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ABSTRACT

W evaluated the effects of managed and natural watershed
characteristics on Sal monid spawning gravel quality and early life
history in five North Jdynmpic Peninsula watersheds. The
percentages of four classes of fine sedinent (<0.106, 0.85, 2.0,
3.35 nmm were not strongly correlated to paraneters associated with
managed watersheds. However, sedinent levels <0.85 mmin spawning
gravel were consistently above |evels considered harnful to
I ncubating Sal monid enbryos. Lack of correlation between | and use
and sedi ment conposition are probably related to the inability to
quantitatively assess the inpacts of historic logging activities,
the influence of a unique sedinentary lithology, and the |ack of
pristine watersheds in the study area. Both | and managenent
activities and natural watershed characteristics were positively
correlated to stream geonetry, particularly bankfull width and
depth.  Survival of incubating coho and steel’head eggs was highly
variable (0 to 53% and did not correlate wth measures of spawning
gravel quality or inter-gravel dissolved oxygen. When fine
sediments (<0.85 nm) exceeded 13% Sal nonid survival dropped
drastically. This suggests the existence of a threshold over which
survival is very |ow. W observed significant a?gradation and
degradation of channel beds during Sal nonid survival "tests. gych
events likely influence Salnonid early life history and may be
related to both past and present |and managenent activities
mani fested through changes in channel form and sedinent vyield.



INTRODUCT ION
The relationship between | and managenent practices, non-point

source pollutants and beneficial uses has received increasing
scrutiny from researchers and resource managenent agencies. In
Washi ngton, these concerns have |largely focused on the question of

the cumul ative inpact of historic and nodern watershed nanagenent

practices on Salnonid fishes

On the Aynpic Peninsula, the dom nant |and use for the past

century has been forestry. Forest managenent activities have been
shown to accelerate the delivery of coarse and fine sedinents to
stream channel s (Brown 1983; Hartmann & Scrivener 1990). Historic
records indicate that |ogging activities on the O ynpic Peninsula
began in the late nineteenth century and accel erated in magnitude
by the early twentieth century (Fish 1983). Early | oggi ng
techni ques were extrenely destructive to stream habitats. Railroad
| oggi ng, steam donkeys, and |log floats were common practices, and
resulted in altered stream norphol ogy, and massive sedinent

delivery (Seddell & Luchessa 1982). By the 1940's truck | ogging
was adopted as the preferred nethod for harvest. This system
required the construction of many mles of road, and al |l owed access

to steep, unstable areas of watersheds. Road construction
techniques were initially primtive and often caused catastrophic
| andslide and debris flow events (Cederholmet al. 1981; Swanson et

al. 1987). Roads al so act as conduits of water and sedinment to

streanms (Megahan & Kidd 1972).



Wil e nodern forestry practices are generally conducted with
greater sensitivity to aquatic resources, they do not necessarily
account for ecol ogi cal processes, fluvial sediment transport and
cunul ative watershed effects (Bisson et al. 1987). Road densities
are often high, older road systems and railroad grades may be
poorly maintained, harvest rates nmay be rapid, and riparian
vegetation nmay be altered. On the A ynpic Peninsula, natura
wat er shed characteristics are conducive to accel erated erosion (SCS
1984). Sedinentary rocks, primarily sandstones and siltstones are
typically poorly indurated, and rapidly deconpose through chenica
weathering associated with the regions heavy rainfall, and
di saggregate by abrasion during transport events (Benda 1993).
Streanbank and fl oodpl ai ns conposed of these friable naterials are
weakly resistant to erosion and react rapidly to channel changing
di sturbances (variations in flow and sedi ment discharge), both
natural and management related. As a result, significant sedinent
aggradation within the lower, |ow gradient reaches of many channels
suggest that these processes continue to affect channel transport
behavi or and capacity.

Rivers maintain a natural or background level of sedinment from
erosion from various sources within the watershed.  The anount of

sedinent stored in the stream channel may be described as:
Storage = Inputs - Transport Capacity
This concept is referred to as the dynam c equilibrium principle

(Mackin 1948). \hen the transport capacity of a river is exceeded,

a stream channel responds by storing sediments. Areas of



deposition generally occur in |owenergy environnents of |ess than
3% gradient, typically along the sides of the channel (bars), back
eddies, and pools (Jackson & Beschta 1982). These areas,
especially pool tailouts, are actively selected by sal nonids for
incubating their eggs. Aggradation of fine sediments within these
areas affects the incubation success of enbryonic sal nonids (Koski
1966; Irving & Bjornn 1984; Everest et al. 1987). Reduced wat er
exchange within the gravel due to excessive fine sedinents can
| oner oxygen levels or raise netabolite concentrations such that
nortality occurs. Alevins may al so be physically trapped so that
they are unable to emerge fromthe gravel. Many detailed reviews
have been witten on this subject (Cordone & Kelley 1961; Hal
1984; Sorensen et al. 1977; Iwanpoto et al. 1978; Chapman & MLeod
1987).

Al t hough research on the effects of fine sediment on Sal nonid
reproductive success dates to the 1920's (Harrison 1923), the
dynam cs of this relationship have proven elusive. Chapnan (1988)
in a critical review of the subject, pointed out that many studies
were flawed because: 1) laboratory studies failed to duplicate the
compl exity of substrate conditions found in natural streanms, and 2)
in-situ eval uations were not conducted within the egg pocket of a
sal non redd. In addition, researchers have failed to standardize
nmet hodol ogi es. This has conplicated efforts at quantifying the
rel ationship between sedinment and salnmon early life history.

The purpose of this study was to devel op and denonstrate a new

method for assessing cunulative inpacts of sedinmentation on



sal noni ds. We neasured the relative condition of the spawni ng
gravel in five watersheds on the northern coastal region of the
Aynpic Peninsula. Sedinment values were then conpared to natura
and ant hropogeni ¢ basin characteristics of each of the five
wat ersheds to explain gross sedinentation processes. Finally, we
nmeasured in-situ early life history survival of two species of
salmon within two study watersheds using an artificial redd
t echni que devel oped by the Idaho Division of Environnental Quality
(Burton et al. 1990). The techni que has been tested by King &
Thurow (1991) who found that although the exact norphol ogy of
natural redds is difficult to mmc, dissolved oxygen |evels,
temperatures and fine sedinents in artificial redds were not
significantly different fromthose encountered in natural redds.
Three hypotheses were devel oped:
H,: amounts of inter-gravel fine sedinent w thin spawning
areas of streams is inversely correlated to inter-grave

di ssol ved oxygen | evels.

H: survival of incubating salmobn eggs is . inversely
correlated to levels of fine sedinment I'n spawning gravel

H,: the level of fine sedinent found in spawni ng gravel

reflect one or a host of effects, natural or man-induced,
occurring at the basin |evel.

