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ABSTRACT

Sedi nent sanpling was used to eval uate chi nook sal non
(Oncor hynchus tshawytscha) spawning habitat quality in
the Shasta R ver. Sedinent sanples were collected
using a McNeil sanpler and wet sieved through a series
of Tyler screens (25.0 nm 12.5 mm 6.3 mm 3.35 mm
1.00 mm and 0.85 . fines (particles <0.85 m‘r? wer e
determned after a 10-mnute settling period in |nhoff
cones. Five stations were sanpled in the nainstem
Shasta River between RK 0.8 and 59.1. Two stations in
Parks Creek were sanpled at, RK 0.6 and 5.4.  Spawni ng
substrates containing 15% fines have been shown to be
del eterious to egg survival; furthernore, if small

sedi nent particles finer than 6.3 mm conprise 20-25% of
spawni ng habitat, sac fry emergence rates decline.
Fines were present in quantities at or above 15%at all
but one station in the Shasta River. Station sanple
nmeans for percent fines in the main stem Shasta ranged
between 12.4% 24.1% Parks Creek station percent nean
fines were found to be 28.4 and 44.3% At all but one
station, decreased sac fry energence and reduced egg
survival can be expected. The levels of fine particles
were |ower than those nmeasured in 1994.  Snal |

sedi nents ranged between 36.2 and 73.2%for all
stations; these | evels have been associated with
decreased sac fry energence rates. Snall sedinents
appear to be consistent with past Shasta R ver sedi nent
I nvestigations. These data suggest that high |evels of
fines and small sedinent in potential sal non and

st eel head spawni ng habitat may reduce juvenile Sal monid
production from the Shasta River.

1/ I nl and Fisheries Admnistrative Report No. 97-9.
Submtted Septenber 1997. Edited by M Ral ph
Carpenter, California Departnent of Fish and Gane,
1416 Ninth Street, Sacranento, California 95814.

21 Nat ural Stocks Assessment Project, 5341 Ericson
Way, Arcata, California 95521



I NTRCDUCTI ON

The Shasta R ver (Siskiyou County) is a major tributary in the
Klamath River basin (Figure 1). The Shasta River watershed
supports anadromous Pacific salmon (Oncorhynchus spp.) and

steel head (0. nykiss) populations. Runs of fall-run chinook

sal mon (0. tshawytscha) into the Shasta River, once nunbering as
high as 81,844 fish in 1931, had declined to 586 fish in 1992
Between 1991 and 1996, annual chinook salmon runs have fluctuated
between 586 to 13,511 fish. Steelhead counts in the Shasta River
exhibit simlar declines; 8,525 fish were counted in 1932 (Snyder
1933), while 233 fish were counted in 1978 (unpublished data).

Several factors have contributed to the decline of the anadronous
fishery resource in the Klamath River basin (CH2MHi || 1985).

They include low flows, high summer water tenperatures,

unscreened water diversions, degraded spawni ng gravels, over-
appropriations of water, comrercial and sport harvest, poor water
quality, loss of riparian vegetation, damcaused |oss of grave
recruitment, alteration of flow regines, overgrazing, poor ocean
conditions, urbanization, road construction, disease, mning,
redation, and other |and nanagenent practices. Sone factors

ave the potential to affect stream habitat quality by
accelerating erosion. The resulting sedinmentation can reduce the
ability of a streamto produce fish in several ways. For

exanple, 1) salnon spawning habitat can be clogged or buried,
reducin? sal mon egg survival, ii) juvenile rearing habitat could
beconme filled, reducing the streams carrying capacity, and iii)
aquatic invertebrate production could be reduced (Reiser and

Bj ornn 1979).

The effects of excessive anobunts of small sedinent sizes on

sal non and steel head spawning gravel have been studied by severa
investigators (Wckett 1958, Cordone and Kelley 1961, MNeil and
Ahnell 1964, Cooper 1965, Koski 1966, Bjornn 1969, Hall and Lantz
1969, Phillips et al. 1975, doern 1976, Tagart 1976, MCuddin
1977 , Reiser and Bjornn 1979, Tappel and Bjornn 1983). They
found that high percentages of fines CO 83 nmin spawning grave
reduces water novenent through the gravel bed by filling
intergravel spaces, while fines overlaying spawni ng habitat can
prevent water from entering the subgravel environment. W-ckett
(1958) found egg survival increased with gravel perneability.
Permeabi lity was found to be | ow when gravel is conprised of 15%
fines (MNel|l and Ahnell 1964). Incubating eggs suffer increased
nortality fromsnothering or a build-up of netabolic wastes as a
result of excessive fines. An inverse relationship exists
between fines content and egg survival. doern (1976)

