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PROGRESE REPORT FOR
INVESTIGATIONS O BLUE CREEK
Y 1992

ABSTRACT

The U.5. Fish and Wildlife Service, Coastal California Fishery Resource Office
in Arcata, California, was funded to investigate chinook salmon {Oncorhynchug
tahawytscha) spawning use, juvenile salmonid emigration, and characterize
stream habitats in Blue Creek, a tributary to the Klamath River, California.
Investigations began in October 1988, with this reporting period covering
October 1991 through September 19%2. Adult chinock spawner escapsment was
addressed by surveys of redds, live fish and carcasses, and by radictelemetry.
Spawner numbers were very low, with only 22 redds chaerved in fall 1991 /winter
1992. fThe peak count of adult chinook was 97 fish in early November.
Radiotelemetry of migrating spawners (n=B) was used to locate remote spawning
areas. Emigrating juvenile c¢hinook salmon, steelhead trout (Q. mykiss), coho
salmon (Q. kisutch), and coastal cutthrcat trout (Q. clarki) were trapped at
river kilometer (rkm) 3.3%5 with a rotary screw trap (screw trap). The
trapping periocd extended from April to July for a total of 75 trapping nights.
Screw trap catches totaled 10,688 chinook, 1,388 steselhead, %9 coho and 10
cutthroat. Peak chinocok semigration ocourred during the week of May 17, which
i consistent with the past 3 years of monitoring. A juvenile weir was
operated 58 nights, and caught a total of 9,166 chinook, 1,196 steelhead, 127
coho and 1 cutthroat. The index of abundance for emigrating chinook during
the 1992 juvenile trapping period was 49%,59%0., Sixty-five percent of the
juvenile chinook caught during the trapping season were marked with coded wire
tags (n=12,687) and released back into Blue Creek at rkm 3.3. Mean water
temperatures varied from 6.3 to 18.6 °C and stream flows ranged from 43 to
2178 cfs (1.3 to 61.7 m’/s) during the Fiscal Year (FY)} 1992 study season.
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INTRODUCTION

The Elamath River Basin, including Blue Creek, 3 major tributary to the lower
Elamath River, has historically supported large runs of chinook salmon
{Oncorhynchus tshawvtscha) and steelhead trout (Q. mykiss). The watershed has
been altered substantially during the past century and particularly during the
lant four decades. During this periocd, anadromous salmonid fishery rescurces
have geverely declined. Reductions in the guantity and gquality of instream
habitat, as well as in the population sizes of galmon and steelhead, have
coincided with expanded logging and fishing operations, construction of roads
and dams, water export, mining, and other development (U.5. Dept. of the
Interior, 1985).

In response to problems associlated with the anadromous fishery resources of
the basin, Congress enacted P.L. 99-552, the Klamath River Fish and Wildlife
Restoration Act of 1886. This legislation authorized the Secretary of the
Interior to restore anadromous salmonid stocks to historic levels in the
Klamath River Basin. In a 1979 report detailing the status of anadromous
gtocke within the Hoopa Valley Reservation, the U.S. Fish and Wildlife Service
{USFWS) found Blue Creek to have "the greatest potential te support anadromous
fiash of any tributary on the reservation™ (USFWS, 1979). Copcerns were raised
about the restoration program*s proposed actions for Blue Creek.

Specifically, are there adequate population levels to allow Blue Creek to be
consideraed a broodstock source, and what can be done to restore habitats and
rebuild populationa to historic levels?

Wwith these guestions in mind, the USFWS Coastal California Fisheries Resource
office in Arcata, California (CCFRO Arcata) submitted a five year study
proposal in 1989 to the Klamath River Basin Fisheries Task Force to evaluate
the status of fall chinock and their habitat in Blue Creek. Work has been
ongoing since that time with the final report and recommendations proposed to
include data and results from FY 1993. To date the study has gathered
information on adult spawner escapement, juvenile emigration characteristics,
available spawning habitat, juvenile rearing habitat, gsneral habitat and
channel characteristics, stream discharge, and temperature reginme.



