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B -. . INTRODUCTION

5 The drainage basin of Redwood Creek is located a short distance

ug non-gléciated terrane in North America. High rates of erosion
reflect a comb1nat1on of rock types, geologic hlstory, climate, and
and use that exusts throughout vast areas. of northwestern Ca11forn1a
E nd southwestern Oregon. Early vert1ca1 aer1a1 photographs and geo-
4 'ogical investigations indicate that the pristine Redwood Creek basin,
. even though it was about 85 percent mantled with a dense coniferous
{; orest, was subjected t6~episédic vigorous mass movement and stream
? hannel erosién.
_ The'forests of this basin are a major source of both commercial
f - 'wood fiber and public enjoyment. As of 1973 about 65 percent of the

' edwood Creek basin was cutover forest land much of which displayed

imber harvest and'associated road construction. Nearly all the timber

- harvest"Sccurred in the Tast 25 years. Of  about 20 percent of the

The parkland of lower Redwood Creek is included within Redwood
National Park which was established on October 2, 1968, when the

.S. Congress enacted Public Law 90-545 in order "to preserve significant,
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amp]es of the pr1meval coastal redwood (Sequo1a semperv1rens) forests

d the streams and seashores w1th wh1ch they are assoc1ated for purposes
ublic inspiration. enjoyment, and scientific study,...”. The southern-
fost portion of this park.is a seven-mile-long, half mile-wide appendage

it straddles Redwood Creek and that contains some of the park's most

‘anificent redwood groves (fig. 2).

".

The Congress apparent]y foresaw poter”’zr problems in preserving
i‘gfk values in the downstream end of an 1ntensive1y logged, and highly
rosive drainage basin, as they provided the~§ecretary ofkthe Interior
h stafutory'authority.to engage in special actions designed to

rotect park resources. _The relevant sections of the Act of establish-

ent are as follows:

Section 2a "...The Secretary of the Interior...may from time to
, aime, with a view to carrywng out the purpose of this Act and with
)articular attention to minimizing siltation of the streams, damage to
the timber, and assuring the presarvation of the scenery within the
oundaries of the national park as depicted on said maps modify said

pdaries..,'._

Section 3e "In order to afford as full protection as is reasonably
sible to the timber, soil, and streams within the boundaries of the

k, the Secretary is authorized, by any ot the means set out in
ubsections (a) and (c) of this 'section, to acquire interests in land
from, and to enter into contracts and cooperative agreements with, the
,wners of land on the periphery of the park and on watersheds tr1butarj
10 streams within the park designed to assure that the consequences of
:orestry management., timbering, land use, and soil conservation practices
onducted thereon, or of the lack of such practices, will not adversely
Mffect the timber, soil, and streams within the park...".

axPublic Law 90-545, however, also restrizizsthe total acreage of the park
“558.000 acres and limits expenditure}of public funds for land acquisi-

s

on to 92 million dollars, so that an apparently impressive array of

«iScretionqry authority is actually rather limited.



Shortly after the creation of Redwdod National Park, the Secrefary

thin the park. The f]PSt of these studies (Stone and others, 1969)
ggqribed "poténtia1]y.destructive inputs into the park," and the 'impact

‘1=§and;managemént a;finities on the magnitude of those'inpacts. This
‘ ort went on to recommend specific restrictiona to be applied to timber

vest and cther management activity within 800 feet (244 metres) of

the park boundary and urged creation of a vo]untary Redwood Creek 1and

nagoment association to address itself to stabilizing the actively

rod1ng upper Redwood Creek watershed The possible need for additional

508 ifornia-FederalAinteragency task force under the'leadership of

Q D?.'Ridhard C. Curry. This task.force.(Curry, 1973) identified channel
fnstability as the greafest potential threat to park resources}and went
Jfo recommend that increased afforts be made to influence management
actions in areas well beydnd the 800-fnot buffer zone.propOSed by Stone
and others (1969); Understanding of the interactions betwéen various

: gébnerphic processes and the terrestrial and aquatic ecosystems that

habit thé Redwood Creek basin was so incomplete, however, that the

-



a

U,S, Geological Survey initiate.studies to provide data needed

drmUIating management activities that would assure,to as great

‘restrial and aquatic ecosystems within Redwood National Park that

ﬁ directly or indirectly threatened by recent changes in the intensity

.

PURPOSE AND SCOPE

The two major purposes of this report arec%o describe the physical

art of our continuing research in the drainage basin. Considerable




Interim and final icports of our continuing studies will

ty

[

of a description of both the physical seﬁting-of the drainage

of Redwood Creek and some qf the physical processes that influence
errestrial and aquatic ecosystems that inhabit the basin. The
eription is based primarily on a cémpilation and interpretat;on
erical, déscriptive, and.photographic information that was available
fﬁe end of 1973, prior to the initiation of intensivé data collection
ﬁ'e Geological Survey, The report attempts to bring informatioh from
us germane scieﬁtific disciplines together into one unified body

ta so-that interrelationships between different processes and

én processes and organisms become more readily apparent. Most of
umeri;gl computations, statistical-and graphical analyses,

interpretations of data presented here were completed after December

*

npt to‘answer'some of those questions., The_presedt.report is composed
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*  GEOLOGIC SETTING AND RLGOLITH

rates and'proccsses of erosion. The geologic setting and

_f”ny’df‘this basin, however, are poorly understood because the

jal distribution of rock units for most of the basin is known only

-econnaissance mapping (Strahd, 1962, 1963 and references therein),

e nature of the geologic contacts has been studied only cursorily.

v, ence cdncerning the evolution of the topography during Neogene and

AQuaternary txme is particularly meager.-

STYPES AND ASSOCIATED.REGOLITH

:The entire basin upsgream rom the mouth of.Praifie Creek 1is N /-

erlain by the strongly 1ndurated Franc1scan assemb]age of rocks \&1~ J)
Zwhose orlgln, metamorph1sm, and subsequent tectonic deformation are

elated to sea-floor spreading and subduct1on of the Pacific Ocean
5br‘beneath the western edge of Nbrth America (Blake‘and Jones, 1974).

se rocks show varying degrees of metamorphism with texture zones 1,
Marine sedi-

and 3 of Blake and others (1967) all being'present.




. . " EXPLANATION
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» rated coastal p]amn sedlments. These unnamed sediments contain

jocene St. George Formatlon (Hoore and S11ver, 1968).
Essentially unmetamorphosed. Franciscan sedwmcntary rocks

derlie most of the eastern side of the basin. Most of the rocLs labelled

. ———— cee -

JE" in Figure 3 are texture zone 1 rocks (Blake and others, 1967) Graywacke
andstone (1ithic and arkosic wacke, accord1ng to Williams and others,
ﬁ?&, page 259) is the most abundant rock in th1s zone. Lesser amounts
of mudstone and conglomerate are present. Some qf the conglomerate is
composed sbie]y of subangular to subrounded granules and fine pebbles
f'unmetamorphoéed mudstone in a sand matrix. Most of the conglomerats,
however, shows pebbles derived predominantly from rocks resistart to |
'Qemical Qeathering'such as chert, fine—grained metavolcanic rocks,
q?artztte, and'quartz porphyry. . A few clasts of fine~graihed plutonic
rocks are present, but clasts derived from rocks resembling schists of
ve;ture zone 3 are absent. Beddiné, although often obscure, is mostly
d om 4 to 120 inches (0.1 to 3 metEfS);thick. Graded bedding and other
nternal sedimentary structures indicative of deep water, turbidite
Jdepos1t10n are common. | | . |

o -

The western part of texture zone 1 rocks.in the Redwood Creek basin

mplex than rocks in the eastern part. Smal]tdfscontinuous bodies of




Q5% e

P e several tens of feet thick are interbedded with the sandstones;

g conglomerate is present than in the eastern part, Sheared and closely
hetured rocks are also far more prevalent in the western part than in‘the
‘atern. part of texture zone 1. Throughout most of the basin, earthflows and
ther forms of mass movement are particufarly common in the area
,mmed1ate1y east of the main channel of Redwood Creek (Colman, 1973)—-

v

fﬂhL genera] appearance of

F%nciscan melange farther south in the Coast Ranges, except that exotic
blocks.("knockers")"of amphibolite and metavolcanic rocks are absent.
Texture zone 2 rocks, which in the Redwood Creek basin are compossc
primarx]y of phy1]1te and stretch«pebb]e cong]omerate, represent a
tran51t1on betueen the essent1a11y unmetamorphosed sed1mentary rocks of
."vitexture zone 1 and the schists of texture zone- 3 Mudstone< typically

B have part1a]1y recrysta]]1zed and display a weak tleavage and a m1caceous.
heen" but no pronounced mxneral segregation or foliation. Sandstones

o conglumerates of texture zone 2 have not recrystallized but cataclastic
; rotat1on and flattening of grains in these rocks have produced an aligned
| abric that is c]ear]y discernible in the field. ‘

Within the Redwood Creek basin, rocks of texture zone'é crop out
fﬁdfﬁal1y in close proximity to Redwood«{reck ir a narrow belt at
western edge of the belt of rocks labelled as “KIFU in figure 3

Texture zone 2 throughout most of the basin is 1,000 to 3,000 feet



’305 to 914 meters) thick which is conparable to or s]zghtly th1nner
haﬂ texture zone 2 in the Black Butte-North Yolla Bolly area where
,ugh rocks form a comp]ete unfaulted transition ‘between unmetamorphosed
andstone'and.schist (Blake and others. 1967). - Locally within the
edwood Creek basin, terfure zones 1 and é are in sherp contact with

Rno 1nterven1ng zone 2 present

“

Naturally- occurr1ng bedrock outcrops are- scarce in areas away

upports dense vegetation. Distingu%shing between residual‘soi1,
;and co]]uvfum gerived frem deep residual soil and saprolite isyoften
ifficult, so-we apply the term regolith to.the entire surficial ment’:z
f unconsolidated materials produced b& both hi]isiope erpsionvprocess::
nd mecnanica1 and chemical weathering. Regolith jncﬁudes sanrolite,

oi]uv1um, and residual soil.

.

The rocks of texture zones 1 and 2 bear qu1te similar regoliths.
he thickness of the regolith is highly variable rang1ng from less thar
2 feet (less than 0.6 meters) along many hilltops and divides in the
Southern part of the basin, to more than 13 feet (more-than.4 meters)
Qn some bread divides in ﬁhe northern part of.the basin, in some
landslides, and on many other m}d-s]ope.and lower-slope sites. The
verage thxckness, however, is probab]y less than 6.6 feet (less than
.meters) The colluvium is mos+1y stony loam and stony—clay loam

iﬁ't appears to represent eroded .saprolite and residual soil. Some



sen-worked angular rubble on steep sandstone slopes in the eastern

.
2 141 .

arts of the Lacks Creek and Minor Creek basins, end at the margins ' ‘

‘the basin, Perent materials for the Hugo soil series‘éppear less
dééply weathered and less cohesive in the southern part of the basin -
.

i

qfhan in the north. The Kneeland and Tyson soil series are grasslgnd
‘piis;vthe others are all forest soils. The Huge soil series Is more
é?uﬁdant than all the other soil series developed fraom texture czones -
'end 2 combined (Iwatsubo and others, 1975, tables 2 and 3). =
- The grain-size distribution and ped stricture of all these soils

své them high infiitration capacitieé and generally good subsurface
_éihage. However; their surface horizons are;dominantly loams and

ony loams with little cohesion, so that when surfacé FuASTEMoes




B
! g R .
; ; K ofile development and are classified as 1nceptlsols. The more

tisols. The inceptisols and ultisols both show decreasing pH and
hﬁiwhere lzboratory znalyses are available) base saturaticn with increas-

depth. The concentration of organic matter in surface horizons

- e et - -

hysical removal of the surface horizons of these types of soils by; for

example, earth-moving equipment or erosion, thus would result in a significan*

-

The Atwell soil series is developed froam pervasively sheared rocks

}rthwest-trending-faults in the vasin., The Atwell soil series is nct

e
:
:



.

hweathered ;ock and colluvium. -Tﬁgsc s0ils commonly have more

&idies of individual soil profiles. . | - _

Rocks'of texture ione %,which'have preyjougly been mapped as the |
err Ranch S;hist of'Manning and Ogle (1950), consist mostly of Tight

o medium gray, well foliated quartz-mica —feldspar schist and quarfz-
fca schist. The schist has recrystallized to form alternating
idndividual laminae, a few millimeters in thicknesﬁ, that are either
‘predominantly hica, or predominantly quartz or quartz and feldspar.

Other coﬁmbn rocks within texture zone 3 are quarf;-ﬁica-graphite

chist, phy]}ite, both massive.and foliated greeniéh-gray metavolcanic
ocks, amphibblite, and metachert. |

tens~like and vein-like quartz segregations are abundant throughout
texture zone 3. Petrographic examination of thin sgcti6n§ (Manning and
tgfé. 1950) and h;hd specimens suggest that this unit contains rocks frzm
#2both the greenschist and the glauéobhane schist facies of regional
}%Jetahorphism (Turner and Verhoogen, 1360). The metasedimentary rocks

: ?P'ear to have been derived from a suite of sedlmentary rocks that was

redom1nant1y finer graxned than most of texture zone 1 in the Redwood

x& ek baSIn. In most 10cal1t1es the fol)at1on is wel\ developed, stecply




Rocks of texture zone 3 cfop out throughout the western half
e Redwood Creek basin and in a.separate north-northwest trendiﬁg
“§n the southeastern corner of the basin (fig. 3 ). -

The unnamed weakly indurated Pliocene coastal plain sediments

re weatherable fragments than the sandstone. The small size of the

respect to chemical weathering than the primary minerals in the

Wdstone and shale. ) - .
developed

The most common soil series(on texture zone 3 schists are, in

16



.m'arab1e to those associated with the Hugo 501] series. The Orick

.pac1t1es and generally good subsurface dra1nage. However, these

1x0115 are somewhat more c’;?;wl~ud rnhes1ve than either the Masterson

LI R

'd

£0{1s or the soils derived Trom sand 'nb'efend mudstone. When surface

noderate]y SUSCEPle]e to surface fluvial erosion (Alexander and othzrs

-

R = ~ .-,

T oAl

L% gh face soil horizons of the:fcﬁ’ st- der1ved soils. Atwell soils are

napped on'pervasively sheared schist as we]] as sandstone; the pervasi

-

i 2

gterraces along the main <iic: f} These are preserved pr1mari1y on
latively stable drainage divides :ofte butary basins, and even ther2
pthe upper terrace surfaces are ofted‘drastlcally modified by erosicn

burial by colluvium. These terrace remnants, except for the area

Q0

noff does occur. the Orick and Sites soil series, therefore, are oniy

,

1O, 9-62). As in the case ove <n11s der1ved from sandstone and ﬂudse,n,,

e ava11ab1e plant nu;rue.{.' i uncentrated in the surface and nez-

({4



,; e stream terraces along Redwood Creek, therefore most ]1ke1y reflect

gressive downcutting. . ) .

?‘,; . .
" The alluvial terraces along Redwood Creek contain no fossils and can

be dated only by comparing the degree and type of soil profile development,

.one-weathéring characteristics, and erosional modification that they
;ig lay with that displayed by better dated, lithologically similar
ediments under comparable vegetal and climatic conditions. Provisional
Ty '

'22§ have been assigned to the alluvial terrace sediments of Redwood

réek primarily on the basis of comparisons between these sediments and

5Davis, 1958; Sharp, 1960), and a sequence of highly fossiliferous

BT .
oastal deposits near Cape Blanco, Oregon (fig. 1) (Janda, 1970). These



{4 on of the tran51tiona1 texture zone 2 rocks. Moreover, the geometry
ate]y known at a few 1oca]ities. Recent mapping in the Willow Creek
ay also app]y to the South Fork Mountain and Grogan Faults in the
outheastern part of the Redwood Creek basin. However, the Grogan Fault,
is cigseiy fbl]owed by the main channel of Redwood Creek for many

es, appears to be quite complex. At some localities the metamorphic

adation appears incomplete or even nonexistent. Intensively sheared

1man, 1973; Young, in press). The Bald Mountain Fau]t in the vicinity

19
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-

b Some areas of pervasive1y sheared rock. occur within the belts of

icchist and sandstone, as well as at their margwns. Some of these areas
\“v

t0- define north northwest trend1ng shear zones or faults. Thée two most

ﬁ munent examp1es are 11neaments def1ned by 11near reaches of Minor

ek, and tributarles to Panther Creek.. Retches of the Atwell soil series
]eXander and others, 1959-62) anq numerous recent landslides (Colman,

2) are mapped along these two lineaments.

--The north-northwest trending faults in‘the'southern part of the
Rédwood Creek‘basih.are appahently not active at the present time. At
st two’of these faults, the Grogan and Bald Mountain Feults, are
fset by high angle, east-northeast trerding-fau]ts which also offset
, ault-bounded trough of Fallor Format1on along the northeaseern

) 5§de of the Mad River valley (Hann1ng and Ogle, 1950) ~ The Fallor
tion cons1sts of more than 2300 feet (more than 700 meters) of

arine, estaurine, and fluvial sediments containing abundant late Plicisns

scan fossils (Addicott, 1974).

ommunication, 1972). Additionally, Franciscan sandstones appear




No historic earthquake epicenters havé been recorded in the Redwood
pek basin. Earthquakes, however, commdhly do occur along a line
*'ndlng eastward from near Cape’ Mendoc1no in the Eel River embayment,

rthquakes are fe]t in. the Redwood Creek bas1n. Seismica]]y—induced

i1ity in this area.’

: IONAL SUBSIDENCE AKD UPLIFT /

\\



ecorded by ridge-capping stream grave]s’iﬁmediate1y east of the-

Hf]]s (Strand, 1963), the “Second and Third Cycle" auriferous

.mémmals (W. 0. Addicott and Charles Repenning, oral cpmmunication,
‘? ). Moreover, even the highest of these terraces.disp]ays a degree

" soil profile development comparable to that shkown by fossiliferous
1d;P1e1stocene surf1c1a1 terrace sedlments in southwestern Oregon.

Ve occurrence of the strongly deve]cped Sites and Joseph1ne soil series
bn:end near some broad, gently sloping drainage divides, in contrast to
o‘r

he occurrence of the lessv/trongly developed Orick, Masterson, and
N

* heetiron series on adjacent lower h111s]opes may provide additional

I

nd Colwell, 1965). T

’ d'gheared by earlier tectonic activity. Progressive channel incision

EAS

PERONE S Trr




WRESge rates of ‘erosion in parts of northwestern California and

S mes of rock eroded from beneath coastal landforms that are thinly

and

. :

000 to 10 million years, suggest an average long-term erosional

Bhozoic sediments,

B.5 Four aspects of the geologically computed average rates of landsca:s

ocal relief and surface area caused by progressive stream incision;

may also have responded to Quaternary climatic fluctuations,

——
- - . T —— .
- . L B b
. . " .
s d
. .

.



th changes in sea ‘eve], and tecton1c events. Fourth, average

F possible. The degree to which the first and fourth items counter-

-

another is not known.

and seacliff erosion provided the ocean off northern Californie ' o

13 12

€0 thern Oregon with not more than 81 4 x 10 cubic feet (69 x 10

eters) of sed]ment-dur1ng the last 5 million years. This would

13 12

-:Qﬁde'erosion'of about 61.4 x 10~ cubic feet (52 x 10"“-cubic meters)._ : ;

eter) per thousand years. Si]ver‘(ora].commUn., July, 1972)

-S‘]imiting value. Silver also indicates that some of the sediment 3

ather than from drainage areas immediately onshore. Obviously, then,
s of erosion derived from the estimated volume of sediment depositsd

he last 5 million years should be consitiered an upper limit on

BCtial rate. The second and third items of concern in the preceding



d w1de1y scéttered Moreover, 1ithologic diversity of the bedrcck

-

Th1s assumpt1on seems Just1f1ed in light of available ph/s1o-

g1oped soil profiles and more active mass movement than hillslopes
farther away from the channels. Bedrock outcrops are common in and
acent to the C;eék whereas they are uncommon elsewhere. The overall
ression is that hillslopes adjacent to the creek have been over-

eepened by actuve channe1 jncision. The extensive mid-slope and



© e

§ L , and well-developed textural B-horizons are found only on sediments

indforms that are at least several tens 6f‘thousands of years old

Balster and Parsons, 1968; Janda, 1971). These soils could not per-
f erosion was vigorous as the sites where they are preserved.
¥, iSoi] stratigraphic correlations discussed earlier indicate that river

es up-to 90 feet (27 metres) above Redwood Creek appear to be less
these terraceé is probably at least 60,000 years old. The maximum

ble average rate of incision is, thus, about 4.5 feet per thousand

Because the 90 feet (27 metres) terrace is probably more than

. 2%



PHYSIOGRAPHY

t Ranges of California. The creek flows into the Pacific Ocean about

miles (28 kilometres) south of the mouth of the Klamath R1ver and
¢¢

"2 to 11.1 kilometres) wide throughout most of the basin. The elonga-

£0ta] basin relief is about 5300 feet (i€

15 metres). Cross-sectional
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4 ). Throughout the entire basin the eastern drainage divide

ids higher than the western divide (fid.: -4 ' J. The relief within

:restrxcted to sma]] northern tr1butary basins. The highest peaks

gsteeper than 0.05
/ ) however, display average grad1ents in excess of 0.35 (19.3

es) (fig. & ). The eastern sides of Minor and Lacks Creek dispizy
' _«teepest h11]s1ope< in the entire basun. Flood plains are dis-
vous and narrow with widths in excess of 200 feet (61 meters)
uncommon extepf'fbr areas between Minor Creek‘ana Mi1l Creek,
mearzthe mouth of Lacks Creek, and near Orick. The pauﬁity.of flood
! means the active stream channels often abuf directly against
Ghllsiopes.' From several vantage points withiﬁ the basin, an
alley appears to be incised into an older landscape with
rably less rélief than thg present landscape (Diller, 1902).
{IT] 0pE S ' |

ic Properties X

1S]ope length, steepness, and shape provide important "indications
elative susceptibility of hillslopes to various erosional processes

0 and Kirby, 1972). These properties were determined at 473 points

L 30
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Meone 1613 feer (492 meuvs)
Slondord Deviation © 1019 feet (311 meters) .

200 600 100 1400 1800 2200 2600 3I00Q0
LENGTH OF HILLSLOPE

Mean= 0.34
S!ondcrc Oevnanonf 0.it

10 .20 .30 .40
‘HILLSLOPE GRADIENT

Ebigure 6. Histograms showing the distribution of length
' and stecpness (i. e. , gradient) of 398 randomly
selected, individual hillsides that display
gradients stceper than 0.05 and that are located
within the Redwood Creck basin upstream from the
mouth of Prairie Creek.
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wxr¢es) as debris slides and éva]anchcs are restricted to hills]qpes

¢§éger than this; twelve percent of the measured hillslope gradients .




steépér hiT}sTOpes are most.ébundant along the more deeply
treams. - Moreover, the streamside Segments of the individual

pes throughout the basin are generally steeper than segments

‘than 0.05 have lower ends that are as Steep as, or steeper

their upper ends. For example, 284 Abney level determinations

d deviation, 0.08) which is nearly twice as steep as the mean
i]TSIOpe gradients determined from topographic maps.

ovement-Related Landforms

any _hillslopes in the Redwood Creek basin are unstable and highly

tib]é.tq mass movement failure because of tﬁe,stéepnéss of the V

e and the {ow shear strength of many of the'uﬂderlyihg rocks and
At 1éast 36.4 percent ofithe basin ﬁpstreém fro& Prairie Creek

: landforms suggestive of former mass movement failures {Colman,

Several. other areas in addition to those shown on Colman's



¢ involving both rotational and translational movement. The

incised amph1theat r-shaped drainage basins of Colman (1973)

aps some of the large sca)e hillslope 1rregu]ar1t1es and

ream-modified, deep seated mass movement. £vidénce of old deep-

-

Y/

omplex assoc1at1ons of s]unp1ng—- and flowing movement

nt to more stable sloées. These are large-scale 1§ndforms with
ynsions measured in terms of hundreds and thousands of feet. These
es underlie about 13 percent of the drainage basin upstream from
uth of Prairie Creek (Colman, 1973). Earthflows all show

Qnt scarps, flats, and hummocky énd lobate microtopography. Scme

arly defined margins but others gradually merge with areas of

ﬁmps are intact blocks of soil and rock that have moved with

ward rotation, primarily along concave-upward fai]ure_§<;_aces

es. Pure slumps are uncommon in the Redwood Creek basin.

34



}ted or‘part1y vegetated scarps, open lateral and transverse

- closed depressions, areas of bare mineral soil and discon-
>gu11ies. DepthsAof_movement proba61y'range from a few teet
Qera1 tens of feet. Field exéminatibn of surficial morphology

; parison of sequential aerial photography suggest that most of
und d1srupt1on is caused by d1fferent1a1 movement and that rates
jcial movement on most flows within the Redwood Creek basin arg
less than a few feet per year. Several of the more active

ay move a few tens of feet per year. These earthflows are, thus,
ss active than s1m11ar features in the nearby Eel (Dwyer and

i s; 1971) and Van Du7en (Harvey Kelsey, written commun1cat1on, 1973,
‘lg basins. Although they present]x appear to be -eroding more

ly than the adjacent hillslopes, the earthflows in the Redwood
basin are for the most part'ﬁtt deeply incised into the slopes.
1gure T shows CountsHi]] Prairie, a typical large compound

flow on the eastern border éf Redwood National Park. Detailed

f various parts of this earthflow are conta{ﬁed in photo essay

d by Earth Satellite Corporation (1972, figs. 50, 52, 53, 54,

. Other earthflows are shown in figure 13 and IS in this report
figure o| of ‘the Earth Séte]]ite'Corporétidh (1972) reﬁort.

,@é colluvium in‘earthflows wfthin the Redwbod.Creek basin is

'”stony sandy loam large blocks of bedggck are not conmon. Some
, I i
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-Ahd its major tributaries. Sediment delivery is effected by .

‘w gu111es within the earthflows. Thus, much of the earthflow-

jr
‘J‘a] processes rathﬂr than directly by mass movement. Most of the

nsions measured in hundreds of feet. Lengths rareiy exceed 1000

5 metres)

.and are usually two to five times larger than the width. Depths

range from a few feet to a few tens of feet.

lides are character1zed by dom1nant1y trans1at1ona1 movement of
' g amounts of rock and regolith along a reasonably p1anar failure
face or zone that is essentua]]y parallel to the ‘hillslope. The

—— e - eet
—

al in the 511de b1ock is usua]ly comp]ete1y removed from its



ome intensely disrupted as movement progresses. Typical streamside

69, 60, and 64 in the Earth §atelli%e Corporation report (1972).
Most slides within the Redwood Creek basin have moved repeatedly.
ety Tecently active slides occur within larger areas with morphologic
:(os)'vegétal evidence suggesting former failures. Indiviaual
‘eisodes of movement that produce }arge‘unveggtated scars take place

e relatively short time (seconds to_minutes). Beyond the margins
C_the raw slide scar, however, tiited t;ess and open tension cracks
quently attest.fo prolonged slow movement that .both preceded and
pinued after the principal failure, Slides comﬁqnly grow upslope
ause of the removal of lateral support. Some mid-slope slides also
1 érge dqwnslope by overloading the lower hillslope with slide debris.,
e midsloée faiiures involve minor rotational slumping ss well as A

“

slational sliding. .
The lower segments of hillslopes within the Redwood Creek basin
Vg thicker regolith, steeper gradients, wetter soil wmoisture regimes,

greater susceptibility to sliding than upslope segments, The

ceptibility to sliding is enhanced at streamside sites by lateral

ever, not all the streamside slides in the Redwood Creek.basin
ult from undercutting. Many slides have falled, particularly those

ith tocs buffered by rock outcrops or areas of overbank deposition,

—— ——— e .
-e —.,......ﬁ_,

&use of etce551vcly hlgh-pore pressures and sccpage forccs generated

38

hannel erosion removing lateral support from the bases of these slcpes.




ﬁa}ing major rain storms or Becausé of changcsjin slépe configuration

j ;* moisture regime brought about by }oad construction and timber harvest.

" The sediment transported by slides in the_Rcdwood Creeg'basin show
poorTy sorted grain-size distributions. Cobble-size and 1arger_

iment is genera]]y more abundant in slldes than in earthflows. Slides

maJor sources of actively tranSported stream bedload and 1arge bedrock
ks that accumulate as lag concentrates along some channels. Most
'e—relatéd sediment is delivered to streams.by 1arge-sca1e.fai1ures

; iggered duriné major storms; minof sloughing and gullying after the
SPincipal failure contributes lesser amount of sediment.

o Ybebris ava]anchés, flows and torrents, a transitional series
volving successively greater water content and lower vigcosity, are
much in evidence in tﬁe Redwood Crgek basin. These phenomena a]T
jolve chaotic rapid downslope ﬁovement-of so0il, col1uvium and

ciéted organic cebris a]ong.re1ative]y narrdw, well-defined tracks.
racks often follow natural dréinage ways or man-induced gullies.
anche deposits tend to be completely chaotic in grain-size distribu-
surface morphology, and internal structure. Debris flows, in
fast, show surficial concentratiohs of coarse material, levees,
flobate surfaéé form. Debris torrents are indicated by scoured
walls and floors, and often let:intosseverely agraded.stream
nels. HA]though numerous debris avalanches, flows, and torrents

in the Redwood Creek basin, they underlie less than one percent
total area upstream from Prairie Creek (Colman, 1973). Nonethe-

hese phenomena do move sediment directly into strcam channels



s Swanson and Dyrness, 1975). The lower incidence in Redwood Creek

ably ref]écts.]ower_hi1]slopeﬂgradiehts, diffgrent;timbar»types,~~*-

different forms of ground disturbance here.‘

1-Scale Fluvial Landforms ¢ G,f‘tlwnaﬂ .

espite the presénce of dense vegetation and highly permeable
1ith, actively eroding rills an&.shallow gullies are surprisingly
bn in even the ;jrgin forests of the Redwood Creek basin. These
ures are generally more abundant on fhe Tower hillslope segments
Jz%%; near majof drainage divides. Some rills are initiated by springs
‘gé emerge from shallow pits formed by .wind-toppled trees. Others

ar merely to reflect local irregularities in'tﬁe depth and
eability of the regolith. The geometry and direction of flow of
rills and shallow gullies are controi]ed closely b} roots,
.Atﬂ1ng trees, and fa]]en 11mbs and trunks. as well as by hillslope
j?ﬂ1ents and co11uv1um The width and depth of these features are
'?emely variable, but they arehusua11y less than two %eet (0.6

ters) wide and six inches (15 centimeters) deep. . Some of .the smaller
es are on1y.36vera1-hundred feet léng and end in small ‘alluvial
' Others flow fhrough to higher order channels.

runks and large limbs of wind- and slide-toppled trees often

water from established shallow drainage ways. The diverted water

Lo



) Fresults in locally accelcrated erosion by causing other established

:;1nages to enlarge their cross-sectional area or By eroding entirely
‘;dréinages;
In many recent logging units within the Redwood Creek basin,

1/ .
tvarticularly in large tractor-yarded clearcuts of old growth redwood,

L o A

natural, small-scale hlllslope draanage daracterlstlcs. Mld-slope

oncentrated. This concentrated runoff then erodes roadside ditches,

culvert outlets, and discharge channels. The erosional impact of con-

tal amount of runoff. Ev1dence concernlng such increases, however,
resently not coggiusive. (Available evidence is discussed later
this report.) The net effect of this man-caused baring of mineral

s0il and mddification of natural surface runoff has been to produce

—— ———_— 1wt s e sy - - -——r_vm

reek bauln are descrlbed later 1n thls report. .

by



I tholoric and Aspect Control of Hillslope Charactcristics
3 }?~ ~ fThe paucity of detailed geologic maps of the Redwood Creek basin
S '

] f{ kes the correlation of hillslope characteristics with lithology

ous, Nonetheless, the hetercgeneous group of rocks within

ural zones 1 and 2 do appear as a group to show slightly steeper

connaissance observations suggest that those parts of textural zones 1

lope gradients and more abundant earthflows and slides than the -

as & whole,

etry is shown by tributaries draining all the prominent lithologic

s in the basin, The northe}ly-facing hillslopes in all but

at

1 s

d'Wwesterly flowing streams and is at a high angle to the general

L4

k2




sf-microclimate ‘and vegetation does appear partly responsible for the
ymmetTy in gradient, North- and east-facing hillslopes throughout

e basin tend to show more arboreal végetation and(or) a greater

ppposing south- and west-facing hillslopes. The extreme latefal
R« - ) -

ariability in lithology and structure apparently obscures any

1lslppes because no statistically significant correlation between

hillslope orientation and gradient or length could be detected even

phen the data were classified into broad lithologéc units; Nonetheless,
e basin-wide distributioﬁ of types of.hillslope erosion processes

floes appeaf to relate to.hillsiopé aspect. For ;xampfe, on south-

d west-facing hillslopes, eant@fiows are more prevalent and small sczle
ial iandforms less prevalent than on north- and east-facing bill-

; épes. An important cordllary of thése observations is that if

X gfonably subtle hillslope aspect controlled differences in vegetaticn

croclimate have influenced hillslope form and process, man-induced

. .

fication of the natural vegetation may well alter rates and processes

i11slope erosion.
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STREAM CHANNELS

dwood Creek :4 - . oo

Redwood Creek during low and moderate discharges flows within an

waided channel patterns with braided patterns being somewhat more
.%évaléﬁt. The width of.the ﬁnvegetated‘inner flood plain alléws con-
derable.insolafion to reach the surface of the low water channel,
except where the inner canyon is particularly narrow or the riparian
&) getatibn is particularly tall. High.insolation results in generally
m (20°Cf5°C) average sumﬁer watertfemperatures along Redwood Creek;

In most reaches, as discussed previously, rock and hillslope colluvi-

liut directly egainst the active inmer flcod plain, but elsevhere a

row, densely forested "upper flood plain” (fig. 8) underlain by

?to 15 feet (2 meters to 5 meters) of unweathered fiqe sandy loan

d siit loam is present., _More than one unweathered upper flood plain
preéent at many cross-seét{ons. Some of the most magnificent redwocd
 moves wiﬁhin Redwood National Park are on these upper flood plains.

The lower flood plain of Redwood. Creek is completely inundated
veral times ddring the.course of a normal wintér stormzéeason. The
{3pé£ fiobd piain, in contrast, is apparently Co@pletely inundated cnly
Y major floods tﬂat,usually occur not more than once or twice in any

ven decade, At sections with more’fhan one upper flood plain surface,

W



Weathered alluvial

terrace )
’ A, Colluvium .
“Upper flood plain
. / ITE i Infrequently flooded, unweathered

#77 : ‘ q fine-grained overbank deposits
°. (o) .°° a. o a Vo ‘ﬁ

L P o o,

(¥ : 0 0 > [

N

Bedrock

L L

“Inner flood plain”
raw, unweathered
sondy pebble gravel
that is completely in-
undated on an annual

Colluvium

Figure 8.
flood plain of Redwood Creek.