STUDY AREA

The study area included five watersheds on the Northern

A ynpi ¢ Peninsula of the Washington coast (Figure 1). The Pysht
Callam Hoko and Sekiu rivers flow northeasterly and termnate in
the Strait of Juan de Fuca (Strait). These systens originate in a

series of low hills paralleling the Strait and share a common
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Figure 1. Study area, North Olympic Peninsula, Washington.



geol ogy, soil type, topography, size, channel network, climte, and
| and managenent histories. The Twin River Formation (Tabor & Cady
1978) is noderately faulted, dom nated by a 5000 mthick sequence
of massive to thin-bedded sedinmentary rocks (to 5000 m of a marine
origin. Dom nant rocks are poorly indurated and noderately to
highly  weathered sandstones, Si|tstones, mudst ones, and
conglonerate. The Twin River Formation is overlain in places by
unconsol idated silts, sands, and gravel of the Quaternary
continental glaciation. Bedl oad gravel conpositions of channels
downcutting through these outwash deposits include granite and
other erosion resistant rock types not native to the dynpic
Peni nsul a (Adans 1988). dimatic conditions are cool maritimne.
Annual precipitation averages 152-254 cm the mjority occurring
between Cctober and May.  Study streanms support anadronous stocks
of chum (Oncorhynchus keta), coho (0. kisutch), and chi nook sal non
(0. tshawytscha), steelhead (0. nykiss), and cutthroat trout (O.
clarki). Several stocks including Pysht. coho, Hoko chi nook, and
Sekiu steelhead are currently classified by fisheries nanagers as
critical or depressed (SASS1 1993). Degraded freshwater habitat is
suspected of contributing to their status.

The Lake COzette drainage represented a basin of special
concern to the Makah Tribe. A sockeye salnon (0. nerka) popul ation
historically utilized the nunerous tributaries of (zette Lake
(Dl ugokenski et al. 1980). This distinct stock no longer utilizes
tributary habitats and has declined to the point of being a

candidate for listing under the Endangered Species Act (Nehlsen et



al. 1992). Degradati on of spawning gravel quality and el evated
temperatures within tributaries of Lake (zette has been identified
as a cause for their decline (D ugokenski et al. 1980). The
geol ogy of the Lake Ozette basin differs fromthe other study
wat ersheds.  Tabor and Cady (1978) classify this area as part of
the Western O ynpic Assenbl age. d acial deposits fromthe
Cordilleran ice sheet (15,000 years BP), conposed of rock clasts

foreign to the Aynpic Peninsula are dom nant.

MATERIALS AND METHODS
Particle size Distribution

Wat ershed and sub-basin (>2.4 km?) hydrol ogi ¢ boundaries were
del i neated on 1:24,000 USGS topographic nmaps. Ten to twenty-two
sanple- sites were selected for particle size distribution analysis
within each watershed (Figures 2-6). Tributary sites were |ocated
in low gradient areas (<2%, wth known Sal moni d spawni ng activity,
usual Iy near their confluence with main-stemrivers. Mai n- st em
sites were |located along a gradient fromthe river nouth towards
headwat er s.

Bul k sedi ment sanples were collected wthin the wetted stream
channel using a stainless steel MNeil coring device (150 nm
diameter; 254 mm depth). The MNeil cylinder has mninal bias and
is applicable to a wde variety of sanpling conditions (G ost et
al. 1991). At each site, 5 to 10 sanples were collected over a
m ni mrum of three separate riffle habitat areas during |ow flow

conditions (May to October) in 1991 and 1992. Pref erence was
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Figure 3. Location of MNeil core sanple sites,
CallamRiver.
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Figure 5. Location of MNeil core sanple sites,

Sekiu River.
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Figure 6. Location of McNeil core sanple sites,
Ozette Lake Tributaries.
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given to known spawning redd sites, but if unavailable, then areas
that nmet the following habitat use criteria for spawni ng coho
sal non (Reiser & Bjornn 1979) were sanpl ed:

(a) water depth .10 to .53 m

(b) unarnored gravel to cobble sized substrate

(©) pool tailouts or glide habitats

Col | ected bul k sanples were placed in individual 5-gallon
buckets, fitted with lids, labelled and transported to a sedi nent
anal ysis | aboratory at Neah Bay. I ndi vi dual sanples were placed
in 52.5 x 32.2 x 10.1 cm stainless steel pans, and oven-dried at
50°C for 12 to 24 hours. Air-cool ed sanples were then
mechani cal |y shaken for 10 mnutes through a series of sieves with
the follow ng opening sizes: 75.0, 26.5, 9.5, 3.3, 2.0, 0.85 and
0.106 nmm Material retained by each screen was wei ghed on a- Chaus
Sol ution Balance (20 kg capacity) to the nearest 0.5 gram  Sanple
weights were totalled and percentages of each size class
calculated. The geonetric nean dianeter (D) (Platts et al. 1979)
and the fredle index (£;) (Lotspeich & Everest 1981) were also
cal cul ated These indices of gravel quality have been closely
correlated to Sal nmonid survival to energence for several species

(Chapman & McLeod 1987; Young et al. 1991).

Watershed Characterization
A wat er shed characterization was conpiled for each of the five
wat ersheds. An inventory had been previously conpleted for the

Pysht River (Jones & Stokes Associates 1991). Inventories within

13



the other four basins were nodeled after this approach. Aeri al
phot ographs, U.S.GS. topographical maps, geological maps, GI.S.
systens, information from private and public |andowners, and field
verifications were used to create maps of each of the systens.

Base maps (1:24000) containing topographic, stream and road |ayers
were provided by the Oynpic Region, Departnent of Natural
Resources, Ceographic Information System (@ S) for each watershed.
Aerial photographs (1991) were used to verify and update road
information, as well as to classify vegetation. Veget ati on was
broadly grouped under four age-class categories: open (O 10 years),
young (11-20 years), pre-conmmercial (20-40), commercial (40-80),
and mature (>80 years). The area of each vegetation class was
nmeasured with a polar planimeter. \Watershed variables neasured for

each sub-basin are listed in Table 1.

Salmonid Egg-to-Alevin Survival

An assessnent of in-situ incubation success of two species of
Sal noni d eggs was conducted in tributaries of the Pysht and Hoko
rivers. The use of egg baskets placed in artificial redds within
the streamall owed a neasure of survival of eggs under relatively
natural conditions (Burton et al. 1992). This technique is being
eval uated by the State of |daho for assessing the inpacts of non-
point source pollution on Sal nmonid spawni ng. Harvey (1989)
recommended that a mninumcriteria of >6ng/l | GDO be maintained
for protection of I[daho streans that support salnonids. e tested
this technique in the Hoko River and selected tributaries during a
pilot study in 1989-90 and found that basket |oss due to

14



aggradation was high in nainstem habitats. This result influenced
the selection of sites in which baskets were placed in this study,

usually in stable tributary |ocations.

Table 1. List of Independent Watershed Variables Measured for the
Pysht, Callam Hoko, Sekiu, and Czette Lake Drainages.

I NDEPENDENT VARIABLES DEPENDENT VARIABLES

Watershed Scale

Wat er shed Area % Fi nes <0.106 mm
Geol ogy % Fi nes <0.85 mm
Soi |l Type % Fi nes <2.0 mm
Wat er shed Di sturbance | ndex % Fi nes <3.35 mm
Dral nage Density % Substrate <9.5 nm
Road Density _ % Substrate <26.5 nm
Direct Road Entries % Substrate <75.0 mm
Veget ati on Age-C ass Fredl e | ndex
<10 years Geo. Mean Particle Size
10-20 years
20-40 years
40- 80 years
>80 years
Relief Ratio
Road Length

Wat er shed Length
Stream Scale

Wetted Depth

Bankfull Wdth

Bankful | Depth

W dth/Depth Ratio
Stream Power

G adi ent

Length Primary Channel
Length Secondary Channel

During the winter of 1990-91, 45 baskets were placed in known
spawni ng regions of the Pysht River system Because native stock

was unavailable fromthe Pysht River, coho salnon eggs and nilt

15



were collected at the Lower Elwha S Klallam hatchery facility on
the Elwha River for use in the Pysht River. St eel head eggs and
mlt were collected fromnaturally returning adults at the Mkah
Tribal Fish Hatchery on the Hoko River. Forty-three baskets were
depl oyed in the Hoko River and its tributaries during the wi nter of
1991-1992. During the winter of 1992-93, an additional 13 baskets
were placed in the Hoko River drainage using coho eggs collected at
t he Makah Hatchery. A controlled rearing experinent was al so
established at the Lower Elwha S K allam Hatchery using Elwha coho

to evaluate the affect of the basket technique. W placed screened
gravel (2.0-5.0 cmdianeter), in a hatchery raceway, with a stable
flow of 5 gal/mnute, and placed 10 baskets in constructed redds
wi thin the raceway.