STUDY ARER

Blue Creek i a fourth-order stream which enters the Klamath River at rkm 26.4
{Figure 1). The stream originates at about 1,500 m elevation and flows south-
westerly 37 kilometers (Jkm) to its confluence with the Klamath River. The
elevation at the mouth is 12 m. The watershed drains 329 square km (km’} and
is the largest tributary to the Klamath River below Weitchpec {(rkm 64). It is
noted for its clear water, sufficient summer flows, and large chinook salmon
(Waterman, 1%20). The drainage is steep and mountainous with historically
moderate to dense timber growth of coastal redwopd {Seguoia sempervirens),
incense cedar (Libocedrus decurrens), Port Orford cedar {Chamaecyparig
lawsoniana), Douglas fir (Pseudotsuga menziesii), tanocak {(Lithocarpus
densiflora), and madrone (Arbutus menziesiji). Riparian species include alder
{Alnus ep.}, willow (Salix sp.}, Californla laurel (Umpellularias californica),
and big leaf maple {Acer macrophyllum}.

The Blue Creek watershed is underlain by four major rock types of the Coastal
Range and Klamath Mountains provinces. Proceeding upstream from the mouth,
Blue Creek flows through sandstone and shale of the Franciscan Complex;
ultramafic rocks (serpentinized peridotite) of the Josephine Ophiolite; slate,
metagraywacke, and greenstone of the Galice Formation; and an assemblage of
diverse rock types {(mostly metasedimentary) of the Western Paleczoic and
Triagsic Belt (Wagner and Saucedo, 1987). The streambed substrate is
generally composed of small and large cobble, with many bedrock controls.
Sparsely vegetated flood terraces, dating from the December, 1964 flood, are
dominant features below rkm 4.4. Stream gradient averages 1.4% in the lower
23 km (USKFWS, 197%9).

The watershed is the wettest in the Klamath Basin, with an annual
precipitation of approximately 200 cm in the headwaters with about 75% of it
occurring during five monthe of the year (November - March) (U.S5. Weather
Bureau, 1974). Precipitation runs off guickly, producing rapid fluctuations
in discharge and high bedload movement. U.S. Geological Survey (USGS) water
discharge records indicate large flow variations ranging from & low of 43
cubic feet per second (cfs) (1.2 m’/s) on November 1, 1965 to 33,000 cfs (934
m’/s) on March 2, 1%72 (USFWS, 1979). The extreme flood of December 22, 1964,
although outside the period of record {1966-1978), was estimated by USGS at
48,000 cfs (1,360 m’/s).

Three tributaries to Blue Creek have been identified as important to
anadromous salmonid spawning and rearing. These include West Fork of Blue
Creek, Nickowitz Creek, and Crescent City Fork of Blue Creek, which is the
largest and lowest gradient tributary accessible to anadromous fish. These
three streams comprise 41% of the area of the entire basin, but only Crescent
City Fork of Blue Creek (58.7 km’) is widely used by both salmon and

steelhead, A fourth tributary, Slide Creek, has a steep gradient and
landslides in the vicinity of the mouth, but may provide access to stzelhead
during some high flow events. During the summers of 1989 and 1890, the
California Department of Fish and Game (CDFG)} and California Conservation
Corps {CCC) constructed stream habitat enhancement structures on the West Fork
of Blue Creek. These log and bouldsr structures were designed for enhancement
of coho salmon and steelhead spawning habitat {C. Harral, personal
communication 1990). Additional structures were constructed during the summer
of 1992.