‘Schematic representation of a typical cross-section of the



.ods of January and March 1972 lnundated only the lowest one or
Frfaccs. Furthermore, not a]l sect1ons showing only one upper flood
ere suchcted to overbank flooding in 1972. While this report
}hpreparation, a similar pattern of inundation was associated with

jor flood of March.18 1975. The frequency of overbank’ flooding,

re, varies from section to sect1or end,ﬁef1n1t1on of a geomorphically
jcant "bankfull discharge" . (Leopo]d and others, 1964 pp. 319- 322)
ficllt. L -

he origin of the multiple upper f]ood o1ain surfaces is poorly undsr-
ut at least three not mutua]ly exclusive, processes may account
pr¥them. First, multmp]e surfaces cou]d result from channel incision

by geo]og1ca]1y recent uplift; this suggestion is compat1ble with
uences of alluvial strath terraces found through0ut.the basin thz:
est that such processes were operating during at least late Pleistocsens
audiariy Ho]ocene time. Second]y; the multiple surfaces may record
depos1t1on associated with magor floods of different magnitudes

ley and LaMarche, 1973); apparently everi= aged stands of trees on

oper f]oodAplain surfaces suggest that this is true at least locally.
1Y ﬁistorica] observations and depositional sequences exposed in

‘nks suggest that the principal areas of overbank depos1+1on along
Creek, un11ke "norma]" flood p]a]ns descr1bed by Wolman and
df(1957), commonly receive depos1t1ona| 1ncrements about 1.0 # 0. 5.

22 0.)8 meier)

hick during a.single flood event. Such rapid overbank depos1t1on Cay

the upper flood plain surface to build up-to the point that the
ncy of overbank flooding is drastical]y“reducedwuf-uﬁ;hq?

46



g puring high discharge pcriods when the creek occupies the entire
ea betwecen its banks, only a feﬁ large mid-channel bars are emergent

the creek displays a single sinuous channel, During these hiéh

ovrs the thalweg wanders back>and forth over the entire inner flood

éin causing conside;able cut and.fillm(for example, see cross-section

on figure 17). The inherent igstability of the streambed material

-the paucity of pools suitable for l&w-water rearing of fish appear
'dstically limit aquatic agusiic productivity,

For the purpose of discussing present’phanﬂel characteristics and
cesses, Redwood Creek can be conveniently divided into seven dispinctive-
ches on the basis of field and aerial photograph observations of
eam-bank stability, bed material,‘chahnel obstructions, and fluvial

sion and deposition,
Reach 7 -

The L4} miles (7 kilometers) of Redwcod Creek upstream from Snow Cemd
ek (reach 7, fig. 9) is characterized by.steep éradients, alluviel
osits ofilarée grain sizes, .abundant log and debris~jams,.and exteﬂsiye
eamside sliding (Colman, 1973); Channel gradients range from 125 to

glope of 550 feet per mile (110 meters per kilometer), During
e/

Date summer -and early autumn much of this reach is dry and intermittent.

§a,

Throughout mest of this reach no upper flood plain is preseati zn
active lower flood plain abuts directly againSt colluvial hillslopss,

eam banks and adjacent hillslopes aie.extremely-unstable and abundant

b7
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jum is'fnund in the channel bottom during {ow-flow periods.

mately 64 percent of the stream banks in this rench display

f active erosion. Tractor logging of old growth Douglas~fir

3 durfng the late 1950°'s and;eérly 1960's nas clearly accelerated
ope and stream-bank erosion. Despite the introduction of. prodigious
ties of coarse sedinent from streamside slides nnd old cutover
"“ffhé‘gtream typically shows a single meandefing channel, indicating
elocities are sufficient to transport most of the sediment presently
ed to the channel,

’ About 30 log and debris jams have obstructed stream flow in the
reach and have acted as bed-load sed1ment traps. The storage

qJI fity of these traps has now been completely consumed. ~Streambed

(15 o 30 mefers)

ijons commonly fall 50 to 100 feet on thp downstream ends of the
probably indicating the amount of upstreamAaggradat1qn. This
d'sediment forms the only alluviated sections in this reach.
trenmbed material cbnsisté‘pfedominant]y of subannular to

nded cobbles and boulders;. angular bedrock blocks several tens

'jt in dizmeter are abundant in non-alluviated sections. Bed

%a1 in this upper reach shows the 1argest average gra1n size of
Creek. Some cu]verts and logging cables have been-1ncorporated
he alluvium,

ﬂear the downstream end of tnis reach a steep cascade.unaerlain by

cCumulation of angular blocks of sandstone several tens of feet



ter forms a natural barrier to upstream migration of anadromous

entire Reduood Creek basin occur along the fourteen-and-a- ha]f—
. k,/om(‘f‘(f/

reach between Snow Camp Creek and hxghway 299 (Co]man, 1973)
.'h,s, fig. 9 ). Flow is perennial throughout this and all

OIS eam reaches. Chanhe] gradienfs range from 34 to 500 feet per .

veraging 83 feet per mile. Wide alluvial reaches are more prevalent

however, are large enougn to deflect the’ current against streamsid
ations of co]luv1um. Approxwmate]y 62 percent of the stream banks

in S reach are actively eroding. Streamside slides occur on the outside B
v1y all of the ehannel benés and are generally 1arger_than the slides
headwaters. As in reach 7, erosion and stebi1ity of stream banks ar:z
de h1llslopes has been adversely impacted wpen by logg1ng carried

11 before the creation of Redwood National Park.

tens1ve flat- topped gravel berms have been deposwted in this

L:0n the insides of channel bends and in areas of abruptly increased

or decreased grad1ent. Two distinct levels of berms are present.

Y —



top of.the upper berms is approximately 15 to 20 feet (5 to 6

rs) above the present thalweg, and a lower, less prominent, berm

uIS 6 to § feet (2 to 2, 5meters) above the thelweg. The upper berms
ar yougjkalders, madrone, cedar, and Douglas fir seedlings that

ying the summer of 1974 were no more than 10 years old; thus, the

: {er berm may have been deposited by the 1964 flood. The lower berm
2

‘vars only a sparse cover of young alders and herbaceous plants and

-
ciobably reflects the 1972 flood. Many large upright conifers showing

‘ire than 200 annual rings have been buried and killed by the upper berm
‘ posits. '

Despite large amounts of post-1964 alluviation, Redwood Creek
ntains a single. predominantly meandering low-flow channel pattern

oughout this reach. Grain size of bed material is substantially

dies caused by large blocks of rock or accumulations of organic deb*is

Figure 10 shows a monumented cross section near the downstream

Reach §. _
' In the 16-mile-long (26 kilometers) reach between highway 299 and

e mouth of Lacks Creek (reach 5, fig, 10), the channel of Redwood Creck is

21 -
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ep than reach 6, The typical channel pattern in this reach is also

re braided than in upstrcam areas. The average gradicnt for the

e reach ;g.2h feet per mile'(5 meters per kilometer), with the
'deient of the upper third being 32 feet per mile (6 meters per kilo-
:5tcr), and that of the lower two-thirds being only 21 fecet per mile
meters per kilometer), Numerous compound earthflows along ‘the right
ey wall in the steep segment of.thislruach above Minor Creek
tribﬁte large volumes of sediment di;ectly‘to the éreek. Streamside
nslational slides and debris slides, althougﬁ'smaller and much less
'qndant than along reach 6, are common on both sides of the creek.
uwéldecreased abundance of streamside mass movement failures is partly
resui£ of increased width and fr;quencyvof occurrence of upper ficci
ns and low allu\.ria.l terraces whicl; buffer potentially unstable
11slopes from the scowring action of flood flowé. Logging of ripari;n._
%;tafion has had less direct effect on the channel in thnis reach thzn
.t;ﬁpstream_areas.l However, cattle grazing, sewage diqusél, and
?%struction of low—flow.;ecreat%onal ponds have altered the physical
chemicel characteristics of the creek. Approximately 56 percent

the streambanks in this reach are actively eroding.

The increased channel width is mést noteworthy‘in the upstrean-moc:
ﬁiles (Zl'kilometers) of this reach, Several broad alluvial reaci:s

# active lowef flocd plains as much as 650 feet (198 meters) wide coour
hF Redwood Valley part of this reacu. Those parts of these wide

as that are not persistently_inundatéd by norma1~wihter storms

Play a several feet-thick ~ravel veneer implaced by the

L“%>flood this gravel venecr is the upstr¢ﬂn-no=t-»v1d:nc;~¥q?

ajor deposition associated with 1972 flooding. Recent



(46 to 6l nefers)
a-150 to 200 feet, 1nto Pleistocene terrace gravels and under1y1ng

These meanders have amplitudes of 3000 to 4500 feet (91& to 1372 meiers

tand in marked contrast to the less s1nupus course of RedwoodrCreek

H

stream and downstream reeches. The degree to which the occurrence

er in diameter, and more rounded than in upstream areas. Moreover,
ed materials. In fact, the surface of some of the gravel is strergly

_egnated by fine sediment. Several large accumu]attons of logs and

ore abundant in this reach than any other. Some large pools suitable

Jnonexistant.

19 shows two monumented stream-channe] cross sections in
435m< I3

P

provides photographic documentation of geomorphic
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8,8-miie-long (1h kilometer) reach between Lacks Creeck and Copper
ecach 4, fig. 14) is characterized by a single sinuous rocky chanﬁel
ictely lacking upper flood plains and alluvial terraces. Channel-

nts range from 19 to 30 feet per mile (I to 6 meters per kilometer)

rege 22 feet per mile (k4 mete:s:mérﬁkilometer). About 52 percent

At

streambanks are actively eroding. Hillslopes adjacent to the channel

’fdiment directly to Redwood Creek., The grain size of the bed material

bed rock. Mass pools -capable of supporting young anadromous fish
low flows are asscciated with the bedrock blocks, Large amounts of

debris, including sawed logs, get introduced to the creek in this

bjects are nearly as abundant in this reach'as in the Redwood Valley

= -

Flood lines here are géherallyﬂlcwér=than;thosé in upstream and-

e e e o -

A
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‘]he natural stability of the steep streamside hillslopes in this reach
' rently has been adversely impacted by construction of logging roads and
trails. In fact, since 1968 the airect' impact of logging on stream

ronments has been geater in this reach than in any other along Redwood

Reach 3

Along the two-mile-long reach (3 ki]ometreé) between Copper Creek’

néy toward braiding. : Gradients range from 31 to 38 feet per mile

7 metres ber kilometre) and average 35 feet per mile (6.7 metres
ilometre). A few small upper fiood plains and 1ow.terraces are

nt at the upstream end of this reach. Sixty-gight percent of the
able natural instability (CQ1man; 1973); stability here, however,

ot yet beenvas directly affected by‘1ogging as in the reach above

r Creek. Acti&e]y transported alluvium in this reach consists m65t1y
;epble and cobble gravel. A lag'component of large bedrock biocks
present but not as prominent.as in~ihe“a§jaq¢nt reaches. Rearing ponds
.8gain associated with these blocks. Several 1$rge accumulations of
and other depri§ have collected on a %ew of theée blocks and have
cted the current against the adjacent streamwbaanugne[gg4ﬁgccelera--

h]
bank erosion.

60 |
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rominent, sparsely vegetated, flood dep051ted berms similar to those

bed by Stewart and LaMarche (]967), and Helley and LaMarche (1973)

. P at several points in this reach. These berms rcse 5 to

t (1.5 to 3.0 metres) above the low-:water channel.

¥ at the upstream end of the channel appear related to the 1964 flood,

sas those at the downstream end are re]iged to the 1972 floods. During
floods of January and March 1972, more {hsn 15 feet (5 metres) of

vas deposited on tﬁe orifice line for the U.S. Ged]ogica1 Survey

am gaging station at the sourthern boundary of Redwood National Park.

Figure 14 shows a monumented stream-channel cross section near the

stream end of this reach; figure 16 provides photographic documenta-

;.or.about one mile downstream from the southern boundary of Redwood
: a]IPark, Redwood Creek flows through a steep narrow rocky gorge ’
sh 2, fig. 14). Many large blocks of bedrock havg:ascdmulated in
;reacﬁ, but they are not'large‘enough thabundant enough to impede
ream migration of anadromous fish, The gradient is highly irregular
ail but averages about 47 feet per mile (9 metres per kilometre).

ver half of the stream banks in th1s reach are actively erod1ng,

oding banks appear to be protected by large bedrock blocks implaced

ar1ety of mass mcvement processes "deed the streamside hillslopes

(CO]man. 1973). The west valley wall which is underlain by

- 63
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Figure 16. Stereoarams shoving channel and hillslope conditions in a
Tn 1036(A), 196°(B), and 1973(C). Location of these
~ _ rhotoqraphs are included to indic

part of reach 3 of Nedwood Creek
photoaraphs is shown in fioure 12, The 1968
ate conditiens at the time Redwood Mational Park was establi{shed,
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3 ith some'tran;iétfohai ;]idés at thé-toe quihé'élope. The.east
wall which us underlain by fractured and sheared Franciscan sand-
‘and siltstone appears to be eroded by.several large discreet trans-
1 slides and a large compound earth flow (Counts Hill Prairie,

. This vigorous mass movement accounts for the lag of large

ar blocks wjfhin*%he channel. Large pools a§sociated with these
fdocks serve as low water rearing areas for yoqung fish. Between these

cks the streambed material consists mostly of sandy pebble and cobble

long the 16 miles (26 ki]ometres) of channel below the mouth of the
Q focky gorgé (Reach 1, fig. ]7), Redwood Creek is -characterized by
.;jiﬁhed channel set in a.broad, active lower f]ood plain. At many
iqﬁ%}ties one or more narrow upper flood plains separate the active lower
ghd&}pléfn from the adjacent hi]]Siépe. Some terrace gravels are present
ey are not assotiated with brdminent landforms. Channel gradients
from eight to'forty feet per mf]e (1.5 to 8 metres per kilometre) ana
élabout 11 feet per mile (1 metre per kilometre). The lower four |
(six ki]ometréﬁ) of channel are lined with rock leQies designed to
the broad flood plain in Tme vicinity of Orick. About 41 percent
f'un1ined streamBanks along this reach are actively eruding. The

lood plain is actively widening at many localities, but his process

£ in evidence in the area between MacArthur Creek and Prairie Creek
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| 'watcr temperatures are somthat less here than in upstream areas
s e taller, more abundant riparian vcg;tation and more persfstent surmer
Y esult in sﬁbsiaﬁtially less insglation reaching the surface of the
ater channel here than along upstream-reaches.

y The stream bed, which consists most]y.of pebb1y sand and'sandy

e gravel, is acti&e]y agrading in.thé area between Bridge Creek and
“Lreek. Pools Suitab]e for réaring’young'figh are sparse-becaus; ¢zep
'OCCurs only in assqciation with turbu]éﬁt eddies caused by rocks erd
trees, or vhere recent stream deposits have restricted the low
channel and increased stream velocity. F]ood-deposited berms of
pebble and cobble gravel are prevalent immediately below the mou::

gorge and on the inside of many stream bends down to the mouth ¢

:(reek. Some of these berms have been depos1ted on the.outer edge

(R}

f]ood plains and have killed young tanoaks, map]es, Douglas-firs,

dwoods. The berms in this reach a]] appear to have been emplaced

o)
s

.east to have had their upper surfaces modified by .the 1972 floocs.
f the dead trees were killed prior to 1972, so that the 1972 floc<

S. Some smaT] tributary valleys have.been dammed by recent gravai
, giion. Many other tributaries have been éévefé]y aggraded by back-

fects. Metal objects and tires are not as abundant as in some

S s e one s —m -
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Figurés 18 and 19 provide photographic documentation of geomorphic

ons along this reach.

1 drainage density of about 7.7.mi1es per square mile (4.8 kilo-
per sduare kifometre). This pattern is comprised primarily of a
number of relatively short individual tributaries that drain rela-
‘small areas. Only two tributaries, Prairie Creek and Lacks Creek,
more than five percent of the total area. The drainage areas of
tribdtarieg shown on figures 9, 10, 14, énd 17 rahge %rom 0.2 to
are-miles (0.5 to 44 square ijometres). - '

rairie Cfeek, which is the 1afgest’and downstream-most of Redwood

s major tributaries, drains about 40 square miles (104 square

tres) and enters the main creek about one mile (1.6 kilometres)

channel gradients that are less steep than elsewhere in the

d Creek basin. The southern part of
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:rairie Creek- basin, incldding'thg drﬁinagé basins of Lost Man, Little
én, Geneva, Berry Glenn, and Skunk Cabpage Creeks, is underlain Sy
anciscan assemblage of rocks and ha physiography that is more com-

b e to that found upstream from thé mouth of Prairie Creek (Iwatsubo
hers, 1975, tables 1 and 3). |

rairie Créek has a single clearly defined channel that even during

k'and its major tributaries are shown in figure 20. The average

metre). Streambed material is predominantly séndy~fine pebble gravel.
l&tions of coarse organic debris are‘sparse and do‘not appear to
seriously impacted upon channel behavior or fish migration.
edwood'Creek's tributaries: including thoée in the southern portions
Prairie Cfeek,basin, typically sﬁow channel characteristics com-

e to those of main channel reach 7 in that they have straight

S" caused by wind—topp1edvtrees, debris slides, and rock falls. The

udinal profiles of 28 major tributaries to Redwood Creek are shown
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- figures 9, 10, 14, and 17. Average channel gradients of individual

jputaries range from about 250 t6 1500 feet per mile (48 to 286 metres

lometre). Lacks Creek, Bridge Creek, Tom McDonald Creek, and

fthur Creek are the only tributaries upstream from Prairie Creek to
average gradients of less than 400 feet per mile (76 metres per
metre). The channe].gradients,.however, are highly irregular in

i1 and reflect lithologic and structural properties of the underlying
ock as well as obstructions caused by fecent landslides and accumula-
ns of toﬁp]ed riparian vegetation. Some 1owigradientvreaches near the
'%efn drainage diQide of Redwood Creek, such as in the headwaters of
Prairie, Noisy,-Lupton, Bridge aﬁd MacAfthur Creeks, may be associated °
rempants of an did erosion surface. ‘

Alluvial streambanks and areas of overbank deposition are uncommon
X g tributaries except immediately upstream from'prominent obstructioﬁs
in "backWatér aréas" influenced by flood flows along Redwood Creek.
ambed materials are highly vari§b]e in grain size aﬁd sorting
iracteristics, but subrounded to subangular, pebble and cobble gravel

st prevalent. Flood-deposited, flat-topped gravel berms comparabie

’ hose found along the main channel are uncommon in the tributary basins.
: Dense'ripérian vegetation severely restrictg the amount of insolation
hing unlogged portions of tributary streams. ‘Light Tevels are so low
g some tributaries that they limit aquatic»productivity. Reaches of

utaries flowing ‘through natural breaks in the vegetal canopy show more

phytoh and benthic invertebrates‘than do adjacent reaches.
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instability are particularly preva]ent however, in the.sheared
. 1ong

g Jinear channel segments, such as those along Bridge Creek and

1Ad Creek. These'trfbufary channels actively interact with these

o R Pt S o T T ey e TR

mside areas of instability because of the'écarcity of floodplains.
relatively minor cﬁanne] shifts frequently erode the basesof hi]]slcpes
: herehy trigger slides that deliver large volumes of sediment directly

e stream channels. |

g ﬁ;ﬁt of the colluvium introduced into the streams by various hi]]s]c:e
on processes is transported downstream, but a prominent.]ag component
gular blocks of colluvium is genera]]y present in all but the most |
g1y alluviated reaches. This lag is an 1mportant element of the

ai aqu§t1c habitat. Most of the pools that persist through the summer

;w period are associated with large blocks of colluvium. These bleccks
erve as stable nitches for benthic invertebrates. On the other hard,
Tve]y large and abundant blocks gf colluvium make mahy tributary
eg'unsuitab]e for spawning by anadromous or resident fi;h.'

1len trees aﬁd streamside rock and debris slides along the tributzries
ompletely dam phe tributary streams-and give them a distinctive

_ profile. These obstructions serve as check dams and energy dissipators
Xreby mitigate storm damages (Heede. 1972); however,.those obstructions

(1.5 or "2 metres) )
e more than five or six feet h)gh form effective barriers to fish

A
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b gration ( Gibbons and Sulo, 1973 ). A1l of Redwood Creeck's tribu-

A}

ries upstream from Prairie Creek have a series of such barriers that

‘ turally limit anadromous fish to the main chahneT and the lowermosf
éches of the tributaries. Some of the iarger tributaries, however,

do support resident fish popu]atibns in reaches between these barriers.
en_those chanqe] obstructions phat merely deflect the tributary channels
bm fheir estaplished courses aéﬁehtuate bank erosion and, thereby,
mmonly trigger other iands1ides. | ’

‘Many of the landslides and fallen trees éhat locally obstruct the
ibutary channe]s.are c]éar]y antecedent to recent landuse changes.
caying trée trunks in some debris accumulations ferve as nurse logs for
nifers that“appear to be at least seQera] décades old. Other trunks nave
polished and scu]ptu}ed into bizarre free-flowing shapes by lona- |
ﬁéated contact with sediment-laden flood discharges. Additionally,

much of the streamside slide debris bears mature conifers énd dense me:s
}moss,fferns,.gnd variodsiherba;eous plants. The natural esthetic
Characteristics of the tributariés to Redwood Creek are closely tied

0 various channel obstructions.and.the lag of large angular blocks of
‘ﬁuvium (fig. 21 and 22; ).

Many tributaries within and immediately downstream from areas tha:
glove recently undergone éxtensive timber harvest have some major charecter-

ey —% CL )
cs that differ drastically from those in comparable virgin watersheds.

‘eams draining recently tree-harvested areas frequently are plugged with
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c551ve quantitics of coarse organic dCbFlS 1nc1ud1ng sawed logs.
hough much of th1s debris is scattered at random along these channe]s,
t appears to have accumulated on .pre-existing channel obstructions.
at1ve]y few logging- re]ated debris barriers in the Redwood Creek
basin bar anadromous f1sh from natura] spaun1ng areas a]ong tributary
eams; logging- re]ated barriers near :he zuths of M1nor Creek, Panthnr
ek, Tom MacDona]d,Creek, the south fork of'Lo§t Man Creek, and several
butaries above Highway 299, however, had‘héd this effect.'
Extensive channe] aggradation is commoﬁ]y observed along tributqfies
nd immédiate]y,downstream from some éf.the more massive recent timbar
rvest units. The aggraded streambeds have filled poo]s'and buried the
of bedrock b]ocks. fhese aggraded streambeds usua]]y'are composed o7
r-gra1ned bed material than that on the 1n1t1a] streambed. Rusting'
verts and cables, as he]] as sawed logs, are common in the
:”ﬁuv1um (fig. 23 & 24'3. Many unf1]1ed pools show a veneer of brownish
and fine sand. The decreased grawn 51ze increases the inherent in

he streambed and degrades the 1ntra-grave1 environment for benthic
$értebrqtes and ﬁpawning fish; Bank.erosion and streamside sliding
$ear more prevalent in these aggraded reaches. Removal of riparian
tatfon'increases'the eamount of.inso]ation received on the stream
7les 'énd app‘a're‘ntiy results in.elevated.stream temperatures and locally.
N §ﬁ growth of f’ilament:ous algae.
The large-scale natura] roughness elements along the tributary

qels act as small check dams that atteauate rapidly the impact |
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ciated with the coarse organic debris and streambed ﬁateria]

:duced from récent]y cut-over forest land. The rate of attenuation,
‘igér, depends upon the degreé to which channel aggradation accelerates
‘fa@ bank erosion and streamside 1and$1id3ng. If these interrelated

y ®osses Cross an, .as yet, unaefined critical threshold, they may trigger
-einforcing feedback mechanisms that ,c;;él.llé;!;)mpletel'y devastate

Eream aquatic and riparian envi ronments. Moreover, even when the .
itude of the channel changes wrougnht by‘1dgging operations diminish

%ﬁy away from the site of disturbance, those changes may persist

v ma’h_y de‘cad.es. This persistence would allow the effects of separate upstream
bances to becomé cumulative. Dense shade along,triﬁutaries downstream
cently cut-over']and.a1lows water temperatures to cool relatively

y cduring the summer months.

,ﬁhelestuany at the mouth of Redwood Creék is re]atfvely small and

ﬁvs 2 generai]y sinuous course.'\Under all but the most extremely high
tidal influence on river stage extends ﬁbétream only about 1.6 miles
ter quality influence somewhat less. Smaller tributary arms extend

and south at its downstream most end. Prior to the insfa]]ation of

pcvees to its mouth. ‘The outlet of the estuary shifts north and south
. bt adebe e ! ~_._......._....‘_,__\.:‘_€;?
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' before their entry into ocean waters.

EThe reduction of the estuarine area by channelization may thus have
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‘front cyciqnes. The climate of Redwood Creek is typical of most

e surrounding region. The nérthern half bftthe Redwood Creek basin,

rofound in the southern half of the basin which has an interior
rranean climate with.mild winters and hot dry summers. with infréq;st:
. Csan climate). The mean annual brecipitation within the Recwood

.basin, however, is somewhat greater. than that associated with most

quantitatively because few lcng-term climatological data have been
ted from within the basin. lMoreover, the data that have been

?‘ted are representative of a.]imitéd number of orographic situatiens.

heds, but it is, nonetheless, wofthy of mention because it is a

ource of ambiguity in assessing the recent geomorphjc history of
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mjected continuously at Orick-Prairie Creek State Park since 1937. This

tidn provides the only air-temperature record available for the entire
n.‘ Various government agencies have collected partial precipitatioﬁ
ords from time to time near Board Camp Mountain, near the old Highway

A crossing of Redwood Creek, and at-OriEk' The U. S. Geological Survey
talled in the 1974 water year 16 prec1p1tat1on gages in the environs

b Redwood MNational Park (Iwatsubo and others, 1974) Private individuals
e also qo]]ected partial rainfall records at a var1ety of ranches,
ation homesites, and logging Operations. The description that follows
based not only upon this intra-basin data but also upon extrapolation
dafa collected from climatological stations in neafby drainage basins,
mafo]ogical.iMpliéations of stream-discharge records, and assessments
.robable orographic inf}uence on precipitation and temperature by
to]ogists and hydrologists with several government agencies, notably
National Weather Service (formerly U. S. Weather Bureau; see USHWB

65; 1964).

The entire Redwood Creek basih™is characterized by éenera]]y mild
‘temperatures throughout the year because seasonal temperature extremes
moderated by the proximity of the Pacific Ocean. The seasonal pattern
ean monthly temperatures for Orick-Prairie Creek State Park is shown
gure 25. The more inland southern part of the basiﬁ, ncnetheless,
otter summers and colder winters than ti.e northern more maritime part.
‘t}éréture gradients are steepér in summer thég in winter. Mean maximﬁm
Deratures in July range f}om about 69°F to 95°F (20.5°C to 34.6°C), and
minimum temperatures in January range from about 32°F to 37°F (0°C -

7°C). For all but the hlghest most inland | @
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s of the bpsin, the frost-free period is usually from mid-April to

. . - Lt

Hovember ‘and lasts 200 to 250 days. =~ -. . - ST,

basin is 80 inches (2032 mm.) (Rantz, 1964), but altitude, proximity

he ocean, and slope aspect profoundly influence the amount of préci;i:a»

aries by as much as ten inchas per 1000 feet (305 m ) of altituds.
-ences in annual rainfail totals reflect differences in amount of
ontributed by individuai storms more than differences in the tote:

er of storms.

ord, 1938 to 1973) is.69.81 inches (1773 mm.), computed on a water
asis (October through Septémber). However, this annual amount is
J{variab]e‘with~a standard deviation of 11.62 inches (?95 mm.) or

' ;cent of the mean. The largest.amount of rain to accumulate during
er year in this period was §3.]8 inches (2367 mn.) in 1938 and

I6west amount was 50.33 inches (1278 mm.) in 1939. During the period



4
i

? 3 m.), the standard devxation vas 10. 80 inches (274 nW\) or 16 percent

.{.

n%ﬁ e mean, and the actual values ranged from 89.96 inches (2285 mm.) in

Hifferences in precipitation Three. stations along the lower va]]ey

ick 3 HNE) are 1ocated within 3.3 miles (5. 3 km.) of one another =%

.'&tudes between 50 and 150 feet (15 2 and 45 7 m.) above sea level ang

heir annual rainfall accumulations usua]]y differ from one anotber
R0 to 20 percent.’ _

'AVai]able‘data indicate that the higher parts of the Redwood Cresk
in general do get m&fe rain than the area near Orick but that orc-

infiuences cause extreme local variations in preCipitation amours.

974 between 25 and 30 percent more rain than Prairie Creek State
watsubo and others, 1975): The average annual accumulation in
ge, precipitation gage maintained by the California Départment of
esources near Board Camp Mountain was 103.37 inches (2626 mm.)
dard deviation of 24 inches (610 mm.) or about 23 percent of the
cumylation) d?ring a 9-year period between 1964 and ]972. These

ggest that Board Camp Mountain receives about 1.5 times as much
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pitation as Prairie Creek State Park. Orographically induced vagaries

ecipitation amounts are well illustrated by records from the stream

usual storms. In fact nearly every summer is characterized by a
tely rain-free beriod or periods of more than 30 déys' duration.
ome moisture is added to the soi]vin the northern third of the

d Creek basin during rainf;ee—periods in summer by light drizzle
ipping condensation associated with persistent coastal'fog. The
of moisture delivered to the forest floor by fog drip is highly
le from place to place. Between.July 4 and September 15, 1970

ip produced about 0.12 inches (3 mm) of moisture at the 1200-foot -

metre) level, bn]y a trace of moisture at the 1000 foot (304.8 metre)

< AR TN IR ..

Tl e




and no moisture at all at the 800-foot {243.8 meter) level on the

.od hillside south of Berry Glen (Freéman, 1971). In contrast, quite

) drip is small, fog does lessen summer soil-moisture stress by

ng the total radiation and by causing the radiation that is received

hundersto}ms occur infrequent]& and are associated more with the
e of cold fronts in late summer and autﬁmn.thqn Qith mid-summer
vl.conveﬁtion cells. Many of the thunderstorms in‘thé environs of
od Creek are aSsociated with Hittle or no rain. The critical dry
with respect to fire hazard and moisture stresses on vegetation
ediate]y prior to the start of major autumn storms, when warm
e}temperature; persist but coastal fog occurs less frequently the~
‘the summer months. | |

early all of the precipitation in the Redwond Creek basin is

because of the prevailing mild temperatures (fig. 25 ). Moreover,

e
geirunoff-generating storms in this basin, especially storms producing



Hor floods, are associated with warm air masses (Rantz, 1959; Hofmann

- Rantz. 1963; Waananen and others, 1971; Wagner, ]9?2; Dickson, 1972).
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:cThe la}ge amounts of annual precipitation received by the Redwood
‘L;'k basin primarily reflect a large nﬁmber of reg%ona] storms of light
derate intensity. During the interval encompassing the 1954 throuzh
water years, the annual average number of rainy déys at Orick-Prairiél
k State Park was.about 122; abdut 23 days each year had‘more than an
) of rgin énd only about 6 days each year had mﬁre than two inches

.) of rain (fig. 26 ). The intensities of short duration (one-hour

. Once every two years .rainfalls with durations of six hours and

urs can be expected to produce within the Redwood Creek basin at
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‘durations of .six hours and 24 hours will produce 2.8 to 3.4 inches

] . o 86 mm.) and 7.0 to 8.0 1nches (178 to 203 mm.) of rain respectively

L "]

r anduothers, ]913) ~  The most intense rainfall occurs in areas

he largest mean annual precipitation. e e ‘E;:;z—éﬁﬁ
'arly; the rainfall patterns of most major winter storms rather
fbscly reproduce the gross features of the mean annual pattern (Gilman,

Individual storms, nonetheless, display their own individual

“teristics. For exaﬁp]e, the flood-producing rains of December 19%3

dhshf average accounts for aboutv54 percent of the annual mortality of

P?g stock and saw timber on commercig] forest land in Humboldt Count.
(@ﬂ%1d. 1968). The pits and mounds asséciated with thé rootjggsses 0f <-z
‘ppled trees Eebresent a discrete process of downslope soil creep
.gpd'QoodIet, 1956). The exposed mineral soil in these scars serves

od seed bed for new redwood and Douglas-fir (Spqne and Vasey, 1967)
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-toppled trees also occasionally influence fluvial erosion processes

erting or blocking existing dfafnage channels, and generating ephemeral
that erodé rills or shallow gullies., Despite the economic, ecoiogic,
ebmorphic signifitance of high winds, wind direction and speed have

peen measured within the Redwood Créek basin fn part bacause these
ameters are influenced to such aﬁ~EXtﬂﬁmﬁ degree by topography.

The nearest quantitative wind data are collected on the coastal plain
ureka where orographic influences are minima]i Average winds at Eureka . -
ight a]fhough strong winds occasjona]]y accompany severe storms.

at Eureka during a three-and-a—balf-year study were calm about'22
cent of the time,vfrom the north of northwest about‘29 percent of the
‘and from the soﬁtheast or south about 19 percent of the time;

east winds were most prevalent during November through March,

as north and northwest winds weré most prevalent from April througﬁ
er. The Eureka data led to the suggestion that areas that are neither

5

igcted nor unusually exposed can expect winds of 40 to 50 miles per

i

boroach of cyclonic storms. Particulér]y-damaging winds accompanied
K - o -2

@50 storms in 1955, 1962, and 1964.

ore complex than those on the Eureka éoastal plain. During periods

S S o e =t s ot -
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, dicl heating and cooling of the air creates density differences
eéd to upslope and upvalley winds during the day, and downslope
‘myéownvalley winds during the night. quing windier periods, the diel

'a1ley-upvalley circulation is less prominent, but the wind patterns

fghe lee and windward hillslopes .(Stone and :others, 1969). Breaks i~
k:tion such as occur at the edges_pf clearcut blocks can also acceni.:zzz
urbulence (Stong.and others, 1959). Although tﬁé wind patterns wiz-in
dﬂood Creek ba;in are poorly documented, the greatest concentrati:-
d-toppled trees appeéks to be in areas of unstable regolith in

;phic situations exposed to re]étive]y high wind ye]ocitiesl Winc-

d trees are not abundant on exposed sites underlain by stable regziizn.