During field trials, each  basket cont ai ned gravel
representative of that site along with 100 freshly fertilized
Sal noni d eggs. Artificial redds were constructed using shovels to
mmc a female salnon's digging and cleaning of the gravel. Each
basket was then placed in the downstream portion of the pocket at
an average target depth of 26 cm (range 20-46 cm. An oxygen
nonitoring tube was placed horizontally behind the basket and
perpendicular to the flow, the whole unit then covered wth gravel
dug directly upstream of the pocket. Oxygen nonitoring tubes
consisted of a 19 cmlength of well screen (3.2 cmdiameter, 0.002
cmslot) within which was placed a 21 cmlength of plastic aquarium
pipe (0.95 cm diameter). Three sets of four equidistant holes were

drilled into the aquarium pipe to sanple water along the Iength of

16



the well screen pipe. A 2.0 mlength of Tygon tubing was connected
to the aquarium pipe, the lower 25 cm being buried with the basket,
and the remaining | ength exposed at the substrate water interface
downstream of the basket (Hoffnan 1986). I nter-gravel dissolved
oxygen (1O and water tenperature were sanpled bi-weekly at each
of the baskets via the oxygen nonitoring tube using a peristaltic
pump . Water sanples were tested with a portable oxygen and
tenperature neter (YSI nodel 57) at the site. The eggs within the
baskets were allowed to develop to the alevin stage. W nonitored
stream tenperature and devel opnent of hatchery eggs to predict
hat ching and energence timng. Prior to estimated energence dates,
baskets were excavated fromthe gravel, and egg/alevin survival
enuner at ed. Dead eggs were fixed, stained and preserved in
Stockards' solution to deternine age at nortality. Gravel within
each basket was processed as described previously for the core

sanpl es.

Statistical Analysis

Particle size distribution data was entered on el ectronic

spreadsheets wusing a |BM Personal Conputer and Lotus |-2-3
sof twar e. Descriptive statistics were generated by site and by
wat er shed. G aphi cal presentation of selected particle size

vari abl es by sub-basin was acconplished using Notched Box Pl ots.

Inferential tests of spatial and tenporal differences between sub-

I/ 5% formalin, 4% glacial acetic acid, 6% glycerin, 85% water.
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basins were perforned using, one-way ANOVA and Tukey's HSD test
(Sokal & Rohlf 1969).

Particle size distribution was conpared to watershed
characteristics at the sub-basin level using correlation and
regressi on techni ques (Sokal & Rohlf 1969). Step-wise nultiple
regression analysis was used to explain the variation between
particle size distribution (dependent variable) and significant
I ndependent variables obtained in the correlation matrix.

Li near regression was used to test the difference obtained by
the dry sieving (gravinmetric) technique and that of the wet sieving
(volunetric) methodology. A sub-sanple of twenty separate bulk
sanpl es obtained fromthe Pysht, Callam Hoko, and Sekiu rivers
was processed volunetrically, then dried and reprocessed

gravinetrically.

RESULTS
Particle Size Distribution (PSD)

A total of 564 (190 main-stem 374 tributary) MNeil Core
sanpl es were collected during low flow periods of 1991 and 1992:
135 (23.9% in the Pysht River, 70 (12.4% in the Callam River,
162 (28.7% in the Hoko River, 90 (15.9% in the Sekiu River, and
107 (18.9% in tributaries of Lake Qzette. Curul ative particle
size distributions were approxinmtely | og-nornal (Figure 7).
Nearly log-normal  distributions are generally typical for
nmountai nous channels and are characterized by |ow cumul ative

percentages of sand-sized particles <3.35 mm and rubbl e-si zed

18



particles >26.5 mm |Inspections of particle size distributions for
tributaries showed simlar trends. In main-stens, a conparison of
particle size distribution along a |ongitudinal gradient from
upstream to downstream revealed little difference between sites.
Only the I owest sites on the Pysht (RM 3.5) and Hoko rivers (RM
3.5) were significantly different fromtheir respective upstream
sites (Figure 8). Theoretical sedinent-transport relationships
predict that in simlar bedrock lithologies, as stream order
increases (and gradient decreases), nean dianeter of particles wll
decrease (Leopold et al. 1964). Summary PSD data is listed by
site in Appendix 1.

Variation in PSD

Variability between sites was highly significant. W used
one-way ANOVA, and the Tukey HSD test to discrimnate differences
between tributary and nain-stemsites between basins. Si gni fi cant
(p<0.05) F-values were obtained for all size classes, as well as
the Geonetric nean and Fredle Index (Table 2). Wthin site
variability was evaluated through the coefficient of variation
This statistic is used to describe the anount of variation in
popul ations with different neans. For percent fines <0.85 mm the
coefficient of variation ranged from 29.9% (Sekiu River) to 75.1
(Upper Hoko River), and averaged 41.2 for all sites. As particle
size increased, the coefficient of variation tended to decrease at
both tributary and main-stem sites. The hi ghest coefficient of

variation values were consistently observed in particles <0.106 mm
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whi ch averaged 61.2% for all sites.

To assess the tenporal variability in sedinent distributions,
we conpared the particle size distributions of eleven randomy
sel ected paired sanples collected fromthe CallamRiver, Charlie
Creek, and the WF. Carpenter's Creek during the sumrer and w nter
of 1992. No significant differences were detected for fines
<0.85 mm (t=0 4, p=.012), Fredle Index (t=0.15 p=.116), and
geonetric nean particle size (t=0.39, p= 280)

Table 2. Results of ANOVA and Tukey HSD tests for fine sedinent in
tributary and main-stem sites, North Qynpic Peninsula, Washington.

PARAMETER F- VALUE Si oNI FI CANT PAI RS TUKEY HSD
<0.106 mm 10. 56 Ozette Tr.> Callam Tr. 0. 006
Pysht Tr. > Hoko Tr. 0. 000
Pysht Tr. > Little Hoko 0. 006
<0.85 mm 3.54 Callam Tr. > Little Hoko 0. 052
Gallam Tr. > Upper Hoko 0.011
<3.35 mMm 3.63 Ozette Tr. > Little Hoko 0. 001
Sekiu > Little Hoko 0. 002
Sekiu > SF Pysht 0. 002
Fredl e |ndex 3.72 Little Hoko > Sekiu 0. 044
Geonetric Mean 3.00 Little Hoko > Sekiu 0.001

Geometric Mean/Fredle Index
Fredl e Index values were |ow (mean=4.9, S.D.=2.8) throughout
the study area. Geonetric nean (p,) particle size and Fredle

Indices showed that small, but statistically significant

di fferences between main-stem and tributaries exist (Figure 9). W

used notched box plots to provide a sinple graphical summary of a
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batch of data (MG II et al. 1978). On each box, the nedian is
marked by the center vertical line. The upper 75th and |ower 25th
percentiles are represented by the top and bottom of the rectangle.
Thus, the box illustrates the spread of the bulk of the data (the
central 50 percent). If the intervals around two medi ans do not
overlap, you can be confident at the 95% |evel that the two
popul ation nedians are different. The solid line represents tails
of the data distribution, while isolated circle are outlying data

poi nts.

