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tributaries (Fig. 23B). Chinook salmon were found in most of the same tributaries, but

also occurred in portions of the mainstem Sixes River (Fig 23C). Substantial numbers

basin, has declined dramatically in the middle portion of the basin, and has expanded in

the upper basin.

basin tributaries (Elephant Rock Creek, Little Dry Creek) and two lower-river tributaries

(Beaver Creek, "Andrews Fork" of Crystal Creek) where they had been observed in 1965-

juveniles prior to 1972, but from 1986 through 1991 it was entirely dry during summer

months in its lower 1 km. A series of landslides followed road construction and

tributary to upper Sixes River reported to contain summer populations of coho in 1965-

72 was nearly dry when we visited it in 1990 and supported only a few trout fry. Finally,



Figure 23. Maps of the number of salmonid age classes and species present in
Sixes River during late summer in 1987-90 (A) and the distribution and abundance by
species and age classes (B-G). Line pattern indicates approximate density (fish per
square meter in pools, see key at bottom left). For chinook and coho salmon, dot-
dash pattern adjacent to stream indicates distribution in 1969-71 as reported by Stein
et a!. (1972).
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Table 13. Change in summer (July-August) distribution of juvenile
coho and chinook salmon in upper, middle, and lower portions of
Sixes River basin. Total habitat accessible to anadromous fish
estimated from USGS 1:24.000-scale topographic maps, is about
170 lineal km. .

length of habitat
Occupied (km)

Species Section of Basin 1968-72 1987--89 % Change

0+ coho Uppe •..• 12.2 46.8 +284%
Middleb 6.5 2.7 -58%
lower 43.6 40.9 -6%

. Total, coho 62.3 90.4 +45%

0+ chinook Upper 15.3 39.4 +158%
Middle 42.2 13.7 -68%
lower 74.9 77.6 -3%

Total, chinook 128.2 135.1 -5%

a Upper basin = from Rusty Butte Bridge upstream (river km 24-
30; 50 lineal km of accessible habitat [29%]).

b Middle basin = above Dry Cr upstream to Rusty Butte Cr (river
km 12-24; 42 lineal km of habitat [25%]).

C lower basin = Estuary to Dry Cr (river km 0-12; 78 lineal km of
habitat [46%]).



Coho salmon have expanded their summer rearing range in the upper basin;

populations today are found throughout summer in Middle Fork Sixes River, Upper Sixes

River, North Fork Sixes River, and Crafton Creek, none of which were reported to hold

coho in summer during 1965-72. According to Stein et al. (1972), many of these

streams supported coho in spring .months, but these fish either moved from or perished

in these habitats as water temperature increased in early summer. The range of

summer-resident chinook salmon has likewise increased through headward expansion

into upper basin tributaries. The summer -long presence of coho and chinook salmon in

Crafton Creek, which formerly exceeded 25°C for much of the summer, suggests that

upper-basin streams have cooled substantially in the past 20 y, probably due to

vegetation growth in riparian areas that were logged in the 1960's.

Young-of-the-year trout (probably >90% rainbow, < 10% cutthroat) were

observed in all streams that had surface flow. The largest concentrations, however,

were found in Dry Creek, Edson Creek, and upper basin tributaries (Fig. 230). Age 1+

rainbow trout occurred in all major tributaries and certain portions of the mainstem; age

2+ rainbows were rare, but were distributed similarly (Figure 23E). Cutthroat trout (age

1 and older) were the rarest group, and appeared to be restricted to cooler tributaries

(Fig. 23F). Juvenile cutthroat trout were not observed in the mainstem Sixes River, but

we found mature sea-run cutthroat throughout summer holding in large pools, even

where water temperature was quite high (Fig. 23F). Pre-1972 seining records did not

distinguish between species or age classes of trout sampled in Sixes River, but as

today, "trout" in some form were ubiquitous in the basin.