FLUCTUATIONS IN RAINFALL AMOUNT AND INTENSITY

n order to place recent rainfall patterns into a long-term historiczz] -

jean annual precipitation (fig. 28 ) for the total length of reccr:
f”ﬂfrick-Prairie Creek State Park and several nearby weather stations - :-
;uqﬁ going back to the.jate,njneteenth,century. The recprds_inc}uggs -
omparison are Egreké, a combined record frém Crescent City 7ENE,

nt City 8 NE, and Crescent City 1n} and a combined record from For:
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B and Hoopa. The Eureka record;i; probably the most reliable standard

parison as the other records involve rather complicated station

x4

Forics. Different stations collected data for different intervals

e twenty-yecar period 1954 through 1373 were used in this analysis.
jve departures from the mean ratier theh moving averages were used

[

; historic trends in precipitation because no evidence exists to

ause moving averages build in time dependence over and above that
present (Dawdy and Matalas, 1964). The slope of a graph of cumulativs
res from the mean (fig. 25, 27 , and 28 ) conveys significant

tion. An upward slope indicates greater than average precipitaticn,

-
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CRESCENT CITY {Compotite Record)

CUMULATIVE DEPARTURES FROM TYHE MEAN IN INCHES
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Figure 28. Historical record of annual rainfall and major floods for
' £€gnual departures from the mean annual rainfall are shown
and Orick-Prairie Creek Park. All means are computed for

Flood producing storms are shown in relation to the flood

northwestern California. Graphs of cumulative
for Fort Gaston-Hoopa, Crescent City, Eureka,
the common interval, 1954 through 1973.

of December 1964. Solid bars indicate

“: floods at least 40 percent as large as that of 1964, and open bars indicate floods at least 20 percent

as large as that of 1964.
T, Trinity River; R, Redwood Creek; L, Little River

¥

Rivers are indicated as follows: S, Smith River; K, Klamath River;
and E, Eel River.



e a downward slope indicates less than average precipitation.

1 plotted points for any given year, however, are of little

nce on such grabhs.

o entire Orick-Prairie Creek State Park precipitation record

. a pattern of cumulative departu;es from the mean that closely
that displayed by records co]]gcted in the surrounding area,
gh those records were collected in grossly different physio-
ituatjons.l{ Assuming that this simi]arity;in behavior has

jzed the entire period of precipitation recofd collection in

ern California (1861 to present), figure 15 can be used to

;']1y less than average precipitation in the Redwood Creek basin.
wet periods include 1865 through 1868, 1900 through 1904, and
ugh 1958, and exceptibna]]y wet individual years include 1866, 187¢,
1904. Generally dry periods include 1869 through 1875,

gh 1889 and 1917 through 1937. Rériods characterized by éeneral?y
wfluctuations about the mean include 1876 through 1882, 1890

899, 1905 thfbugh 1916, and 193é through 1950. The period 1959

68 generally was characterized by average or less than average

physiographic differences probably account for the fact that
precipitation amounts for individual years and storm periods
erent weather stations correlate in only.a general way.
Nirelations between mean annual precipitation at Orick-Prairie
te Park and mean annual precipitation at Eureka, at Crescent

t Hoopa for water years 1954 through 1973 are as follows:

2

ft

8.21 + 0.45 (EK); r2 0.65 ="Coefficient of determination
4.45 + 0.76 (WP); r¥ = 0.48 A1 values in inches
~11.70 = 1.14 (CEC IN); v = 0.70

11.32 = 1.08 (CEC 7ENE); r’ = 0.78

Orick-Prairie Creek, EK - Eureka, HP = Hooper

Crescent City IN, CEC 7ENE = Crescent City 7ENE

n

- .0



K = }pitation, aqd the period-1969 through 1971 was generally wet.
V 1j972 water year in northern and coastal pafts of éhis area.was also
- The 1973 wate; year, in contrast, was dryAthroughout northwestern
;; ‘ jfornia. Given the added pefspective.provided by the fact that the

water year was one of the wettest on ;ecord. the most characteristic
":A ture of the péecipitation records in the period since 1968 Appears

be the extreme variability of annual rainfall.

i . Annual'f]uctuations in both the total ngmber of rainy days and the
'i; mumber of days with more {han one inﬁh of rain during the 1954 through
A period at Orick-Prairie Creek State Park show patterns that c]oséi;
g ; - that shown by the tbta] amount of annﬁa] precipitation (fig. 26 }.

= occurrence of major flood-producing storms, nonetheless, is not

}@‘Ericted to the generally wet periods. In fact, only the regional fioois

tober 1950, January 1953, and December 1955, and the March 1957 fic::
e Litt]é River basin occurred during’thesé wet.ﬁeriodsl The flooc
Deceﬁber 1964, tﬁe largest we]l-documented flood to occur during ths
ire period of historic observation throughout most of northwestern
ornia, occurred during a yeér of average or even slightly less thzn
ge precipitation.

Except for unusually variable annual rainfall amounts, rainfall

rns during the last 25 years db not appear to have beén significantiy

rent from those that prevailed earlier in the record. Consideratiorns

tershed conditions visible on 1936 and 1947 aerial photographs of
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] ‘ VEGETATION .

The natural vegetation in the drainage bésin has been extensively
modified by man. As of April 1975 about 65 percent of the drainage

..

}g?sin*was E cutover forest land. HMost of the 1ogging occurrsg
uring the 1ast_25 years and the cominant si}vicu]tura] me%hods havs

Jeen clearcutting and seethree-leave 1ogging Yirgin forests cover
@bout 20 percent of the basin, and pra1r1es, voodland, and brush cover
fhe rema1n1ng 15 percent.

The individual plant spec1es 1n tha Raduood Creek basin tend to

: Hécur in distinctive groups or comnun1t1es that appear to reflect both
Jegional climatic gradients and Hoca] site conditions such as altitude,
prox1m1ty to the ocean, slope aspect, topOgraph1c pos1t1ow -and sleope
‘tab114tv The overall districution o* plants within the basin resembles
=hét found throughout coastal northern C2) LM nia and southwestern

Oregon. In fact, the vegetation communities, except the redwood-dominated

lyrness (1969). The spccieé'composi;ion of the vegetation of most of

. 101 -



& the'Redwood Creck basin is shown on 1:31,680 maﬁs prepéred by California
% ‘ operative Soil-Vegetation Survey (1959—{962). Moreover detailed o

s : ' 4,000 timber-type maps werelprepafed by Hammon, Jensen and Wallen

y 967) for that part : of the basin within and adjacent to Redwood
ational Park. A genera]ized'1:760,3é0 map of “Vegetal Cover Types"

_; 7473 included in the U.S. Department of Agriculture's_(]97o) report on

he water, land; and related resources of north coastal California.

empervirens) and Douglas-fir (Pseudotsuda menziesii) are the dominant 7}

~ -
W ol

atively moist flood plains, low stream terraces, and lower hillslopes

L . . -

Jacent.to the main channel and its principal tributaries in the downstrezn
of the basin. Isolated redwood trees occur adjacent to the main

el as far upktréam as the mouth of Snow Camp Cfeek. but the upstream-




8 “mbst groves of redwood-dominated vegétation are on the flood plain
of Redwood Creek near Stover Ranch, and on north-facing hillslopes in

M the lower Lacks Creek basin. Natural environmental controls.on the

Qegetation mosaic within the redwood-dominated vegetation are discussed
%n detail by Waring and Major (1964)Aaqgﬁg%gking (1967).

'A]though nearly - pure sfands 6f.reéwood are the essence of the
ayman's vision of the primordial redwood forest, such stands are

extremely limited ir nature. Some Douglas-fir is almost always associated

*with the redwood; hemlock (Tsuga heterophylla), grand fir (Abies arandics),

and tanoak (Lithocarpus densiflora) are also common. Port Orford cecar

i (Chamaecyparis lawsoniana) and madrone (Arbutus menziesii) occur locally

within the redwood-dominated vegetation. Black cottonwocod (Populus

o richocarpa), big Teaf maple (Acer macrophyllum), California bay

tUmbe]]ularia californica), hazel (Corylus cornutta), large red alders

Alnus rubra),and willows (Salix spp.) occur on riparian sites. Thicke:s
of young alders occur in a variéf} of moisthlocaljties but are particularly
characteristic of areas where mineral soil has been exposed by recent
erbank stream deposition, mass movement, timber harvest, and road
nstruction. Thickets of tanoak and (or) red alder have locaily retarcad
niferou$ regenefation in some cutover land within the basin. Red alder
‘:so appears to the dominant pioneer plant-.on recent flood berms of sand
'%d grave1,4a1though lupine (Lupinus, épp.), Douglas-fir, and’ tanoak

e additiona]1y'present on young berms in the downstreamAhalf of the

sin. The alders and tanoak are probably seral  stages in these

. 103
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i the order of 50 to 200 ycars old bear dcnse; apparently even-

24, pure stands of young Douglas-fir.
Slope-aspect control of the size and abundance of individual
od trees in the forests of the lower Redwood Creek basin is readily. .

t. on vertical aerial photographs and in the field (fig. 29" ). With

é'stands'is higher, and the average age of the trees is older. On
orth side there are_relative1y few wiﬁdfa]] trees on the grcund. In
st, on the south side there are several places where 20 pércent or
down." These differences probably reflect slope-aspect control
roclimate, rather than differences in soil parentlmgterials as these

ences. in vegetation can be observed when the same parent material

sent on bofh sides of the creek. ”Furthermore, comparéb\g.slape—
“controlled differences in redwood-dominated végéf&fion Ean be

in tributary basins draining a single rock type. .In the %ributa-izs,
nd east-facing hiilslopes bear more and larger redwdods than sous--
St-facing hillslopes. These differences can be observed in heth
esterrane and schist terrane. :

e sced mixtures utilized to'restock some recently cutover' land

djacent to Redwoéd National Park could}cohbeivﬁb1y'have at least

dary impact upon the successional status of adjacent redwood-
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Figure 29 1936 Aerial photograph show1ng hillslope aspect contro1 of the size and abundance .
of individual redwood trees in the lower part the dra1nage basins of Fortyfour .
. Creek, Miller Creek, and Bond Creek. MNorth is toward the top of the photograph.
Eocation is shovin of fiqure 12.



0. ated vegetation within the park. For a variety.of silvicultural

of the Redwood Creek basin. tonterey pine (Pinus radiata) has been

stabilize active]y ercding cut banks and fill slopes. A few of

Jip1nes are in cutover land near Berry Glenn wwthwn the park. Pempas

Sporad1ca11y
Cortaderia selloana) occurs!J]ong some roads in cutover land on the

Iérn side of the basin. Some occurs along the trail to the Tall Trees

n slightly drier ﬁites farther upslope and farther inland, redwood
‘smaller and less abundant. As a corﬁ]]ary, the speciés compeositicr
ibrest trees becdmes more varied. Doug]as f1r hem]uck,rtanoak.
rone are the first trees to become more: :"¢ndant ~ Throughout most
"tRedwood'Creck basin, Douglas-fir is the dominant conifer. °

,n the still hfoher more contincntal southern and southwestern

’of the Redwood Creck baSIn Douglas fir rcmains a prom)nant part

- op



.5} 0 western hemlock, Port Orford cadar, and grand fir are not present.
k. Lﬁ the comnon associates of Douglas-fir aré white fir (Abies concolor),
i e codar (Libocedrus decurrens), and black oak (Quercus kellogqii).

ta)

eicpsis), vine maple {Acer circinatum) and poison oak (Rhus diversilo

§ FWnc: 11y abundant especially on dry and (or) stony sites. Recent flood

pting rainfall and physically holding the mineral soil in place.

tory and ground-covering vegetation fs usually quite'dense

d in composition at most forested sites within the basin, except

rdinary dark conditions in some old-growth redwood groves, and

the norncommercial, nonarboreal plants exert great influenie on

characteristics of the férest.

'iﬁ‘f the darkest tonditions associated with some flood plain and

TN
5
N:

@11 s ope groves of redwood, the understory is limited to a'sparse

xalis (Oxalis oregana) and sword fern (Polystichum munitum).




addition to oxalis and sword fern, include rhododendron (Rhododendren

mcrophyllum), black huckleberry (Vaccinium ovatum), red huckleberry

Vaccinium parvifloium), salal (Gaultheria shallen), azalea (Rhcdodendron'

jdentale), hazel (Corylus cornuta var. californica), dogwood (Cornus

11ii), Oregon grope (Berberis, sp.), and several types of berries
bus spp. and Ribes spp.). A variepy of small ferns and flowering
baceous plants a]§o occur cemmonly at moist sites, especially in essccia-

with fallen trees and stream banks. Vine maple {Acer circinatum),

nquapin (Castanopsis chryscohylla), blueblossom (Ceanothus thvrsific-us?,

zanita {Arctostaphylus spp.), and poison osk (Rhus spectabilis) become

‘1.

abundant in the inland forest. In general the forest understory &t

Eé?ciated with forested areas throughout most of the basin. Honforest
'ﬁéyation occurs, however, more écmmon1y (1) on sedimentary rccks than
metamorphic rocks, and (2) in iniand parts of the basin than near the
Furthermore, areas bearing fheﬁe vegetation cénmunities are larcer

ore abundant on south- and west-facing ¥itlslopes than on north- and

108



1 from erosion except where that soil has been exposed by recent
o S .
movement, road construction, or over-grazing.
The most common communities of nonforest vegetation are grass

o {ries, grass-bracken fern (Pteris aquilina) prairies, oak (both

rcus garryana and Q. ke]]bqgii) - grass woodland, oak-poison oak -

s woodland, and oak-madrone - brush woodland. The native buachf
ss-herb f?ora-has been largely replaced by introduced annual grasses
d weeds that are more tolerant of heavy grazing (Munz and Keck, 1968).

far the most ccmmon elements of thg brush flora are various species

y Ceanothus and Arctostaphylos. Coyote brusn (Baccharis pilularis),
1d rose (Rosa, sp.) and birchleaf-mountain mahogany (Cerocarpus
uloides) are also present. Isolated individual Douglas-fir trees

scattered throughout the expansive brush areas, and groves of

1

r3

ﬁg]as-fir are common on nortih-facing hillslopes within thgse areas
g.]J“§j3d }. Brush has heavily invaded some cutover land that formeriy
e Douglas-fir forest of the basik. Ceanothus is a major ccrmponent on
mparticularly dry sites in the soytheéstern part - of the invading brusk.

Although dense growth of alders and Ceanothus have retarded conifercus

al invasion by noncommercial plants does have some associated benefi:s.

pse_plants become established rapidly and retard surface crosion. bPors-
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Figure 30 Hillslope aspect- control of 1936 vegetationpatterns near the mouth of Minor
Creek. Douglas fir dominated forests are concentrated on the north-facing hille?

slope. Location is shown on figure 12.



}igins of tﬁe grass and grass-bfhcken fern prairies are obscure.
nt (Colman, 1973), naturai and Indian-set fires (Lewis, 1973)
variability in soil parent materials (Zinke, 1966) have

¥11 played a ro{e. Persistence of -the ggésslands can reasonably

Hted to plant-microclimate interartions and aqrazing by elk,

?Homestic cattle. .Nonethe]ess,.md;t d? the brairies display
oak-brush woodland and (or) young Douglas-fir suagesting
asslands were formerly more extensive (fig.f;j5,§D. This

in turn raises the possibf]ity that the present distribution of
y partly be a function of Holocene climatic fluctuations and

| fire~control measures. ‘

rab1e pub]fc interest focusses on some particulariy tall
‘trees as well as upon the overall vegetation mosaic 'in the

| ’-gsﬁiﬁk basin (Zahl, ]964; Becking, 1967). Particularly noteworthy
el .growing;.on'the upper flood plain of Redwood'Creek‘opﬁosite
Tem McDonald Creek. This treénwas.367.8 feet (112.1 meters)
and said tb be'the world's tallest living thing (Zahl, 1964).
fxceptiona11y tall redwoods were measured at the same time.

‘ of 367.4 feet (112.0 meters), 364.3 feet (111.0 meters),
Bl cct (107.4 meters) ranked them as the second, third, and sixth
in the world. The second tai]estﬂtreeﬂis-in'é flood-plain
the mouth of Fortyfour Creck, while the third and sixth

are in the same grove as the tallest. Becﬁing (1967) mentions
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‘Figure 31 1936 vegetation pattern in the drainage basin of Cayote Creek. Forest are:
denser on north facing hillslopes. Prairies are more abundant on- south and
west, facing hillslopes and on ridgetops. Most prairies are rimmed with
brush and (or) thickets of young Dougias firs. Location is shown in figure 12.



.crhdps too much emphasis is placed upon the measured heights
rees, because growth, storm dgmagé.to.fheir crowns, and

of alluvium at their bases cause frequent changes in height.

ote, 2n ekceptionally large number 0ﬁavﬁdwoou§3§pd associated

FERrSt on flood plains along Redwood Creek have grown %o remarkable
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RESOURCE UTIL1ZATION AND RELATED LANDSCAPE CUANGES .

. .
N .
& 1

The forestced landscape of the lower Redwood Creek basin with its
igsnificcnt trees, complex vegetation mosaic, and free-flowing strcams

B+ o been recosnized as a valuable vark resource and some downstream parts

fof the basin have been set aside in Prairie Creck State Park and Red-

Band scientific study. The timber, grazing land, fish, and strcam
1 . ' .

'Eﬁavel of the basin, howecver, are resources of more clearly defin-
O,

ble economic value. Utilization of some of these economic resources

MBER "

The timber of the Redwood Creek basin is’unquestionably its
esource of greatest economic value. ‘Harvesting of this resource re-
iires construction of timber access rcads, and the falling, yardingl

nd physical removal of the forest trees. 1In the past, these activities

ve frequently been carried out in a manner that leads to accelerated
rosion, which in turn poses a direct threat to the soil resources at
e site of timber harvest and an indirect threat to many downstrcam

sources, including park resources.

The rugged topography of the Redwood Creek basin and its remote

cation relative to early lumber mills and centers of population

0's. 'Logging in the late nineteenth and early twentieth centuries

stiy involvéd clearing of the forest from flood plains,'low terraces,

Yarding is the transporting of fallen logs, usually by dragging& to stora
> areas from which they may subsequently be transported by truck.

14
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the tiuber rewoved from this cut was yarded downhill by ckidding the

’o s with tractors. Other pre~1936 Limbcr harvest units within the
pdwood Creck basin include a sLVUral hundred acre clearcut in the hcad-
ers of Pardee Creek north of Snow Camp Lake and scveral hundred acres
sclective logging above ‘the Redwood Valley Road southwest of the
iuth of Minor Creck. All told lcss than three percent of the total

in appears to have been logged prior to 1936.

Aerial photographs of the Redwood Crcek basin, and ground photo-
aphS of nearby arcas-asscmbled by the California Division of Forestry
972)— indicate that these carly timber harvest activities were
sociated with large clearcut units, heavy concentrations of slash,

d intense localized ground disruption around landings and primary
ble ways (skid trails). Large tracts of mineral soil were exposed
:the yarding operations and subsequent slash burning. However,

cept at localized sites of concentrated disturbance, the surface
ainage patterqvghd,the general configuration of the land surface were
odified much less drast{cally in these carly timber harvest units

an in the large scale tractor varded clearcuts of the 1960's and

ly 1970's (Earth Satelite Corp., 1972; fig. 33, 34, and 35).

A comparison of the 1936 aerial photographs with §ﬁmilar photeographs
tained dﬁring the summer of 1947 indicates that timber harvest was con-
nuing at a moderate rate. Several hundred acres of forest on the north-
t side of the Devils Creek basin were apparently selectively logged

ly in the intervening period. Several other blocks of timber, all of
hem less than a few hundred acres in size, ‘apparently were harvested

e in this period in the headvaters of High Prairie Creck, Lupton

ek, and Minor Creek, as well as on'the cast-facing slope between

o S .
Macgrass_Ridge-Lord Ellis Summit and Redwood Creck. The dominant

-~

1fred Merril of Louisiana-Pacific Corporation has shown the present
uthors comparable photographs of the lower Little River basin ncar
rannel taken immediately followlnb logging and again in the carly

970's.
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ke K. rvesting proccedures appear to have been seleetive cutting or a seod-
: kc-fcavc (wodified shelterwood) system coupled with downhill yarding

. ,ﬁdng track-laying fractors. Well less rhan five percent of the total

Bi go00od Creek basin had been logged by 1947. The f{irst large-scale,
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actor-yarded clearcut in the vicinity of Redwood Creek, consisting
g few theusand acres in the he 2advaters of the north fork of Maple
eck immediately west of the headwaters of Bridge Creck, was discern-

Jﬂjc on the 1947 acrial photographs.

“The cable yarded clearcut in the headwaters of Panther Crecek and

gvils Creek was, for the most part, well vegetatcd in 1947 and the

eams draining the cutover arca did not dl<plu) gxcessive aggradation

-an cxtraordinary number of streamside landslides. Scwme of the re-.
~”herating vegetation apparently consisted of thickets of hardwoods,

ther than coniferous trees. The main haul roads, landings, ceble

, and ckid trails were still unvegetated.

Intensive timber harvest begen during the early 1950's in the up-

am part of the Redwood Creek basin and during the late 1950's in
ownstream part. .As of 1973 cnly about twenty percent of the basin still
s old growth forest. In the upstream part of the basin, sizeable

it blocks of old growth timber remain principally within Six Rivers
Wtional Forest. More expansive areas of uncut old growth forest exist
he lower portibn of thé basin, especially within Redwood Naticnal
“on the steep west-facing slope of the Redwood Creck valley immedi-
~adjacent to the park, and within the drainage basins of Bridge '

s Devils Cféek, and Lacks Crcek. .-

5:2155 the late 1950's and carly 1960's, timber harvesting procedurcs
ed toward using larger cutting blocks, use of bﬁlldozer—constructcd
nts (that is smooth "beds" into which trees are felled), and increased
“{DCC on tractor yarding and clearcufting. The expansive tracts of

ly harvested land reflect the combination of large annual harvest

e and the sequential harvest of adjoining blocks of timber. Increascd

12
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mand [;r redwood produfts led to an increase in the size of anmual
BFper harvest units. Adjoining bibcks'o[ timbar were harvested in
‘-lcssivc years so a2s to minimize the.costs associated with construc-
I of roads through uncut tiwber to rcach ~dvanced cutting blocks.
Increased reliance on track-laying tractors in ccnstrﬁcling Yay-

, and in yarding logs to landings in part reflects the development
i.arger more powerful tractors, but other factors are'involved. In the

y logging of redwoods, trees were felled either without layouts or into

B pment in the redwood forests of northuestern California during the
. when selective cutting énd natural resecding were the most
alent silvicultural systems used in harvesting and regenerating
iood forests. Large tractors proved to be versatile and effective

for selectively cutting old-growth redwood forests.. During that

e operation of this type of equipment. Thus, it is not surpris-
hat when in the 1960's the timber companies reverted back to
cutting and cven-age silvicultural management, they continued to

on tractor varding rather than acquiring-new modern cable yarding

or yarding over cable yarding include the following:

ﬂ). Tractors (bulldozers) are needed aﬁyway for Epnsfruction

of layouts, landings, and roads. S

. Excessively large redwoods are too buTky and "Heavy TS
handled by all but the largest and most expensive cable

systems.
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g - 3) Tractor yarding is more versatile than cable yarding
in terms of terrain and property configuration.

4) More stem breakage is associated with cable yarding

) than with tractor yarding. . .

3 . 5) The operat1on of large yarding tractors is cheapeor,

ﬁ faster, and safer th?n the operation of high lecad or

4 slack line cable yarding cquipment.

‘ R BEIREL
Y The forestry staffs of the timber companies operating in the
A viron:S of Redwood National Park have discussed with the présent

hors an impressive number of silvicultural, practical, and economic

m.ustry and government foresters noted that the resicual trces did not |

ghinning of the oriéinal stand:* In facﬁ,‘many of the residual treecs
stained sevére stem breakage or were toppled by wind storms. Further-

the residual trees did not always prove fo be as reliable a seed

ce as was anticipated. Additional reésons.given by timber industry

i }ésmen for utilizing clearcuttlng in the harvest of old growth red-

l include the following:

. 1) Clearcutting is an extension of the population dynamics

| of the natural forest. Approximately even-aged stands of

redwood and Douglas-fir occur naturally and appear to result

—s from such natural catastreophoruzs {lowds, landslides, and
fires. -

2) Redwood and.Douglas-fir secedlings can be more successfully
established in bare mineral soil thanm in"forest humus;
Douglas-fir seedlings do well in sunny locations, but

.- ——d

poorly in shady locationms.
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Without utilizing clearcut-logging or fire as a manage-’
ment tooi, forest succcesion oyér the next scveral cen-
. turies could cause hardwoods and other conifers to
bccéme the dominant trccs'in some prescnhtly redwood-
dominatcd forests (Stone and others, 19269).

Many trees are inadvertently killed or damaged during
se]cctive logging. ’Horeovéf, breakage oflfelled trees
is more prevalent during sclective logging than during
ciearcutting. ' '
Ciearcutting minimizes road construction and maintenance.
Timbér stands in lumboldt and Del Norte Counties are
taxed at full value until seventy perceﬂf of the stand
has been removed. If a stand of redwoods is thinned to
this degree, the remaining treces are highly susceptible
to wind throw and stem breakage. '

Any deletericus impact on the envircnment is short-lived
and readily.reversible;

Selective logging requires the land to be subjected to
repeated trauma rather than to a'single trauma 2s in the
case in clearcutting. Ground disturbances associated
with relogging operations often damage or kill regenerating
forest trees and accelerate erosion.

The composition of the regenerated forest can be controlled by
planting and aerial seceding to provide the mest eéonomically
desirable mix of species.

’Regeﬁeratiﬁg éﬁen—aged, second-growth forests are better
-wildlife habitats than virgin forests because second-growth
forests are more open and provider more browse. _
Managed even;aged, second—growth forests are less susceptible
to fire, insects, and disease than uneven-aged, virg{n forests.
Vigorous young growth redwood forests are growing today on

sites that were clearcut and repeatedly burned in the late

ninéteenth and carly twentieth centuries.



of smaller trces of wore uniform vize that can be harvest-
ed with snaller cquipment than old growth forests. Smaller
equipnent cruses less ground disturbance and less accelerated

erosion.,

' The basis for the first, third, and seventh of these

gsons is incenclusive. Ratural catas lru] :2s, }ike those cited in

thin redsood end rccuood Douglas-fir forcsts. lhcse cvcn«agcd stands,
ever, tjpically cccupy widely separated sites that afe not more than
ew hundred acres in size. Most are only several tens of acres in

éc, With regard to rcason three, on-going -research by Stephen Veirs:
72) indicates that at most hillslope sites the redwood trees are of
qfééd ages, although the associated treces often represent an event-re-

ed, uniform age class. Veirs further belicves that redwood can

ees; the grcat longevity of the redwoods allows them to be replaced
re-or-less on a one-for-one basis. Detailed logging impact studies
edriksen, 1970; Brcwn and Krygier, 1971) that serve as the principal
tification for reason seven documznted the impacts agsociated with
aller cutting uﬁits, aﬁd considerably less ground disruption than

at a2ssociated with the recent conversion of old growth redwood to even-

fe.silviculture. The types of envircnmental impact associated with
pe scale, tractor-yarded clearcut harvest of old growth redweed, as
841 as the magnitude and persistence of thcse impacts, remain to be
ablished, and provide the central theme for our on-going studies in

Redwaoq Creek basin.

‘arw -

more susceptible to accelerated erosion than any combination of
- ices previously used to harvest redwood timber (Curry, 1973).

exawples of recent tractor yarded clearcut timber harvest units
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“ chown in figures 33, 34, and 35. Glimpses of this_modc of logging
“shown on other photographs included in this report. Detailed

ographic documentation of ground-sdrface canditions in these units
Wiontained:- in the photo cssay prcﬁﬂrcd by Earth Satelite Corporation
% 'y'%} 2). Downhill tractor yarding requires. construction of roads and

,:ﬁ : _,.“85 at m1d slope and lower slope locat1ons wvhich tend to be less

the lower parts of these hillslopes. Parts of skid trails and
yeiated layouts are frequently cut to depth§ in-excess of three fcet,
ause some water that had previously infiltrated the forest floor to
eppear as surface runoff. The tractor skid trdils tend to be laid out
an-shaped patterns that converge, downhill at landings and concentrate
ace runoff After completion of timber harvest, low berms of soil
assodfgfgamdltches ("water bars") are placed across the skid trails in
to divert water on to the adjacent forest floor and thereby to impede
sion by concentrated runoff Some skid trails, however, have been carvzd
aeeply to allow for effective construction of water diversion structurss,
ver, even when skid trails have been carved to relatively shallow
hs, water deflecting berms and associated ditches are often of in-

icient height and number to be effective. :

’
’

PN C e e Y [

The total amount of ground disturbaﬁce from logging bperafions is
ressive; interpretations of recent aerial photographs with the aid of

t ground observations indicate that in a sample of six typical timber
est units that were logged between 1968 and 1973 and that involve 2 totzl
of 5000 acres upslope from the Redwood Creek unit of Redwood National
jabout 81 percent of the total ground surface has been disrupted (the
for 1nd1v1dua1 cutblocks is 80 to 85 percent), and about 41

pt of the area is covered with roads, skid trails, layouts, and

ljlgs (the range for individual cutblocks is 35 to-SO percent). The
;fect is to obliterate cémpletely the fine details of the natural

age pattern and to create an artificial microtopography of mounds,
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- Considcerable effort is expended by timber companies to utilize as

b of the wood fibre produced by the forest.as possible. Nonetheless,

de some protection for surface soil from sheet wash and rill erosion.
: wever, residue concentrations are a serious fire hazard and occupy
ace that could be occupied by new fornermrr L5553 thus, the residues

e usually burned. Surface erosion is oftén.accelerated following

(Rice and others, 1972).

overy period. For example, if exceptionally intense ralnstorms
date gullies and debris slides during the recovery period, revege-

‘,”tion will take longer than under more nearly ''mormal” conditions.- In

years of the burning of the logging residues. More deeﬁly disturbed
(or) compacted areas, such as landings, layouts, and tractor skid
ils often remain unvegetated and actively eroding for more than ten

s following burning. Even after the crown cover of the regenerating

£st appears reasonably complete on aerial] photographs, field traverses

‘The amount of ground disruption associated with the harvest of the

dAgrowth.forest should be significantly less than that associated

e




hen they are of a smaller and more uniform size that can be handled
{th smaller yarding cquipment. However, the extreme amount of
rimary mechanical and secondary erosional modification of the land-
urface resulting from tractor yarded clearcut harvest of old growth
edwood may at many sites hamper the effective use of conventional
arding equipment during harvest of the second growth forest. The
rregular ground surface would accentuate the amount of earth that
ould have to be moved in order to provide yarding equipment with
ffective access to proposed harvest sites away from maintained roads.
he irregularities would also increase the amount of soil disturbance
Piassociated with yarding operations. The amount of ground disruption,
M although significantly less than that associated with the old growth
arVest would probably still be substantial during harvest of the
econd growth forest.

The timber companies operating on the border of the Redwood

reek unit of Redwood National Park in cooperation with the MNational
ark Service initiated in 1973 some modifications of their timber
arvest practices that were designed to mitigate the impact of on-
going logging on park resources. These modifications focused on an
00-foot-wide, so-called buffer adjacent to the park boundary, 75-
oot-wide .strips adjacent to designated streambanks, and areas with
ecent]y active mass movementl/. More effort is now taken to

1n1m1ze ground and vegetation disturbance at the park boundary and
din the designeted streamside areas. Within the buffer at the park
'uoundary, harvest units -are restricted to an averaqe size of about

P20 acres, separated from one another by uncut blocks of timber and,

ifor the most part,yarded by cable systems that apply some 1ift to the
0ogs. The uncut %1ocks are not to be harvested for at least

ears following slash burning in the adjacent cut block. An example

f 1973-1974 timber harvest within the buffer at the southwestern end
f Redwood National Park is shown in figure 36. Timber companies also
Pliave recently utilized cable yarding '

R - -
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In the unsigned cooperative agreements between the timber
companies and thé National Park Service, restrictions were
-also placed on road construction and maintcnance in. that
part of the Redwood Creek basin that extends upstream to and
: 1nc]udes the drainage basin of Lacks Creck.

-
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Combination of ]arge scale tractor- yarded clearcut timber harvest and

. small scale cable-yarded clearcut timber harvest on the southwcstern
boundary of Redwood National Park
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p timber harvest operations within 400 feet of designated strcambanks
nd within critical areas so designated by the National Park Service
ecause of a prior history of mass movement. Cable yarding results

n an upslope-converging fan-like pattern of shallow cable ways

ckid trails) that tend to disperse surface runoff. When the terrain
¢ reasonably steep and not too irregular, cable yarding tends to alter
he ground-surface configuration and the amount and pattern of surface
unoff much less than tractor yarding. 1In 1973, away from the areas
peciflcally mentioned in the unsigned cooperative agreements between
he National Park Service and the meighboring timber companies, the
lominant mode of timber harvest remained tractor yarded clearcutting

f harvest units several times larger than those in the buffer. The
egree of protection afforded park values by the recent modification

f timber harvest procedures in parts of the lower Redwood Creek basin
emains to be evaluated.
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| ROADS

The ‘more than 1000 m11es of roads w1th1n the Rcdwood Creek basun are
Aassoc1ated wdth.maaor erosion prob]ems‘but,they prov1deAaccess-nee”ed
;fb protect and fully utilize the economic. recreattona1, and‘scientific.
: resources'of the hasin. .Thehroads are,'thus, an important-resource in
‘ their own right. The recently re]oca*ed State Highway 299 is th2 only
maJor ‘avenue of reglona1 commerce to cross the Reduood Creek basin
upstream from the mouth of PFB]PIQ Creek. The only other paved roadr
_in the basin are the'Bald Hills Road, the: Redwood Valley Road, Chezem-
Q‘Road {old State Highway 299) and a part of the Snow Camp Road AV
these roads, except Chezem Road, were designed to prov1de access o
ranches and 1oggwng operations w1th1n the basin. State nghway 232 is
a major transportatlon ]1nk between the <acramen10 ”a]]ey and the

coasta] c1t1es of northuestern Callfornia. The Redwood Valley. Ro

and Chezem Road prov1de access to estab11shed res dences and .