Fine Sediment

We conpared the cunul ative percentages of four sedinment size
cl asses (<0.106, <0.85, <2.0 and <3.35 m) between and within the
five study basins (Figure 10). These sizes were chosen because
previous research has indicated significant correlation between
Sal noni d egg survival and volunme of various sizes of fine sedinments
in spawni ng gravel. For fine sedinment less than 0.85 mm the
category currently thought to be nost relevant froma regul atory
standpoi nt, gravinmetric values ranged fromO0.39 to 20.92% and 0. 76
to 26.79% in tributaries and main-stem sites, respectively (Tables
3&4). Mean percentage fine sedinment for all sites (n=564) was
9.00% (3.71% standard devi ation).

We found significant differences between the results obtained
by gravimetric (dry) and volunetric (wet) processing. As sieve
size decreased, the difference between nethodol ogi es becane

greater. The relationship between nethodol ogies for fines <0.85 nm
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I's depicted in Figure 11. The gravinmetric process described |ess

than 50% of the fine sedinent obtained by the volunetric process.

We devel oped correction factors for each size class used in the
study (Table 5).
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Figure 11. Re?ressi on relationship between gravimetric and
VO

unetric processing results, fines <0.85 mm North
d ynpi ¢ Peninsul a, Washi ngton.
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Tabl e 3. _N@an_gercentages of four size classes of fine sedinent
collected in tributaries of the Pysht, Callam Hoko, Sekiu rivers,
and Lake Ozette, Washington. Al values gravinmetric (dry) process.

CumuLATIVE PERCENT FINES (MM)

STREAM <0. 106 <0. 85 <2.0 <3.35
PYSHT
M ddl e 3.14 10. 41 15. 62 20. 48
Sal monberry 3.81 10. 53 15. 81 21. 42
Reed 3.62 9.00 12. 31 17. 86
G een 1.88 7.61 13. 95 19. 74
NF G een 2. 34 9.09 14. 29 19. 41
Needham 2. 17 10. 11 14. 61 18. 92
CLALLAM
Last 1.96 11. 86 19.70 25. 97
Pear son 3.75 16. 85 21.78 26.10
U Charlie 2.34 8.75 12. 47 16. 66
L.Charlie 1.96 10. 34 15. 84 20. 25
P2000 1.46 7.21 14. 84 20. 99
HOKO
Br ownes 1.57 8.00 15.01 21. 82
R ghts 2.51 10. 45 16.96 23. 38
Johnson 1.47 8. 26 15. 26 22.29
Ellis 1. 05 7.51 13.76 19. 69
Her man 1.10 6. 09 10. 38 15. 37
Cub 2.63 9.91 18. 32 26. 48
Bear 1.95 8. 80 14. 62 20. 36
Leyh 2.13 6.72 10. 36 13. 89
SEKI1U
SFor k 2.72 8.15 13.75 19. 00
Sonnybr ook 1.73 11. 14 18. 15 23. 95
EFCar pent er 2.52 12. 00 16. 94 22.51
WFCar pent er 1.44 5.46 9.36 14. 54
OZETTE
Si wash 1.85 13. 86 19. 96 26. 14
U Unbrel |l a 1. 86 9.73 18.08 25. 20
M Unbrel |l a 0.75 9.74 18. 36 23. 84
L. Unbrella 1.12 9.55 17. 68 24. 19
UBig River 2.15 9.77 16. 08 22. 45
L.Big River 0.85 9.78 17.59 22.98
Tr out 0.96 8. 07 16. 38 22.20
Boe 1.08 8.04 15. 96 21.58
NFCr ooked 2.48 13.53 20. 63 27.25
SFCrooked 1.42 9.64 15. 62 20. 80
Cr ooked 1.26 7.65 11.28 15. 65
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Table 4. Mean percentages of four sizes of fine sediment in
mainstem sites of the Pysht, Clallam, Hoko, and Sekiu rivers,
Washington. All values gravimetric (dry) process.

CumuLATI VE PERCENT FINES ( MV)

STREAM <0.106 <0.85 <2.0 c3.35
PYSHT
RM 14.5 1.31 7.27 13.99 19.46
RM 9.7 1.79 9.10 15.66 21.99
RM 7.4 2.02 9.72 14.89 19.62
RM 7.2 2.47 8.20 12.57 17.10
RM 5.2 1.33 9.03 13.75 17.63
RM 3.5 2.45 12.44 17.48 23.65
SF RMO.5 2.35 8.13 12.35 16.80
SF RM4.8 1.37 6.66 10.14 14.61
SR RM5.9 2.34 9.56 12.80 16.03
CLALLAM
RM 9.5 1.03 4.80 10.36 15.96
RM 5.4 1.23 7.40 12.39 17.25
RM 4.5 2.53 10.16 15.10 20.04
RM 2.8 1.43 12.62 18.91 25.06
HOKO
RM 21.3 1.72 10.58 18.20 24 .64-
RM 15.6 1.00 5.51 11.65 17.87
RM 12.7 0.63 4.67 10.60 16.73
RM 9.8 1.81 8.65 14 .57 19.64
RM 5.6 1.15 7.64 13.56 19.10
RM 3.5 1.64 10.94 15.95 21.59
LHoko RMO.2 1.95 6.86 9.28 12.92
LHoko RM1.5 2.02 7.82 12.38 17.35
LHoko RM1.8 1.40 6.43 11.13 15.94
SEKIU
RM 8.3 0.97 6.65 12.00 17.28
RM 5.5 1.40 9.78 18.38 25.11
RM 5.2 1.04 8.14 16.02 23.41
RM 3.7 1.25 8.70 14.51 21.03
RM 1.5 1.15 10.54 16.95 23.52
RM 1.0 0.98 10.77 16.08 20.73
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Table 5. Linear regression nodels for predicting volumetric (wet)
fromgravinmetric (dry) values of eight sedinent size classes.

SIeve SiIzE CoNSTANT COEFFI CI ENT F- VALUE P

<0. 106 0.00 1.962 149.3 0.001
>0. 106 0.00 0. 626 194.8 0. 000
0.85 0.00 0. 532 401.1 0. 000
2.0 0.00 0. 589 625.9 0. 000
3.35 0.00 0. 457 444.5 0. 000
9.5 0.00 0. 375 340.5 0. 000
26.5 0.00 0. 444 622. 3 0. 000
>75.0 0.00 0. 387 690. 6 0. 000
Geonetric Mean 0.00 0. 983 16.7 0.001
Fredl e | ndex 0.00 1.017 37.1 0. 000

Watershed Characterization

Geologic conditions in the four north facing (Strait)
wat ersheds (Pysht, O allam Hoko, & Sekiu) were dom nated by
uplifted marine sediments, nodified by glacial out-wash. Qzette
Lake tributaries are primarily glacial out-wash in origin (Tabor &
Cady 1978). Little variation was seen in soil types: uplands were
dom nated by Palix |oanms on the hill slopes, and Ozette and
Tealwhit silt loans along the valleys. These soils exhibit medium
runoff rates, noderate permeability, and are described as nuddy and
soft when wet, and unstable on steep slopes (SCS 1984).