A natural harrier to fish movements on the mainstem of Blue Creek is located
approximately 1.0 km below the confluence of the East Fork. Thisz barrier
consists of a very steep boulder-jammed gorge at rkm 23.6. Below the barrier,
four species of anadromous salmonids are present: chincok salmon (0.
tshawytecha), coho salmon (0. kisutch), steelhead trout {Q. mykiszs) and
coastal cutthroat trout {$. glarki). The mainstem and East Fork of Blue Creek
above the barrier were planted with steelhead, rainbow trout, and sastern
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broock trout {(Salvelinus fontinalis) during the 1930°'s and 40's (CDFG files,
Bureka;. Hereinafrer, Blue Creek disgcussions are restricted to the lower 23
km of stream accessible to anadromous salmonide.

As with many of the tributaries to the lower Klamath River, extensive timber
harvesting has occurred along porticons of Blue Cresk. Since the early 1960's,
many areas on the West Fork of Blue Creek and lower 12 km of the mainstem have
bean clearcut. Timber has been removed from sections adiacent to the stream
and along the upper slopes. According to aerial photo interpretation, and
recollections of a local resident (F. Erickson, pers. comm. 19%]), mature
redwoods and hardwood trees provided a dense riparian canopy before the floods
in 195% and 1964. Simpson Timber Company owns the land surrounding the lower
12.8 km of Blue Creek and logging continues in this portion of the watershed.
Upstream of Simpson Timber Company property at approximately rkm 12.9, the
Crasek runs through National Forest lands including the Siskiyou Wilderness of
the Six Rivers National Forest above rkm 13.7 (Figure 1). The Haticnal Forest
lands are mostly forested below elevations of about 1,400 m.

An arterial logging road parallels Blue Creek at an elevation of about 240 m
above the Creek, from rkm 3.2 to rkm 9.6, Little used reoads branch off this
maintained road and provide streamside access at rkms 2.0, 3.2, 8.0, and 12.5.
No road access to the watershed above rkm 12.5 is avallable due to its
inclusion in the Siskiyou Wilderness Area. A portion of an old trail cleared
by CCC crews in FY 19%0, provides access to the confluence of Blue Creek and

Crescent City Fork.



MATERIALS AND METHODS

S5almonid Habitat Iovestigations
mperaty

A Ryan TempMentor thermograph with 2 remote probe was maintained at rkm 3.2
{Figure 2). Readings were made in degrees centigrade (°C}, at two hour
intervals and averaged for each 24 hour periocd. The thermograph was deploved
throughout the year and changed at approximately 3 month intervals to recover
temperature data. A maximum-minimum thermometer placed on the screw trap was
uged to monitor water temperature extremes during the juvenile trapping season
from late April to mid-July. BAir and water temperatures were also monitored
with a hand held thermometer at irregular interwvals during juvenile trapping
and adult surveys.

Stream Discharge

The stream gaging station was established in 1989 at rkm 3.4 (Figure 2), and
was described in a previous report (USFWS, 193C}. A staff gage and crest gage
have been maintained throughout the study. Gage height was read daily during
the period of spring and summer juvenile trapping, and the crest gage was read
and reset every few weeks {particularly after large f{low events) throughout
the fall and winter. 3 top~setting rod and Price AR flow meter were used to
measure gtream discharge. A discharge rating table was prepared for the site
using linear regression analysis to establish a log-log relationship between
gage height and discharge.

The former USGS gauge site at rkm 5.0 was not used bacause the channel there
had been greatly changed by deposition of coarse sediments since the gage was
removed in September 1978.

Adult Chinook Salmon Investigations

Chinook Salmon Spawning Survevs

Surveys of chinook redds, carcasses, and live adults occurred in fall of 199]
and winter 1992 to determine spawner numbers, spawning areas, and
distribution. Due to limited access points, the lowsr 18.4 km of Blue Creek
wag broken into six reaches. Reaches 4 and 5 of fall 1988 (FY 1%89) surveys
were combined to form reach 4 beginning in fall 1989 (Figure 3.a). The lower
3.2 km of Crescent City Fork {(Reach 5) and 3.2 km of the main channel above
the confluence with Crescent City Fork (Reach &), were added in fall 1589 to
cover additional spawning areas (Figure 3.b). This additional area above the
confluence was accessed by wading upstream, Attempts were made to survey the
gix reacheg on a bimonthly basis and the West Fork of Blue Creek on an
intermittent baslis with a two person crew c¢overing each reach. Crews wore
diving suits, snorkeling gear, and carried measuring staffs, a flow meter and
top-setting rod.