1/ As cited by Reiser and Bjornn (1979).
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Figure 1. The Shasta River basin (Siskiyou County) depicting
maj or | andmarks. Stations are indicated where sedinent sanples
were taken, 1997.
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FIGURE 2. Percent emergence of fry from newy
fertilized eggs in gravel -sand m xtures. Fine
sedinent was granitic sand with particles |ess
than 6.4 mm (from Rei ser and Bjornn 1979)

denonstrated for coho salnmon (0. kisutch) that when fines
(particles <0.85 mm) exceeded 15% the proportion of eggs that
hatch sharply decreased. Egg-to-energence survival for coho
sal non decreased when fines exceed 20% (Tagart 1976). G avel
conprised of 35% or nmore fines resulted in 0% egg-to-enmergence
survival for coho sal non (Koski 1966).

Sedi nent sizes larger than fines have al so been shown to
adversely affect sac fry enmergence. Koski (1966) reported that
energence was inversely related to the proportion of sedinent

<3.3 mmin size. Hall and Lantz (1969) and Phillips et al.

(1975) denonstrated that when 1-3 nmm di aneter sedinents conprised
10-20% of the sanple, steelhead and coho sal non fry energence was
reduced. Also, chinook salnmon and steel head fry energence is
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reduced when 20-25% of sediment is conprised of particles <6.4 mm
in diameter material (Bjornn 1969, MCuddin 19777 (Figure 2)

This study eval uated chi nook sal non spawning gravel quality in
the Shasta R ver and Parks Creek.

STUDY AREA

The Shasta River basin is located in northern California and
enters the Klamath River 284 river km from the Pacific Ccean.
The river drains an area of about 1,554 kn?. It originates on
the north slope of M. Eddy and flows 81 kmto its nouth. River
val | ey configuration varies considerably: snall headwater streans
drain onto the Shasta Vall ey and neander northward before
dropping through a steep gradient, V-shaped canyon to the Kl amath
River. For purposes of discussion, the Shasta River (between the
mouth and Dw nnel | Dan) was divided into three reaches based on
channel norphology (Table 1). Dw nnell Dam inpounds Lake
Shastina to provide water storage for irrigation and recreational
use; it was conpleted in 1926 and is located at RK 64.5. The
majority of the watershed is privately owned; small parcels owned
by the federal governnent are scattered throughout the basin.
The major land use is agriculture. Parks Creek flows into the
Shasta at RK 55.8. The lower section of Parks Creek is a | ow
gradient, small volune, neandering tributary. The major |and use
;s gattle grazing, and nost of the sub-basin falls on private

and.

Whi | e general descriptions of spawning habitat distribution and
quality in the Shasta River are available, little spawni ng
habitat quality data is available. Wles (1951) reported that i)
excel | ent spawni ng habitat was |located in the lower 9.6 river km

(canyon section), ii) good spawning areas existed in the 1.6
river kmupstream of the canyon section, iii% Dwi nnel | Dam
reduced avail abl e spawni ng habitat by 22% the gravel near

Edgewood was deened excel lent, iv) salnmon and steel head spawn in
Big Springs Creek, and v) considerable, suitable spawning habitat
was | ocated bel ow Yreka- Montague Road (RK 20.3) (the extent of
this spawning habitat was not described). Coots (1957) mapped
two principal chinook sal non spawni ng areas; a | ower spawni ng
area extended-fromthe nouth to approximately RK 16.1, and an
uEper area primarily included Big Springs Creek and portions of
the Shasta River adjacent to the confluence. Coots (1962) also
noted spawning in the Shasta River fromthe vicinity of Genada
(RK 45) to the mouth of Parks Creek (RK 55.5) and in Big Springs

2 As cited by Reiser and Bjornn (1979).
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TABLE 1. Reach nanme, description, characteristic, and extent for
chi nook sal non spawning habitat in the Shasta River, 1997.