Each of the watersheds were divided into sub-basin tributaries
ranging in size from2.4 to 19.5 km*. Minstem sites drained as
much as 176.1 km*>. Tributaries and nmainstem sites were classified
according to stream order, and ranged fromfirst to fifth order.
Average channel gradients ranged from2.5%to 9.3% for main-stens
and 2.8%to 24.4% for tributaries. Site gradients, where core

sanpl es were collected were always |ess than 2%
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Road densities in 61 sub-basins averaged 2.34 km/km® (range
0.029 to 4.06 km/km?’). On a watershed perspective, average road
densities were as follows: Sekiu (2.86 km/km?), Hoko (2.45 km/km?),
Ozette (2.2 km/km?), Pysht (1.69 km/km?*), and Clallam (1.68 km/km?) .
Vegetation age class distribution was nore vari abl e between sub-
basins, but was generally described as a mx of open (<10 years
old), pre-comercial (20-40 years old), and commercially mature
(40-80 years old) forest cover. Aside from the upper Pysht basin
where 17.4% of the vegetation was greater than 80 years old, little
vegetation in this age class was found in the study area.
Wat ershed variables are summarized for each sub-basin in Appendix
2 (Avail able from Authors).

We devel oped a Watershed D sturbance Index (WD) for 43
tributary sites using -- road density, the percentage of
hydrol ogical ly immature vegetation (<40 years old), and presence of
mass wasting to describe sub-basins where the nost severe |and use
i npacts have occurred. Hydrologic immaturity criteria were based
on studies by Harr (1986) in the rain-on-snow zone, and Gant (In
Press) in low el evation rain dom nated watersheds. Road density
informati on was devel oped from sedinent vyield studies in the
Clearwater River® (Cederholm & Reid 1987). Recent mass wasting
activity was determned from an inspection of 1990 aerial photos.

The WDI, which can have values ranging fromz1 to 15, was cal cul ated

*The authors recognize the danger that extrapol ation of these
results to other watersheds represents. W feel that until other
estimates are devel oped the data provided represents a conservative
estimate of the effects of road density on sedinent vyield.
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as foll ows:

Road Density <2.0 km/km?* = 1

Road Density 2.0 to 3.0 km/km* = 2
Road Density >3.0 km/km?> = 3

0 19.9% Vegetation < 20 years =1
20-39. 9% Vegetation < 20 years
40-59. 9% Vegetation < 20 years
60-79. 9% Vegetation < 20 years
Ext ensi ve Mass WAsting Hi story? yes = 3 no =0

I
ArOWN

Were:
WJI = Road Density * Vegetation Score + Mass Wasting History

Seventeen of 43 (39.5% of the tributaries had WDl scores of
greater than seven (high inpact). Ten tributary basins (23.2% had
WDl scores of greater than ten (severe inpact) (Table 6). Because
historical- information is limted, primarily to the aerial photo
record from 1960 to the present, this index only assesses the nost
recent watershed inpacts (last 2-3 decades).
Watershed Correlation Analysis

We used correlation analysis on 27 variables thought to
i nfluence gravel conposition in North O ynpic Peninsula streans
(Table 7). The conposition of fine sedinent in spawning gravel was
generally not related to | and managenent vari abl es neasured in this
st udy. In the Gallam basin, there was a strong inverse
rel ati onship between fine sediment and managenent activities. In
some basins (Sekiu, Callam) we were able to rel ate sedi nment
conposition to natural features such as gradient and watershed

relief. We consistently found a positive relationship between
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channel geonetry as described by bankfull w dth, bankfull depth and
W dt h-depth ratio, and both natural features and neasures of
roading intensity and vegetation age-class. Both factors were
approxi mately equal in inportance.

Miltiple regression nodels were developed for all sites
conbi ned using the nost significant relationships obtained fromthe
correlation analysis (Table 8). Mbdels with significant
multicollinearity (Tolerance >0 .0d) were rejected. The nodel s
suggest a close relationship between stream geonetry and both
measures of natural and managed characteristics. Anong nat ur al
features, watershed size and the length of first and second order
channel s consistently were selected through stepwi se regression
runs.

Salmonid Egg to Alevin Survival

During 1991-92, 32 of 45 (71.1% egg baskets were recovered in
the Pysht River coho sal non survival sinulation. The remai nder
had either been lost or were found downstream of the site.
Survival to alevin stage was poor in the Pysht R ver. Only one
live alevin was recovered out of the original 4500 eggs planted
(0.02% . Dead eggs recovered from baskets in the Pysht had
survival to the eyed stage as high as 22% in the South Fork, though
average survival to the eyed stage was only 2.8% (5.5% standard
devi ation). In contrast, survival (range 0O58% nmean=25.7% of
coho in the Hoko river during 1992-93 was nuch higher. W
recovered 7 of 13 (53.8% baskets planted, with the majority | ost
in the Little Hoko River.
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Table 6.  Watershed Disturbance Index (WI) Scores for North
A ynmpic Peninsula Tributaries.
Basi N STREAM SCORE
PYSHT G een 15
NF G een 5
South Fork (4) 3.7
Sal monberry 4
M ddl e 4
Needham 2
Reed 1
CLALLAM Charlie (2) 6
Last 2
Pear son 3
Unamed (#19.0140) 1
HOKO Ri ght's 9
Br ownes 15
Ellis 11
Her man 11
Leyh 9
Johnson 8
Little Hoko (2) 6
Bear 9
Cub 6
SEKI U Sout h Fork 15
Sonnybr ook 15
EF Carpenter 11
WF Car pent er 11
NF Sekiu (2) 6
QZETTE Unbrella (3) 12
SF Crooked 8
Trout 8
Si wash 8
Crooked River 3
Big (2 13
NF Crooked 2
Boe 3
(#% = Nunber of sites/drainage. Score represents nean from all
sites.
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Table 7. Results of correlation analysis for five North O ynpic
Watersheds. Only significant pairs (p<0.05) |isted.

WATERSHED VARIABLES P EARSON ( r )
Callam WD Ratio-# Direct Entry Roads 0.917
WD Ratio-Length Primary Channels 0.945
WD Ratio-Length Secondary Channels 0. 845
W D Rati o-Road Length 0.933
W D Rati o-Wat ershed Area 0. 926
Fines<2.0 mRelief Ratio -0. 655
Ceonetric Mean-Relief Ratio 0.723
Fines<2.0 nm Road Density -0.589
Fi nesc3.35 mm Road Density -0. 650
Fines<0.85 mmRelief Ratio -0. 668
Veget ati on<20 years-Fines <0.85 mm -0. 640
Veget ati on<20 years-Fines <2.0 mm -0. 690
Veget ati on<20 years-Fi nes <3.35 -0. 650
Seki u Bankful| Wdth-# Direct Entry Roads 0.907
Bankful| Wdth-Length Primary Channels o0.928
Bankful | Wdth-Length Secondary Ch. 0.913
Bankful | Wdth-Road Length 0. 909
Bankful | W dt h-\Wat ershed Area 0.922
Veget ation<10 years-Geonetric Mean 0.618
Fines <0.106 mm Road Density 0. 420
G adi ent - Fi nesc0.85 mm _ -0. 320
G adi ent - Finesc2. 0 mm -0. 460
G adi ent - Fi nesc3. 35 mm -0. 480
G adi ent - Finesc9.5 mm -0.540
Qzette WD Ratio-Road Density 0. 610
WD Ratio-Road Length 0.779
W D Ratio-Vegetation<20 years 0. 683
WD Ratio-Wat ershed Area 0. 653
WD Ratio-Length Secondary Channel 0.751
Fredl e Index-Watershed Relief 0. 495
Pysht Bankful |l Wdth-# Direct Entry Roads 0. 940
Bankful | Wdth-Road Length 0. 860
Bankful | W dth-Wat ershed Area 0. 867
Bankful | W dt h-Wat ershed Reli ef 0. 800
G adi ent - Fi nesc0. 85 mm -0. 363
Hoko WD Ratio-# Direct Entry Roads 0.870
WD Ratio-Road Length 0.818
WD Ratio-Watershed Area 0. 810
WD Ratio-Watershed Relief 0. 541
Gradi ent - Fi nes<O. 106 mm -0.636
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Tabl e 8. Results of stepwise nultiple regression nodel runs for