; recreat1ona] home sites. However, the other pavcd and unpaved reals

in the Redwood Creek basin are des1gnec and ma1nta1ned pr1mar11y to
' prov1de access to commerc1a1 stands of t1mber or clectrical

, transmissmn lines, and only. incidenta 1y prowd= access to grazing
.eas or potentlal recreat1on 51tes lnen t1mbe“ harvest 1n an area
is completed many access roads cease to be ma1nte1ned, and erosion
d (or). encroachment of vegetat1on soon make thcn 1mpassab]e ‘The‘
» thetic and physical impacts of the more than 3000 miles of tractot

kid tra1]s throughout the bas1n are s;m11ar to those of other

baved.roads.n




- COnstruct1on of sore of the roads in the Rednood Creek basin has 1zzzix
- accelerated eros1on by both mass movement and f]uv1a] processes,
) thereby caused long ]astlng adverse 1moacts upon other resources.
Roads acce]erate mass movement by renov1ng 1atera] support from the
- .toes of potent1a1 1ands]1des, by 1ntens1fy1ng downs]ope -directed
components of gravity and seepage forces in ex1st1ng or potent1a]
s]1de areas, and by creat1ng new s]1de prone materials such as
1 f‘aw s1decast sp011 and f1]] w1th1n the Redwood Creek bas1n, road-
% WK rclated debris avalanches are a. common form of mass movement.- Roais
3 | acce\erate fluvial erosion by expos1ng mater1als read11y eroded bt
sheet and qully ETOSIOn by 1ncreas1ng surface runoff, and by
d1vert1ng and concentrat1ng surface runoff
o The location, size, and des1gn of .these: roads appear to strong]y
"influence the degree to which they acce]erate erosion. The 1ower
two th1rds of the hillslopes in the Redwood Creek bas1n have steecs-
gradients, th;cker accumulatwons of co]]uv1um and more. frequent &ns
voluminous seepage of so11 water than the rwdge or the upper third of
1 the hi]ls]opes.< Moreover, roads on the 1omer portlon of these
” hillslopes” requ1re more cuts and f1lls and cross more streams and
}, landsiides than roads on the upper h1llslopes ' Thus, roads on the
: lower “two thtrds of these h1llslopes are chh more 11Le1y to
i -accelerate erosion than comparab]e roads on the upper hillslope.
1 g The Redwood Creek ba51n has a partlcu]ar]y large number of roads cn ;

& the m1dd1c and ]ouer parts of 1ts h11lslop°s because of the re11

~on downhill tractor yard1ng in most logg1ng operat1ons in this basin.




.~

Eros1on 1s most likely to be acce]erated when road prlsms are adJuCE”
- to stream channels or w1th1n act1ve or recently stab1]1zed landslld e3,
}The common pract1ce of s1decast1ng road spo1] dxrert]y 1nto stream
'channels 1eads dlaect]y to acce]eratcd eros1on and destroys r1par1an
| vegetatlon, thus affectlng aquatic biota and hab1tat° in the sttea'ns izv70.
1Another common examp]e of unde51rable road strecm 1nteract1ons is thsz
eros1ona1 fa11ure of f111 and culvert. cross1ngs of sma]] streans. Fz=y
'fa11ures result from the dounstream end of the cu]vert d1schargwng |
'd1rect1y onto unprotected f1]1 ’ Moreover these cu}verts are often

p1ugged u1th debrls wh1ch causes- an upstream ir 'undment-of water. Tr

o

.f111 then may fa1] by over topp1ng and subsequent gu1ly1ng and (or) =
‘saturat1on and slump1ng The mass1ve amounts of sedxment 1ntrodt

to streams by dlrect 51decast1ng and (or) by eros1ona] fa1]ures of'fil?
| and cu]vert cr0551ngs may cause - 1nten51ve 10ca] agg aoatxon that is
.;rapld]y attenuated downstream a1ono gent]y s]op1ng streams."In.
'contrast the 1ntroduct1on of such mass1ve amounts of sedxnent into.

more steeply slop1ng streams may generate h1gh7y eros1ve deur1s iy

'torrents that scour downstream reaches of the affected st"eams, and

poss1b]y 1n1t1ate downstream streambanL landsiudts:;;

Jn1t1a1 slope fa1]ures at s1tes wheye roads cr s act1ve 1ands]1des

usua\]y resu]t from remova] of support:a d41ncreased seepage on

cutbaan or overloaded 1ouer f1]1 s]opes._ Although such 1n1t1a1

.

fallures are often qu1te sma]] thev can further adverfely change ths

.dlstr1but1on of stresses in the affocted 1ands1|des and lead to

* -'.

vrogress1ve faxlure of more massxve slidcs.




[ ',.:( " '1. ) . . ' o o . ' .‘ . '. ." _' : . . . B .
;! & - Much of the erosion damage associated with forest'roads takes plzz2

- after twmber harvest when road malntenance 15 often nejlected
2 f'Follow1ng 1ogg1ng the magor1ty of the roads 1n cutover land are us
‘1nfrequent]y or not at all; malntenance operat1ons are concent atsd
3 ,.é . on the most frequent]y used roads. Under these c1rcumstarces pitczs:
'cu1verts and obstructed d1tches become more cormon and cause naw
dralnage adJustments uh1ch once aga1n lead to acce]erated er051on.
'.Therefore, roads that are not needed for f1re protect1on or active
;management of the regenerat1ng forest should be returned to a nezriy
. natura] cond1t1on L : .
Carefu1 p]annlng, construct1on,'and ma1ntenance could mitlgate much oF
Lthe damage caused by er051on re]ated to timber accecs and haul rzzzs

'(Bu]]ar , 1963; Packer 1967° H1cks and Co]]1ns, ]970 Lantz 1877,

"Larse, 1971 Burrouch and others, 1973)

40THER RESOURCES . S
:The Ind1an popu]atxon con51dered the f1sh of Redvood Creek as a
ya]uab]e food resource and estab11shed suzeab]e f1sh1ng v11]age< at
'~the mouth of the creeP and in Redwood Va]]ey. Ear]y whlte sct+]—r‘
ialso utlllzed the f1sh for food Present Utl]izatIOd re]etes pf'—‘r'f;
?'.to sport fxsnwng, the Ca]1forn1a Department or Fwsh and Game (1223
est1n1ates that 150 sa]mon and 500 steelhead are caught annuallv in Reiwocs .
‘Creek Department personne] and ]OCa] res1dents <ay that th1s

‘the nunber of fish caught per angler day The estlmated averagn

_annual spawn1ng escapement of ch1nook dnd coho sa]mon in Redwood Crez.




is abodt 7000.which i§ only ébbﬂf 2.5’perceﬁt ef'the total salmon
escapement for California coastal streams norﬁh of Humboldt Bay
(U.S. Fish and Wildlife Service, 1960). Thus, thé salmon of

Rédeod Creek_probab]y make only e relatiVely miner contributfon o)
the local oeeaﬁ—going comﬁercié1 sa]mon_f]eet; During the late 1::h
and early‘ZOth‘Centuries, the hatura] browse associéted_wiﬁh the
_grass, and grass-bracken fern prairies wés the resource of primary
interest to the white settlers in theuﬂedwood Cresk basin. Some
attempts were made to cut and bdrn the forest on the bbrders of trs
natural.prairies and to convert ﬁhemlte fange]and. Host of the
attempts at land conversion were oﬁly partly successful and much &f
the converfed land is now covered with brush and (or) second growzn

] fprest; Aerial photographs taken in 1936 sﬁow thaf the prairies
between Redwood Creck and the Bald Hills roed,_at the hodth'of L&cks
Creek. ih Redwood-Va]]ey, and on the ridge between Higﬁ Prairie Craet
i and Lake Pra1r1e were being actively utilized as ranqe]and, and <721}
i? orchards were associated with most of thn individual homesteads.
These same areas as well as some. cma]1er natur 1 pra1r1es are stiil

E outilized for graz1ng byrshEFr:EHd catt]e Range menagement and c:c

maintenance in the h1lls1de pra1r1es (ospec1a11y in their downstrzz-

{0

portions) is d1ff1cu1t because of naeura]]y occurr1ng 1ands]1des i

ll.

turf in most of the graz1ng areas appears to be in good cond1t1on, ar

gu]]ylng and 1ands]1d1ng do not appcar to have been acce1eruted bJ

graz1ng.



Sources of_durab]e road_ﬁefa].for paved énd Qfavc] surfaced roads are
not common in’the Redwood'Creek.Basin-bécaqse;of deep wegthering and
dntense fracturing of the bedrock. Greenstones within'the Franciscen
éssemb1edge of rccks‘afe:probab?y the most durablé rocks avéi]ab]e for
'_road meta]."'Sfreah gravel, and massive parts of the Franciscan sand-
stones in.the eastern part of the basin;;howeQer, are more readily
available. Small borrow pits and quqréies have from timé_fo.time been
operafeb near Stéte nghway 299 énd near various 1oggihg operaiicns in
the Redwood Creek basin. Nost of these excavat1ons were des1g‘w with
" little fhought to minimizing ero§1on; and many,therefore, remain es
active sources of sediment 16ng éffer.the borrow.opefation has czasec.
. Excavating'éravei directly from the bed of a stfeam is

disruptive of the local aquatic habitat and can increase downstrez:
fufbidity; thus, this practice is c]ose]y régu1ated by the Celiforniz
Departmeﬁt of fish and Game. Procedures used to mitﬁgaté,the impact

of these grqve] éperations inc]ude dfkes to'prevent.downstreém increséss

in turbidity and the use of bypasses to allow for free paésage of

s

migrating fish. During 1972, re]ative]y 1argé quantities of gravel wer
excavated from thc bed of Redwood Crcek near the mouth of Prairie Cresk,
and smaller quantltles vere removed near the o]d U.S. Highway 233
and near the mouth of Panther4Creek PrJor to the estab11shrer‘ o}

- Redwood National Park, G;oxgxa-Pac1f1c Corpora»won (now Louisiana
'~Pac1f1c Corporatlon) excava;ed grave] from tne 'sidestream alluvial ‘aq
~of Tom McDonald Creek; the1r excavat1ons may have 1mpeded the crowth
of the fan, and minimized lts tendt’ncy to deflect the main stream

current against the Tal] Tnees F]at

B A

«
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TREANFLON CHARACTERISTICS e 7:?f:”11:°5:f{'7 ”

The dom1nan+ runoff character1st1cs of the.Redwood Creek basin

re a large but highly variable annua] amount of'runoff ~a pronounced
'asona1 concnntrat1on of runoff and a nigh runoff prec1p1tat1on ratnf
f1g 25) These Character1stlcs resu]t primarily from (1) the large
ut var1ab1e amount of annua] prec1p1tat1on, (2) the fact Chat most of
he prec1p1tat1on is concentrated in a short per1od when so11 moisture
s h1gn and °vapotran5p1rat1on ]osces are m1n1ma] (3j the relatively
h1n rego11th over1y1ng 1mperv1ous roc i and (4) the rapid‘de7ivery_of
unoff to the main channe] by numerous ehort steep tr1butar1es

Pro1onged low f]o~s and h1gh f]ood F1ovs are part of the natur=]

'tow reg1ne of Redwood Creek nonethe]ess, both extremes are sources o
”env1rormenta] concern. Low f]ow; of sumrer great]y resCrict the Tiving
rea ava1]ab1e to aquatwc organ1sms hake the streams prone to excess1ve.
at1ng, and a]]on de ve]ooment of a cont1nuous suoaer1a1 rlver mouth bar
hat prevents n1grat10n of awadromous f;sn F]ood.f]ows‘drast1ca1‘/
d1fy str m.channe]s and r1parJan h1]1s]ope517tran$bort enormous
antities of.sedlment and dawage workb ot;nan and esthetic values. Recznt
anges in’ land ‘use particularly large scaie;.tractor;yardea, elear ~cut
1nbcr harvest and assoeiatcd road construction apparently have affettec the

ff extremes of-Rcdwood Creek:« The degree to whlch land-use cha.res

ve affectcd runof from ind1v1dual storms remalns uncertain. Even




Ceqiasisng

2 a e A

vhen land-use-related ch‘m,,es in runoff are- only modest, those chénge

‘can modify'stream channel geometry and a]ter the natura] erosion prec

(u. S. Dept Agr. Rlver Basin PTann1no Staff ]970)

The present runoff character1st1cs of the Redsood Creek bas1n a

;feasonab1y well documented by cont1nuous]y record1ng stream gages cn

s

re

‘Redlood Creek near. the o1d h1ghway 299 br1dge crossxng (Redwood Crazk

near B]ue LaPe, dra1nage area 67. 6 square m11es or ]75 square Kilomet

at the southern ooundary of Redwood Nat1ona] Park (dra1nage area 153

1278 square m11es or 770 square k lonecres) and by periodic.dischar:e

measurements rade at *hree other s1tes a]ong R dwood Creek - and at 20

'fstrean gaces on Redwood Creek are prese1+ed 1n |ab1e 1 Because st

-~

;reco rds from w1th1n the «edwood Creek bas1n are of relatlvely shurc
:h1stor-cal trends 1r runoff characterlstics of th1s ch]n have to b=

ed in p~rt from cxtrapo]at1ons of screamflow records from nearby ca

er1od1c dlscharge measur en*s at nonrecord1ng s1tes w]th1n th° bas

ere not 1n1t1ated unt11 tne 1974 water year

¢

cre feet or 52. 86 1nches wh1cn accounts for about 606 percent of the

The average annua] streamf]ow of ncdwood Creek at 0r1c for the

P o Xad

< s

- -
~..s
-

3)»

ptwenty year per1od encomoass1ng water years 1934 through 1973 15-783,853

St1mated wean annua1 bas1n w1de prec1p1tat1on (Rantz. 1964) The annue}



Table § . Period, frequency'nnd type of data collection st recording stream gaging stations -
) * along Redwood Creek, Humboidt County, California; .The frequency of collection is

indicated by the following symbols:

C for continuous records, D for samples
collected at least once a2 day with more frequent samples collected during storm . .
" periods, P for perjodic samples collected throughout a wide range of hydrologle .

conditions, and F for collection unly during times of potentisl flooding.
Periods of collection are listed by water years.

Types of Data

P
e -

o . o Drainage Suspended Total ‘Other chemlcal and a
- Station name and number, .. .. Area Water Water © Sediment Sediment biological indices - )
: - . : S (sq.mi.) Discharge Temperature . Load Load of watcr quality
O c c . D , P P
. Redwood Creck mear 7 - 1954-1958  1974- 1973- 1974~ 1974~
-+ RBlue Lake - S 6705 1973- : ‘
L (11481520) - IR : .
' Lo 1959-1972
- .Redwood Creek. at southern. ™.~ 1971- 1971-1973 1971~ 1974~ 1971
park boundq;y:ncur_Orick = 5;83 . ¢ i SR
(1}&82200) T ' 1974-
Redwood Creek at Orick ' c F P P P
cdwood Cre c 19!
: 278 1912-1913 1962-1964
(11482500) 1954 - c -
1965- 1971~ 1974~ - 19/ -



Table 2. Annual Runoff at Racording Otrean Gaues Along Redwood Crazz:
-« During Pericds of Concurrent Records. Values are glven in

acre fect und > in parcntheses, lnChCo.

* . Redwcod Creek’

. Redwood Creek | ' at’ South 'Redwood Crezi
g»Yeap near Blue Lake . . Park Boundary . at Orick
§ Ye .
202,200 (69.8) S . 193,000 (55.2)
"$52,300 (37.2) - . 114,000 {31.8)
1956 1,174,000 (79.2) - R . 307,1C6 (25.2)
1957 767,200 (51.7) SR S 182,850 (55.7)
982,200 (86.2) .. - . - 285,500 (75.2)
1,021,000 (£5.9) 658,200 (65.7)

1972 1,064,000 (71.8) 704,500 (71.4)

N
)
w
~J
~

559,600 (37.7) 387,600 (33.3) 139,490




'-: 1— 1954—(973 wy
1964 -1973 WY

e 0:+1954 ~1963. WY

z280.C

ny
o
(&}
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0.1 e 5 10 20 40 60 - 60 90 95 99 999 9923
PERCENTAGE OF TIME FLOW \"(\S CO”ALE:D OR EXCEEDED
Flow duration curve for dully d*sclmrg es for Red '00d
Creek at. Orlck : T e e o




noff; however, is hfg variable (fig. 20, Tab]e?é) with a standdrd'
v{étion ofd204,900 acre ‘eet or 13.82 inches which is about 26 percent
the mean. Th° recorded annua] runoff at Orick wds ranged from 482,060
re feet (79.12 1nches) in the 1958 water year to 1,174,000 acre feet

9 ]8 1ncnes) in the 1956 water year (Tab]e 2): |

" Tha daily d1scharges during any given year at Racdwood Creek at

1ck can ba expected to fluctuate chrougn a’ range of f1ve thousand fold
out a me d1dn dlscharge of 323 cubic reot per second (fig. 37). HMean
jly flood cischarges in excess of 7000 cubic feet per second, and mean
ily Tow discharges of ]ess-than'23 cubic feet per second have occurred
ring‘every'year of record (Table 3);

| The fea«oncl pattern of mean monthly runoff C]Ooe]/ follows the

na] pattern of mean monthly prcc1p1tac1on (fig. 25). The seasonal
ff- preclpltutlon re]at1onsn1ps shown by these mean month]y values ars
amilar to that shown by‘typica] storms during the course of the water y=ar,

iost o

-t

] t indfvjdua1 storms may differ'drastical1y from‘this.paftern. I

e-Tdte surmay and early autumn rains that end the pro]onged sdmmer drougnt

xre]atidely Iittle impact. upon stream‘discharge. As the storm sez2son

resses, soil roisture'and grouhd water'reserVoirs become recharco

an 1ncrnaqed proportwon of pre'1p1tat1on appears as direct runof.. Wost
ms throughout the w1nter are assoc1ated ‘with warm air masses so th

' ar]y all the prec1p1tatwon is ra1n. Usua]]y little water is.stored as

I and the amount of snowmelt 1; 1nsuf.jc1ent-t0'cause any major freshat.

theless, d~few f]oododischarges, including that of December 1964, have

an augmented by rapid snowmelt induced by warm rain. Late winter and
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5p},ng snowmelt may also result in minor diel f]uctuat1ons tn d1sch3rg
nd help susta1n flow at the end of.the storm season. Stream d1sch=r5es
: radua]]y dec];ne durlng the course of the summer with the lowest d1s-
harges cowmon1/ occurring after the end of a mid-summer raxn free pe rwed
ut.befofe onset of major autumn storms. ' |
The’maghitudé; pers%stence, and ffequency of occurrence of enviren-
ental]y restricttVe,-extreme]y.high and ]owistreamf]ow for Redwood Cres2k
t Orick are bresehted_ic tab]es 3, 4, ahd 5; and figure 3. Daily dis-
harges at the Or1ck gaging station are 1ess than 49 cubic feet per S&Cong
bout 19.4 percent of the time (Table 3). During these periods of icu
Tow, mahyvtricutaries with drainage:areas of 1ess than one square mile
re dry cr‘intprmittent. Log-Pearson type 111 frequsnc; analyses (~ ter

e
£

Pesources Counc11 1967) Y 5uggpst that in any given year there is an even
‘\hance ch=t for per1ods o7 one day, 14 days, and 30 days, daily flows at
ﬁr1ck vill be 1ess than 18 21, and 25 cubic feet per second, respec:1ve?y
Jﬁab1e‘i) Tne chance in any g]ven year of the minimum ca11y discnarge

wf Redwcod Cree& at Orick not exceeding 10 cubic’ feet per second is about
-ne perc~nt

2 In contrast, da11y d1scharg=s for. Radwood Cre°P at Orxc exceed 2000
b1c feet per second about 14.9 pnrcent of the time (Tab]e 3) Log-

rson type II1 frequency ana]yscs suggnst that in any g1ven year there

‘This reference deals primarily with the frequency analysis of
Nual-series flood discharges, but these.techniques can be used for
Fequency analyses of any hydrologic variable whose population may be
1SS umed to follow a log- Poarson type I11 d1str1but10n




A

Presubility that the mean daily
discharges for any period of :
-the specified length of time

The recurrence

| One-day

_ 14-day 30-day
| interval (in “Tow flow  Tow flow Tow flow
- will not equal.or exceed the years) of Tow (cFSYy. (CFS) (CFS)
indicated discharge during flows of this L
any given water year’ magnitude
0.010 100 10 e 12
- 0.050 20 12 13 15
- 0.100 - - 10 13 15 17
10.200 5 15 16 19
" 0.500- 2 . .18 21 25
" 0.800 1.25 23 27 33
<t 0.900 1 27 3 38
0.960 1.04 31. - 36 44
0.980 1.02 34 39 49
© 0.990 1.01 37 43 54
0.995 1.01 a1 46 59 -



robabilify that the instantaneous

peak discharge or the mean daily
discharge for any per1od of the

specified length of time will equal ' The.reCUrrence interval

Instantaneous

Three-day

- 52,500

.oi* exceed the indicated discharge (in years) of high flows  Peak Discharge hggﬁ-g?§w< hxgh flow i?
during any given water year of this magnitude ‘ (CFS) (CFS) (CFS) .

0.990 1.00 8,500 . 6.900 5,200 4

0.950 1.05 11,800 8,700 6,500 - 4

. 0.900 111 14,000 10,000 7,400 . 5

| ©0.800 1.5 17,200 11,900 - 8,800° . 6
2 . 0.500 2.00 " © 25,400 17,300 12,600 .- 8
K 10.200 | 5.00 37,200 26,500 12,100 12
0100 o 10000 45,300 33,900 24,100 15,

Coom0. T 25,00 55,700 44,600 © 31,500 20,

" 0.020 B . 50,00 . 63,600 53,800 37,800 25,

.00 100.00 - 71,500 64,100 . 44,700 29,

0005 1200.00 79,600 75,600 35,



5'400 cubic feet per second (Table 5, fig 38) and.for pericds of ons
three days, and seven dajs, daw]y flows w111 exceed 17, 300 12,6990,
8 600 cub1c fGEL per second, reSpect1ve]y (Tab]e 5). o

- Durlng tne last 20 years, five flood peaks in excess of 45,000

‘:Lb1c feet per second (162 cubic feet per second per square mile) have

'.H

vccurred at Orick, with the largesrsho*ﬂw.so,soo cubic feet per second

,u]82 cub1c feet per second per square mile) on December 22, 1964 and

t.

e sma]]est be1ng 45, 300 cubic feet per second on January 22 1972.

‘nhe winter of the 1972 water year was except1ona]]y stormy and another

;Eh March 3, 1972. Two f10ods with discharges of 50,000 cubic feet per
b . ;

jtecond occurred on January 18, 1953 and December 22, 1955. All five

,‘ these Redwood Creek ‘loods were assoc1ated with high antecedent moisture
i

ond1tzons, warm storms of. reg1ona] extent, and pro]onged ra1nra]1 or

b
telatixoly moderate hour]; 1ntens1ty (Paulsen, 1953; Rantz, 1959;

ofmann =nd Rantz, 1963; Waananen and others, 1971). Some perspective
-n the re]atwo magn1tdd= of the\peak vrter d1schaxge associated with
nhese 'floods -can be gaiped by compar1ng them u1th peak dtschar es of wwo
n%gh]y poo11c1zed recent floods. _

€;5 A]though these five f]ood peak d1scharoes on Redwood Creek were
Imnte similar, the 1nd1v1dua] {1ood events dlffered greatly in durat1o"

blume, and damage (Tab]e 6). The [ETe f]ood throcgnout mos t of north-
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F }ueétern California appéars_to have been the greatestyflood since 1852
HOomann and Pantz, 1903) In Redwood Creek, the peak discharge of the
2 964 flood was only s]]gnt]y']arger than peak.disthargos associatOd with

e ]953 and 1955 floods, bUL tota1 f]ood volumes and damages in 1954

:’h
”Vere s1gn1.1cant]y greater than those w@#&r*zted W]Lh the earlier floods
es1dents and twwber operato"s within the bas1n suggest that the increased
; roperty darage in 1964 ref]ects both 1ncreased cap1ta] 1nvestment by
1mber compan1es and <na11 1and owners, and 1ncr ased sed1m°ntat1on at
jtes iny ndated b/ pr°v1ous flood cre streafns1dp <11des were triggeresd
xy th]S f ood than by the prev1ous f’oods (Colman, 1973) p0551ble reasons
'or the 1ncrea> d s11d1n re d1scuscﬂd uter in thws report

'.The October 1050 storn is 1nc1udeo in Tab]e 6 1n order to emphasiz

e 0f the f ctors that contro] f]ood nagn1tudes in th1s basin, evan

ugh '*g Pearﬁon type III flood frequ»ncy dna]ys1; (Tab]e 5) suggasts
fio od peak of Lh 1tude of the 19aO f]ood est1mated to be
%,000 cubic feet per'second’(Rantz, 1959) has a battcr than even chance

’ occurr ng 1n any gl»en yoar The ra1nstorm assoc1ated w1th the 1230

od wa< exccpt1ona1]y intense. (Pau]aen :iéfjj but d1d not generate
ept1ona] runoff in. Redwood CreeP becausc antetc cnt mo1sture conditiens
e 1o~ and because the 1ntense rawnsauere apparent]y ]1m1ted to the

Sta1 part of tne ba51n. Th° fact that the forested h1]]s]opes in
downstrean erd of th°=bas1n ware v1rtu31:/ un]ogged at the time of

f]ood naj also have roderatod thn ]950 f]ood peak

: f,.,?l:iﬂzf




. rise and return
.. to-discharge less. - I
© .than 3000 CFS or . Total flow - - T
recession is . during 10 days ~~ Max. calendar day -

. , D Tota
S T R clnterrupted by - - following rainfall at Orick  Total storm - dama
- Date of Flood Peak . .. .Flood Peak  another storm initial rise Prairie Creek . -rainfall at’ - Redu

L e . - - (CFS) " (days) - - ;'(acre—feet)‘ - 7 {inches) - Orick-Prairie Cr. basir

B october 29 or 30, 1950 © . 23,000 . 6-8 - - .50 21.28 inch . G
Co - o IR o . : in 8 days ine
' NN (C

t

" ginuary 18,-1953 - .. 50,000 . approx. 5 . - - . 519 " 19.02 inch 1,06

| zocember 22, 1955 - 50,000:. ‘v - 15 224,473 - 2.3 ° 14.39 inch . 597
L F S P L ' ~in 11 days =~ .

bk

. Dicember 22, 1964, . . 250,500 o ttA5 < - 377,091 - 300 . . 14.28 inch . 1,30C
VoI i T | S dn 12 days

[[p)

Clznuary 22,1972 45,3000 0 - M- L: o 214,612 . 507 '."12'§4di”C“ :

I~y

‘ 'mirch 3, 1972 149,700 - 9 231,997 o 4.00 - " 6.49 inch
~ S , ‘ v , : : ~in 4 days

. ~ . . N . . ) ) . i
ol ratimated from flood marks, and ‘the stage-discharge relation developed after to gage was established in 1953 (&
_ | ! _ b
L . N 0y . - P ey . . [ B R 3
S hough no formal damage survey was conmiled for the 19772 Moods, damage wis substantial, Orick was proloecied
Soovenbructed Yevies, bat the Tevies ThemaeTves siectained come o Damie b 3 de e 0 :




)
4 .

L  The major floods in this area, even though they are of fegiona]

ent; werecnaracterized'by hignly variab]efunif3runoff which reflects
'}iatinnenin rainf311 intensjtj as wall ae'differencesvin drainaée
inicnaracteristies. Regional pétterns of fa{nfa11 intensity-dispfay
;S:differences from storn‘to storn w{th the detai];rof any given
tern showing close nrographic cnntro]. fsonyetal maps for the storms
fusing the 1930 ]9J3 1955 and 1964 f]oods are lncluded in the reports
ﬁPau1sen (1953) - Rantz (]959), hormann and Pan;z (1963) and Yaznanen
.oehers (]97]) Re 1ona1 preeiputae1on putuerns and rurof‘ records

m Redwood Creek (Table 7) and ad ent basins suggest that unit runof<
ib; nedwood Creex basin during the floods .of October ]950, Jenuzry 19I2,
January 1972 was-greetestvin the dcwnsfrean 'part of fhe basinﬂ Inczec
) 'tnd high est recent flood peaks in tne nelghbor1n3 L]Lt e River basin

]cods o. Jﬂnuary ]05? and Januer/ 1972 Sim].ar data suggs

i at uru. r”noff for tne cenoer 19na f]oua was near]y un1form tnrowcno;t

A
; C A

e basln,.ano that unit runof‘ or Lhe flood< of Dece er ]964 and March 17z
greatesf'in fhe-high 1n1and parts of e bas1n. hn 1mporfant ceroliary

iheﬁe 0uservat1nns is Lth some‘down . am. tr1ou !105 of Reduood Cresx

ciudung those Wi h1n Reduood Nat1onc] Par&) ra/ have expe.lenced

er'f]ood_djscharges 1n'1950 ]053, and 1972 than tnej exper.eneed




Je 7. ‘Unit Runoff for Notabls Recent Flood Psaks in the Drainage
.~ Basins of Redwood Creck and Little River, Humboldt County,
California. Discharges are in cubic feet per second per
square mile. - '

Redwood Creek . Redwood Creék | Little River

.near Blue Lake  at Orick near Trinidad
(67.6 sq.mi.) (278 sq.mi.) = (44.4 sq.mi.)
uary 18,1953 1/ .. 180 T
|ecenber 22, 1955 179 SR o9
arch 11, 1957 T A 87 20
'ﬂbruary 8, 1960 - 0 . - ; 9
anuary 20, 1964 -  - o 136: . 179
ember 22, 1964 243Y TP 186 .
ary 4, 1966 - .. a2 a8
Lrary 23,1970 .- . g8 o185
Ryenber 22, 1970 | 199
niary 22, 1972 1024 . - 83 2

Brch 3, 1972 - - 203% e 214

# Flood marks for this flood were at a étagé of 15.3 féet, whereas
10od marks for the flood of 1955 were at a stage of 13.7 feet. Mo
0 charg= value was assigned to the ]553 flood peak.

ood marks for the £lood vere at a stage of 15.7 feet, whercas
marks for the flood of 1955 were at a stage of only 9.63 Teet.
discharge value was assigned to the 1953 flood peak (Hofmann and
tz, 1963). . . ~

plscharge was estimated from flood marks and stage-discharge
jons in effect when operation of station was discontinued.

‘.150 ..'. '. . . | : ."A




f any channel aggradation occurred in the interval batzeen the
jscontinuation of the racord and the 1964 flood paax as seenms to
the case, the estimatad d1schargu would be hign.

—/'At the time of these floods this station was being operated only
as a flood-warning station. Peak discharges were estimated from
peak stages and a re-established stage-discharge station. :
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Avai]able data, although medgnr, sugges; that runofr characcer1"€:
for the entire Rodnood Creek wauershed are gereral]y similar to those
at Orick (f]g 39, Tables 3, 3, and 9), except that the upper bas1n Y
beltharaceerxzed by slightly larger average annual unit runoff. Th1s
d1fference however, is not great and varies cons1derab1y from year to
~year (Table 8). The larger average total annual unit runoff probably
refTects larger annua] precipitatiqn in the headwaters than in coastz]
areas. - Unit runoff differences are diseernib]e at both high and icw
diSchargee (fig. 39). Higher Unif discharges,ddring storm eeriods are
documented .not only by flow duratfon ane]ysis, but also b} the faet
that annual instantaneous unit beak;discharges af the Blue Lake.stati:n
in-all of theleighf years of reliable dccementation were equal to or |
lérger than those at Orick (TabTe 7). In four of these years ihe unif
g peak discharge at Blue Leke was more than 25 percent larger than that‘a:

Orick. On}y the more notable of these flcods are summari;ed iﬁ Table 7.

gradients in the upper basin than in areas downstream frem the gaging stzti:
«near Blue Lake. Secondary influences are related to more intense sicra

a



e 39,

‘Orick.

C1col

Comparison of flow duration curvcs for daily dischar-:
_at Redwood Creek near Blue Lake and Redwood Crecl st

The $§ix vear average runoff was 55.44 inches
at Redwood Creek at Orlgk dnd 56 79 Jnche at Lutxow”

near Bluo LnL..-
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he thtn rego]ith, steep hi]]siooes and-channels, aod varm, fog-free
,$unmers “that aro prevalent in thetopper basin. Perhaps the ]over dtn51ty
Aff forest vegetat1on in the upper basin reduces evapotransp1rat1on inducad
olsture 1osses to the extcnt that phys1ca1 and climatic factors are
we]ghed Any d1fference in vegetat1on induced evapotransp1ratlon
imuld be accentuated by the fact that during the perlod of concurrent
tream g]g1ng records the proportion of recent1y cutover land in the bo>1n
sébove the gag1ng statwon near Blue Lake was far greater than in the bas 1n
s a whole. Another explanation for the apparent]y greater low flow &t
.upstream site is that,the:much harrower and thinner alluvial fill at
fthat site provides Tess opportunitj for intragrayel-f1ow than at Orick.
e d1x.erence in valley-bottom configuration p*obab]j account for most
f observed d1fference in Tov flow.

Tr1butar1es dra1n1“g predom1nant1y sch1st terrane, other factors

ng equal, apoear to show s]ower'responses to storm prec1p1tation, Tow

[

ak d1scharges, and higher sustalneo low flow than tr1butar1es underlizin
redom1nant1y by 1ess metamorphosed rocks of texture zones one and {wo.
nly-a 1imited number of discharge measurements have been made on tricutary
ﬁreams (Iwatsubo and others, 1975) 50 thatithese differences in hydroiogic
Fegime must. be inferred primarily rrom qda]itati&e observations.

ENT RUNOFF TRENDS | "

F]uctuat1ons in annual runoff for Redwood Creek at Or1ck dur1ng

er'years 1954.through 1973 areﬁgenera]]y similar to fluctuations in

cipitation for Orick-Prairie Creek_State Park, but some intriguing



sorcpancies in this pattern are discernible (fig.'26). Three peri::3

water years character1z°d by greater than average annual runofi “:r

ﬁédwood Creek at 011Ck, are apparent in-grapns of cumu]attve depart.rs
rom the mean (fig. 26)' these periods are water years 1950 through =
53 through 1965, and 1971 through ]072 The first and third of tr:zss
r1ods coincide W]Lh periods of- **na.;?‘xéan average annual'precipi:_-
on at Orick-?rairie Creek State Park, wnereas the second perioo
incides with a period of average or s]1ght1y less than average prezisita-
gtion at Orick-Prairie Creek State Park. Because the zmount, as well zs
e intensity, of streamflow strongly influences erosion processes, it
~important tc seex explanations for the apparently increased percz-iz:z
“annual streamfiow at Qrick. |
Runoff-precipitation relationships may not have been constant cvar

e entire 20 years of stream records at Crick. fF]oHAduration curvss

‘ 37) suggest.that average total annual runoff has beccme greatzs
d,that both exceptioha]]y hightf1ows ang exceptﬁona]iy low flows czsu--z¢C
uore frequently dur1ng water ysars 1964 th“ouqh 1973 th>n during t*=
yecedfng ten Jears. Curves of cumu]at1ve departures from the mean

fig. 26) also suggest that in aoout ]902 Pedwood Creek at Or1ck starie:
itrend toward h1gher annua] runoff and h1gher runoff prec1p1tat1on

os; magor departures from cnas trend:occurred only in 1966, 1963, 203
3. The trend tcward 1ar er runofr prec101tat1on ratios at a tt-e 97
rent]y decrea51ng annual prec1p1tat1on is part1cu1ar]y intriquirs

use in a humid climate ovanotransmravon 1ossas vary little fr-"

r to year so that annual runoff prec1p1tat1on rat1os normally vary

b

fct]y with total annua] precwpatat1on, 'These apparent changes &~

discernible on the graph dna]xng onlj wwth per10ds of susta1 z

:

i stream discharqas ( Tig. 27).