Reach Ext ent Reach description and
name river km characteristics
SHASTA RI VER
Lower 0to 12.6 Mouth to Anderson G ade bridge: V-
shaped canyon, steep gradient
M ddl e 12.7 to 53.6 Anderson Gade bridge to confluence

with Big Springs Creek: wi de valley
floor, channel neanders, |ow
gr adi ent

Upper 53.7 to 64.5 Confluence with Big Springs Creek
to Dwinnell Dam numerous riffles,
nmoderate gradient

PARKS CREEK

Lower 0 to 22.3 Confluence with the Shasta River to
the exit of steeper gradient V-
shaped canyon: |ow gradient,
meandering channel

Creek.  Spawni ng was noted, from aerial redd counts, between the
mouth of the Shasta R ver and Dw nnell Dam and in Big Springs
Creek in the late 1970s (Rogers 1978, 1979). Detailed |ocations
of redds were not given. However, in 1975 and 1983, no spawni ng
was observed in the Shasta R ver from confluence with Big Springs
Creek to Dwinnell Dam  Spawning was observed in the Shasta River
between the mouth of the Shasta River to the confluence with Big
Springs Creek and in Big Springs Creek (Rogers 1975, 1983).  West
et al. (1990) surveyed the Shasta River fromthe Kl amath River to
the confluence with Oegon Slough (RK 18.7) in 1988. They
reported that this section is heavily used for spawning.

Mre recently, California Departnent of Fish and Game (CDFG
personnel conducted chinook salmon spawner surveys in the Shasta
River in 1993 and 1994. These surveys recovered tags to estimte
adul t escapenment and mapped spawning distribution. Surveys were
conducted weekly during the fall-run chinook sal non spawni ng
season between Genada Irrigation District (G D) property
(approx. RK 48) and the Klamath River (Figure 3). The heavi est
chinook sal non spawning occurred in the |Iower 14 km of the Shasta
River; spawning was observed at RK 53.8 (Louie Road bridg1(e), 0.2
river km upstream of the confluence with Big Springs Creek (B
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Chesney, CDFG pers. comm). I'n 1995, chinook sal non spawni ng
was observed during |ate Cctober and early Novenber in the Shasta
River near RK 60, and in the lower 8 river km of Parks Creek (B
Chesney, CDFG pers. comm).

The first spawning habitat quality eval uation was conducted

during 1980 in the | ower section of the Shasta River, between RK
1.4 and 11.7, by California Departnent of Water Resources

(CDWR) (Scott and Buer 1981). They used a core sanpler to collect
a35.5 cmdianeter x 20.3 cmdeep sanple at ten stations. The
ravel quality varied widely. Overall the mean conposition was
1% for sedinent finer than 4.75 mm  This conposition has been
associated with reduced fry energence (Bjornn 1969). Per cent
sedi ment particles <4.75 mmwas > 20% at four of the ten
stations, and 18% at seven of the ten stations. The high for the

ten stations was 43.5% However, these data indicated fhat

sedi nent bracketing the 0.85 mm size class are generally |ow

The overall neans for sedinent X1.18 and CO 60 nmwere 9.4% and
6.2% respectively.

West et al. (1990) visuallg evaluated quality of nine habitat
types in the Shasta R ver between the nouth and O egon Sl ough
(Figure 1). Five of nine habitat types eval uated contained
significant anounts of spawning habitat. Spawning habitat
cont ai ned fines rangin% rom 14-52% percent fines exceeded 15%
in four of the five habitat types.

Jong (1997) eval uated chi nook sal mon spawni ng habitat in the
Shasta River in 1994, usin? a McNeil-type sanpler. Measured
quantities of fine and small sedinents exceeded levels found to
be detrinental to egg survival and fry energence. In the | ower
reach (nmouth to RK 12.6(, small sedinment (< 4.75 mm) and fines
(<0.85 M) were 50.7% and 34.8% respectively. Simlar |evels
were nmeasured in the upper reach (RK 53.7 to 64.5) of the Shasta
River; small sedinents and fines were 52.6% and 31.9%
respectively.

METHODS AND MATERI ALS

Replicate sanples were taken for conparison, fromthe sane
otential spawning areas in the main stem Shasta River as sanpl ed
In 1994. Unlike previous investigations, (Jong 1997) exact redd
| ocations were not mapped the previous year for follow up

sedi ment sanpling. Fewer stations were sanpled in 1997 than were
sanpled in 1994 %Jong 1997); notably no stations were sanpled in

the mddle reach in 1997 (Table 2).