five North Oynpic Peninsula watersheds. (Al'l regressions
significant p<0.01)
WATERSHED MODEL r?
Ozette
Bankful|l WD = 11.05 + (0.001) Length Secondary 0.75
Channel s + (0.15) % Vegetation c
20 Year s.
Bankful|l WD = 12.1 + (0.126) % Vegetation ¢20 Years 0.72

+ (0.127) Road Length.
Pysht
Bankful | Wdth

0.339 - (0.12) # Direct Ent rg Roads + 0.57
(0.178) Watershed Area + (0.32)
Wat ershed Relief.

Hoko

Bankful | Wdth = 9.78 + (0.56) # Direct Entry Roads - 0.95
(0.39) Road Length) + (0.77)
VWt er shed Area.

Sekiu

Bankfull WD = 1.0 + (0.37) # Direct Entry Roads - 0.95
(0.90) 9% Vegetation c 20 Years -
( 0.45) Length Primary Channel.

All Sites

Bankfull WD =1.0 + 0.12 (# Direct Entry Roads) - 0. 47
(0.02) (Road Length) + (0.005)

Wat er shed Area.
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In the Hoko River steel head survival sinulation, 38 of the
original 43 (88% baskets were recovered at their original
pl acement site. Survival to alevin stage in the Hoko River ranged
fromO to 53.5% and averaged 14.9 (17.4% standard devi ation).
Conversely, egg to alevin survival rates of the hatchery raceway
reared egg baskets ranged from 10-89% with an average survival of
37.6% (27.3% standard deviation). O those dead eggs recovered,
nost appeared to have died in the early stages of devel opnent.

Egg survival to the eyed stage was not highly correlated to
the percent fines (<o. 85 mm) found in the baskets for Pysht coho
(r=0.026), Hoko coho (r=0.13) or Hoko steel head (r=0.11). Maxi mum
survival to eyed stage was only 13% for sites containing 10% fines
or greater. Geonetric Mean particle and Fredl e I ndex expl ai ned
bet ween 10-20% of the variation in survival in both trials.
Summary egg basket results are shown in Table 9.

D ssol ved oxygen neasurenents taken fromthe artificial redd
proved to be highly variable (Figure 12). M ni num i ntergravel
di ssol ved oxygen expl ained 9% and 0.4% of the variation in egg
survival in the Pysht and Hoko rivers, respectively. Sone baskets
exhi bi ted oxygen | evels | ow enough to cause nortality to devel oping
eggs (<5mgL) . These depressions were typically observed follow ng
the first major stormevent after placenent. At | GO | evels
between 5-8 mg/l, survival was variable with no clear trend. \Wen

| GDO | evel s exceeded >9nmy/l, survival was generally good.
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Table 9. Nunbers of egg baskets |ost, and percent survival to
eyed, and alevin stages in Hoko and Pysht River survival tests.

SITE OUBASKETS LosT USURVI VAL TO USURVI VAL TO
EveDp ALEVI N

Hoko Steelhead

Leyh 20 9.7 9.7
L. Hoko 40 16.0 16.0
Ri ghts 0 35.3 33.3
Ellis 0 13.2 1 3. 2
Her man 28 6.8 6.8
Bear 40 36.3 35.3
Cub 0 7.0 3.6
Pysht
G een 50 1.7 0.3
Needham 25 4.2 0.0
SF(RM 4.8 28 10.0 0.0
SF(RM 5.9 14 0.3 0.0
Sal nonberry 0 0.0 0.0
Reed 56 0.0 0.0
NF G een 28 2.3 0.0
Hoko Coho
Ri ghts 66 11.0
Leyh 20 --- 3-2.7
L. Hoko 80 --- 1.0

Sedi nent distributions were generally simlar between the egg
baskets and MNeil core sanples, although the egg baskets typically
| acked particles >75 mm (Figure 13). Paired t-tests of the baskets
and associ ated core sites in the Pysht Rver, using fines <0.85 mm
(p=0.39), Fredle index (p=082), and geonetric nean (p=090) were
not found to be statistically different at the 95% level. During
Hoko steelhead trials, fine sedinents <0.85 nmwere found to be
significantly different (p=098), while the Fredle Index (p=0 77)
and Ceonetric nean (p=0.91) were not. This difference was
attributed to differences in timng that subjected steel head eggs

to fewer stormevents of the nagnitude able to transport bedl oad.
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Dissolved Oxygen & Survival
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Figure 12. Mninum Intergravel D ssolved Oxygen Levels | DO
versus survival to eyed stage for steel head and coho
salmon in artificial redds, North O ynpic Peninsula,
Washington. (Note nost Zero val ues from Pysht River
Coho Sinul ation)
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DI SCUSSI ON

Fine Sediment

Fine sedinent |evels were consistently high in both mainstem
and tributary spawning habitats. In Wshington streans, Peterson
et al. (1992) recommended the adoption of target conditions where
no nmore than 11% (volumetric) of the particle size distribution be
conprised of sedinent <0.85 mm By this standard, we found only
1 tributary that nmet the target condition. Seventeen tributaries
exceeded 17% fine sedi ment <0.85 nm

The high levels of fines encountered nmay be partly
attributable to the lithology (sandstones, siltstones, nudstones)
of the study area. Benda (1993) estimated the breakup (attrition)
of bedl oad to suspended | oad using tunbling m |l experinments on
col l uvium excavated from a debris flow deposit |located in Geen
Creek (Pysht). The results indicated that the rocks were the |east
resistant to physical abrasion conpared to other available sanples
from western \Washington. He further speculated that the effects of
addi ng |l andslide debris to the volume of channel bedl oad were not
significant in Geen Creek because 80% of the |andslide derived
bedl oad may break into suspended |oad after 3 kiloneters of travel.
However, Benda (1993) through a sedi ment budget approach, estinated
that approximately 90% of |andslide derived sedinents introduced to
G een Creek during the last four decades still were found to be
stored within the valley floor. Such deposits represent a
potentially persistent source of fine materials that may be

transported into Salnonid habitat as weathering and renobilization
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occur.
Q her wat ersheds have been observed with high fine sedi nent

fractions in the transport load. Duncan & Ward (1985) found that

t he amount of sedinment <2.0 nmin sout hwestern Washi ngton streans
was closely related to the lithologic conmposition of the soils.