-

} " Thesé apparent chaugeelln runotr' ]ationshfp; tunuot be satis-
factqrily exulained solely in terms of changes.in.precipitation amounts
'r.ir{tehsity at éri"ck-pr'ailrie Creek State Park;' For gxamp'le, during
wter years 1654 through 1053 about 7, 7,0,]Qoacre'feet of vatar f?owed
: ‘past the Orick gage and the total rainfa]] et Orick—PrafrievCreek Stats
A , Park wa$-719.5] iuches; On the other h2 nd dur1ng water years 1984
E through'1973 about two percent more water, 7 928 ooo_ acre feet, flowed
:past the 0r1cr gag° even though the tota] ra1n.a]] at Orick-Prairie
C State Park was 66?.63 1rches or about 99 percent of the rainfall durirg
i@' he precedlng ten.years. Th1s Jncreased runoff apparent]y'cannot he
| .Satisfactori]y‘exp]atned:by'increesed rainfai] iutensities at Prairie
;creek Stete Park. At that statien, 24 fewer do_,fr Wit h prec1p1 taticn cf
§ rore than 0.0I-inch 5 fewer days with precipitation of more than one
T nch and 17 fewer days wm*h prec1p1tat1oq of nore than 2 inches occurr
etween.water years 1654 and 1973 than dur1ng tno prﬁced1ng 10 years.
Mbre ee sfactory evp]anatmons of Lnﬂ app rent”changes in runoff relat 1*'
- h1ps at Cr1ck may be re1ated fo chan s'ln régiona]tbreejuitaticn petiarns

nd land use.

leen the natura] var1at1on 1n storn tracku and tne comu]ex

hys1ography of the Redvood Creek bas1u and .ts cnv1rons, 'Iargn va r}atichs

n regmona] prec1p1tat10n pattnrns aopear to be part of the variability

,'nherent,1n the present c]xmate Annua] precxplt t1on recordu at Cresce
.1ty, Hoona, Eurela and Qoard Canp uountaln (f1o 28) do indeed suacest
'at some of the var1at1on 1n annua] prec.p1tat1on runoff relat1onsn1ps

t - Orlck may ref]ect var1:t10ns in reg10ﬂa1 annua] ra1nfa11 patt res. That

LS to say that under sone c1rcum ncce prec.vatat1on at Orick- Pra.mr
eek State Pcrk'may.be a rather poor;index'cf bdsinwide'prccipitc ien.

Ceanty S e
-

s



';he possible 1hportance of time sequonces of storms and chances in

egionai vdriatfon in'raiﬁfall péftcrns (f%g. 25 seem partly to ex:7zi-
nonalously Tow runoff in 1957 and anoma]ous]y nlgn runoff in 165:Z,
nd 1989. However, the positive departures from mean prec1p1ua 1ﬂ' 2t
]i'of these weather stations are much smaller than,the coeval posizivz
¢partures from mean runoff at Orick. |

| Additiona] factors that could account for part of the recent
ppérent increase in the percentaée of annqal rainfa]i that appears zs

treamflow in Redwood Creek at Orick include changes in land use é&r:

Ychange in the time sequence of storms in relation to each other anz tc

easons of-the year. Both types of chahges can 1nf1uence~streamf1:~

011 moisture cond1u1ons. Logg1ng and road construction can furur-

0w along roads and skid trails. Our 1nterpretau1on of data re]a i

wm
(4}
(ﬁ

n not be eyp1a1ned by cegsona] ef cct< or. antacedent moisture.

onsiderable puo]1c concern about *ho posswble 1wpact of tmmbe"

‘rvest on the streamf]ow reg1m~ of Redwood Creek, we summarize in the

LS

published studies on logging—lnduced streamflow modifications.

. .‘57 ti'A -

odi £y stream,lox by reducing 1nf111rat10n and by nnterCOpt1no sutiurficze

(D

rmllowing paraglaphs our preliminary flndlngr and 1nterpretat10ns iz licne



P TIMBER HARVEST AWD STREAHFLOW

.
....

3 " A]thougn data prescnued in this report are 1nsuff1c1enu to prove

quant1tau1ve1y any 1and use induced changes in the runof f charac;erlstubs
of the Redwood Creek bas1n, we nave’noted the co1nc1dence that intensive
timber harvest and associated roa& construction in the Redwood Creck
basin were initiated at of.immediate]y prfor to the apparent change in
runo.f charact°r1st1cs Moreover, initiai measurements of Storm pre-.
cipitatfon and runoff in ﬁome tributaries in the lower basin (Iwatsubo
and others, 1975) suggest that recent cban ges in land use, espec1a]‘~
1ntens1ve timber har"cft, haQe increased annua] runoff; runoff from

smal] and moderate storms appe;fs to have been 1ncreased more than tbat
¥rom major stcrms. The preliminary Redwood Creak 1nd1nus are compz cinbie
Ewith more detailed studies at experimental Qatérsneds w1ch climate and
&egéfatjon not greatly different from thoée of Redwood Cvack (Anderson

73 Hibbart, 1967;

o
-~
(@]
o |
o
(@]
>
"
—
o
Y

and Hobba, 1559; Rothacrer, 1965, 197

Harper; 1969 and'Hsfeh; 197 upted in Brown-and Kryge}, 1971; Harris,
1971). |

Most analyses of the impact of ]ooging on}stream rtinoff in the
literature cited above suogast (1) that Iogngg increases total annual
unoff, (2) that the increases in ruuoi ‘a ] >t pronounced during ezily
auturn storms and tne b1o]oglca]. 1t1ca1“s mmer dought, (3) that

pacts upon major fleod flows are ]ES: Lhcn upow low and moderate

tream discharges, and

*
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) that any increase in flow persists for relatively few years. These

ngeélin runoff patterns are summari zed in'schemafic flew duration
rves shown,iﬁ figure 40. B |

..lf;the recént increaée in the frequency of both extremely low flcw
'extreﬁelj hign flows on Redwood Creek at Orick (fig. 57)'paftly
f]eﬁts logging of old growth Redwood and ungias-fir forests, a com-
ison.of figures 37 and 40 suggests that the ]oggiﬁgfinduced éhanges

the runoff regime of Redwood Creek are somewhat different than those

‘egbn. These ditferences may reflect largef cutting units, greater
’ound'distﬁrbance,_and more pfonounced sumner drought in the Redwood

ek bésih than in the experimenté].ﬁasins. Increasnd ground disturszacs
ociated with recent logging of old groxth redwood compared with that
‘asociated with Doug]as-fir-dominated logging in most experimental watsr-
ngds €n the Pacjfjc Morthwest results from the greatér use of tracter
ding in the redwood region. Also the large size and brittle nature cf
ood t1rber often require bu1]dozer cons;ruct1on of layouts. Forest
ct1cos in the reduood region are d1scussed in more detail in the

f]o cn resource uL11wzat1on.

Increases 1n runoff fo]]ow1ng 1ogg1wg havc usua]]v beén explained
the prev1ous1y cited references pr1mar11y 1n terms of (1) decreased

utercept1on of. ra.nra]] and direct evaporat1on from canopy ve getaticn,

i) soil compaction 1ead1ng to decreased 1nf11trat1on rates and scil

.. 158

served xperime ins in_ northwestern j { i uthwestern
od at experimental basins i orthwestern California anc south e



|
- . - : P,r.c"'Togging
= _ ‘ - ““conditions
“Conditions
T T T"shortly after
. : logging
y .
O
ax
z .
X
(&}
[75)
Q
_
W
~
<
k.
PERCENTAGE OF TIME FLOW .
. WAS EQUALED OR CXCLEDED

Figure 40. Schematic representation of typical
} change in flow frequency curves
¢ . following timber harvest as suggested
by paired basin studies previously
- reported in the literature.
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ow]y than c]ean water dralnlng ue]] vegotated 1and Al] four of thessz
i ocesses have:probab1y influenced stream runoff from cutover 1and in thz

dw00d Creek basin, However, va Lene aaifdegree of mechanita] disruz-

'The ro]e of 1ncr°ased nechan1ca1 d1sruptlon of the ground in
,*hcreésing-runofr can oe_unoerstood.best 3n terms of a part1a] aresa
{Dunne and Black, 1970e, 1970b) or rériable'source (Hew1ett and Hibber:,
‘67)'model of storn runoff Qenerationk ubsurface seepage from cutbanis
ﬂ{ong roads and sL1d trnl.s, as descr1bed by b egahan (1972), appears o
a ma;or ( erbaps even romnant) D“O”GSS 1n generat1ng over]and flow
'the.Pe IOOd Creek ba54n. The convers1on of SLbsurface f]ox to surfecs
,::owigre Lly 1ncreases ‘re total arna w1th1n a bas1n that cons1sts cf
:,fner.saturatedrso11 or actual’ freu-water surfaces | Ra1n fa]]ﬁng;ﬂ

o

ese areas is converted ent1re1y to urfane renoff an ]eaqs to greatly
The d1fferent genmetr1c pat erns of sk]d Lra1]s resu]t1ng from
ferent yard1rg procedures can. a]so 1nf1uenfe storn runoff (Store
/nd:others,'1969). Cao]e yarorng s stems )esult in fan shap°d patterns

to




'“sperse overland flow. In contrast, tractor yarding ("cat logging“)

}.su1ts in dendritic patterns of skid trai]s that are cormonly several

et ‘deep and converge dovns]ope and tend to concentrate surface runof‘.
inost exper1menta] watersheds in tne Pac1f1c Northwest high lead or
-11ne cable systems were used to yard the logs, whereas tractor

rd1ng has been the jom1nant style of 10gg1ng in tne Redwood Creen basin.
Some controversy about the 1mpact of ]ogqlng upon ‘lood d1scn'v~es
i1l extsts. Andercon and Hobba (]959) suggest that ]ogg1ng can 1ncrease
't d1scharge of h1gh as we]l as Tow and mode"ate f]ood flows. Simitarly,
ack (1966) suggests that the increased frequency and naqn1tude of flsodin
the Eel R1ver bas1n is directly related to 1ogg1ng In contrast,

tz (1905) believes that peak dlscharges of the devastating 1964 Tlczd
orthwestern California were not influenced by logging. Hewlett and
lvey (i970)-indicate'that; even when peak dtscharges are little affeocie
timber harvest, the total volume of storm runoff is increased signifi-
nt]y;_and thfs'increased volume could result.in increaSGd downstrazn
oodino. ‘The spatial dist%ibution as well as the size and number of
cent]y cutover areas u1th1n a basin 1nf1uence peaP discharges (Store end
%éys, 1969). The papers cated above. have rc]xed on comp]ete]y different
alytjca1 techn1ques and'only'11m1ted data. " The present authors be]teve

" the magnitude of

t the 1npacc of recent t1mber harvest upory major floods in the reawood

ion is an urgent questics that sti]] cannot be def1n1t1ve]y answered.



: Cohs{deraple historical in?ormation (McC]asﬁén and Briggs,ki933;
_aulSen,.1953;.Hofmann and Rante;'f963;,Rantg. 1965), as well as geologicz]
*ndfbotanical'evidence‘(Zinke; 1966; Stewart andlLa Marcﬁe, i967;
jelley and La Harche,v1973) indicates that destructive, high magnitude
f-floods occurred repeatedly throughobt northwestern Ca]iforhia ﬁong before
he:fnjtietion of ény»méjor ChangeS-in.Janduseﬁ ‘Historical observaticns
n the Smith, Klamath, Trinity, and Eel Rivers (fig.23) suggest that the
Redwood Creek ba51n probab]y exper1enced floods in 1°62 and 1830 tuat were
omparab]e in magn1tude to those of ]953 1955 1964, and 1972. Helley

d La Marche (1973) have used. radiocarbon and tree- rlng dating to assign
ges to pranastor1c fiood depos1ts at severa] 1oca11t1es in northwestern
lifornia. These viorkers conclude that a flood ]arger than that of

:;cember 1964 occurred about the year 1000 and that floods closely

ompareble to that of 1964 have occurred several times since then.

e

- At several 1oca1ities within tbe Redwood Creek basin we have observs:

'L .
H100d p7a1n s;rat1grupn/ comoﬂrab]e to ehab described by Z]nVe (1838) and

vre~h1stor1c Ho]ocene gravel deposits bear1ng apparen;]y a °1ngle young
e_c]ass of con1fers cow;arab]e to those studied by Helley and La ilarche
973) 'So far we have attempted to date these features only by coune1nﬂ

; nua] rings on stumps. Even tuese 11m}ted data, however, suggest that
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STREAM AND UATER QUALITY

winter storm periods.

auturn is also uncesirable.

me parts'of the baéin.
esult From man's wodif
fthis is partfcu]ar]y true in
oads (Janda, 1972).

EDIMENT DISCHARG

,-
-

l

E: usponded sediment d1scharce

- The overall water quality of Redwood Creek and 1ts ma

past Regibna] Hater Quality Contkdl Board (1974).
rather 11m1ted nurber of 1nd1v1dua]s.
The observed comb]nat1on ot

and low dissolved-oxygen concentration along the

ow-gradient tributaries during low-flow periods of late su
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highway 299 and Redwood Va]Jey. More Systematic.saﬁbiing'df these
'anqsé“t flood deposits wdd]d uhddhbtedly proéide-q_clearer understanding

of the magnitude and recurrence interval of major floods.




uent d1scharge records sugjest that northwestern Ca]1forn1a is the 35t

. ‘_p1d1y erodzng reg1on w1th1n the contermlnous Un1tcd States (Judson ar?

;.

-1tter, 1964); at ]east 18 northwestern Cu11.orn1a stream gag1ng staticns

hat mon1tor dra1nage basins in excess of ]ﬂﬂ squaro miles are characts

.l' B

avaragn annual suspended sod1re-v'\*"de< - excess of 2000 tons per
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tquare m1]e (Janda, ]972) Recent repor on the h1oh sed1ment loads o7

W and R1tter-(1971), Knott_(]97], 197ﬁ),‘R1tter (]972), and Brown
1973) . | )
Even in th1s env1ronment hovevor,_ he suspended-sediment load of

.wood Creex appoars to be notewortry‘ -Irlfact 1dnrihg the first thre

lav

rs of como]ete seo1went records (ther years 1971 through 1973) the
rage annua] suspenoed sed1T°rt y1e1d o. about u,lOO tons per squ:re
=ﬁ]e fOr_uedwood Creek at Or1ck was, on a nor square m11e bas1s, naarly

iwo t1rf greater than that of the Ee] Rn er'at Scot1t (nab]e 9)--a basia

v

redlt"d N]th the h1gnest suspended sedlmcnt y1eld of any comoarab1f

'gzed r1»°r 1n the conterm1nous Unlted Statﬁs \Brcwn and R]tter, 1671).

ur1ng t11s t1me, Lowever the suspendvd sco1nﬁnt 1cad of the Eel R1ver
“a1]~but one year, vas ftr b°]GN the 16~y ar tverage load (Tab]e °)
ause the maJOr sedime nt4transport1na storms were_not as 1ntense-nn the
”R1ver bas1n as 1n the Pedwood CreeP bas1n.tlf A |

A conmon method of study1ng the sed1rent—transport character1st1Cs
rwvers is- to d°f1ne re]at1ons hetween water d1scharge and susoended—
iment d1scharge. In *h1s teport vie sha]] refer to the graphical
resentation of such relations as sediment- transport curves. Sediment-
nsport curves for stations anng Redwood Creex are preserted in

ures 41, 42,,43,.and 44, Curves for stat1ons at Or'ck and noar
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gure 42. Relation of suspended-sediment discharge to
water discharge for Redwood Creek at Orick

for 1973 water year. The plotted points
represent average values. of suspended-sediment
discharge for selected intervals.of water
discharge. The regression equation was
developed from only these average points.
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igure 43. Relation of suspended-sediment discharge to

' water discharge for Redwood Creek near Blue
Lake for 1973 water year. The plotted points
represent average values of suspended-sediment
discharge for selected intervals of water
discharge. The regression equation was R
developed from only these average points.
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gu’ Lﬂke where suspendc‘—sediment'dnta are collectad on & rogular dnil
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i e ‘
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Y
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sediment-transport curves hava gradually shifted back toward trec:
ing pra-s lcol conditions (Knott,-197l, 197k ; Tioown, 1973). AItL:uQL
1972,sediment ~tr sport rela tfcns Tor Rcd ood Crezz at Orick are pcorly

ned the flooas of January and Marcn, 1972 nay have caused a slig

rd shift in the sediment-transport.curve (comnar figures 41 and L2,

2 basins with gaging stations wh°r= suspended- ediment
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of 1972 floods were not

ge enough to 2lter theirAsediment-transport,curves.
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oafficicents of determination (4~"lett Packard, 1974, v. 5%-55) for
0 r"*rnssigq lin2s ar2 2)1 high kecause of this eaverezging rroczdur:
se tie w2tsr dischérga {Ow) is-a factor Jn datermining tihs
1dau-s:di";nt discharge (93).  Thus, the coorTiciznts have ro piguic
canct and they are not listeds . '
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1 Maddo 1953, Apds ndix B; Judgon and Ritter, 1964; MNoliman,

), the high suunana—d- ¢diment loads of northweau-rn California's

-

1vers aprear unuuuul in thet the loads are the product of high sirean

~

‘charge and r °lau1valy modest concentrations of suspsnded sediment

Tgble 10) For exa pT &uring the thrée yzars of rzcord for Redwocd

‘? k at OrlcP the mean caily concesntration of.suspended sediment has
“ en in excess of LOOO mg/l on only ﬁh days and in excess of SOOO mg/l

only five days, The aV°va5e coqccntrut*ons of suspended sediment

Orick during this iaterval were about 300 mg/l and 5400 :g/l, respsciivaliy,

orn runoii on meny strezws ir the southiiestern United States and in
cultural land in the midcontinent is gen2 &llj ch¢r9c.er1 g2 by
Iy trzazs in.

Ldar,~-4 higher concentrations of susnend=d sedimant than s

thwestzrn Califcfnia. In those areas,. average suspended-sediment

T', 1

ucnntra‘ﬁcn is ccmnonly zrsater .than 2000 MC/l urd storm runof{ comrmoni
P 4 . ) .

!' . . . - A . . .
JRit s c0nﬂe::ratlons of.seve* tens of thouss nda of milligrems par liter

opold z=d laddock, 1953,.Appéndix B;.RainWate 13562),




Rcdvood Creek near
Blue lake -
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Reduosd Creck. &t
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2 e
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' d
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_j Computed on thc basls of dn.l ty adhment :

< indicates

2

lt.llt 700~

67.6 26 - 139,400
117.4 42 247,800 564,000 >550 44 .
185 . 67 387,600 >2"9.000y§/ , 2470 . >1360 .6
93 13 171,100 <514,000 ' <5610 3
278 100, 559.,000 757,60 : 1,000 . 2725 100
' L . $522,000= 3”3/ - 1880
. . : Between g/ ) ... Between
. N . : 765,000 and ' 2680 and :
N ' 971,060 3699 T

senp Ly (Portertiotd, 1),
than those compgtnd Trome Ilaw durnddon cwven, Computatlonz haged bpon fnw chn nl.ion rnd sedimente
transfer curves ore Jneinded ( see Fooliob i b %) for congmrntive p\u-p(, ey

llu ] nmp-:'unn
he general 1evel of uneertainty s Alae

mocinted with the, va Tark {yenubagyy,

Tor Soull

"01 the rclat101 betwoeen water dl sehinrpre (Qw in CFS-days)
s in tnr"p-r doy) for the period including water'years 1971 throush 1973

O.G-’JOl Qw 202855%; r2 20,6740}, erd the flew durction cwrve for WY 1973. Estimate wag

baced upon computed values of Qs for mid-pointe of cach dizcharge incrcment in Tatle &, Insufl-

ficlent duta are availeble to compute a vwaler dlzcharge-suspendid scdiment ddscharge relation

frem only WY 1073 :datao.

and suapende d sediment

Becouse of the logaritimic relation between discherge end suspended-sediment concentration (or load),.
wore sedirent Is transported in the upper pert of cach discharge increment than in the Jower part;
thus, gediment leads cenputed using the mid-points are lowver limits cn the gotunl Qoesd:,

Eotizmated from the reletion Letween waler discharge and compended gedloent diseharge tar the perlod
ireluding water years 1970 theoush 1573 (s =

.U 2 coy . .
3 4 0,004 Qs‘ "‘: r- o= 0.5-;7)23) and the flew daration
curve for VWi 1073, Hstinate was based vpea coeputed values of Go fov mid-points of each discharge
Coeyewent in Tanle 3,

12.-;3,_!_-4;”.{\ 1"-'..»1 Ve et ntbom tenteen unles Apebavee mael vepessdt U sedbme al diachiag,e: (a0 QL0
[ st e nray et e Vet cnen s U O ) e et AT T, e b e o
[TH} ‘.‘." [XAT I (R ford gt I A O T L IR v ) :
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ven tvou h cou"ontrnulo of suspended sedimsnt in Recdizod Creo:z;
d . coe M. o .
¢ not exceptionally high, moderate concentrations varsiszt throughous

Buch of the winter utorn scason axnd 1mpart to the cr sek
! 3 . . ' ) \
ay color. Average daily ccneen trations in excess of 300 =z/1 cc:::;ly

sist for several days at Orick; nihe such periods persisted.for mcrs=

“%han lO days L;‘“é water years 1971 through 1973, These perfods oczix
?t uhc tlm= when aradromcus fish are spawvning and their
.:fﬁolmberg, 1972). Prolenged e osure té ancentraiicns of sugpendsd
ediment in excess of 300 mg/lvare'considéfed'bs scme aut“urs letnal

K- .
4 2= - ~ ~r - . .
to fich (Givrons and Selo, 1373). Trese concentrations zrs 2lic salll-

ently hign to cauvss local degrada'icn of* intra-gravel envirgmienis T[-

~ 3 —~ 3 SR J Lia M A - g em e
Imzregneting streambed materials, The interacticns tetween

r:e:—sudln-n lozds ars discuszsed In mors

In etterpting to intarzret existin 1z suspanded-sediment racords Siv
&, the ztisodic nature cf sadiment transport alcng Reluood Cresin, ==
rthwestzsrs California streems in 55":ra1, L t b-= fully szerecice
‘any gi-vza ywer, nsarly z2ll thﬂ strc -am s d ;n; is transperisd durin:

ERY

few short intense storm‘neriods.f Data dog‘ enting the espiscdic chzrnotzr

- sediment transport on Redwood Cr“°K au Orl" azc udfﬁ;rilid in

gL exc ead d only five percguu of the
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2d for oicut 37 pereent of-thé total'watur,disch&rga gvl

rted zbout 80 p;rc-nt of the to»al éuspended-sedimsnt load ALl
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-digént:lpad. ‘The epi 1A. torm- r'latea nature cf aUap ﬁed-sedi;s:z
ensport for Redwood Creek at Orick is 1Lus rated ;Lruh er in figurzs :
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Creek'during vater-years 71 tnrough 1573 vias transportel Zring
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Suspended -sediment concentrat1ons and load per ‘unit area for Peé ood

reek near Blue Lake are apparantly about equa] to those at Orick
z;Table 11). Corparat1ve sed1nent transport curves plotted in terms of
i‘ednnent load per unit area for stream- gag1no statlons along Rednood
"reek near Blue Lake, at the southern boundary of Redviood National Park,
nd'at Or1ck show rather similar relationships (f1g 48) However, at
%1gh d1scharges that are respons1b1e for most of the sed1mcnt transport,
‘ﬁha sedwnent discharge per unit of dra1naoe area’ appears to decrease
]ight]y between the station near Blue Lake end the southern Park
qundary, and then to increase_between there and Orick.-

Downstream increzses in suspended-sediment contr1out1ons from stiream-
‘ank erosion and'from recently Waned areas apparent]y make up for
nownstr am decreases in suspended se dinent contributions from earthfjows

d streamside landslides. Independent mterpretatwnc of aerla] photograsth:
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DAILY MEAN WATER DISCHARGE IN

CUBIC METERS PER SECOND PER SQUARE KILOMETER
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. | and field 1nspect1on gt d1rferent t1mes by the U.S. Departrent of
: ‘Agr1cu1ture 3 R1ver Basin P]ann1ng Staff. (1970) and the U. S, Geo]og1c31

: 4 survey (Curry, 1973) suggost that the area between the gag1ng station
g h

- ?g ear Blue Lake and the southern bourdary of Redwocd Mational Park may be

\tne most rapidly erod1ng part of the b351n, ava11ab1e fluvial-sediment
ata (Table 11) appear to contradict this observation but they are
insufficient to test fully this hypothesis. - .

g Observations throughout the Redwood Creek basin and ‘i'nitial

‘measurements in the downstream third of the basin (Iwatsubd and others,

'1975) suagsst that during observed storms of low to moderate intensity
itributaries draining extensive tracts of recent timber harvest have
3 igher suspended- sedxrent concentrations and lcads per “n1t of drain ce

<rea than do tributaries draining on]y unuooged forests and revegetaied

‘older legging units. The suspended sediment from the more recent]y‘
qugged tributary baéjns 21so appears to be brbwner.in color than that frem
f%n]pggeé basins. However, during the observeq storms even the most hzavily
ﬁpgged tributaries anpear to have suspended-sediment toncentrations and
oads that even on a per-square m]]e baswq are ]ower than those of Recw.ood
reek itself {Winzler and Kelley, 1973, that>ubo and others, 1975)

é USpendeo sediment 1nduced tbFDldlty alﬂo appears to persist for 2 much
aonger perlod of time along the main ch=nne1 of Qcowood Creek than in

of the studied t 1butar1°s However“the ro]e of the tr1butar1es in
\Ppp1y1ng sed1...en+ dur1ng the ex*reme runoff events that transport most

. the total suspended sed1rent ]oad rewa1ns to be evaluated.

Bed) oad o - ‘"“'j.~'-fﬁ‘""”fﬁlt' 3

Recent major chanoes in stream-channeltgenmetry throughout the

‘,;Nood Creek bas1n attest to occas1ona11y high rates of bedload tr*r:::f:.

1o e T



Kﬁowledge of the absolute quantities of bedload and the relations

cr
W
r

(24}
o

wbedload and water discharge is scant Bééause génera]ly acceptable pro-

. cedures for sampling and corputlng bed]oad are still being developad.

LSPermchc direct reasurements of bedload ut11121ng the Holley Smith {1971}

sampler, however, were started along Pedwesrd Creek during water year 1972

(Iwatsubo and others, 1975), Initial data collected at six sites along

'edwood Creek as well as data from 51m11ar nearby streams (Brown and

g'tter, 1971; Knott, 1971, 1974) suggest that bedload probably accounts .

r 15 to 35 percent of the total sedzrent load of Qedwood Creek.

The percentage of sedimant transpor;ed as bnd1oad by Redwood Creask

pears to decrease in a downstream direction. The absolute quantut ot

hedload moved past Orick appears to be significantly less than the
”gntmtj moved past the southern boundary of Redwood National Park

Nannex aggradatlon along the reaches of Redwood Creek within the Par<,

ri-

S documented by repetitive surveys of Tonumented stream- channe] Cross

{

ct)pns in 1973 and 1974, (;watsubo and otﬁérs, 1975), probab]yAaccouncs

much of this decrease in bed]oad

P The mechan1Cd1 d151ntegrat1on of streambed rauer1a1 however, pro-

{ddes en a1tnrnat1ve eyplanat1on for thc Lownstrean cecrease in- bedload.
Jmerson (1971) has postulated tnat thlS mechan1sn accounts for part of

downstream increase in suspended i~,u LhuL accompanies the doww-

dncrease in: bed]oad a]ong the Eel R1ver Mechanjcal'dlslntegra-

f bed mgter1a] is a plausible proce;s_a]ong.Redwood Creek as bed

. RIRTIN Ve LR
; """'.'r -




1 aterlals observed dur1ng 1ow f]ow contaln a large number of crackOd cnd

} artly deconposed cla ts of sandston., siltstone, and schist that would
brade and fracture quick]y in transit. The proportion of mechanfca]]y
Hstable'c]asts appears to decrease'ih a downstream'direction. If

13- a"chanic51‘disintégratf0n is. a promihent'process, the downstréam decrease

E m ﬂ" bed]oad should be accompanied by a downstream decrease in grain size

| 'of the bedload and a comparab]e downstream 1ncrease in suspenced load.

WPW .. conditions do exist along Redwood Creek, but present data are

.sufficient to deciae to what degree those conditions reflect aggrada-

!lon, mechan1ca1 dxs1nL=gratlon, selective hydrau‘1c sorting, and intro-

[

1feeded to p]an'for the passage of present and anticipated sediment loads

fough'the park 1and$'of lower Redwdod Creak.

The characteristics of streambed materials, tHe frequency énd duration
~9f bedlcad movémenfvand the pool and riffle configuration‘in heavily-

: %8gged'tribqtary basins along Redwood Creek are strikingly different from

| osé in unéuf basins. Increased rates and frequcnc1es of bedload trans-

;Brt in 1ouced versus un]ooged tr1butar1es are SUOg°Sted by qualltatlve cbser
ons througnout the basin and Feasuremnnts in the Tower th1ro of th=

;ﬁswn (Iwatsubo and others, 1975); The sbreambeds in heav11y logged
?;sin§,‘moreovef; disp]ay mofé po@r]y sorted sandy pebb]e grave] than
4reambeds in uncut areas. The pébrly gorted sandy pebb]é gravel appears

-6 be der1ved ér.marm]y from erosion of roads1de ditches, gullied

d tra1ls, and sidecast road spoil in recently,ioqqed érgés, The

ot ndance and grain size of this gravel apparently decreases

".'. . 3 . . ‘.._..."‘ ]82 .- | :' .



gressively downstream away from recent-lorging units because'of the

1oad on downstream reaches, where the most v151b1e 1n1tia1 modiflcatlon
he streambed materials is usually 11(.cased quantltles of - brownlsh

pra (511t and fine sand)_in pools. .

The environmental prlce of this attenuatlon, however, is high The

‘ ling of pools and ‘the burial of prcviously stable wcoden- debrls Jams and
rlffles, along with a general smoothlng and flnlng of the- strea‘bed,.--t t
less living area.forlswlmmlng otganlsms‘and 1ess stable substrates for benth:
ertebrates and periphyton. Observatlons along Oregonlstreans that .ave
)ﬁsiographlcally 51m11ar to trlbutarles along Redwood Creek suggest that
ntroduced bed material normally'works its way slowly downstream as
iffusely-deflned slug, unless exceptlonally intense ralnfall leads to
"generatlon of a scourln6 debris Lorrenf ]ike those described by

dricksen (1963) and Swanston (1971) ”As.the introduccd bedloaa moves

ough unlogged downstream reaches, self-reinforcino feedback mechanisms
ccasionally inltlated Local a | adatlon deflectlon, and 1ncreased

nel widths.may'cause erosion of'stteanbank'fand nrevlously stable

vium; This, in turn may trlgger Mreau‘side slldes and addltlonal

term implications of stream—sedinent loads S - :

The consequence of thefhigh stxeam—sedlment loads neasurcd along

83l




A B isewhere in this report. The implications of these loads for the lone-~

;ng evolution of the landscape, however, arc more -obscure, The principai
”;urces of uncertainty are the shortness of existing sediment.recordé, the
mpact of recent major floods, and uncertainties regarding foture climatic
Jluctuations and man's land—monagcment.daoieions.'>Nonethe1ess; it is
'nportant to realize that if these high sediment 1oads.pcrsisr for long,
;thef are a source for immense practioal conoern (Wallis, 1965; Wahrhaftig
‘;nd Curry, 1967; Janda, 1972) This concern lies in the faot-that the
»stream—sedlment loads are derived from the forest soils thet‘support the
{¢ommercial end parkland timber resodrces-of-northwoétern California. Chser-

i . .
Ekations of types and degrees of soil—brofile development on landforrms of
»wbidely differing ages in northern California and scuthwestern Oregon suggest
& . -
ithat the dominant timber-supporting soils in the Redwood Creek basin have:

eveloped over tens and even hundreds of millenia and partly under cli:atic

‘?onditions different from those of the present. " Thus, over socially m2aning-

(l.

ul spans of time, these fores*‘soils are a nor. renevable resource anc sheoul

:%e managed accordingly.
'a

.) Erosion rates computed fron existlng'streem-qediment records sugzast

that thc entire regollth could be eroded away 1n onlv a few millenia, even
if the computed rates overestimate Lhc nctual long—term érosion rates by =z
actor of two. ZErosion ratcovzar,;rcf»ffr; suspepdcd—sediment reccrds for

edwood Creek at Orick for. 1970 73 for example, imply a rate of erosicn




o
g g L

.“f about 0 35 feet of rock or 0.7 foot of soil per century, expressed in

b Werms of an average ]ower1ng of thD land surfaces. ThlS rate is more

l

L

§pan tw1ce as fast as the geo]og1ca]]1 corputed, upper limit on the
b;ng term average rate of erosion for th1s basin as d1scussed ear]1er
~1m11ar est1mates of 1ong-eerm erosion ra*es based on suspended -sediment
&oads of nearby streams are presented’ .“‘sués:n and R1tter (1964),
{ehrhaft1g and Curry (]967), and Janda (1972); the present erosion rates
.of these streams also appear to be several t]nes more rapid than ehe
‘101091ca11y ccmputed Tong-term average rate of erosion. The‘erosion
f%tes estimated frem susp=nded sediment loads wou]d obv1ous]y be signifi-
cant]y h1cner if they 1nc1uded bedload and d1sso]veo 1oad Large areas,

'owever w1]] be charcctefmzed by rates of so11 eresion that are con-
“
f*derab1v 1ess than the average rate bECcUSE stream- chcnne] erosion and

e

{ands].u.ng, the dominant erosion processes in these basins, operate over
hn]y rathar small parts of the tota] landscape. Converse]y, some narts

é? the 1andseepe'that prasently bear mature coniferous forest could be

{
A

{Jr ipped of th°1r 5011 ment]e ina few decades.