Sanmpling stations in Parks Creek (RK 0.6 and 5.4) were chosen by
visual inspection at ariffle crest within the thalweg in areas
that were accessi ble to spawni ng sal non or harbored spawni ng
salnmon in prior years.
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At each station, the potential spawning habitat was partitioned
into 2 ft x 2 ft cells using a grid system The cells to be
sanpl ed were chosen by random number generation. Twenty sanples
were taken from Stations 1 and 2: ten before m and ten after
(B) (Table 2) a pulse flow was released from Dm nnel | Dam on My
13 and 14, 1997. Five replicate sanples were collected from all
stations in the upper reach of the Shasta R ver. Five sanples
were al so taken from each Parks Creek station.

Sedi nent sanples were collected and anal yzed by a method simlar

to that outlined by McNeil and Ahnell (1964) using a McNeil -type

sampler. This sanpler collects a 15.2 cm deep X 15.2 cm di aneter
sample. Sanples were either immediately partitioned through

TABLE 2. Nane, river kiloneter index, and location of sanpling
stations in the Shasta, 1997.

Sta. Ri ver o
name km Station description
SHASTA RI VER
Lower Reach
1-A 0.8 100 m downstream USGS gagi ng station. Pre-
flushing flow
1-B 0.8 100 m downstream USGS gagi ng station. Post-
flushing flow.
2-A 4.3 Tire flat inprovement site inmmediately upstream of

m d-stream island, 0.6 km downstream of Pioneer
bridge. Pre-flushing flow.

2-B 4,3 Tire flat inprovenent site, 0.6 km downstream of
Pioneer bridge. Station located inmmediately
upstream of md-channel bar. Post-flushing flow

3 9.2 Sal nron Heaven Inprovement Site. Station |ocated
in center channel braid at upstream site boundary.
This center channel was not present in 1994; it
was likely fornmed by high water during the winter
of 1996-97.

Upper Reach

4 56. 6 Hole in the Gound Ranch, 2.2 river km above nouth
of Parks Creek.

5 59.1 Sel dom Seen Ranch, 5.5 river km bel ow Dwi nnel |
Dam  Station |located approx 100 m above wooden
bridge, adjacent to larger of two springs.

PARKS CREEK

~N
oo
Ny

Hole in the G ound Ranch.
Hole in the G ound Ranch.
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25.0, 12.5, 6.3, 3.35, 1.0, and 0.85 mm sieves or placed in
seal ed buckets for partitioning at a later date. Sedi nent
retained by each sieve was quantified by volumetric displacenent.
The vol ume of any material <0.85 nm dianeter was determ ned after
a lo-mnute settling period in Inmhoff cones.

In this report, all sedinent particles that passed through a 6.3
mm si eve (sumof the particles retained by 3.35, 1.00, 0.85 nm
sieves and fines) will be referred to as small sedinent, and

t hose passing through a 0.85 mmsieve will be referred to as
fines (particles <0.85 nmm).

RK data for the Shasta River were available from two sources:
Scott and Buer (1981), and Pacific Southwest |Inter-agency
Commttee (1973). Discrepancies were found between those
publications. Al RK data used in this report are consistent
with the forner publication. RK data for Parks Creek was
obt ai ned from USGS quadrangle maps using a map neasurer

RESULTS AND DI SCUSSI ON
Ceneral Spawning Habitat Conditions

Sal non and steel head spawning gravel if conprised of 15% or

hi gher fines is detrinental to egg survival and fry energence
(Koski 1966, Hall and Lantz 1969, Phillips et al. 1975, oern
1976). The level of finesneasured during this study at al
statlon%B except Station 2-A equaled or exceeded 15% (Table 3
Figure 3).

Fines measured in this study conpare directly with those reported
bK Jong (1997). Mean fines found in the |ower reach of the
Shasta were lower in 1997 (16.2% than in 1994 (34.8%. The
upper reach of the Shasta showed a simlar decline in percent
fines, with a lower nean in 1997(19.6% than was found in 1994
(31.999. Differences between percent fines found at all

replicate stations of 1994 and 1997 were evaluated with t-tests.
Al stations showed a significant difference in fines (P < .05).