Koski (1966) found average fine sedinent (<0.833 mm |evels of

26.2% in a unlogged coastal Oregon stream Additionally, Adams &
Beschta (1980) reported that fine sedinment <1.0 nmin 21 O egon
Coast Range streans ranged from 10.6% to 49.3% and 10.6%to 29.4%
i n managed and unmanaged sedimentary basins, respectively. W were
unable to statistically test the relationship of soils and geol ogic
conposition to fine sedinent levels found in channel sanples in
this study because of a lack of quantitative data. Exi sting data
bases (Tabor & Cady 1978; SCS 1980) were either at too large a
scal e (1:12500) or inconplete. SCS (1980) did report that sone
soil series found in the study area contained a high percentage of
clay particles (up to 50%.

We could not identify a tributary within the dom nant geol ogy
(Twin River Formation) of the North Qynpic Peninsula that could be
considered as having a natural background sedinment |evel to
facilitate a control for this study. Al'l drai nages have either
been previously | ogged and roaded. The |owest percentage of fines
<0.85 mmfound in the study was 4.8% on the Callam River (RM 9.5).
Though inpacted by mass wasting associated with m d-sl ope roads
built in the 1950's, this site has sufficient stream power to

transport bedload to downstream areas. Conversely, in areas of
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| oner stream power, sedinent |evels have probably not changed
appreciably in last 10-20 years. Sanpl es collected in Unbrella
Creek (Dl ugokenski et al. 1980) in 1979 showed that fines <0.6 nmm
averaged 17.8% This value is approximtely equal to the average
of 18.1% collected in three sites in this study.

Anal ysis of gravel sanples collected in other d ynpic
Peninsula Rivers indicates that sedinment levels in the study area
are simlar to those in other intensively managed watersheds and
about half those found in a variety of Aynpic National Park
streans (Figure 14). Sanples collected from three basins
(Sal monberry, Mddle & Bullman Creeks) with primarily commercially
mature (40-60 years) forest cover were fairly typical for the study
area as a whole (average 9.6% gravimetric). Each of these systens
historically have had | arge scal e | oggi ng operations and associ at ed
mass wasting whi chmakes interpretation of these results difficult.

In 1993, crude sedi ment budget anal yses were conducted in
G een Creek and the North Fork of Geen Creek, tributaries to the
Pysht River. In both systems nmass wasting associated with earlier
| ogging and road construction was the dom nant contributor of
sedi ment. In Geen Creek, Benda (1993) found that sedi nent
production during the last 43 years ranged between 20-12,032
m’/km?*/year. Average sedinent transport was estimated at only 121
m®/km*/year, |eaving approximately 90% of the colluvium that
originated from mass wasting in storage along the valley floor
(Benda 1993). In the North Fork of Geen Creek, Calder-Shaw (1993)

observed that the channel is currently down-cutting through 0.5-4.0
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Figure 14. Percent fine sedinent <0.85 mm rePorted from spawni ng

%rave s for managed and unmanged streams on the O ynpic
eni nsula, Washi'ngton.



m of mass-wasting and debris-flow deposits generated follow ng
earlier harvest in the basin. The persistent sediment deposits
observed in both systens are undoubtedly a contributor of fine
sedi nents to spawning gravel and a possible explanation for the
hi ghly unstable channel banks, evidence of frequent |ateral channel
mgration and significant aggradation observed within Geen Creek.
Recovery time of watersheds follow ng a nmass-wasting event is
extremely slow and are largely a result of geonorphic processes,
and human nanagenent activities. Platts et al. (1989) showed that
sedinment levels in the South Fork Salnon River initially decreased
rapidly, but did not recover to natural |evels, 20 years after
impl enmenting a |ogging noratorium Borman & Likens (1979)
projected century long patterns in recovery of |ogged watersheds,
| argely incunbent on the replacenment of stable |large debris and
reestabl i shnent of natural sedinment | oads. G ven the |evel of
historic disturbances in the study drainages, conbined with short
tinber rotations, and the lack of |ong-term watershed nanagenent
plans, it is unlikely that recovery wll occur for several

centuri es.

Salmonid Egg to Alevin Survival

Survival within egg baskets was highly variable in the field
trials and appeared not to correlate with sedi ment |evels except in
the nost extreme cases, where fines <0.85 mm and <0.106 nm
exceeded 13% and 2.5% respectively (Figure 15). This result

suggests a threshold | evel over which survival is very |ow For
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Egg Basket Survival
Pysht & Hoko
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Figure 15. Survival of coho and steelhead to the eyed stage
versus percentage of fine sedinment (<0.106 & <0.85 nm)
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chinook salnon in the South Fork Sal non River, |Idaho, Burton et al.
(1992) reported that enbryo survival dropped rapidly when the
percentage of fine sedinents <6.03 mm exceeded 20-25% In
contrast, the majority of survival to enmergence studies show
either a linear or curvilinear relationship between increasing
fines and Sal nonid enbryo survival (Chapman & MlLeod 1987; Peterson
et al. 1992). Under high sedinent |evels other factors nmay be
operating to affect egg devel opnent.

We observed significant bed aggradation (to 21.8 cm and
degradation (>30 cnm) and acconpanyi ng channel changes during storm
events at various sites, particularly during the Pysht coho sal non
sinulations. Mnitoring conducted in the Pysht River during 1989-
91 (Steve Ral ph, Unpublished Data, University of Washington) showed
significant shifts in bed el evation and channel form (Figure |-6).
Significant 9(>0.33 m channel aggradation and degradati on was
observed at 15 of 27 (55% transects. Bed novenent of this
magni tude has been shown to be detrinental to incubating Sal nonid
enbryos. Several researchers (MNeil 1966; Tripp and Poulin 1986)
found that scour was highly variable, but frequently exceeded
nortality fromfine sedinents al one. Stream bed instability has
been shown to Iimt chinook survival in southern Oregon streans.
Nawa et al. (1990) found that 75% of the redds they nonitored were
either scoured or buried by bed nmovenments. Because of differences
in hydrograph, coastal (west of the Cascade Muntains) sal non
stocks, particularly those that spawn in early fall and winter, are

at a greater risk of the detrinental inpacts of scour than those
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east of the Cascade Range. In an analysis of peak flows, Amernan
& Orsborn (1987) found that streans on the North QO ynpic Peninsula
were nost |ikely to have peak flows between m d- Novenber and early
February. Therefore, winter and sumrer steel head stocks, because
of a later run timng (March-June), are less vulnerable to the
detrinmental inpacts of scour. This observation also has
inmplications for other users of the egg basket technique. The
relationship between forestry practices and depletion of |arge

woody debris and mai ntenance of habitat conplexity in streans has
been wel | docunented (Gette 1985; Maser et al. 1988). The
rel ati onship between | arge woody debris and channel instability,
particularly on depth of scour is |less well understood. Har t mann
& Scrivener (1990) noted that abundant and stable |arge woody
debris was a common feature in natural Vancouver |sland, British
Col unbi a streans. Large woody debris volunes appear to be
decreasing dramatically in |ogged watersheds of the Northwest
(Ralph et al. 1993). In a resurvey of 28 Qynpic Peninsula streans
(Gette 1985 MHenry et al. In Preparation) found significant
reductions in |large woody debris |loading in one decade. The
implications of these results to basin scale cumulative effects are
significant.