' The degree to which these high rates of erosion reflect an aberrztice

" ,esulting from natural Cllmatlc events as opposed to recent- 1nten51ve logging
s unresolved at present; both factors appear to have signlflcantly increesed
these rates. However, even when de‘"ber*te Mttempts (Knott, 1971, Table 5; Bre

;nd Ritter, 1971, p. 34) are made to subtract out the bias 1ntroduceo by

ELent floods, or this is done bv chance (Hawley and Jones, 1968), sediment~

w' .

N e

Jischarge rates :emain high. For example,'J. M. Knott and G. D. Glysson (writi:o

e ey



’ communication, 1975) indicate tnat the “long-term" average annual suspandzc-

sediment yield, calculated from the 1973-1975 sediment-transport curve and
_ tﬁe i954-]9?5 f]oQ—duratiob‘curve, for Redwood Creek at Orick is about -
15900 tons per square mile, or moré than f.? times the rate implied by the
geologically ccmputéd Qpper Timit on'fhe erosional lowering of the basin.
. Moreover, the long-term produc&f#ity’giikﬂe land is strongly dependent

1 upon the balance between soil-profile development and soil erosibn
irrespective of the reasons for that bé1apce. indeed, from the point of

y view of forest m%nagehent, the long-term consequences are mdst serious"

if the_present apparently excessive soil erosionref]eéts‘primari]y natural

factors. In that case active erosion control is far more complex than it




The ! .2act of Man on Stream Sediment Loads
a———

The long-tcrm natural erosion rates in the Redwood Creek basin and

yrrounding terrain, ae discussed previouely,Yhave'apna:ently been exception-

rosion implied by measure? strezt - ding n*,Joads in the Redwood Creeu basin.

e 2,
W

5This discrepancy undoubtedly reflects, in part, geologically youthle channe:
nc1510n, recent major floodo, and perhaps other natural ‘phenomena, but massiwvs
hanges.in land use over the last four decades have also contributed to
ncreased erosion. ’ 4 |

uNo'direct measnnements of §creém_sediment ]oads were made on

edwood Creek or comparcb]e ]arge nearb/ rivers prlor to intensive

mber narvest graz1ng, and road conscruct1on Direct quant1cat1ve

ssessu ncs of the 1mpact of changed 1and use upon st'eam sed1renc 1Oads sre;
herefc'e not p0551b1e. | - |

Threé»types of qné]itative‘and'eemiqudnticétive'infornation,

when-feken as a un]t do 1nd1cace that recent 1arce—sca1e timber harvest
and.aosor1a d road construction U]tth tne Pedvood Free< basin have

sdbsten 'a1]y acce1erated eros.on, ano Lt reby 1ncreased suspended-
sed1ment concencrac1ons and tota] sed1m=nc 1oads Tb se Lypes of

:;"f the types, abundance,

and sca]e of erosnona] ]andfor.s 1n.v1rg1n t1ro°r and c0mparab1e terrain

hat has :ecent1y been ]onced as‘preVioosly described, (2) initia]

e



b 1vcct measurem ents of concurrent sediment loads in comparable uncut

nd recently logged tributary basins (Iwatsubo and others, 197ﬁ), and

133)'a genera? feviéw of the literature on fhe impa;t of timber harvest
dtpd associated road construction oh.peaspnably similar drainage basins.
'1y gualif:ative observat:ions are apailable to spggest that the er‘osional
, mpact of highway-construction, early §razing, and COnvérsion of forest
“o range in the Redaood Creek basin have been corparab]e to that
{ssoc1ated with timber harvest. In the paragraphs that fo]low we discuss
‘nly the impact assoc1ated with t1mber harvest--an act1v1ty that has
teen carr1ed out in about 65 percent of the Radnood Cr°ek basin during
.;ée last 40 years. "

| Recent reviews of tha extensive ]iperature documenting examples of
the direct impact of ]ogging and related activitie; on stream~sediment

ads ;ave been prepared by authors represent1ng 2 broad spectrum of
nion'LDyrness, 1,67; Pecker, ]967; Curry, ]97]a, 1971b, 1973; American
gorest Institute, 1972; Rice and others, 1972, Brown, 1973; Gibbens and
i)o 19/3- Jones and Staokes Assoc., ]973). In the ro]]o~1ng discussion
have erd to sumuar17e our obs;rvatxors concexnlng the impact of

) ber harvest on the sedlrent loads of Redwood Creek, and to extract

m the 11terauura on]y those data and op1n1ons Lhat he]p clarify our
servations. a]ong Ped:ood Creek. U1th one excep;mon, we have purpose]y
f“ded Lnylng to gereralize, so as to avo1d drallng unwarranted conclu51on<
”med upon the 1rpact or dwrferent sty]es of 1oqgwdg in d\fferent typos

“V"errane.'



The one generality that we glean from the recent‘]iterature is

:;t it is ncu‘ynde]y | accepted that the'harvest of wood fiber is
,iﬁharabIe to the harvest of food crops, overgrazmng, w11d f1re strip
3 1ng, ‘and construct1on of hous1ng tracts and h1gndajs in that a]]
: 1t1es that destroy the vegetid :VP'F?éﬁ.ﬁﬂt protects the under1y1ng
,wneral 501] lead to acce]erated eros1on._ Eon51derab]e uncertainty
 controversy, however st1]1 surrcund the magn1tude, duratwon,
:Ld eco7ogvca] consequences of the accelerated eros1on ‘that 7011ows _
ihmber harvest. Much of t he uncertalnty ref]ects the fact that the -
ros1ona] 1npact of re,et1ve1y few conb1natuons of logg1ng systems
d terrane types have been adequate]y documented. - Huch of the
ntroversy appears reTa ad to over- genera11zat1on from a few carefnl]v
'ontr01aed exper1nents A re]ated sour e of uncerta1nty and'controversy
s the act that cond1t7ons and act1v1t1es in many of these controlled
-xper1n~nts dxffer Str1 ngly fuom conditlons and activities that

8

;jaractec1ze typlca] forest practwces peogp1d 1972).

Th

fD

‘numbey: of 1nd1vidua1 variables ahd combinatﬁons.of variabies
"[hatfcaﬁ 1uence the Wagn1tud° of the'di ect ct of 1ogg1no opera-

'5ons oh stream~<ed1rent ]oads are erorﬂous. Thus, the magnitude of

;hat 1mpact is h1gh1y var1ab1e ]n soro areas, such as the Cedar

ver watershed of western Uash1n3t-“;$w1ﬁh a corb1nat1on of resilient

(f ’
[terrain and exceptlona]|y carefu] forest Fanagement the 1moact of

v

tlmber harvest on sedxment loads can be reduced to a ‘barely detectaale




i stable terran-:' poorly nanaged logginsz, and extreme floods, ..cceler«_ted

4 b os1on and stream dtpos1t1on .o]]ou1nn u1mber harvest can comp]eter

1 ’
Ay
B 'I ) 3 .

”evastate dounstream aquatlc and r1par1 hab]tats (Z1nke, 1966). In

va .

,he dra1nage basin of ned\OOd Creek @s ue]] as rost forested dra1nage

¥
-
,as1ns 1n northnestern Ca11 ornia and southwesuern Oregon, the combina-

on'of var1ab1e5'1s‘such that the'impaet.of logging on.stream-sediment
}%ads 11es sooe/nere between these extremes' An 1nportant coro]1ary of
uhese obser 1ons is that mean]ng.u] assessnent of the potent1a] impact
'x proposed timber harvest should 1nc1ude de ta1]ed study of the inter-

»ttlons aﬂona_x th- 1nd1v1dua] forest practxces 1nvo1ved in the proposod

erat1on (for examp}e, road construct)on and maint enance, fe]]]ng,

ractors (fc* ex_up1e, h111<|oo= and <tream-chtnrel gradlents 'rock and

1 types,'prox1n1 y o; streams and ]onds11des, and downstream and
cowns] e re urees) at the actua1 site of the proposed activity. | th1e
noch can be 1earned fron cxpcrwences on other hi ]1s]opes and in other
h}awnage bas1ns, such experaences a]on hou]d not be used to assts the

tenti ? pact of any proooscd a(t1v1tv

,;., The two most def1n1t ve stud1es o the 1mpact of t1mber harvest on
8

'trean—se ment 10ads 1n western con1f rous forests have been carr1ed
‘ut in the A]sea P1ver bas1n 1n the cowst ranges of vestern Oregon
;rown-and Kryg1er 1'}]))and in Lh° d J Anﬂneus Fxper1menta1 Forest

n the central Or eyon Cascaces (FredrwlSen 1970)' These stud1es
EVOlved cab]e yard\ng of steep, clearcut un1ts no ]arger than 237 acres.

3 u’ts of these studies 1nd1ta e that suspended—sedument loads follew-

S logg1ng'are'sign\f1cant1y increased, but thaet under favorable .
' ’ | . 2189 B |
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4 : cumstances those increases may be sra]] persxst for on]y a few

ars and be d1ff1cu]t to d1st1ngu1sh from natura] varlatlons 1nposed

3flood events. Poad construct1on and s]ash burnlng accounted for

A comparab]e pa1rcd bas1n study 1s in progress‘1n ee]]-bedded
stal’ be]t Franc1scan sed1mentary rock s near Fort Bragg, Ca]]forn1a.
ammes and Burns, ]973) Fo]]o~1ng construct1cn of 4. 2 m11es of

0 dfaod eoova] of 47 acres of advanced second—groxth redwood alono

:ﬁg road ri ~of—;ay, the suspehded-sed1ment d1scharge and debr1s-

denosition from the 1 047 acre South ForP of Fasper Creeb basin
creased significantly.
[Bhe increase PQIS]SLGO .or at least four years uhe magn1tude and

tvs{stence cf the impact, rowever, rer] ted fa11ure of a splash dam
nstructad dur1ng the i *t1a1 1mber hcrvest in the 1880 s, as well
”the p*esent cyc]e of road constructaon and r1cnt o.-way logging.
u]ts of the se]ectuve cutt1ng of about two th]rGS of the South Fork
s1n s tinber that started in ]972 have not yet een pub11shed

-The sed ntat1on rebime“of the dra1nage ba jn of Redwood Cxeeu

xs rather diff erent fron that 1n these expermmenta] watersheds. Sus-
1ended—sedment conc wtrat1ons and ]OodS are many t1wes greater in.
»edwood Creek and its maJor tr1butar1es (Iwatsubo and others 1975)
=han 1n streams w1th1n these exper1renta1 wateroreds.. Moreover most

'f the 1oggxng that has been done 1n the Red:ood Creek<oasin involves



a;ger cutt]ng units, gredter ground d1sturbance and less rapid

j;covery of ground—covorlng vegetation than logging in the Alsea and
)ndrews study areas. Additiona]]y, in Radwood Creek ]ooging-induced
‘hanges in the character of streambed matsruals anc increases in the
equency and intensity of bed]oad move"nnt appear *o have had a more

qevastatmng and pers1stent impact upon aquat1f env1ronrents than

4
¥
£

creases in suspended-sediment concentration and load. Beo]oad data
from experimental watersheds are incomplete, but major increases in

{bed1oad mdvement were associated with road-releted landslides in the

‘..

ﬁndrews Forest (fredr1rson, 1970)  ThJs, the results of the Alsea,
"Lhre/s, end Casper Cresk experiments are applicable to conditiohs
¥wong Redzood Creek only in that they probﬁbly sugéest a lower limit
on fhe'magnitude of man's impact on stream-sediment loads.

M9§f of the commercia1 old—growth redwood timber remaining in the
JRedwooc Creek basin is on steep and (or) unstable terrain in close

prox1m*“v to maJor strezm charnels. Thus, even though only a rather =

3ma]1 amount of old growth remains, the harvesting of those trees

iBhould be carried out in a most carefu. anner in order to prevent
11 " .-
s 51zeab1e increase in stream—sed1menL Tans _ Increaspd sediment lo2ds

‘\
A i

this time would be pgrt1cu]a21v de]eter1ous 1n that many reach
Red'-lood Creek and its tl’iULt“"lLS havc not. yet fullv recoverc_d

Trom the increased >eo1ﬂant 1oaqs and changns ‘in cnanne] gecnotry wrought

Hy reccnt f]OOda and earller 10081"8 aCthitieSo

SR T



Logg1ng TndUCLd er0510na1 landrorms in reonood domlnated foresfs
’*f the lower. Pedwood CreeP bas1n are 1n gnneral not as obvious
.L;‘ ' aer1al'photographs as in the Doug]as-f1r~:3m1nated forests of the

fupper basin. Massive ]ands]idos'in streamside cutover 1and and road

‘\

f*nd eU]vert faxlures are ]argcr and mere preva]ent 1n the upper bas1n

| han in tne 1o~er basin (Conan, 1973) ' Thus difference probab]y par°"
fqeflects more.- deep]y weathered and cohes1ve so11 parent materlals, and
ncreased hillslope protectIOn affor ed by more abundant upper fleod
"1a1n$ 1n the 101er bas.n Add1t1ona]]y, because of sproutlng and slcu
wdecay of recwood roots and stumps, so11 shear strenoth assocwated wit
‘ree roots is not decre sed as much ‘o]]ow1ng redwood 1ogg1ng as follcu-
M€ng Dougx:s-f1r 1ogglng. host of the apparent d1f erence in freooenfv
.;f pos*-]ogg1ng mass movenent however 1s pnobcHly an art1‘act of the |
fnnterac fon of recent stcrns and 1oggln5 rather than a r°f1ectwon of

Jor d"ferences 1n int —rent s]ope stability Most massive s]ope
. ‘ _ o
11ures in the uppor basxn occurredurn tno wet, steep, lower 55'¢-r-r1
“of h1]] es adJacert Lo major stream channels, exerm oles of ]cdgwng on

'h]S ty;e of terrane 1n the ]ower bas1n arc not co“mon Moreover, the

-ba51n.. Sone nass1ve road fa11uxa> nuve a]so been pr vented by gen° iy
rlgher standards for road de<1gn and wa1ntenance in the. 10her bas1n.

k. In contrast to nass no:erent smdll-scale fluvial ero°ion

features such as gull]ed sr1d tra11s, road51de d teh s, and er]arged

L I



ﬁtream'channels appear more prevaient in recently tréctor-yarded clearcut

,gmber harvest units of the Tover Redwood Creek basin than 1n the older
-. c

part thn reestab11shment of a reasonably stable dra1nage net in many
,f the tributary basins in the upper tﬁ1rd of. the basin.

Concurrent Peasurements ot streani-sediment loads for Redwood Creek
ﬁhd some of its tr1butar1es that are in d1ffer1ng phases of the t1nbe.
;;fvest-regeneration cyole are available for the-1973-1974 storm season
nzler and Kelly, 1975; Iwatsubo and others, 1975). Preliminary
ipterpretations of these data suggest that during storms of -moderate
é?tensity, streams drainihg tributary to basins thet_have been subjzctzd

recent intensive timber harvest, transport significantly more sediment

_afvesteo 10 to 12 years oretious1y. 'The increased»frequency and intensity
-f bed]tad transport ap,ears more pronounced than the 1ncr°ase in suspendad
{had. How swever, cur1rg these moderately 1n+ense storms, even those tri- |
autar1es ‘hat have been subjected to except1ona11y intensive timber
'kryest ansport on a per unit of drainage area basis, less sediment than
hood Creek. | | |

g :In addition to directly.affecting stream-sediment loade;‘timber

oest may also have an indirezt«éffixﬁ:»ﬁ#oﬂuentiai aefial photographs
repeated surveys of monumented stream channe] cross- sect1ons indicate
aat streambank erosion is w1despread th rcughout the Redwviood Creek

b

i 51n and that this eros1on is not balanced by concomitant streamban<
'epos1t10n (U.S. Dept. of Agr1cu]ture .1970; Iwatsubo and others,

h?o) Because natura] stream channe] geometry 1s adjusted to

] off volumes, and amount and t/oe of sediment 1oed (Leopo]d and
' 193 ‘ . .

-iogging units of the upper basin.' This difference in erosion activity reflecs



- 3 dock, 1955),'incfeased storm rundff and_bed}oad transport from

ent timber-harvest units‘may aCce]erate ddﬁnstream'stredmbank
sion (U.S. Dept. of Agriculture, 1970, p. 57). In stream reaches
.kang upper f1ood plains, streambaﬂk erosion frequent1y tr]ggnrs
‘reamside landslides. The sediment added by these slides may then
use further adjustments fn channel morpﬁo]ogy. The who1e.droéess

, m1sp1ays 2 built-in se]f—re1nforc1ng feﬂdbacl Toop which. 15 d1scussed

,n more detail in the section on recent changes in channel rorphology.

1pgan1c Debris

Stream and riparian envirohments:aldng Redwood Creék are strengly
ifluenced by sbream-trﬂnsported organic debris 7nc1ud1ng fin ebfis
at is transported in suspension and larger pieces of bark, imbs, and
ee trunks that are transported partly in suspension and par;ly &s.

d loac. As discussed in the section on physiographx, fa]]en trees
,.d larce 1imbs.dften serve as check dams, energy dissipators, and
'éb]e niches: fof,aquatic organisms. This coarse.debris, hdwever, can
:z% have a destructive as well as a stabi]izihg ihf]uence en the aquatic
vironment. Particula 1y ldrge accumulatxons of coarse debris may
is?rm barr1°rs to fish. m1grat1on OLhers may def]ect the current and
=5°reby cause eros1on of pr cv1ous1y s;able ctrca...bFnks This eresion,
}sturn ray topp]e riparian vege atlon and (or) trigger landslides.

unks and ]ogs borne by flood watcrs severely batter and even topple

me streamside trees, 1nc1ud1ng young reduoodf'- The battered trees

5




B commonly have large areas of bark knotked‘off; The resu1t1ng scars then =
i serve as paths of entry for heart rot and other d1seases. Furthermorc
- ,? ¥ tree trunks, limbs, and ]ogs are urua11y the most ma551ve and dastructive
. i JECtS transported by socur1ng debrts torrents, beCcuse the C]OSE]J
fractured bedrock Timits the size of rock detrwtus. |
i gy" The coarse organ1c debris in most Radwood Creek tr1butar1es, 1rc1t":"
a]] the tr1butar1°s w1th1n the Park, resu]ts most]y .rom natural causes
% such as wind- topp]ed trees and streambank 1ands]1d=s. Many recent

v tlmberfharyest operatxons have 1ntroduced 1ogs, p1eces_of bark, 1imbs,

Mand other slash into thevtributaries. To date, however, the natural

oughness elements along the tributa rj streams apoear to nave been quits

2t

effective tn trappino 1cgging—induced coar 5° organ1c debr1s c]ose 1o the
s1te of introductton. A]though stream cepos1t°d accuru)at1ons of coarse
ooden cebris frequently contaxn root ed trees, the .ramework of the
aJorltI of the accumu at ions observed atong thwood Creek oetween
ﬁ‘odlscr t Read and the mouth of Pra1r1e Crcnk dur1no the summer of 1974
con51st d targely of LfEL trunks w1th sawed ends, Coble scars or othrer
1nd1cat10ns of ]ogg1ng | Pract*ca]1y a]] the 1arge accumulat1ons con-

? alned scme. 1ogs. Thus, ons1derab]° ouant1t1es of aoarse 1ogo1ng deb:;s
‘ave recent1y benn 1ntrodu*ed to the nawn ch:nne] of Qeduood Creek. Givan
‘ e apparent]y hlgn trapp1ng eff1c1ency of most tr1butar1es, Th1s debris
:prohably der1ved ost]y fron 10591ng operat1ons on erodtng hxllslon
hcdose rox1n1tj to the ma1n ch . cumu1 t10n° of these materials

e most preva]ent in and 1wned1ate1y do;nstream from such opera jons.

“95°



Organic debfis, especially some finer particles, further influence
K he env1ronwent by exertlng a strong b1ochem1ca] oxygen demand on the
ter w1th uh1ch 1t comes in contact. Th]s oxygen demand can, 1n turn,

~ower the d1sso]ved-o)ygan concentrat1on of water in poo]s and in the

nterstlces of the stream gravel (Hall and Lantz, 1969; Ponce, 1974)
1mi1ar1y, deposition of excessive amounts of organic debris.on}and
round riparian végetafion can reduce the amoudt.of ox}gén’avai]able

or roét réSpiratidn (Zinke, 1966; Stone, 19665. Lecally, organic debris
ppeafs.to be someﬁhat more abundant on fécentiy inundated surfaces

ong ﬁedwoodACreek than in ojdEr Q&erbank deposits exposéd in stream
?~tbanks. However, “recent floods havé'depositéd<moét]y.a11uvium that

is .rather —: low in organic content* |

"Enormous quant1ties ofAfine organic debris are produced in undisiurbe
,jd—growth fo}est; the degree to which timber harvest inf]uences the
tmohnt of fine deSr{s that 1is infroduced to the stféams is not known.
TEMPERATURE

Hater témperatures in in]and‘parts of the R ¢vooa Creab>basfﬁ in
ate SUKFEF are c1ose to or even exceed 1etha] temperature thresholds
f“some resident aquat1c organwsms (Co*mwttce on Yater Quailty ur1te"1a
"72) however, low water temperatures do not dppnar to place restricticns
Wéthe aquag1c organ1sms that 1nhab1; th1s basin. A contmnuqusly recera-
Hg thermograph vas . 1nsLa11ed on Redwood Creek at Orick in 1963; éimi1ar

’l
§ermographs vere 1n<ta]]ed at gug1ng sc¢twon> ‘at the souLhern Park

196



'voundary and near Blue Lake in the:sunmwr of 1973. These water—

jtemperature records are published annually in Water Resources Data
dor California - Part 2, Hater QuaTity. 'Temperature data for tributary
{*treans and nlsce]]dreous s1tes cons1§t of instantaneous observatxons

o

t;y field personne] and maximum-minimum tnermomete . left in place for
lner1ods of four LC seven days Some of these aux111any temperature
maata are presented in Iwatsubo and others (1975) o

The average month]y water temperatures for R-duood Creex at Or1tn
have an annual range of about 15°C; the 10west_recorded temperature

as 1°C on December 14, 1967 and tne highest recorded temperature Was
3°C on September‘jS, 1970. 'wé have}notj made‘,; a frequency analysis
f the temperature data but inspecticn of the data suggests that wzter
emperatures are rarely lower than SOC; residents at Orick report

hat prom1nent ice occurs in the margwns of the channe1 only ‘several
imes in a decade and that the creek has not frozen over completely an.
ecent memony.~'5ummertime water temperature range at Orick is usually
etween 11 and 20°C. The diel variation of.water temperature‘at Crick
fii s moderated by coastal fog and, norma]]y 15 about °c.

gg Geograph1c d1 ferences in water»temperature reg1men in the Redwood

g -

reel basin are more profound in summer than 1n water. Summer water

emperatures at inland parts of the Redwood Creex bas1n are generally

u
4

larmer than in coastal parts of the bas1n beeause of more direct
'nso]at oa and varmer air temptratures. Greater 1nso]at1on results

from less frequent sunmer rog and mor° d struct1onuof riparian vegatation

v.
L]

;jgyl'.
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recent floods and 1ogglng in those 1n1and areas. 'Hithin.the Redwood

ceek corr1dor of Reﬁwood Nat1ona1 Park 1ate summer da11j max1nun watar

peratures in Redwood Croek and Br]dce Creek conron]y exceed 21.5°C

End diel var1at1on is often about 7 C In contrast water temp=ratur°s

other trlbutar1es in the Park rare]y exceed 16°C. D1e] variations

e Usually not more than ] 5° C Upstream reaches of Redwood Cre=k an
5;5 tr1butar1es often have dax]y max1mum temperatures in excess of 25°r

r temperatures 1n the reach between Highway 2

' en though mid- day wate 283

d Lacks Creek are often 27°r to 28°C, wn1ch is reported]y hignher than

e ]etha1 temperature thresh010 for st1ck1°bacrs and Juven11e salronics

1arg° act1ve schools of ihz:z

”;omm1tt°= on Jater Qua]wey Cr1ter1a, 1972)

nhes are froquently observed there




~IEMICAL QUALITY

:féjof Dissolved Constituents

In terms of major dissolved mineral constituents and essential plant

& utrlents, the water quallty of Redwood Creck is apparently quite good an*
‘, Lo .Y '.g

suitdble for most pur oses. Nearly ail’ of the detailed chemical analyses,

,goweyer, have been ‘obtained at the gaging station at Orick (U. S. Geologicel

-;urvey, 1959-1966; Califotnia Departmcnt-of Vater Resources, 1962-1973).
x| ) ' . . . )

The water of Redwood Creek at Orick is a2 dilute, neutral to slightly

islkaline solution characterlzed by a predom:nance of calcium and

e
9,

)‘ A - . . - - . i .
k carbonate 1ons. "“These waters meet or exceed the water quality obiectives
. v J .

ﬂf the Callfo1n1a Water Resources Control Board,

1.

{1974) for specific conductance,
iiiesoived eoiids. essential‘plant nutrients, and pH. The total alkalinity
@nd bufferlng capec1t) of this streanx%gslow Additions of small arounts
acid or b351c solutlons to the stream could, therefore, rapidly altet-
its pH. The alteted pH in turn COuld‘nave undesitable effects on the
éireem biota;'

.: Thé average annual dissolved load gf“kedwood.Creck‘at'Orick during
ter years.l97i through 1953'(the.periqé of'suspended—sed;ment records)
ng apparently not more than 62;46?‘evns (56,650 tnnnébjor 225 tons per
quare mile (78.8 tonn€ per énuare kilbmetcr).which was onlf abuut 3% as

{érge as thc suspended-sediment 1oad; This']oad is computed from (1) the

.
R

lation between specif1c conductance and’ stream dlscharge for water ycars

970 through 1973 (flg 49), (2) thc rclatlon between :~dissolved
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Figure 49. Relations of specific conductance and water

- discharge for Redwood Crecek at Orick. Solid
lines are regression lines; dashed lines are
envelope curves om data points. Heavy 1lincs
show the 1970-1973 relatjion; light lines show

".the 1959-1962 relation r? is the coefficient
~of determination for the regression line. '
n is the number of data points.




1ids and specific c0ndqciadcc fér'uatér fca?s 1959 through 1973
fig. 505, and (3) fhe fiow-dufation'table:for water years'l97b through
g%53 iTab}e 3);‘ This computed dissolved load probably‘places an upper
mit on thc actyai 1oad because the.pgly three points reﬁresenting
alysis of.samp]es collecred durinp water yc=rs 1970 through 1973 plat
! ‘the low side of the tetal dissolved solide-specific conductance
xilafion kfig; §0>.: | '.“ . | . - | |

Typically more'than_half of the total dissolved load of Redwood

e paucity of carbonate, - sulfate, and chloride minerals in

the formations'underlying the Redwood Creek basin, many of these anious

tmosphere-biosphere interactions, rather than . from chemical
athering of bedrock (Janda, 1971). Additionally some.  ~ -
nstituents.méy be derived from t&cljunouuanxsalts washed from the air.

us, ‘under existing watershed conditions, the average rate of lowering

ssolved load for rates of chemical weatherirg and budgets of essential

@iant nutrients in this basin -rewain -igebic’ w¥uizated.
b . . . . A L .
Specific conductance, hence concentration of dissolved substances,

any given stream discharge is apparently greater at present than

-



water years 1959 through 1973 for Redwood Creek at Orick.
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Ponductance is most noticeable for low discharges. This increase i«
] . . . ° . .

1

fuggested by coriparison of relations between stream discharge and:

pecific conductance for the last four years, water years 1970 through

eadiiy to mind—f(l) increased contact wiph relétively fine;grained
B1luvium arid colluvium deposited in valley bot toms during recent major

floods and (2) accelerated leaching of soils following vegetation removal

ébd_slash.burning. Photographic records and observations of residents and

}grkmen in the basin deronstrated the importance of the first possibility. Ti.c

dpportance of the second possibility, however, remains to be evaluatcd.
; e"_ ° .

h an evaluation would be valuable considering the implications for the

43ng-term productivity of the forest soils of this basin and the

fontroversy that presently exists considering the impaéts of forest
ctices on essential plant-nutrient budgets (Gessle and Cole, 1965;
dricksen, 1971; American Forest- Institute, 1971; Pierce and others,

.2; Curry, 1973§'Batcridge, 1974).

Limited chemical data available from tributary streams and upstream

ches of Redwood Creck indicate that spééific-conductance values
ociated with any given strecam discharge are gcnerally higher for

4 N ) . o ‘
{dwocd Creck at South Park boundary than for Redwood Creek at Orick

QQ'S. Ccoiogical Survgy;‘l97l-1973); Howpvef, with the exception of

Bloride which is ‘more abundant at Orick, the relative proportions of

ious chemical constituents arc about the same at Orick and the South
cpest that tiee

O

bundary. Data in Juwatscbo and others (197§)tsu

can '%¢203, : '?.: oo



a-park tributaries are more dilute than the main stem of Redwood

.

'olved‘Oxyqen'

The entire drainage net of Red&ood Creéek is ;haracterized'by steep
ream channels with frequént riffles and, in the case of most tributaries,
scades and waterfalls, which generally keep the surface waters of

dwobd Creek well dxygénéted. This 1is particu]érly true-during the

ther storm season when disso]ved-oxygen'leveis.are genefa]]y at or

v

;§ove saturation throughout the Redwood Creek basin (fig.'Sl).' During

furmer tow flow, however, high water temperatures and biochemical o:ygszn

k)
1\

3

jémand aséociatéd'with decaying organic debris and'peribhyton 1oca11y
bress diSso]ved oxygen to leye1s tﬁat may be deletericus to resident
<fhatic organisiis (figﬂ 52)..'Those values are lower thgh both fhe
%ﬁifornia State Water Resources Control Bbard (1974) water-quality
ibjectives and the recommendations of the Comnittee on Water Quality
@?72). Eveh.reiétively pristine.streams such as Little Lost Man Creek
t Héyes Creek have suhmer disso]ved-oxygen ]eve]§ that are less than
Q}Ufétion._ i | - . | |

1 -Disso]ved~oxyge%‘valués'pheﬁented in.figLres 51 and 52 were collected

3 Wfth thé assistance df S. D. Véirs, Jf.; Qf the Nat%onal Park Service;
determinations_ﬁerevmade at the‘cq]]ectjon sﬁté'using'prepackaged chemicai

-
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1972-1973 storm season. :



P e dantland d

- H

1 IR ol o hor S ~ e mi—i—- —————— i i mi——————————— -

g - -.-.-.-.-'-.-" ----------- e --:.“lﬂ-‘-\ ﬂ o T_'“‘wn—w-\.';_:\n_‘" .::‘::: . by on = e --;:1:\

el - nijjase —

: SRR FRREE | | I -

; 2 g || U O O o R | Y e ol == O
U1 ] e | T | Il - - ,

N A

.

. . J

'] J .U U J J UL gl UL ,u_

" DISSOLVED OXYGEN FOR LOWER REDWOOD CRE! B .

-
- oo VTS N G s b SR
P W PVt E Supnd mammt. Wbt
o et sttred ty £ Aoy moganged o Bes. o000 a .
*

- the summer cf 1972

VAN A/ i’-., v
/7 ¢4 I // //I/////j'_(’ ar

/

Py

’.
ot
i
|
.-E'
‘o
.y

1

<:i
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nts and ihc médific& Winkler té%hniquc. Other d;;a have becnj
.ccted pcriodiéally at Orick by ;ﬁe Ca]iforﬁia Dcpa;tment of Water
;ces'(l963~1972).and at tﬁe soughern-Park‘boundary.by tﬂe

ogical Survey (1971-1973), Dissélycd-oxygen data fof Park o
utaries during the 1973—1974 stérm sca%¢n age included in_IQatsubo

W
R Y

Otﬁers (1975)}

» levels at many sites along Redwood Creek range from super-
rated to less than 60 percent saturated within a single day. Most
values of dissolved oxygen, that is values less than 7 milligrams

liter, are associated with nighttime and pre-dawn observations. These

R

ﬁ;d iq intermittent rcaches assoriated wmith iog jams aboyc Snow Caup

k and with the aggraded lower ends of parklénd tfibﬁtaries; In general
!Q?mr di;solved oxygen levels are higher in tributaries than in the

gin stream. Although even the iogést qbsgerdAdissélved;oxygen

ghcentrations are not in themselves lethal to the organisms that inhabit

1l

R

?_}ood Creek, any reduction in.n$;§¢;m?ﬂiéemfvé646xygcn levels is
%%ftgriﬁus to fish and scnsitivé béhtﬁiciényefiéﬁratcs,(Cgmmittce on

er Quality Criteria,,lQ?é), 'InEECaseé'wégcr tcmperaturcs lead to
~bfcascd'ﬁctabolic ratcg aﬂd increasca OXQQQﬁ:démand;‘thus; the persistent
"ﬁfinacion of high Qater‘tcmperqfﬁfe and‘iguldiSéélvea—ogygcn concentration
articularly burdensone for many'df'thc ﬁativu 5quafic orpanisms th

bit Redwood Creek. The relatively cool and well oxypenated watoer

. “ . et . .
. . " . Coe . .. . 0



*
refore, may be important in sustéining some organisms in the :.:in
ek . S S

. In winter dissolved oxygen~concentrations and levels of saturation

bough0ut the Redwood Creek basin n~lai£?her than in summer (fig. 51).

fluence dissolved-oxygen concentration of surface waters; the
ember and December observations in figure 51 were collected when
st of the leaves had fallen and had started to decay, but prior to

T .
filushing action by carly winter storms,




’TIC ORGANISHS

'.he diverse aquatic ecosystem characterlstlc of Park reaches of

00d Creek and its tr1butar1es is a valuat]e and 1nterest1ng resource
is frequent]y ovcr1ooked because of the magn1f1cence of the adJo1n1ng
dest The types and numbers of «ﬁnai Gecugasisms that: inhabit this

fn appear close]y controlled by the stream's sed1mentat1on reg1men and
am0unt of 11ght reach1ng thc stream surface. | _ |
j.Attached d1atoms.and f11amentou5<algae (per1phyton), commonly con-
Yn%red:the basic .trophic level of‘the.aquatic‘ecosystem,iare,not abundant

; ost sites in the:Reuwood Creek basfn. Rooted aquatic.p]ants are |

45 ce]v rcpresented During the storm-runoff season few stab]e substrates
.@gt, and even those are subJected to severe ab:as1on oy stream-sediment
mds.' Dense, ta]] r1pex1an vegetatlon cou p]ed w1th frequent fog and
.m;d1ness restr1ct the amount of 11qn reach.ng the water surface in many

’ oW stream reaches cspec1allj 1n the north rn part of the basin.‘ The

f fes_coep 0s1i 1on and b1omass of the aouat1c p]ants in these streaws

‘ae not been determ1neo A]ong un]oggcd tr]nutarles, per1ohyton are

‘on]y concentrat d at sxtes where the ranopy vegetat1on has becn disturtad
ecent v1nd danace or 1ands]1des. Hone pronounced accumalat1ons of a]-
omnon]y observed durang 1ow d1scharg per1ods in some s]ack water posis
nactwve anabranchs along w1dc' 35 Lu ueacnes of thc ma1n channel

‘m in sha]low streams r]ow1ng through recently cutover land Partlcularly
3

!wh grouch of f11amentous algae appnars tc be assoc1ated w1th abundant
":y1ng organic debris. The sparc1ty of aquat1c plants-throughout much
"he bas1n suignsts that terrestrial planc JctrltUs mu;t be an inportaant
‘13 source for the nvustuc incects that 1nhs,|f the streams. EI

Y - . o -
&nﬂ_bJﬂin,.]ow-ﬁtiﬁr cnnn n?pn!ienﬁ'ﬂf ?“”lPh?tCH 'ue fufflcie o



se marked-diel fluctuataons in the coocentrat1on of . d1ssolred oxyge"

e pools and shallow rlff]es that support lush a]ga] growth go dry

years pf except1ona11y flow, such as 1973, and leave behind un51gntly,

i1-smelling mats of decaying aléae. | d | ' 

i The aquat1c insects. and other tenth1c 1nvertebrates that 1nhab1t

he streams of the Redwood Creek bas1n are an 1mportant source of food

“Vamph1b1ans and fwsn. Direct visual observatwons and forty two

1rber samo]er co]]ect1ons (each composed of three one- square foo+ Sd%DlE:)

rom Redwood Creek and 1ts major tr1bwtar1es uownstream from Devils Cre=x

-}e made dU|1ng the summer and w1nter of ]97( (Tables ]2 and 13). After

r?1ng each samp]e, the entlre‘contents of the collection bad (including
hater1a1 and organ1c debrac) were'p]aeed in'Qdde?mouth glass_jars,

) ered with 1sopropy] a]cono] and maiied'to J; BrockSen for’separation,

hent1f1cat1on and counting. S1m1]ur co]]ect1ons were mede in the surnTer

4%1973 but only two samp]e jars. were not brt}en 1n t:ans1t (Tab] 14

%re comprchens1ve co]]oct ons and a1a1yses of benthac 1nvertebrates

1ng in the Redwood Cleek bas1n dur.ng the eutunn of ] 73 are presentcc

‘Iwatsubo and others (1379, Tab]e ]?‘;..L?Q

9
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“Trteia {True Flics « Midges)
Teviapedidae {Chironnmidae)
Simlidae . :
tretetdae

1 larva
Tiaulldae '

L RNRAY .
Cez..icpozanidae | ’
Ttenttozyiidae .