The two other fish species had distribution patterns markedly different from the

salmonids (Fig. 23G). Largescale suckers were confined to the mainstem, with adults

and fry observed in segments of the upper mainstem and lower mainstem. We never

observed more than seven adult suckers in a pool, and observed few or no subadults





Table 14. Available habitat and crude estimates of total abundance of juvenile
salmonids by species/age class in upper. middle. and lower sections of Sixes
River basin in midsummer of 1987-89. Upper. middle. and lower sections defined
as in Table 3 except estuary (river km 0-5) broken out from lower basin.

Estimated Abundance (X of Basin Total)
UpPer Basin Middle Basin Lower Basin Estuary Total

0+ coho 8000 (66~) 40 (0.3X) 4100 (34X) 0 12,140
0+ chinook 5400 (6X) 460 (0.5X) 28,000 (3OX) 60,000· (64X) 93,000
0+ trout 38,000 (29%) 4000 (3X) 88,000 (68X) 0 130,000
1+ rainbow 2,500 (SOX) 100 (2X) 2,400 (48X) a 5,000
1-2+ cutthroat 25 (6X) 5 (1X) 365 (93X) 7b 3907
Lineal Ian of

accessible
habitatC 50 (29%) 42 (25X) 73 (43X) 5 (3X) 170

Estimated total
pool area

(X1000m2)d 125 (23X) 120 (22X) 195 (35X) 115 (20X) 555

• Based on OOFU estimates.
b OOFU sampling indicates estuary serves as nursery for juvenile cutthroat trout,

but I'\I.Il1bersare unknown.
C Estimated from US Geological Survey 1:24,OOO-scale topographic maps.
d Extrapolated from estimate of accessible stream length and field measurements of

pool length and wetted width.





Figure 24. Salmonid diversity (SO) as measured by the number of species and age
classes present. in relation to annual maximum water temperature (MWT). Numbers
indicate the number of overlapping observations with identical coordinates.



1= :[(f) 20:: • • •w>
~

0

'"""Co'

~
(f)

4 •w
uwa.
(f)

0 2
SO == -0.588(UWT) + 16.75Z

0 P (0.005 R2 -= 0.481 • •::!:....J
« 0(f)

16 18 20 22 24 26

MAXIMUM WATER TEMPERATURE (DEGREES C)



Figure 25. Abundance of salmonids in relation to maximum water temperature in
segments of Sixes River during 1987-90. Data are presented as total combined
salmonids (A) and separate species and age classes (B-G). Note log scale on y-axis
of total salmonid plot (A). Correlation coefficients. p-values and fitted curves are
indicated for statistically significant (p<.O.10) linear regressions of log-transformed
data (A,B,D.E) (transformation necessary to stabilize variance) or non-transformed
data (F).
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influenced by age a trout, the most abundant group, but is also shaped by the abrupt

declines of coho and chinook salmon and 1+ rainbow trout between 21 and 23°C. We







density to be a logarithmically declining curve. In other words, there is a more

precipitous loss of numbers (and species) between 18-22°C than between 23-27°C. As
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exceeded funds available to protect, monitor, and rehabilitate soil and watershed

resources (U.S.DA Forest Service, unpublished data).

An illustration of the new reliance that resource managers are placing on

artificial fish habitat technology is the Siskiyou National Forest Management Plan

(U.S.DA 1989), which prescribes fish habitat structure projects costing more than 1.7

million dollars over three years. In the computer model used by the Siskiyou National

Forest to assess the economic effects of its activities planners assumed, without

supporting evidence, a net gain of three to four pounds of anadromous fish annually for

of many tons of sediment annually caused by new roads and logging was assumed to

have no significant adverse effect on fishery values (U.S.DA 1989). The Forest Service

assumed that any adverse effects on fish habitat and water quality would be more than

compensated by fish habitat created from new artificial structures.