(bserved reductions in nean percent fines from 1994 to 1997 may
be due to the high, flood volune flows in the winter of 1996-97
MeNei | and Ahnel|l (1964) found a simlar decrease in fines
(co.833 mm in Alaska's Harris River after a high flow

M xtures of small gravel/sand (particles <6.40 nm) can entonb
chi nook sal non and steel head sac fry, preventing energence

(Bjornn 1969, MCuddin 19773, Tappel and Bjornn 1983). As the
percent of small sedinent increases to about 20-25% percent

I s cited by Reiser and Bjornn (1979).
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Figure 3. Station nean percent conposition of particle sizes for
pot eEtlaI Sal nonid spawning habitat in the Shasta R ver and Parks
Creek, 1997.

enmergence declines rapidly (Figure 2). Sall sedinments neasured in
1997 in the Shasta River ranged from 36.2% to 52.6% in the | ower
reach, and 45.2% and 49.8% in the upper reach, and 58.9% and
73.2% in Parks Creek. It is clear that small sedinment particles
<6.3 mm make up a large proportion of the chinook sal mon spawni ng
habitat sanpled, and that these smaller materials are present in
quantities associated with excessive salnmon and steel head egg
nortality and decreased energence.
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as station nean percentages.

1994 and 1997.

anadronous Sal nonid spawni ng habitat quality
Val ues are reported

Year

1997 1997 1994
Smal |
Station 1/ sedi nment Fi nes Fines
SHASTA Rl VER
Lower Reach
1-A 46. 6 18.0 32.7
1-B 52.6 19.9
2-A 41.7 12. 4 48. 2
2-B 44.8 15.7
3 36. 2 15.0 33.1
Mean 44. 4 16. 2 38.0
Std dev 6.1 2.9 8.8
Upper Reach
4 45. 2 15.0 41.5
5 49. 8 24.1 22.3
Mean 47.5 19.6 31.9
Std dev 3.3 6.4 13.6
PARKS CREEK
6 58.9 28.4
7 73.2 41.3
Mean 66. 1 34.9
Std dev 10.1 12.9

A snmal |
days

sal non.

(114 cfs) on My
increase of 1.6

48 hour peri od, _
fluctuated little until

(48 hrs)

13,
ms/ sec

Ef fects of Pul sed Fl ow

to 4.8 mdlsec
(57 cfs).

increase in flow was rel eased from Dw nnel

starting May 14, 1997.
study the effect of pulsed flows on the outmgration o
The pulsed tlow increased the volume from 3.2
171 cfs) on May 14:

The rel ease was

Dam for two

l anned to
uvenil e
| sec

an

The flow dropped to 4.1 md/ sec
(146 cfs) on the second day of the planned pulse flow.

the flow dropped to 2.2 n?/sec (78 cfs)
the stations were re-sanpled.

After the
and

Stations 1
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and 2 were sanpled twice, once before the pulsed flow (Station 1-
A 2-A), and once after (Station 1-B, 2-B). The small sedinents
at Station 1 increased from46.6%to 52.6% with an increase in
fines from18%to 19.9% Station 2 showed a simlar increase in
smal | sedinments from4l. 7% to 44.8% and an increase in percent
fines from12.4%to 15.7% The difference between before-pul sed-
flow and after-pul sed-flow sediment content was evaluated wth
t-tests. There was found to be no significant difference between
sanple neans for either station (P > .05).

The pul sed flow that was delivered May 13 and 14, 1997 did not

change the small and fine sedinent content of spawning habitat in

the two stations sanpled. \Wether pulsed or flushin%_floms,_in
eneral, would be a useful tool to renove small and fine sediment
rom the Shasta River's spawning habitat would have to be

determ ned by an extensive study.

CONCLUSI ON

It is clear that fines and small sedinment particles nake up a

| arge portion of the potential anadronous Sal nonid spawni ng
habitat sanpled in the Shasta River basin in 1997, and that these
smal ler materials are present in quantities associated wth
excessive salnmon and steel head egg nortality and decreased
emergence.  Such reductions are likely to lead to reduction of
juvenile Salmonid production from the Shasta River basin. Based
on the limted data collected, the quality of the Salnonid
spawni ng habitat has inproved slightly at the stations sanpled
since 1994, but continues to be poor
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