Srrracraciera (May
Yor- titae
teptagentidae

Fliea) ..
. . . ) 1 aymph
* l.aywph: 1 nysph

Colenptere (Peetlcs) '
TN
Tytiscidae .
?év: enidae - EE o .
Bycropatitéae L AR

2 adulte (1 lacva

Tetfcortean (Caddts Flies)
Lircephilidae . A
?yyctrytidae ’
Koy loozhilidae
Hoerilce
Hylraeyihtdae
Latodvridae
Nl Lotlaicde
Leplloztgnacidae

tever.--da (Srnails)
Victzaridae

Plecuatera (5Stona Flies)
ror oM lee : ’

3.

:ietuons

.7

Cavd
Aewminiera (True Tuge
Cutividag
Cetridae -

Azzhircda
Cat-vreidae -

e -sluce, Uligocheats (wsres)- o T

{1 adult

14 larva 28 larva
Q ldirva

' IB_qynpha 4 nysphs

"4 larva

© 3 edults

12 nyaphe

27 larva
166 larva

.13 larva
. 2 larva .

1 larva

3 nymphs
RES
(2 lacva
{2, aculce

-1 larva C

-2 lazva o
3 larva
- § lavrva

16 mywphe T 7. .,

1 larva

"26 larva k] nynyﬂ;
’ 2 ay=pts

(3 larva

3 adules 3 larve

- 1 larva

l‘lQrGe.
2 larva

1 larva
& larva

4 adulge | -

2 nysphs

.1 larva

" 5 nyaphs

" 4 nymphs

.9 lcrva'

2 larva

.

1 lervae
© 3 larva

© 1 nywph

1 latva .1 larva

1 latva

¢

13 r,o0te
"1 ayrpe.

216¢u1£5

Nus.ef 0 ordela’ oL 3 . 3
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!dp\tl[lcnlloua and counts by J. Rrocksen -

. . Cquj:d' -C\D. vt Mille, Aooatarf, f\'h“’\'V M'“O', ~Miles ) : .
Tom Yacnonlld' Mrsota kmté—ﬂ. Rond _!ond Ascata-$. Creek - Avceta-B. Avenre—S., MazArthur Il rihe
Creck - . .,Creck Creek -Creek C_reek ‘Creek pool Creek Creek .Creck Civd.
) . T peol ‘riffle S . poal Criffle pool -pool .upper statien ciffle pool ¢+ riffle penl
N . 7=2-72 . ©7-26-72 7-26-72 7.26-72 7-25-72 7-256-12 7-25-72 £-29-72 8-29-72" 8-23-72 g-2p-32
::;ten (True Flies < Milzes)’ ' ) : ’ o ) .
. Tendipedidae (Chironomidn) 2 larva '~ - 2 larva 12 larva 1 larva 2 larva S larva ..
- ) ﬂivallcu . . . 1 .lnrvn . .
. Feletdse ) )
Tizul{dae L . i
fo. o tarown - 2 sdults - . - .
’ C-ritopogonidae ' : .1 lasva
CSiratiorytidae |
.t '. t--e'*-(-\“ra (n,’ rl(e,s o . ) . . o
- tectidae . e 3 nyppho - 10-nymphs . . 2 mymphs 1 aymph . 1 ny=ph - -
 heptasenidae © S nympha - 3 mysphs. -1 nymph L ny=ph . 3 " Laympd
. . Coiecptera (Beetles) ™ ) .. (10 aduite . ) . * )
timldae X {2 f.‘:" 2 lerva’ 2 adules . - . . : 1 'larve
rvtiscicae : . . ) _e 1 larvd - . T K
. Pacphenicae . : . SR . .
, i:-4rophilidae . . 2 lgrvn . - - :
' V'."_'.rl'anc:a (Cacdts ﬂ(u) .‘,‘_ ‘ e R :
: o Lizaephilidac Doy EEIN . . .
- Fayctomytidae 1 larva ’ 1 larve
. 2byszcpkilidae’ o ' A
A Gnorloce . L
- tulvepychidae J-llanlm )
: L. wptetLrtidae . R N .
L. O Mydrepztladas LT . -
4 1. -idotto-\:i‘ae ) .
: : . a s
Cnlrr.,\.-ll (Sn.\(ln) N B X
! Vivipatidae - .
-Plecovtera (Stone n(u) L R B
ferloedtidae : 72 nymphe. . 6 nywphe .o -1 aymph . o 2 nywphs
Prrlidze - -6 nycphs - - 3 ny=phs . . '_1 nymph*. . Lnympho- -
T evostxeletona . s R SR - . . . -
; . [ .
: Jhemtatera (True Busl) . ) . . B - . .
. . Corixtae - - . . , . e . . ‘ . .
L © Ccrridae ‘1 adult . .2 adulre . + . 1 advle 3 edults 1 edulet : .
) Arahipcda .
Gasmeroldae ) . .
;u-.ec)u:), ‘Bligocheata (vorms) ~ B
. o sr uf ordeve 2 6 6 3 3 2 2 2 s 4 3
i e of forms ) 3 11 7 [ 2 'y . "
~er nf {ndfviluele 10 46 28 7 2 4 2 2 9 .




Lol

geey
Tendipedidae (Chlrcnonxdlo)

40 larva.

9 larva

Stsulidae larva 7 larva
Heleldae .
Tioulldae 45 larva 4 larva
telnown .
Ceratenogzonidae |
Stratfezylideo 1 larve
:phthcvrntcra (May Plies) e . .
tictidae 33 aymphs 3 nymphs 37 nyophe 13 nymphs 10 nymphs 14 nympha
Heptageaidae 2 aymphe 9 nyophs 10 nysphs 11 nymphs . 10 nymphe
Colaoptura (Doetles) 26 adule . i . . ' .
Eiztdlae s :‘:Q.' . 2 larva 22 ,::r:. 18 larva 4 larva
.4 2 . - i . . B adulce
Lsulsctdiae . i lacva
fsophentidae ) ’
M, trophitlidae .,
Tri:op(cva (Caddis Plies) R .
Lirrephilidas 2 lacva 9 larva 13 lacva - 2 larva
‘Psychorylldae 4 larva 6 lazva 1.larva 1 larva
nyacophilidae 1 lacva . 4 larva 3 larva
Cuoerldae 3 ‘Iarva
tyleansychldee - 17 larva
Leptocesidae
Igdroptilidae . 7 larve
Leptdostomatideae 3 larva .
'_g.scm,—.raa (3nailae) . . _ . .
jefparidle 1 aéult 9 adules
?:eco;.era (Stone rllea) . ° o :
Terlodidar . : o & nyzphe .
Perlidae 9 aymphe !‘nymph 8 nymphe 6§ nymphs . 3 uyaphg
crasacietons . .
Reaipters (True Buge)
Cotiridae .
, Carridie
Azntipala
Carmeroldae - 1 adule .
=acli¢a, Oligocheata (vores) .
X.zber of orders 6 4 3 b b]
Kceder of fores 100 S 14 o9 6
Nuzoer of Individusls 198 B 207 80 70 45




N ¥ G 2
diptera (True Flles = Midges) '
. Terdipedidse (Chironomldae) 1 alult
+ Sizslidae

Heleldae

Tizaltdase .

Blephaticertidae

TLzni{dldae * .

V:pﬁ?tzru?:tfl {zy Pliel) . ' v

Loreldae ) _ . : 1 nyoph . ' $ nymphs 1 nynph
e .tageniidae - . B8 oyapks

“Tricopiere (Cadits Flias)

- .

", Collezuale

" Homopteca

Fujchiceyitine - N ) .
N, liopsvchidae "7 1 larvae . 1 larvae . 4 larvas
Rl azophilidae ‘ Co ’
. Liinezhilidae . . L : " 1 larvas .
. Leptoceridae S ’ o ‘ )
PLiloputiotidie - g R 1 larvae

Pleccsiera (Stone Plieo)
) Nensuridee

Perlidae oL T .

Chtoroperttdae . ° .o T Tl ¢

Ezinthuridae
Fuodusidae,

Arhitdicne v
Anﬁht;ojz ,_”
Cezriagidae~ -’
'!:.uotc:-'l(dn_c B
Ari.ellda. e ) R A B
Lozhescléae - o 7 0 T TR
Lepidegieta {ccths) . . ) _ .
Terrestriatl . o : : : ] o 1 larvae

1 larvae

9 nymphs

i! larvae
1 pupae

1 larvie
2 larvae
’ 1 ;-tvlu

1 nymph 1 nyept

.7 aycpha 1 ayanh

'1 larvae -

1 nymph © .

e

1 sdult

“h.-ber cf-orders ) ' 3 1 .0 3 o - 2 1 :
~vet of forms ‘ . 2 N T (] . °3 . 0 & .1 : 1

truzbes of fadividuels S Z S /] V 3 . -0 21 '_ 1, : 1

e
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'Insects, such as may fltes“(Ephvwerontnra) and caddis t]ies

i

;1co-tera) that.are part1cular1y sen51t1ve to temperature d1sso]ved
%'en, and pH have been found in a]l streams samp]ed in the Redwood
4 k bastn a]though often in on]y 11m1ted nunbers. The 1972 data

est that fo]lov1ng the maJor f]oods of January and Harch of 1972
f benth1c 1nvertebrate fauna of the tr}butarles was 1arger and more
Jverse than that of the main stream (Table 12) Nlnter benthtc 1nvertebrate
ﬁ as in tr1butar1es were much more 11mxted than those of summer (Tab]e 13).
. 1973 data (Tab]e 14- Iwatsubo and others, 1975 Table 13), in contrast,
1cate that fo110w1ng the moderate and low f]ows that preva1]ed throug cut
1973 water year (Tab]e 3), the number of organ1sms per sample were
eral]y hlgner and more dive rse than 1n 1972 and that-profound dlfference
he sample dens1t1es no 1onger ex1sted betneen the main channe] and ;ts
butarIes | L i : |
Ava1lab]e data sug est that the graun 51ae and re]attve stab111ty of
stream bed, sun11ght (1nso]ataon). and p»rhaps water temperature are
or factors contr0111ng the abUluanCE of benthtc organ1sms in the Reduood
’aeek basin.t Organ1sms are most uncant an( dtverse 1n open reach 3 of
?oo\ streams, llke Ltttle Lost Man Cretk w1th stable c0uule r1ff1es, ang
tle mud in e1ther the pools or grave1 1nterst1ces . Organlsms appear
st abundant and d1verse in tho e streams, llke H111er Creek that d1sp1ay
h'eam beds H]th abundant 511t, sand and f1ne grave] th\t are set in motion
'nq many w1nter storms The.near]y comp]ete absence of benthic inverte-
T“:tes 1n 1ower M111er Creek 1n the sumner ot ]972 ts pe:p]ex1ng beCause 1t

nds in such marked contrast to nearby stleams, such as Hayes. Cloque.,

i} ind ”ler Creels, that di sp]uyc at th time of,;amp]1ng-s1m11ar wator




{ peratures, concentrat1ons of d1sso1ved oxygen, and 1nd1cat1ons of

.4eam-bed 1nstabr11ty However, at that time, bars of poor]y sorted fine
wg§e1 with a muddy matri-, mud layers in poo]s, and raw erod1ng stream

s were somewhat more apparent in park reaches of Miller Creek than
«ns1m11ar reaches of neighboring stteams The abOndance of these.

s

qqnomena suggests that the bed of Miller Creek was a]tered more by the
k

y]uary and March ]972 storms than those of its ne1ghbors A]though the
i reased alteration was apparently not great, it may hare been sufficient
é(@ﬁause the stream.to cross a bhiologically cr1t1ca1 threshold.

f In order to check on potentfal chemica] toxicity as an ekplanation
the pauc1ty of benthic organisms in iller Creek in 1972 two sediment
v,,ples viere- col]ected in the fall of 1972 These samples c0nta1ned no
Jectable tox1c chenwcals other than trace amounts of diazinon (Leon S.
umhes, wr1Iten commun. , ]972). Diazinon is not a chemical that is

ud a]]y used in forest management ; thus, ihe trace amounts may represent
l\‘:hple contamlnatwon However, dur1ng the f1ve and a half months separat-
”m the txme of samp11ng from the most likely time of introduction, durirg
hd w:nter and spring storms, the toxic substance( ) could have been
Hshed from t.e system or chem1ca1]y a]te\ed |

The benth1c 1nvertebrate fauna in the H1ller CreeP samp]es dur1ng
summer of. 1973 increased markedly relative to the summer of 1972

bl e 14;'Iwatsobo.and others, 13875, Téb]e 13), but remained somewhat
ﬂ%i,than in-samp}es from neighboring ssreams. | |

<
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Compafisons between the benthic faunas in recently logqed and
‘1ogged tributaries 1n the Redwood Creek baSIHl- and 51m11ar data from

he Casper Creek study near Fort Bragq, Cal1forn1a (Hess,. 1969) suggest

at fo]]ow1ng 1ogg1ng the number of d1fferent types of benthic inver-

!

ebratns in a drainage basin is ccnmon]y reduced more than the total
s.
shuridance (bicmass) of organisms. In scme cases, the total biomass of

Qnthic invertebrates increases or remains constant fo110w1ng logging.
\enetheless, any change in the COh,OSlITOﬂ of. the benthic 1nveterbrate
una can have a serious impact upon higher croanisms by forcing chona

' jﬁ. their feeding habits ( Hynes, 1970, p. 203-210, 444-445). For example,
frrowino insects, such as midge 1arvee (Dintera) that live in sand or

d streambeds ave not as available to fish as may Tlies, caddis flies,
Ed stone flies that live in gravel streambeds (Fhillips, 1971).

An interesting and diverse amphibian fauna occu ies a trophic level
9

termed1ate between benthic inverte brates and fish in the Redwood Creck

I
g

‘ s51n.. To the best of our knowledse, however, é systematic survey ot

yis basin's amphibia has not been made. Scme of the more,comﬁoniy
Jserved.satamanders and frogs along these streams and. in adjacent moist
lﬁarian‘sites display striking cotor~béttethsf'ethers disptav coloration
iat blends in well with their su“round1nqs. Drofessor Rudo?f Becking of

%e Ca11f0vn1a State Uul"GYS\tj at hunboldt reports (oral comm. , April 1673}

he amount of recent timber harvest tn'eif 0f the sampled drainage
asins is indicated in Iwatsubo and others (1975, Tables 2 and 3).

. 7219;“:"s{979”:



¢t he ‘and hi associates obscrvcd ter jecies of Amphiblia on a sfugle
2y f:cld trip aloqg the lower reaghes wi Harry Wier Creek. The wide

ging but uncommon tailed frog (Ascaphus truei) is;of particular’

tercst to naturalists because of qucstloqs ralsed by its trans-
1fic distribution in relation to disperSal patterns. Professor

;écking and his associates believe that Amphibia tadpoles, especially

TN
R

o . . . . : .
hose of Ascaphus truci, may be intolerant of increases in turbidity

ir. streambed instability. Other work (Burry, 1968), however, suggests

hat Ascaphus population are coﬁtrollcd lérgely by water tghpeia;ure and
?at in maritime aress of coastal Humboldt Lonwty, A,c aphus is reasonably
'éierant of timber harvest. ioreovef; we have observed abundant tadpcles
J%unknown species in what would appear to be particulariy undc;irdblc
7%icat-niche& with excréme diel fluctuaficns in temperature and
;issoived-oxygen concentrations. Tadpoles.arc often the only qnimais
»served in algae—fho ked. pools along severely aggraded, debfis—cloggcd
‘rcams in recent clearcut timber-harvest units. ' The Anphnblanfuuna will
parently havc to be inventoried, aﬁd the enQironménfal tolerances of

;é individual species ascertained; beforc ;he potcntial impact of

3 . . - v

’?rious'land~use changes on these organis.J can be effe;tively evaluated.
] A ) f.limitcd.numﬁer,éf_fish Spe;icslinhabit Redwood Qrcek

d other coastal streams of theJrcd§o5d fééiéﬁ fﬁckitt, 1964). The fish

Rost commdnly obscrved along thc mainwfhanhéinéf Redwood Creek during
3 : '

*e summer of 1973 were small schools of qtlcklgbacku (Cabteroqteus qp:)

! 0;‘ . = .
LA“ Jq{l)u Host/ﬂedwood Crch s flSh epcc1es, hovaer, are

Sawe .;1. L_x;,w;éuﬁ



¥odromous wi;h_s;éclhcad tfout'(Salmd gairdncri), éhihbok (br'king)

mon'(Oncorhyncgg tshawvtscha) and coho (or silver) salmon
On corh ncuq klsutch) being the - economically valuablc species.

- Coho salmon tcnd to °pawn in stredns wlth o ncr'gravcl than those

uhich Chinook_salmon spawnﬁf"nedaziiﬁi;ﬁﬁa'6ﬁ5ai:s tributaries

onsport mostly fine gravel because < infensely and

frain-size distrib&;i;n of thé_éffeam éravél'haﬁés many éflfhé'potqntial
wning‘areas inﬂghe-Redwéod_C;eek'égsiﬁ mdre éesifable'f&r silver
m06 than for chinbok salmon. The.Caiifornih Depaftmcnt 6ijish and
hfe (1965) estlmated ;hac in 1969 withln the Pedwood Creek basin there
ch l;z miles pf potential spayhing habétat guitablc for sfeelhgad
iup.ilio milcéisuitaﬁge for gilver'salhoﬁ,:ana 6nly'§?imi1es.$uirablc
‘o chlnook salnon. o | B

he comblnatlon of 1972 ‘loods and recent 1ntPn51ve ti Ber harvest had

; ﬁy),'(Z) incréascd

me~section on recent Chan”S 1";-‘rﬁij3wﬁfou
. ,'._\.".__

Vﬂhucncy‘and_inténsity of bedlcad xtﬁnéport and (3) 1ncrgased
qmpsigibn;of finc sediment (véry fine;sénd; °11t clay) and organic

!“rls wlthln and on gtream gravel durin\ tho wanlng stagcs of
| of ' ' R o
-“shets. The impacu stream scd1wentaonn on. spawnlng gravels is

cussed by Hall and Lantz (1969)-'nd Phnlltp" (1971)



V' Excessive amounts of fine sediment have an indurating effect on the

vel -that seriobs]yfimpeﬁes construction of redds by spawning fish and

emergence of fry. Additionally, the fine sediment reduces the perie-
1ity of the gravel and jmpedes the exchaege ef intragravel water with
'-exygenated surface water. The organic'debris deposited along with
ﬂé fine sedfment causes a high biochemicel oxygen demahd when it decays.
-ﬁe cohbinatioe of increased oxygen demand anq decreased exchenge of wele
;fﬁ lecad to low concentrations of diseo]ved oxygen in the intragravel
éter and consequent mortality Qf eqggs end fnye

;? Sem1quant1ta+1ve estimates of spa vn1ng escapement (U.S. Fxsh and
| w]dllfe Serv1ce, 12560) and general obfervat1on9 by the California Deperti-
VRnt of Fish and Game and 1oca] res1dents indicate that in the Redwood
J;ek basin the steelhead trout'pOpu1ation is considerably larger than
}fé combined saimon popuiation, and that chinook salmon are much more
Réhndant'than silver salmon. Thus, the relative abundaneeé of the two
.ﬂfferent sa1men species is present1v contrary to whét one waould anticipzte

3

i'ven the f1ne -grained character of ehe availeble spafn1ng gravel. Perhaps

e abundance of different fish partly ref]ects different times of
annlng relative to 11kely t1wes of graveetransport1ng f]oods., Chinook
?\amon usua]ly start to spawn in northern Ca11forn1a streams earlier in

g%e fan than ccho sa]non (Holmberg, ]972 Ca11f Dept Kater Resources,
#%5), Aftef spawn1ng, sa]mon eggs require 50'to 60 days to hatch depend-.
:i@ updn water femperatefe; another 20 to 30 days ere required for the

,“;vins to wriggle up_through'theigravel’and'become_free-swinnﬁng fry

222 . 1l



yo]nherq, 1972, p 2) Thus, for a perlod of 70 to 90 days, while

ae young salmon are in the stream gxavel, v1gorous bed-1oad transport,

‘;nch as occurs along Redwood Creek durlng_nnst major winter storms, can
h . . i ' .

4

i
i Q]l large numbers of young fish. Because of the extreme shi?ting of
N , .

vdireambed material, the chance for §u¢cessfu1 spawning and emergence is
‘d%tter for early fall-spawning chincok, and late winter and eaf]y spring-
‘hﬁawnxnc steelhead than for late- spawn1ng chxnook and coho. Given the
i®aucity of suitable lo”-wator rear]ng pcols in Redwood Cresk, the 1arger
=¢§timated spawning escapement of chinook salmon than of coho salmon for
#zdwood Creek may also relate, in part, to tbe facf that cohé rema%n in

uresh water for a year or more, whereas young ch1noos m1grate to the ocean

n the1r first few months of life (Holmberg, 1872, p. 2).

- Observations by the Cd]1forn1a_Department of Fish and éame ahd Jocal
Q:%idents suggest that Redwood Creek'historica]ly supported a significantly
arger run of anadromous f1sh than at present (Calif. Dept. Fish and GJHN,
"65) and that coho forr;r]y made up a larger prooor~1on of the salmon. A
}tream survey by E. A. Caldwell and A. E. Burghduff in the 1930' s]/ indicated
hat at that time Redwood Creck "gets a vcry heavy run of stee]head and
.ilver salmon." In con51der1ng potential 1mp]1»uu1ons of these observations,
'e should reca]] that they were mude fo]]o/1ng a ]ong per1od of modest

-nua] rainfall and fcw floods. |

V Th1s report was g1ven to the Geolog1Cu1 §urvey by Con Lo]loch Chief
“ Branch cf Envuronwenta] Servwces,‘Callf Deot FIJh and Gane on
agust 7, 1975. The prec1se date of Cal :e]lmapd.eurghduff s survey is

'@t known. . _1.""'ﬂ= R



T

*  other anadromous fish in the Redwood Creck basin “include sea-run

k: Poethroat trout (Salmo clarki clnrki), candlefish or migratory
b 15chon.(Thalcichfhys pacificus), anleacific lamprcyA(EntosRhcnus

jdentatus) (Dc Witt, 1964). The sea-run_cutthroat trout is a small

: ot popular game fish. The.candlniisb‘ﬂ\ wwular food fish of the

1.elt famxly that is caught by seining. The size and time of occurrence
‘candlcflsh runs are less predlctatle than the runs of salmon and
#eelhead. "In midlto late April 1973, "millions" of candlefish were

_,efycd by the California Department of Fish and Camel/ in the down-

8 . 1
Eiream-most 15 miles of Kedwood Creek; no candlefish vere seen in

3 8
B>

he tributaries. Another large run of candlefish in Redwood Creex

ﬁcurr¢d in 1967. Limited numbers of lampreys - are observed
b I « Lampreys
Epawning in lower Redwood Creek in the spring. e weré a-popula

ood of the Jndlans, buL are preqcntly not much valucd as a food fich.

: Hany miles of‘thc headwaters of Redwood Creek and some of its
N@jor trlbutaries, a]though not a\ce':iblc tc-anadromous fish because

:-f obstruct1ons formed by nltural‘y occurr.u.c landslides and windialls,
the o A

rﬁ sultable habltat foz/,waun*ng =nd rear‘ng of limited numbers of

I . : . R :

psident fisht Small resident cutthroatﬁtrout'(Salmg'élnrki clarki)

gnd rainbow frout (Salmo gairdneri)’liVe_thQOdIs above thesé‘
gbctructions, CutthroaL trout are. LJre “uunu nt than ruxnbow trou;.

/ Field note by Dave Robers given to thc Ccolo&lndl Su1vcy by
lon Lollocb Chicf of Branch of Erv1ronmental SQTVICCQ, Callf D;pt.

Fish and Game on Auguqr 7, 1975

. 2(.' N D . -. ‘



.

otal population of resident cutthroat trout along an} individual
am is so limited that it could ,be'comﬁlctely eliminated by
.Iishing or by lbgging—induced éccelerated~sedimcntation. Other

dent fish species are found along the lower rcaches oi Redwood

k aﬁd inqlude'the Humboldt sucker (Catastomus hymboldtianus),

pins (Cottus, sp.), and stickleback (Czsterosteus sp.) (De Witt, 1964).
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 RECENT CHANGES IN HILLSLOPE EROSION
Landforms,pfoduccd by various types of hillslope erosion processes

ne Reduood Creck basin became more numerous and more active betwecen

A - few earthflows and slides were more active

The overall increcase in activity can be well

4$mined as part of this study

"Coverage

~north 2/3 basin

south 3/4 basin

entire basin

" entire basin

entire basin

_'morth 1/2 Basin'

entire basin

entire basin

entire basin up to
and including the
drainage basin of
Lacks Crcek

20

!b umented by sequenccc of available vertical aerial photogrdphsl/.

sstrlbutlon of mass movement phenomena in the 1edwood Creek ba311 in

0/ 7 and 1972 is shown on 1:62,500 maps prepared by Colnan (1973).

l.st visually obv1ous change in erosional activity is the incrcas;d

.. The follow1ng sets of black and whlte aerial photograohs vere

..Ownership

T. Hatzimanolis, Nationzal
Service, Crescent City, Ca

AU. S. Geological Survey,

Menlo Park, CA.

Humboldt Cournty, Timber

.Assessor's Office

"
"
Natidnél Park Sefvicé;‘
Crescent City, CA.

Humboldt County, Timber

" -Assessor's Office

*National Park Se;vice,

Crescent City, CA.

‘U: S. Geological Survey,
Menlo Park, CA.’ '
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er of streamside rock-and debrls slides along the main channel of

rwood Creck and its major tributaries. Thirty slides adjacent to the
: T . S :
n channel show on 1947 photographs, whereas 341 such slides appear on

3 photographs. A large increase in*dcbfis avalanches also occurred
‘u.&cen 1947 and 1973. Only .inedel.,i - -i-adsihes with lengths of at

"t 200 feet (61 meters) show on 1936 and 1947 photographs, whereas

such features appear on 1973 photowraphq. A great many smaller

fbris avalanches are also present. New dcbris avalanches are mostly

¥

(lsociated with roads. A few of the large compcund earthflows show
cent gullies and increased ground disruption. For the most part,
ever, the earthflows appear to have maintained a more or less constant

jgéfage rate of movement. The recent gullies in the earthflows are

ostly assoblated with ranch &nd loggln roads. The recent large-scale

-

¥
[
Iomber harvest in the Redwood Creek basin appears in general to have
3

¢

lrectly impacted far wmore upon flyvial erosion than upon rnass movement.
,:discussed previéusly, however, timber harvest may indirectly impact
$bn hillslope stability; streazbank erosion caused by increased storo

|
1
i
¥

inoff or aggradation czn trlg er streamsidc_slidgs,

) The combinatiop of four najor flonod eveﬁts‘énd the initiation of

»h ensive ti ber harvest and-Joad:xenﬁt:nmmion.during'this interval has
.oubtedly been responslblc for accéleratad erdsion; The relative

'"ortance of these two factors is difficult to assess quantltatively

h'ng to their con;emporsveous cccurrence and COWp]LY interaction with

5Qh other and with geomorphic processes.' Howcvcr. tiwber harvest has
vatly increased the vrosional impact-of Lhc fluods over what it wouid

o bewn 1f the basine uld not brea® loﬁ\td.

.4',0‘." R Tt L .
cw e N
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The number of new streamside slides along Redwood Creek discera’tle

.,ﬁ aerial photography for years of available coverége-is shown in

,able 15. Slldes are separated into those occurring in areas which

;, owed previous instability and those uhlch were. stable in 1947 This

i eparatlon was made because in this type of terrain slides tend to

R _

Lccuf repeutcdly at the same locdllty.‘ Areas were also categorized as

‘l

ogged or unlogged at thc site of fallure in order to see to what degree
, \

b ’ s -1

k;mber harvest and assoc1ated road construction have altered hlllSlOpe

’

ability
A major problem vith the comparicon oF slidlng hiftory in logged

2

‘ulpgged arca decreases through time with the‘progrcssive increase ln
;fover area. In order to reduce this 1nhere1t bia,, the nunber of new
gﬁdes ih_edch category was weighted-by the number of streombank miles
pélmded ;n.that grouping for each intermal (fable 16). - The nhmoer'of
!Edcs'per mile was then computed'on a perfyearopaéis to compensate tor

ﬂt'differcnce in length of time between photo coverage. However, this

)ocedure may be somewhat mxsleading as sllde cccurrence was‘probably

pmewhat cluatered about the maJor flood e\ents of 1953‘ 1955, 1964, and
2 . .o O o w

e

Another major drawback in these comparisons is that no allouance

P‘made for the impact of. loggrng upslope fron sxtes. Thus, although

‘tcu slidc is shoun to occur in an unlog ed arca, 1t may actually have

.
[y

n triggexed by increased runoff pore preesure; or seepage force

d by uphil;.lo 1ng opcratxo“s (erk' vnd Co’l:no. 1970)

-4 "

(a2
[ o - T
TR

‘id unlogged areas 1s that the llkellhood of a new slide occurrlng ia an"



Fuble 15. Initiation of streamside slides along the channel
¢ - "of Redwood Creck. . The plus figures with the
. brackets indicate slides that occurred betueen
1958 and '1966; resolution on the 1962 photographs
. was not sufficiert to deccide whether or. not the
L  »$1ides vere prescnt at Chct time.
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16. Initiaiion of streamside slides per mile of si.,.ed*®

- streambanks in Jogped and un]ogged areas adjacent
to Rcdwoou Creek. y '

Slides/channel mile
in logged areas

~ Slides/mile/year
.. ... 1in logged arecas
.00 L el
.07 - T Y0
.81 20
3 e
a5 i o8
.18 | I f'ff.m"
Slides/channel mile
in unlogged areas

lSlides/mi]c/y ar
-in unlogged areas

.26 ° Co 0
".97 .09
1.0 s
.86 o 22
.19 . los
17 . L 09
00 - . 700

Total slides/channcl mile 'Total.sliAes/milelyeér
.27 . L f;'.
.99 ' v
63 -

a1

.29

.16
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Unfortunately, Table> :5 and 16~ 115t only s11dts where movement .. -
1n1t1ated in a given 1nterva1 Many existing s]1des nay have 1ncreased
in size or act1v1ty during a part1cu]ar 1nterva] We adopted th1s

procedure because not all photographs were ava11ab1e for simul taneous

compar1sons at the time when we had access to tre 1962 photographs. Thus,
another bias may have been generated, in that the number of channel miles
w1thout ex1st1ng actlve slides is con+1nua]1y decreas1ng For example,
by 1972 most of the streams1de areas that were prone to sl1d1ng (outsides
of streambeds, 0ld slides, and so forth) had already exper1enced recent
J;lope failures. As a result the f]oods of 1972 trzggered not more than
£16 new slides along_Redwood Créek, but caused nearly 100 existing slidzs
to increase in size or activity (Colman, 1§73 fig. 25, p. 110).

’ The greatest number of new slldts per m1le of atreanbank occurred
dur1ng ‘the 19f7 1038 1nterva1 (Table 16) This may reflect either the
aoccurrence of the. ]953 and 1955 f]ood events or the long perlod betwecr
'photo coverage. ,It would be reasonable to expect the first of the series
?;f major floods since the late 19th centur} to do the greatest.amount

&t damage to riparian hillslopes and to remoVe large quantities of

| s01]uv1um that had accunu]ated dur1ng the 1nterva1 |

1 Although the shortcom1ngs assocuated w1th the nunbers in Tables 15
nd 16 do not pernwt quant1tat1ve asaessment o. the er051onal impact of
loods and logging on stream sediment 1oads, those numbers do suggest
'.at it may be unwise to try to 1solate emther one of these factors as
; e dominant cause of streans1de sl\d1ng Forfexample, they 1nd1cate
4 at almost as wuch sl1d1nq ofcurred durlrg the 199% 1962 1nterval

5‘en no raJor fleod L\Cﬂts occurrrd as du. nq tht 1969 ISSF serxoo Wi

‘\alydad the 1965 flood. Furtherﬁcre, o & ;rr;mile-basiﬁ.slightiy :

!