On-going evaluation of failures, as well as successes, is necessary to ensure

that a program is achieving its Objectives, without costly mistakes or unintended side

effects. The few evaluations of artificial structure projects in the Pacific Northwest have

shown mixed results. Hall and Baker (1982) and Hamilton (1989) summarized pUblished

and many unpublished evaluations of the effectiveness of fish habitat modification

projects in streams. Although studies of apparently successful projects (e.g., Ward and

Slaney 1981; House and Boehne 1986) have been cited widely, Hamilton's review (1989)

suggests that studies which showed neutral or negative biological effects have been

published less frequently than those with favorable results.

Several studies have indicated that structural modifications can be ineffective, or

sometimes damaging. For example, Hamilton (1989) observed reduced trout

abundance in a northern California stream reach with artificial boulder structures,

compared to an adjacent unaltered reach. A large-scale habitat modification program
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interval within the first few years after construction provided an excellent opportunity to

evaluate how well these projects could be expected to survive and function for their

projected life spans. We examine the incidence of structure impairment and failure in

relation to design, stream characteristics, and regional hydrologic conditions, and

discuss the implications for fish habitat management in the Pacific Northwest.

In the summer of 1986 we evaluated the incidence of physical impairment or

failure in artificial structure projects on 8 streams in southwest Oregon and 7 streams in

southwest Washington (Fig. 26, Table 15). The sample included 161 structures built by

the state of Oregon's Salmon and Trout Enhancement Program and the U.S. Forest

Service between 1981 and 1985.

South coastal Oregon has intense winter precipitation, flashy streamflow, and

very high sediment yields, particularly from heavily logged watersheds. In southwest

Oregon, projects were intended to increase spawning habitat for fall chinook salmon

Oncorhynchus tshawytscha by stabilizing gravel and providing cover for adults, and to

improve rearing habitat for juvenile chinook salmon, steel head O. mykiss, and cutthroat

trout Q. clarki, by increasing area, depth, and complexity of pools (Johnson 1984;

U.S.D.A. 1989; G. Westfall, Oregon Department of Fish and Wildlife, unpublished data).

Structures in southwest Oregon included lateral log deflectors, cross-stream log weirs,

mUltipie-log structures, and cabled natural debris jams. Benefit-cost projections were

based on a life span of 20 to 25 years for all structures (Johnson 1984; U.S.D.A. 1989).



Figure 26. Location of stream structure projects evaluated in southwest Oregon and
southwest Washington during 1986. 1) Bear Cr; 2) Silver Cr; 3) Shasta Costa Cr; 4)
Foster Cr; 5) Euchre Cr; 6) Crooked Bridge Cr; 7) Outcrop Cr; 8) Boulder Cr; 9)
Lower Trout Cr; 10) Layout Cr; 11) Upper Trout Cr; 12) Wind R; 13) Trapper Cr; 14)
Falls Cr; 15) Rush Cr.





Table 15. Physical characteristics of study sites. Valley segment types are large-scale
geomorphic units, following Frissell et al. (1992a) and Cupp (1989). Valley segment
codes are: AV = alluvial valley; AFV = alluvial-fan-influenced valley; TBV = terrace-
bound valley; AC = alluviated"canyon; IUH = incised U-shaped valley, high gradient;
slash between two codes means both valley types occured within project area.

Mean Mean Active Mean Active Valley
Elev. Drainage Channel Chamel Channel Segment

Stream -i!!!L Area (km2) Slope eX) \lidth (m) Depth (m) Type

Southwes t Oregon:

Bear Cr 50 22.9 2.0 10.9 0.7 AC

Foster Cr 60 30.6 1.5 9.6 0.8 TBV

Silver Cr 20 25.1 1.0 8.9 0.4 AFV

Shasta Costa Cr 50 46.0 1.0 18.2 0.9 TBV

Euchre Cr 25 51.4 1.0 30.0 1.0 AV/AFV

Crooked Bridge Cr 25 2.7 2.5 6.0 0.7 AV

"OUtcrop" Cr 25 1.2 4.0 5.5 0.5 AFV

Boulder Cr 25 5.9 2.0 12.0 0.7 AFV/AV

Southwest \lashington:

