Also, we have found
Douglas fir logs in a nearby alluvial flat that are around 10,000
years old according to carbon dating and we expect to find charcoal
of a similar age in this deposit. The point we believe should be
kept “in 'mind, 'Is that fire was common in the primeval’ forest prior
to the arrlval of the white man,

(h):;:Pg; 8. Except for buried charcoal, as already discussed,
we have .no way of .tracing the occurreéence of fire in the primeval
redwood forest back into time. We can be reasonably confident,
however, that fires ran through the primeval redwood forest every
50-75 years or the forest that greeted the white man-on -his-arrival
would-‘not have'been:what it 'was, -The: only researcher who has exa-
mined this question in any detail concluded that-three -or more
serious fires.occurred per.century... An estimate of the frequency
Lof large fires. in the past in the Park could be determined,:if the
.. cost. was acceptable byaaeserles of!stand age analysis at key
locatlons. S A T S B L e

) a,: Frltz E.; 1932, . . Coe b R -
w57 Thezrolésof. fire iln the: redwood region. Univ. Calif,
Agr.,Exper. Sta.-Cir. 323,23 pp.. Lo

b, Frltz, E.. 1957. 5 A
“Thedl jfe ! hablts 0f i redwood the extraordinary - Mest.
Conser. Jours”lh L7, . 38 Poh -

(5) Pg. 15.- If ‘g regular ‘program of controlled burning
could be Instituted, -subsequent: recutting of the cutover lands
oncé regenerated would not be necessary. ‘Fires would need to be
intense enough, however, to destroy redwood ‘trees in the regenera-
ted stands, otherwise the desired future '"flow of age classes''
would not be achieved. The cost would probably be prohibitive.
Thinning by fire following re-establishment of redwood on the cut-
over lands would be possible but would be very complicated and
costly. Thinning will:probably be desirable because when properly
applied trees up to L4 feet in diameter and 200 feet tall can be
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produced in 100 years or less on good sites.

_ (6): Pg. 17. Soil Vegetation Survey Maps are maps prepared

by the California Cooperative Soil-Vegetation Survey carried out
" by the U.S. Forest Service. Not all of the forested part of the
state has been mapped but all of the Park has been mapped. These
maps can be obtained from the U.S. Forest Service, San Francisco,
California.

(7): Pg. 20. Fires in the primeval redwood forest prior to
the arrival of the white man were undoubtedly.wildfires. Controlled
fires are fires initiated by man kept under his control once started.
Prior site preparation is required and burning must be conducted at
a time when it can be restricted to the prescribed area. As State
and Federal fire fighting organizations can readily testify, there
is a long history of controlled fires which started out under
control, but which later became uncontrolled and turned into wild-
fires. Prior to the arrival of the white man, Indians may have
started fires so as to clear out the underbrush or drive out game,
but once these fires were started the Indians certainly had no way
of controlling them, Many of these fires could have. readlly become
wuldflres in the true sense of the word.

(8): Pg. 21.  Thunder storms with accompanying l|ghtn|ng
strikes occur essentlally every year in‘the Redwood réegion, often
during the highly fire- hazardous fall months., Accordnng’tOjthe
local ‘foresters, rarely does a year pass when ‘one or more’ ‘dead-

- topped-redwood trees are not struck by Ilghtning ‘and ‘cau 0|
fire. ‘During the-past 25 years, ‘however, these+ light ‘
fires have been quickly -brought under control and the“acreage
burned as.a result of llghtnlng strikes has been lnS|gniflcant.
The important point to keep in mind is-that in the past; in the
-absence -of fire control, these lightning started fires -- which
can burn for weeks in dead tops and snags -- could have been
responsible for many of the extensive wildfires that burned
through the primeval redwood forest prior to the arrival of the
white man. Indians may have been .important in starting fires in
the prlmeval redwood forest but thelr presence was not essential.

. (9) Pgs. 24 and 25. Wind patterns generalized in Figures
L and 5 are described in more detail in:

a. Boe, K.N. 1965
Windfall after experimental cutting in old-growth
redwood. Proceed Soc. Amer. Foresters, pp. 59-63.

b. Caborn, J.M, 1957.
Shelterbelts and microclimates. Forestry Comm. Bul.

29, 135 pp. = . ‘
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c. Caborn, J.M, 1965,
Shelterbelts and windbreaks. Faber and Faber, London,
288 pp.
d. Hutte, P. 1968,
Experiments on windflow and wind damage in Germany,
Suppl. to '"Forestry.'" Soc. of Foresters of Gr. Britain,
pp. 20-25,

(10): Pg. 46. The species make-up of these young-growth stands
varies with the slope position., Towards the bottom of the slope
redwood dominates. Higher up the slope Douglas fir becomes an
important element in the stands and dominates as the ridge top is
approached,