T
i



;]1d1ng was initiated in unlogged areas than 1n 1ogged areas durlrg thio
i19.:8 1962, 1962-1966, and 1970- 1972 1nterva]s From 1972 to 1973 all

,ew s11des occurred in logg d areas. Th1s may 1nd1cate that the 1mpact
.f the 1972 f]ood was fe]t most in these: areas, but the sample size is
.robab]y too small for definite conc]usuons .} |

- The tota] volume of mater1a1 contr1buted directly to Redwood Creel

%; streamsxde slides in recent years was estimated by Colman (]973
‘ppend1x I) to be about 1 396,400 cubic yards (1,067,700 cubic metres)

? sum1ng that the slide debris has an average bu]k dens1ty of about 92
aounds per cub1c foot (1474 L1lograms-p r cubic metre), the tota] mass of
‘his stide debris would be about 1,734, 400 tons (1,a73 400 tonnes)

bst of this mater1a] was eroded betheen 1964 and 1973 The total
‘uant1ty of sed1m°nt provided by these v1sua11y obvious features over a:
aane -year perxod is, thus, not more than 80 perccnt of the average annual
-uantlty of suspended sediment to move’ past the gage at Orlck during

971 1973. Therefore, although the streamstde slides along Redwood

reek do contr1bute substan+1a1 quant1t1es of sed1ment directly to the
!@annel and a]ter looal channeligeometry, they should not be considered
,%doh%naht-sediment source.; Intérpretationidf aerial photographs led

e U:S. Department of Agricullt.ure (1870) to suggest that between 1941

nd 1965 all sl]des (not Just streams1de sl]des) in the Redwood Creek
as1n accounted for not more than 27 percent of the total stream sed1mcnt Toad.
l The approx1mate1y ]100 miles (1770 k1lometres) of roads and 3000
ﬂies (4825 k\lometres) of skmd traw]s that GXISt in the Redwood. Creek
“Sln have ser1ous]y 1moacted upon h111s]ope erosion. Except for 12 mlles
ifa eccntly.rLIO-uted State Highway 259, most of the roads that have
hitﬁvated erosion were conitructoed sinte 1647 primari]y te hrovide P Lt

giciins and Liihor-harvect paiten A Taael 37 Sheesoside ides st

$



edwood Creek were caused in part by road constructién. Numerous sl

Wilures occur, a]ong modt roads, and dlthOUbh these slides and gullics

,*y be ind1v1dually insignlflcant the sum of their impact is substantial.

.

Road construction is associated with numerous small slumpq and

"
‘.

,%jdes in cutbanks and road £111. _Host road—related debris avalanchcs

re triggercd by these types of fdilures. Two addltlonal forms. of
\

‘f lslope eros 1on are triggered by road constructlon——deep gul‘ylng and

¢

B iding of water—saturated colluvium. Deep gullies'commonly form when runoff is

voncentrated into small dralnages whose capacxty is exceeded during .

).

.orms (fig. 7) Road—concentrated-drainage also may increase the pericd of

‘uration of over;aturated 5011 condltlons to cause fallure of alreaoy

Fistable slopes.by sliding or sluaping.

The headwater reaches'of;Redwood Creek show a series of

.

d

5ream51de slides whose head ‘'scarps are allgned along old logging roads.
i

deed in some cases. the impact of these roads may be as important as
emoval of toe sﬁpport by the stream. Another example of road-related

{reamside sliding and gullying is found along the Redwood Creek trail
hove the Tall Trees Flat' the 01d M-line logglng road has falled in

’veral places to produce a line of slides and deep gullies.

B
i

A more detailed'discussion-of recent changes in mass movement

Htivity is contained in Colman (1973)

,
l



RECE!T CHANGES IN CH,udtL_CHARACTERISTICS ALONG REDNOOD CREEK

f’ f?é: In response to the recent naJor floods and 1ntcnsmf1cat1on of
{,1mber harvest, descrlbed in prev1ous sections, the channel character-
l.§t1cs and sed1mentat1on processes of Redwood Creek have changed
§.rast1ca11y in recent decades. The maJor changes appear to be-(l) channe]
: Sgradat1on and gravel- ~berm deposition associated with maJor floods, (2)
i

i;ncreased numbers of: bra1ded reaches, (3) increased channel w1dth and

4) decreased average 51ze of streambed material. Many of these changes

an be seen in the mocnted stereo pa1rs of aer1a1 photographs in figures 11
'3. 15, .16, 18, and 19. Attendant to these changes in v1sua] charactaristics
«s an 1ncrea<ed frequency and 1ntens1ty of badload transport. During this
(ame t1me 1nterva1, comparable channe] geometry changes ‘have occurled an

Aﬁe Middle Fork Eel River (Knott, 197]; J._C. Fraser, wr1tten coemmunication,
5%75) _Trinitleiver (Knott, 1954); and Van Duzen Riyer (Harvey-Ke1sey,
.r1tten ‘communication, 1975). ‘ c -

‘ Time- sequent1al aerial photography, stream-gaglng records, stream-

wink strat1graphy, historic land surveys, and 1nterv1ews with 1ongfterm
SIdents have been ut11lzed in an effort to docum nt these changes Monu-

B nted stream-channe] Cross. sect1ons establlshed in 1972 and ]97? (Iwatsuho
nd othcrs, 1975) have been used for- references and to 1nterpret short tcum
nlstory -

‘ i936 AND ]947 CHANhEL » . .

!; i ln 1947, Redvood Creek above State H1ghway 299, was character1znd

.ﬁ a narrou sinuous channel (flg 11). A closed vegetatlon canopy e<1sted
ong much of this reach. The canopy was broLen on]y locally by a stream-

(

by
} de sllde or wids alluviated reach.
oM



R In 1947 and 1936 Red.-food Creek betw;\eo Highway 299 and Lacks

i, -

qeek was predomlnant]y a sinuous stream moderate]y incised 1nto 2 yide

a]uvia1 flood p]aun (fig. 13) Nany areas of this flood p1a1n conta1nrd
.undant vegetat1on with many 10- to 20 feet (30 to 61 meters) tall

i :nufers o Conifer growth was not restr1cted to the edges of alluviated
‘.eas but also lined the narrower active channel. ‘Below Lacks Creek

%ae channe] and f]ood p]a1n became narrover. (f1g 15); bra1ded channels
[ere virtually absent from Lacks Creek to Cooper Creek

‘gf In general, the flood- p1a1n morphology exhibited in 1936 and 1947
l-ove Cooper Creek resulted from moderate channel 1nc1s1on into a wider

imper flood p]aln ~the morphology of wh1ch may reflect geomorph1c proces

kmeratlng during deor flood events in the late nlretﬁenth cen»ury The
iod of ]891 to 1953 was a time of moderate peak flows .in the Redwocd
%qek basin and environs. '

lA .Below Copper Croek the channe]‘and flood plain of Redwood Creek
ucame wider (f1g Io) then abrupt]y narrowed in Lhe “gorge" area (fig. 7),
og f1oa)]y broadened into the wide alluvial reaCh'uJOvE Bridge Crea. Frem
3%dge.€reek to.the moUto of Reowood Creek, the 1936'channe1 displayed
huredom1nantly bra]ded channe\ on an inner f]ood p1a1n generally devoid

i vegatlon (figs. 18 and 19). Some patches‘of alders and shrub
it"‘:, < |
Jhe he1ghts of these conlfers were estlwated dur1ng stereoscopic

¢

*mlnatlon of aerial photographs by _comparison with the height of an

J,
)
?ﬁacent bu11d1ng still s;and1ng in the Mlnor Creek area.



Lwﬂtation were present on midchanne]vbars ncar th: il Trees Flat

" 194

i .ﬁd on . abandoned parts of the lower 4 nl]es of chzrnel where the
Iy ‘,dth is great and braiding is predon1nant Land surveys by Harry WFiT
i !’d Osrar Larson in 1946, 1947, and 1951 show a 90 foot 1atera] migration

7the main channel indicating 1nherent channel 1nstab111ty dur1ng this

3

b
£
kﬂ e-year period (fig. 19), even though no maJor floods occurred
WANNEL CHANGES | .

F

Recollections of residents and workmen, sequences.of aerial

otographs, and stream-gaq1ng records suggest that beginning in the

i
L
Ld 1950‘5 the active-gravel inner f]ood plain of Redwood Creek started
A

..aggrade, to erodo its banks att1ve1y, and to shift across wider
}.as of its forﬂtr flooa p1a1n. This change in channel characterlstics
man1fested in 1ncreased channel w1dth. lncreases in mean streem-bed

4
;- thaiweg e]evat1ons, depos1t1on of 1arge grave] berms, and a ]arge

i
;nrease in streans1de land sliding.

1

A
(
r
:
l
|
I

MGES IN STREAMBED ELEVATION I -
Stereoscopit examihation of 1936, 1947, 1938, and 1974 aerial

ftoqraphs, gag1ng statlon records, and stratigraphic ev1dence indicates

P

Gt, except for areas near Or1ck -and between LacLs Creek and the mouth
i

f the gorgn above Br1dge Creek (reaches 4 "3 and 2) the channe] of
}wood Creek has aggraded considerably since 1936 Major per1ods of

radat1on were assocwated with the f]ood events of 1964 and 19’2 Some
ona] aggradatlon occurs, durxno moderate h\qh flows and 15 fo]lowtd by

R

nel scour dur1ng the spring and sunmer months 1n a normal water year,

236 .




The sca]e and qua]1ty of the 1936 and 1947 aer1a1 photographs Tiwds
notO 1nterpretat1on of channe] deqradat1on or aggradation to emp1r1ca1
54§1ytat1ve observat1ons. Compar1son of these pnotos with those of the
5&23'channél suggests a severe reduction;of bankAheights in some upstrean

E t&ches. Stereoscop1c eyam1nat1on of f1qure 13 prc»1des some indication

i’:decyeased bank height and lessened channe] incision.
iu' In places between Snow Camp Creek and Minor Creek recent grnvel
poosition has cbmp]etely f%]]ed the fdrmér‘strenmnéhannel and spilled
\t onto extens1ve areas of the former upper f]ood plain, thereby killing
»'y f]ood -plain trees (pr1nc1pa11y Doug]as -fir). Flood-plain stumps

{ thIS area w1th d1am°ters cowparab]e to those of the stond1ng dead tre

D t]v dlsplay 200 to 300 snnual rings, The gravel Sngorted many alder

,

i
{ .
(-rore, incense cedar, and Doug]as -fir seedlings that dur1ng the sutner’

|L1974 were more than two but less than 10 Yyears old. These seedlings
y gest that the grave] was depos1ted dur1ng the 1964 flood. Redwnod
eP has: locally 1nc1sed an ent1re1y new channel through ‘these grave]
r;-051ts As a result, isolated groups of stand1nq dead trees are often
i ronnded by the abandoned gravel-filled former channel, and the new

E’ }e channel. In genera] Redwood Creek appears SLI]] to be f]0w1ng

; -3 hlgher level than prior to the 1964 perwod Some gravel depos1.1on .
}pars to have accompan1ed the 1972 floods in these heaouater reaches.
?’:edwood Creek but such dcpos1t10n here was not nearly as vo]um1nous
?:ur1ng the 1964 per1qd. ” . |

;i These emp1r1ca1 photo¥interpret%ve bbséfnatinns are supported in

*1quant1tat've fash1on by the h1story of the gaging stat1on on Redwosd

.
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Wick ncar Blue Lake and by'obccrvations by'residente'and.workmen; A
hby-prouuct of‘normal stream-flou measurcmeuts, channel cross sectiovun:
produced in reference to the gage datum. Mean'streambed e]evation and
ma]ueg elevations for all measurements made w1th1n 20 feet of the Blue |
vl e gage cab]e sectlon are sh own in f]gure 53 and se]ected stream-channe]

X\

Xos s sectlons‘are illustrated in figure 54. The.short-terms perturbations

i 3

hahne] e]evatiou‘reoulting.from normalluérigtions in streah flow as
Jl as 1oug-term, net chénges can be seen in both figures 53 and 54;

ié Both mean streambed and tha]weg;e1evation§ increased appreciably

%,ougo the per1od ot record at the staticn near B]ue LaPe.]/ The streambed
evatwon at the start of the record nay have been recent]y elevated by
¢radat1on associated with the 1953 f1ood in the nearby Van Duzen Riuer
5n'separate episodes of agaradation accombanied the 1953, 1955, and 1554

j
J

pods (Harvey ke]sey wr1+ten cemn un1cat1on, 1975). The mean bed é]evaticn

‘Redwood Creek near Blue Lake has risen cpprox1matelv 3 feet and the

u]weg of the November 13, 1373 cross sect ion is over 4 feet above that

f anuary 15, 1958 The najor f]oods of December 1964 and January and

——

i

'ch 1972 occurred dur1ng the non- operat1ona] p°r1od of the stot1on-

5a1 residents and U. S Geological Survey cng1n°ers lndlcate that most of

l.w'u_:lgradatmn was a;socxated with- thase T]OOda. .;' .
Conversat1oR wlth res1dents and c0unty road crews 1n the 0 kane and

twood Valley areas further suggest that the amouut of aggradatlon

umented by the d14cont nuous stream~gdglng record for Redwood Creek

B]ue Lake probab]y does not |epresent thq fu]] cmount of aggradatlon

d o

he stream gage record was re- ettab]w hed iu 1973 uti]izing the same

i
|
|
|
1
§

ahm as during the:1954 to 1553 periad of record.
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ausod by the 1964 ficod. By the t1ne the qaqe record vas re- cstabnr 3!
any of the large bedrock blocks that were burted by the 1964 f]ood
nep051ts had started to.reappear. Prior to the 1972 f]oods the channel
[fhroughOUt the sixteen mile (26 kt]oreter)-long reach 5 (ftgs. 10 and 13)
.etween H1gh1ay 299 and Lacks Creek had 1nc15ed 1t<e1f into the 1964
.Jood deposwts to a level somewhat Tower than the 1973 level. The ]972
3 oods then caused ancther eptsode of aogradatton, but the channel d1d

't fill up to 1ts 1964 1eve1 . ."' |

' The stream bed elevation of Reovood Creek at two sites in this area
v known to have aggraded at least 15 .eet (5 6 metres) durtng the 1964
1ood One site is at a natural swimming hcle on the ranch of Oren B.
rankte aoout half way between Minor Cre el and 0'Kane; thts hole had a
gtk w1th a d1v1ng bourd attached 15 feet (4.6 wetres) above the low
p%er surface The hcle “and rock are now conp]ete1/ bux1ed ~Thz other
ste is at the brtdge on the Redwood Valley road where severa] residents
lport that following the 1964 fiood, grave] had becn deposited up to

é level of the beams supportng the bridge deck In 1973, the channe]

'5a hlgher level than prior to 1964. i . |

‘%f Changes in streamoed elevation, tonparab‘e to th0>e in the upper
:yyood Creek Ba51n recent1y occurred e]se-here 1n northwestern |
ifornia. Hickey (1969) in revtew1nq the htstory of low-water qtreamoed
tvat1ons at 51 stream gagtng stat1ous in. thIS area found that (1) &1
tions showed recent £i11, (2) 10 of thnse stattons experienced three
iore feet of f111, and (3) most of the f111 was deposxted by the flooJ‘

Pronounced aggradatton has occorred in tha relatt\e:

Y



tine upper Ven Du7cn R1ve| deln (Harvey Ke]sej. wrltten commun1-
hiion, 1975) and the upper Middle Fork Eel R1ver bas1n in and immediat: /‘
%}nstrcam from the Yolla Bolly H)]derness Area (J C Fraser. wr1tten
I mun1cat1on 1975). ' | | |
t . R L | . .
}, Extensive,unvegetated gravel inner f]ood_p]ains, such as those ,X(

w.t characterize the channel between Snow Camp Creek and Lacks Creek,
|

g k boundary. Tlmber—company emp1oyees 1nd1cate that some of these

e not present in 1913 between Lacks Creek and the mouth of the gorge

?nstream from the southerh park boundary 1n reaches 4, 3 and 2 (f1gures

15 and 16). Here, large angular bed.ock blocPs conmcn]y protrude
roudh alluvium in the active channel. Prom1nent flood- re]ated gravel
ms, however, are locally present along sowe unusual]y wide reaches

d 'on some stream bends such as below Coppe“ CreeP and near the southern

ms are eros1ona] remnants cf berms that were much more extensive
1ow1ng the 1964 flood. Other berms appear tc have been depos1ted by
::1972 floods; for example, the crifice tube at the gaging station
[the southern boundary of Redwood National Park hac more than 15 feet
46 metres) of alluvium deposited on.it during the 1972 f]oods (Gera]d
ue oral comnun1cat1on March 1972). The amount type and aoe of
~etatlon observed on these berms in ]974 suggest that most either
o1n1ated cr had adolt1onal sed1ment depos1ted upon them in 1972.
Nlth1n the reaches of PedAood Creek in the Park, cons1derab1e
wtographlc botan1cal morpho]og1c and strathraph1c e;idence sugéests
ﬁ; recent]y the Creek hdS s1gn1f1cant1y aggradated Sequences of
la] photographs suggcst reduct1ons in bank he1ghts. Coarse sandy

rwel_channe] denosits are conronly round 1y1ng upoh thick sections
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l of silt loam and ftne sandj 1oam overbanr depos1ts. Lo :‘v; betweern

|k111ed groves of a]der maple, tonoak Doug]af-f1r, and redwood trees at
i he streamSIde edges of upper f]ood p]a1ns. Downstream from the Tall
t":"reeS'f-"lat on]y tsolated 1nd1v1dua1 trees appear to have been killed Sy
cent deposxt1on of coarse gratned a]]uv1un. The upper surfaces of
'early a11 of the recently depos1ted coarse gratned channel depos1ts.and.
f:rms bear only sparse young vegetatxon tnat app 2ars to have been

ﬁ tabllshed subsequent to the 1972 floods. hnxetheless, nany of the

ees that appear to have been ktl]ed hy recoat depos1t1on were dead orior
ao 1972 SO that the January aad Marcn 1972 f]oods may n>re1y have _
luep051ted a. re]atlvely thln veneer upon a]]uv1um latd down pr1nc1pa]]v in
964 Streanbanks are c]ear]y de.1ned at most sectlons 1n thts reach,

'ﬁd even where recent1y aggxaded channe] depos.ts have spl]led onto

b ‘

Ipper f]ood p]aans on]y the outer edgcs of the ‘1ood p1a1ns have been
ffected Y : P o

The bu]k and hetght of flood dep051ted gravel berms, as we]1 as
, e vertlcal separatlon between tho channel of Renwood Crce& and its

'-per f]ood p]atn, suggest that the amount of recent aggradaaton in

aches of Redwood Creek w1th1n th° park as; of 1973 Was oreatest betheen

l

e mouth of the gorge and Harry vear Creek The amount decreased




‘Quantitative documentation of how much recent aggra. on has ‘tahos

gplace is not available for parkland reaches. However, Sitee 1952 when

?the.MrlinEbridge was constructed across ‘Tom McDonald Creek.near its
fmouth Redwood Creek in tre v1c1n1ty of the Ta]] Trees Flat apparent]y

graded its bed at least five feet (1.5 wetres) The str1ngers for the

w0

‘Tom McDonald Creek Bridge vere originally set at a he1ght that pern1tted
‘a track- 1aj1ng tractor w1th a protect1ve arcr to drive free]y under the
br1dge deck and remove any storm debrls (O*en B. Frank1e oral commun1-
4cat1on, 1974). Recent aggradatlon by Redw s00d Creek has reduced the gradient
of the downSLream end of Tom HcDona]d Creek so that it can no 1oncar
;traqsport its bed]Oad through to Redweod Creek. Large quantities of bed
3ﬁateria1 have accurulated in the channel and are thrcaten1ng to p]ug Coin~
xmiete]y th° bridge opening.
Stream-gaging records show that cons1derab]e channel sh1ft1ng and

: hanges in streamaed elevatwon accompany 1nd1v1dua1 f]ood events at
gRedwqqd Creek at Orick (for example, see Culbertson and others, 1967,
;fjg. 1). However, streambed e]evatioe and_other-hydrau1ic'parémeters here
:zisp]ay 5rregular fluctuations that caneot be related c]early to either
the recent f]ood h1story or the recent aggracat.on in some upstream reaches
(H1cPey, 1969 p E17 fig. 45) Probably these 1rxegu1ar1t1es reflect
arge scale channel mod1f1cot1ons zn thn v1c1n1ty of the gage by dredg1ng,
'ravel mining, and constructlon of stone ]LVLES to gether with complexitics

n flow’ patterns caused by the br1dge gbutments at the gag1ng site. Since

'onstructwon of the levees in 1968 the channe1 appetrc to have been’

51 ght]y incised (figure 55). :tzil.v i :%e"'
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(f The.-size and vegetal cover on flood depos1ted gravel berms a10ng

P .

wedwood Cveek 1nd1cate that the locus of max imum aggradatxon ascoc1atcd

i

h 1972 floods Was much farther downstream than in 1964 This dovn-

|
itream shift probab]y ref]ects at 1east three factors: (1) more inte:
orm rainfall in 1972 in the lower basin thdn 1n the upper bas1n,
) downs tream m1grat1on of sediment or1g1na]]y 1ntroouced to the he:

haters during the 1964 f]oods. and (3) acce]erat1on of t1mber harvest

'*.the downstream part of the basin in thé interval between 1964 and
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g

;j . when compar1ng ]936 (or 1947) vert1ca] aer1al photcgraphs w1th
3 }those taken in. 1913 the nost Str]k]ng and most nc~"ly ub1qu1tous
1 ;hange in channel character1st1cs over the 1ast 37 \ur 25) years |
1 ‘(f1gures 11, 13 15, 16, 18, and 19) is an-increase in the width of

the unvegetated inner flood p1a1n During this period of time, bank‘
eros1on has clearly been more rapid than bank deposition and much
| 1par1an vegetdtxon has been toppled. HMany reaches-df Redwood Creek

hat former]y displayed a nearly conp]ete vegetat1on canopy, in 1973

,how an unvegetated gravel p1a1n. Channe] widening has occurred,

! ndA1s cont1nu1ng to occur along reaches that have ra1nta1ncd reasonab]y
tllistable bed e]evut1ons, such as betmeen dePs Creek and Copper Creek and
i 'pwnstream from hacArthur‘Creck, as we11 as_a1ong reaches that haye

: ifcently been severely aggraded; such as those above higﬁway 299;'and

esween the mouth of the gorge and Elam Creek. Interpretation of zerial

hotdgraphs led the U.S. Department of Agrfculture (1970) fo suggest

pat between 1941 and 1965 stream-bank erosion along Redwood Creek and

ts tr]butar1es accounted for about 60 percent of the stream's tota]
ed1nknt load at 0r1ck. | |

I Progress1ve bank erosion and channe] w1den1nq a]ong Redwood Creek

}e 1nd1cated by sem1quant1tat1ve compar1sons of sequent1a1 aerial
hotographs. These compar1sors were maue on]y at 12 cross sect1ons where
freambanks were not obscured by shadows and where surveyed Cross sect1ons

(r0v1ded a ca]1brat1on for the 1973 photographs. " The sma]] sca]e and
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3 ]imited'rcso1ntion of the 1936 and 1947 photographs, however, restrict

| the precision of width measurements to about plus or minus 18 feet

(5.5 metres). None of the comparative cross sections indfcated mea5urab1e
fstreamban? dep 0°1t10n s1x shoaed more than 18 feet of bank erosion, and

: the rest Jhowed no measurab]e increase in w1dth Many sections with
Ay E.no measurable change, nonetheless, did show indications of riparian
egetation haVing-been enoded away. ‘The_nost severe bank erosion was
ssociated'with upper f]ood p]ajn sUrfaees within Redwood'Nationa] Park.
% ;.' Continuing bank erosion and cnannel'nidening are docunented by

'@ field mapping of erosional phenomena along the main.channel of Redwood
reek in 1973 (Co]man, 1973) and ]975- and by repet1t1ve surveying of

?monumented strean-channel cross sections (Iua<subo and nthers, 19/5

able 4). In the summer of 1974, zbout 53 percent of th° streambanks

’of Redwood Creek downatream from Rodiscraft Road were actlve]y erod1no,]/ -
Co]man (1973 Appendmx 111) 1nd1cates that s1m11ar condltlons preva1le
ijn 1973.  Again in 1974, of 84 streambanks at monumanted stream channe]

=£foss sections along Redwood Creek, 34 showed pronounced-bank retreat

E and only 12 showed depos1t1on (Ivatsubo and others, 1975, Tab]e 4)
if'

RS

]/ ‘Sections of actxve]y eroding streanbanks frequrntly have tree trunks,

% oots and (or) rocks that’ Tocally re*ard ezoc1on. "Acttvely erod\ng

}ktreambanks, as used above. refer to ce\.tmns of streambanks where rore

snan SV percent of the bank is comprlsed of steep to verttca] exposures

i

“f raw, unvegetated sed1ment or 5011 wtth expnsed roots.

»



Larée porticns of the uppef f}dod'plain surfaces ("alluvial flats")

£ that are underlain by thick sections of silt loam and fine sandy loam,

§iinc1uding those that support the maQnifiCent flood-plain groves of .redwoods

within Recwood National Park, have been eroded away during the last 37

i

A
Ber
Rh
!

t years. Replacement surfaces apparent1y have not been deposited because

;the only promingnt recent depositional landforms are flood-related,

E ff]atitopped graye]'benns. The tops of thgsé.berms arg'close to the high-

iwdter marks of the recent major floods; thus, they}are not in positions

3

{that receive frequent fine-grained ovekbanﬁ depoéits.

Bank erosion alore should not bé considered.a "problem" as thislis
.a}natura1 p}ocess. Typica]ly,-f]éod-pTain.ségments are naturally eroded
way and replaced by new ones. IndivianI alluvial flats in mountaih
tvalleys probably persist for not more thanvg few hi]lenniéﬁ Theilong-term.

preservation of flood plain groves of redwoods along Redwood Creek is

 verbank;deposit§, comparable to those sites tﬁat support the present

jredwood groves, are not being formed. Thué, nd rep]écemen;s are availeble
)vaér the prime sites that are eroded away. As @iﬁcusseﬁ later in this
“¢§ction,.the predominance of erosibn'0veﬁjdépo;itﬁdh and the coarse-grained
B Eharac;er of recght depositidﬁa]”]éndfqﬁﬁ;_ajanéiRédwood Creek probably

eflect a recent changes in rateQIOf_bedloéditfanSpokt and of deposition.

T S i .'.2‘5.0 ' 




hanqe in Gra1n size D1str1hut1on of Streauocd Hatcr1a1

,_._:

A v1$ua11y apparent decrease in the size and sort)nq of streanbed
ter1a1 has accompanmed the.recent 1ncrease in bed e]evat1on and channel
'dth 1n most reaches of Redvood Creek | ThlS change 1n gra1n s1ze can

s substant1ated on]y on the bas1s of observatlons and reco]]ectxons of
1dents, ‘and ]nSpECt]Od of ear]y ground photoqraph; because no measure;
hnts of gra.n s1ze d]strlbut1on of streambed mater1als were made pxxor
the recent change, in cranne] geomntry Res1dents in the 0 Kane-

yood Va]]ey area report_that the chang ’s are POSt not1ceab1e in areas
iere vell- sorted cobb]e qrave] rlfflcs and (or) pools fl]led w1th ancu]ar

‘vck rubb]e have been bur1 ed by sandv pebble gravel or pcor]y sorte

wavel is more abundant than pr1or to the ]004 f]ood Res1dents in

b]e gravel C&]lfOlh]u Dcpartment of F1¢h and Gane (llsk ‘and ot,eug,

6) and many res1dent< a1so report t“at 511‘ mpregnated Jandy pebble '

§ jThe recent changes in stream—channe1 oennﬂtry and bed mater1a1 a]ong

(dwood Creek have a1tered the manner in nh1ch the channe] Ccross sectuon

3iusts to chances 1n dwscharge.i Stream w1d+h, depch and ve]oc1tj, as

It elmwned dur1ng water—d1scharge neasurewent:; are 1nterre1ated by thrce

1%ar1thm1c hydraul1c formu]ae that defune the strean s at a- stat1on

4- . ’



hydrau11c geometry (Leopo]d and Maddock 1953). These formulas are

as - follows. .
:f w=agqP
. 0. e
A 'éfz. .- o vEk (T | |
f; fwhere w = width, d = hean depth, v = mean velocity, and Q elinstantaneous
.fé %water.dlscharge. Beeause stream discharge is equal to the prodoct of
g k’he width, depth, and ve]oc1ty, the sum of the exponents b, f, and m
b hgust equal one. Likewise, the product of the coeff1c1ents,a, c, and
o Ji must equal ore. . |
ifgﬁ ;E-"iDischarge.measurements at the cable station for'the station Redwood
& 5 .freek near Blue’Lake were used to define the at-a-station hydraulic

yeometry for three periods of record. The‘ear1y period of record was

i’bd1v1ded in an attempt to isolate the effect of the 1955 flood.

fhls analysis shows a trend toward hav1no a given discharge associated

{1th decreased depth but increased width and velocity. rhe widths,

fean depths, and mean veloc1t1es predicted by the hydrau]wc geometry
jormu]as for d1scharges correspond1ng to (1) the dat]y mean discharcge

;nd (2) a flood with a two-year recurrence 1nterVa1 are g1ven“1n Table 17.
t‘ Similar analyses ‘could not be carried out'for'either-the southarn
»ark boundary because of the, shortness of the gaging record or at Orick
aecause of frequent art1f1c1a1 mod1f1cat1on of the channel shape Nono-
fhe1ess, comparab]e changes in h)draullc geomntry have accompanied

cent changes in channel geometry on nearby streams (Knott 1971, ]974).
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TChannei geomctry and ve]oc%ty for Rndwncd Crcek near 81uc

Lake as predlcted by hydraullc geometry formulas deve]oped

for three time per1ods 1944 ]95o, ]956 1948 and 1973- 1974

| 'TValues are shoun for estwmates of da11y mean flow and a flood

w1th a two- -year recurrence 1ntewva] Est1mates wcre'made by

'-‘obta1n1ng these values for the ]ongor tenn gaging record at

Orick and assum1ng a constant unit runoff at the‘tno sites.
Mean daily d1scharge | o . }; Tno-year flood

w1dth - depth vc]oc{ty nidthr‘ ‘cepth Qe]ocity

6 1w 22 05 559 10.49

e nd0 3ol s 677 .79
79 7 0. 3.9 136 435 10.44




From the p01nt of vicw of undcrftand1ng the forces Lhat lnteract

,1h streams1de rcdwood groves, a partucularJy 1mportant aspect of the

:

|
Lserved changes in hydraulic geometry is that aggradatmon of a stream
f

1 annel neéd not necessarlly 1ncrease the freouency of overbank f]oodlng




D1scuss1ons concern1ng the environme nfa} {mpabt of increased
f}eam-sedjment loads usually concentrate_on such direct jmpacts as
-Tbradation of intra-gravel habitat, ff}]ipg of pools, and puria}
gb"abrasion of riparian vegetation; fhese di;cussaons usually

r]opk the role played by stream-sediment lpads in cphfrolling

d'sioh procesées‘in and adjacent to stream channels. In envfronments
”;e~Redwood'Creek. and.nprthwestern Ca]ifornia'in general, antefaptidns
s tveen stream-sed1r=nt loads and er0510n processns may play a key role
F the evolution of the landscape. The fo]10w1ng parag“aphs put forth
awprk1ng hypothes1s concern1ng 1ncreased rates of bed]oad transport

?d deposition as causes of acce]erated bank erosion that appears quite
jasonab]e on the basis of qualltatlve and sem1 quantitative studies of
: gquent1a1 aerial photographs and f1e]d:observat1ons. The hjpothes1s is
Fapable pf~testing Byifuture quantifaiive sediment-budget studies. Ue

@esent it at7this'tine because it'dea1s with concepts that are.of central

pé
B

mportance to many of the key issues ‘discussed in this report

"#?‘“"f

.. The recent changes in channe] geometry ‘and streamside sliding

ong Redﬂood Creek appear to be c]ose]y 1nte1related and to 1nvolve

e 3 0

ocesses with bu11t-1n, self-reinforcing feedback loops (f1g. 56).

S

orm induced landslides and gullies add enormous quant1t1es of

mfﬂ

]at1ve}y coarse- gra1ned sediment (pr1nar11y pebb]e - to cobb1e suzed
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Figure 56. Scbematlc representatlon of interactions of selected geomorphic‘
R .processces. operating in strcam channe] and rlpm:lnn onv:ronmcnts

along Redwood Creck. . S , ST
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i.rubble with a sandy-lcam or sandy c]éy—]oém matrix) to ‘Redwood Creek
;‘g’and its major tr1butar1es, a large part of this sed1ment is transported
] i pr1mar11y as bedload Fo110w1ng the 1ntroduct10n of 1ncreased amounts

;’; of re]at1ve1y coarse grained sediment, many stredms have developed wider

feand sha]]ower channel cross sect1ons (Leopold and haddock, 1953, p. 28
?;and 29; Schumm, 1963, p. 1097). When the'inereased sediment'lped‘is
;_ﬁofe than the stream can tranSport, as is the'case in Redwood Creek,

.. some of the load is deposited as midéehdnnel bers? the stream starts te
aggrade, and a braided channel pattern deve]ops (‘eopo]d and others.
f521964, p. 294‘L95). The increased strear ed elevation coup]ed with fregue

‘ lateral shifting of anabranchs accentuates streambank erosion. In this

i'épartucu]ar settlng, streambank erosion in areas lacking upper flood r131n
Esurfaces commonly leads to streamside landslides \h1ch, in turn, cause

5loca1 channe] ago"adat1on and deflecticn. . Thus, any marked increase in
:bed]oad can trigger a rather comp]1cated scenar1o

-In th]s regard the large quantxt.es of strcuvbed material obser\cd

' %to be transported in gullies draining large ccmoound earthtlows and stroams
b gdra1n1ng neav11y cutover land 1n the vaer ana rentra] third of the basin

imay have significantly 1nf]uenced er051on a]ono do:nstream reaches . Thus,

1 ,the prominence of bank erosion as a :ed1rcnt scurcn and the: p*esent

{ flmbalance between streambank eros1on and dep041u1on may partly reflect
irccent increases in stream bedload trdnSport An important cerollary is
;that the.eros1ona1'1mpact of 1nd1v1dual 1aeds]ides and timber-harvest units

fmay extend well beyond the boundariés‘of the'injtiating disburbance.
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