Rush Cr 945 17.8 2.0 10.4 0.7 AV

Falls Cr 830 24.8 6.0 8.1 0.6 IUH

Layout Cr 540 14.8 1.0 15.6 0.7 AV

Upper Trout Cr 565 10.8 2.0 9.3 0.6 AV

Lower Trout Cr 535 62.7 1.0 20.0 1.0 AV

\lind R 335 632.0 1.0 31.2 1.0 AV

Trapper Cr 340 28.8 1.5 25.6 0.8 AV



In southwest Washington, a region of moderately high sediment yield and high

peak flows from winter rain-on-snow events, projects were intended to increase pool

area for rearing of juvenile salmonids (U.S.D.A. 1987). Steelhead trout, brook trout

Salvelinus fontinalis, and spring chinook salmon occurred in project streams. The

projects included log weirs, diagonal log deflectors, multiple-log structures, cabled

natural woody debris jams, and single and clustered boulders.

Because none of the project streams were gauged, we used several methods to

estimate recurrence interval of the February 1986 flood, the primary event affecting our

study. Gauged streams in southwest Oregon experienced an instantaneous peak flow of

about 2 year recurrence interval (Geological Survey Water Resources Data for

Washington and Oregon, Water Year 1986; Friday and MUler 1984). However, this flood

was unusual in its duration, with high flow for several consecutive days. After adjusting

for duration the estimated recurrence interval is 5-7 years, based the estimates of Friday

and Miller (1984) for Chetco River near Brookings and South Fork Coquille River at

Powers. McGavock et al. (1986) estimated the recurrence interval of the February 1986

flood in gauged southwest Washington streams at 3-5 years.

To assess variation in the February 1986 peak flow among the project streams

in southwest Oregon, we surveyed cross sections at the project sites and reconstructed

flood crests based on flotsam lines. Using the Manning equation (Thorne and

Zevenbergen 1982; Richards 1982) with roughness estimated visually (Barnes 1967), we

estimated peak flows for each stream. We then estimated flood recurrence intervals (for

instantaneous peak flow) following three regional prediction procedures (Harris et al.









The incidence of structure failure and damage varied widely among streams

(Table 16). Overall. failure rates were higher in southwest Oregon streams (median 40%,

range 0-20%). Rates of overall damage were less disparate. but appeared to be higher

in southwest Oregon (median 70%. mean 67%. range 27-100%) than southwest

Washington (median 42%. mean 46%. range 0-89%).

Rates of damage were higher in larger and wider streams (Fig. 27a). Projects in

streams with active channel widths wider than 15 m had a median damage rate of 79%

(range 50-100, n=6). whereas those with active channels narrower than 15 m were

highly variable and had a median damage rate of 50% (range=0-100, n=9). Southwest

Oregon data suggested a roughly linear increase in failure rate with stream width (Fig.

27b). In southwest Washington, failure rate was not apparently correlated with stream

width, although impairment and therefore damage rate was correlated with stream size.

There was no clear relationship between drainage basin area and failure or damage

rates. Because climatic and hydrologic characteristics of individual streams vary within

a region, active channel width is a better site-specific. integrated measure of streamflow

and associated hydraulic stresses than is basin area. Channel width is influenced by

bank material erodibility (Schumm 1960; Richards 1982). which also affects structure

performance (see Mode of Failure).



Table 16. Flood magnitude estimates and rates of total damage and
failure for fish habitat.structure projects surveyed in 1986. Flood peak
is estimated peak discharge in m3 per second, and estimated
recurrence interval in parentheses. Dash indicates discharge data not
available; recurrence interval at these sites estimated from nearby
streams or regional analyses by US Geological Survey.

1985-86 Number of Damage Failure
FloodPeak Structures Rate (X) Rate (X)

- «2 y)

- (3-5 y)

- (3-5 y)

- (3-5 y)

- (3-5 y)



Figure 27. Failure (A) and damage (8) rates of projects in southwest Oregon (open
circles) and southwest Washington (solid squares) in relation to active channel width.
Stream numeric codes are same as Figure 1. Damage rate includes both failed and
impaired structures (see text).
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