Despite attenpts at providing egg baskets with a range of
gravel quality, we found no significant differences between the
particle size distributions of gravel in baskets and surroundi ng
substrate collected wwth the McNeil core. This result would

indicate that fine sedinents are highly nobile and are able to
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infiltrate sal non redds. This may be particularly true in clay
dom nated geol ogi es. Einstein (1968) reported that in channels
wi th abundant silt and little sand-sized particles, silt was able
toinfiltrate all but the smallest interstitial spaces, and fill
the stream bed from bottomup. Lisle and Lewis (1992) found that
in Jacoby Creek, California, coho salnon redds were "planed off' by
flows high enough to transport bedload sedinent, thus |osing any
hydraulic benefit provided by redd topography. Lisle (1979) also
noted that particles >0.25-4.0 mm quickly infiltrated spawni ng
gravel . Such changes in bed dynam cs would tend to negate the
potential benefits of gravel cleaning provided by actively spawning
sal non during the redd construction process.

These observations point to a nechanical stress acting on the
eggs, such as physical abrasion by sands and silts passing al ong
and through the channel bed. Di ssol ved oxygen readings tended to
corroborate these findings, since dissolved oxygen |evels remained
high in the majority of baskets, even those with zero survival.
Burton et al. (1990) found that dissolved oxygen in natural chinook
redds never approached levels that would cause nortality (<6/ng/l)
in the South Fork Sal non River. I n wat er sheds i npacted by
agricultural activities 1G0O may be nore significant. Mret et al.
(1990) found that in Rock Creek, Idaho up 40% of | GDO neasurenents
were below 6.0 nmg/L, and that survival of brown trout eggs
increased at GO | evel s above 8.0 ny/L.

The very |low survival (<1% of coho salnon in the Pysht River

was a concern. Because survival to eyed stage only averaged 2.8%
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there was concern about experinentally induced nortality associated
with the basket technique, poor fertilization success or possibly
the use of non-native Elwha coho stock. Fertilization success was
determned to be high (>90%, and therefore not related to the
observed | ow survival in-situ. The results of the controlled
raceway experiment (10-89% survival) and the success of the
technique in different geographic (Burton et al. 1990; Mret et al.
1993) | ocations support the validity of the technique. VW were
unabl e to assess the effects of possible stock adaptations to
substrate differences in particle size distribution. Sever a
reviewers speculated that genetic differences as a result of
adaptations to differences in lithol ogy between the Elwha R ver
(basalt) and the Pysht River (sedinentary) mght bias the results.
The higher survival observed for Hoko coho may support this
hypot hesi s. This theory deserves additional testing as we were

unable to find any pertinent references in the literature.

Watershed Geomorphology

W were unable to correlate fine sedinment |evels at the
wat er shed |evel. Adans & Beschta (1980) determined that on a
wat er shed basis fine sedinent was primarily controlled by watershed
geonor phol ogy and | and-use history, while at the reach |eyel,
sinuosity and bank-full discharge were nost critical. The |ack of
correlation in this study between dependent neasures of gravel
quality and watershed | evel paraneters was probably due tg the

followng factors: 1) a low range of fine sedinent val ues petween
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sub-basins, 2) the inability to accurately measure lithol ogies and
soil types at the subbasin level, and 3) the inability to quantify
hi storical disturbances in the watersheds.

W found that both |and use and natural watershed features
i nfluenced stream geonetry. Land nanagenent alters the shape of a
channel through aggradation or degradation associated wth changes
in volume or timng of sedinent delivery and high flows (MacDonal d
et al. 1991). The consistent pattern observed between drai hages
suggests | and management activities that affect hydrol ogic regimes
are manifested in altered channel conditions within the study area.
Grant (1988) noted that an increase in channel width could result
froman increase in peak flow.  However, the limted understanding
of hydrol ogi ¢ change and mass wasting histories in the study area
may mask our conpl ete understanding of the relationship between
accel erated sedimentation and channel form characteristics.
Beschta (1985) found that sedinent delivery and not peak flows
caused the nost pronounced changes in channel form characteristics.
In Washington, regulators currently only recognize the affects of
clearcut harvest on increased runoff in the rain-on-snow zone above
3000" elevation. Predicting the inpacts of forestry on changes in
water vyield in low elevation coastal watersheds has proven
difficult. However, there is increasing evidence that extensive
clearcut harvesting in |ow elevation Pacific Northwest watersheds
may be causing increases in peak flows. Such increases may be
significant to channel form particularly when sedinment yield has

been increased, and inputs of |arge woody debris drastically
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altered. It is likely that in the majority of intensively nanaged
wat er sheds on the Aynpic Peninsula, channel adjustnents have
al ready occurred. In such cases it wll be difficult if not

I npossible to determne any affects of increases in peak flow

CONCLUSI ONS & RECOMVENDATI ONS

* H gh sedinent |evels were found in spawning gravel throughout
the study area. W were not able to correlate the percentages
of four size classes of fine sedinent and two 1 ndices of
gravel quality to either natural or mnanaged watershed
characteristics.

* W found significant variation in particle size distribution
both between and within subbasins. At the stream | evel
Vﬁrlat!OH was greater between sanpled habitat units rather
than within.

* Fine sedinent levels are consistently higher in managed stream
systenms than in unlogged streans on AQynpic Peninsula; This
rel ationship appears consistent regardless of differences in
| ocal geol ogi es.

* North A ynpic Peninsul a watersheds have high average road
densities, and are often dom nated by vegetation age classes
of less than 20 years. These features correlate to neasures
of channel form such as bankfull w dth.

To fully understand sedinent dynamcs in North O ynpic
Wat ersheds mass wasting histories should be determ ned.

Available information indicates that mass wasting from
historic logging and road construction practices has
contributed the mpjority of bedload sedinent within the

regi on.
* Survival of Coho fromegg to alevin was extremely poor in the
sht River. Survival of steelhead fromegg to alevin was
al so poor Iin the Hoko River. Sedi mrent | evels did not

correlate with either survival or inter-gravel dissolved
oxygen except at higher |evels.

* At high sedinent levels (13% fines <0.85 mm), a threshold

condition exists, above which survival drops rapidly. This
result is consistant with other simlar studies.
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Channel instability appears to be a significant Iimting
factor for the early life history of salnonids. The
rel ati onship between channel instability, channel bedl oad
transport, and Salnonid early life history needs further
research. The depletion of |arge woody debris from channels
askﬁ result of managenent,activities has exacberated this
probl em

Monitoring on the effects of scour on early life history of
sal noni ds shoul d be pursued. W recommend utilizing scour
chains and bed nonitors (Nawa & Frissell 1993) in conjunction
with surveyed cross sections, and artificial egg baskets.

The use of artificial egg baskets appears to be a valid
eval ual tion technique. However, because of the susceptibility
to scour, the technique may be nost applicable in snall
tributaries (Wst of the Cascades).

We found significant differences between the results obtained
by volumetric and gravinetric processing. In geologies with
a h|?h clay content, water retention is a potentially
signiticant source of error when using the volunetric method.
Simlarly, mechanical breakdown of sediments during processing
Is also a concern when using the gravinmetric process.

The Wat ershed correl ation approach used in this study may have
greater utility when applied to areas that have a greater
range of nmanaged and unmanaged (controls) subbasins. The |ack
of controls In this study clouded conclusions concerning
background |evels of fine sedinment.

Research on the possible genetic adaptations of different
Sal nmonid stocks to differences in fine sedinent may prove
useful in inproving the relationship between neasures of
gravel quality and early life history survival
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