The location of each chinook redd was indicated on maps. 1In additiorn, redd
length, width, pit depth and wmound depth (to the nearest 0.1 m}, pit and mound
velocity (feet per second} were recorded and substrate composition was
vigually estimated. The presence or absence of fish on or near redds was also
noted. Habitat units defined by Bisson, et al. {1982) and modified by Decker
{1586} (Appendix A}, were noted for all redd locations.

Salmonid carcasses were classified to species, sexed if possible, and examined

for fin clips, animal predation, and percent reproductively spent. Fork
iength {om) and soale samples were collected when possible.

6
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Live counts of adult malmonids were recorded in conjunction with redd and
carcass surveys by direct underwater observation through snorkeling. Fish
were identified by species and age class (i.e. jack or adult for chinook and
cohe, half-pounder or adult for steelhead}, and sexed when possible. The
presence of fin clips on adult fish and stream locations of observed fish were

also recorded.

Radiotelemetry was used to gather information on spawning locations and the
distribution of fall chinook spawners throughout the watershed. Direct
observations of upper spawning areas were difficult due to limited access,
while direct observations of all spawning areas were limited in the event of
high flows. The use of radiotelemetry allowed the tracking of spawners by
road and by air when limiting conditione for spawning surveys occurred. Air
tracking was provided by the 1.8, Coast Suard helicopter, McKinleyville Group,
at the Arcata Airport. The radiotelemetry equipment, two receivers (Model
2000 and 2000B), internal tags and two antenna loups (Air and Ground, <60
Mhz), were purchased from Advanced Telemetry Systems, Inc, (ATS).

Snorkel surveys of the lower 5 km began in October to determine when chinook
entered Blue Creek and when there were sufficient concentrations of adults in
pools to begin tagging operations. The radio tagging operation used gill
nets, {(two 30.5 m long, with 0.13 m and 0.18 m stretch mesh sizes}, a rubber
raft, PVC holding tubes (0.20 diam. 2 0.91 m & 0.26 diam. x 1.22 m}, and a
fish cradle. Holding pools containing adult fish were located, gill nets were
stretched across the head and tail~out of the pool, and three or four workers
in wet suits would herd the fish toward the upstream net., As fish were
caught, they were immediately removed from the net and placed into individual
holding tubes. Bex, fork length, scales, physical condition, date of tagging,
tagging location and tag number were recorded. Internal tags were inserted
down the ssophagus into the stomach with the use of a short section of 3/4¢
PVC tubing (Figure 4). Spaghetti tags were also applied to radio tagged fish
for aid in identification during spawning surveys. Tagged fish were released
back into the pool.

Radio tracking was conducted weekly, either by driving, walking or by
helicopter. Five established roadside overlooks were used to monitor the
lower 12.5 km of the c¢resk (Figure 5). Stream tracking, accomplished by
walking along the streamside, was used to confirm positions of tagged fish
monltored by roadside tracking and to more accurately pinpoint their location
within the creek. Helicopter access allowed tracking over the entire Blue
Creek watershed, but was limited by weather conditions. 7The receiver unit was
able to detect tags on the average 1 km from roads and 150 m to 300 m above
the stream in the helicopter. Bounce of radio signals off and arocund bedrock
often gave confusing directional information when tracking.

Juvenile Salmonid Investigations

Juvenile Trapping

A rotary screw trap (Figure 6) with a 2.44 m diameter cone was used to capture
emigrating juvenile salmonids at rkm 3.35 (Figure 2}. Operation of the screw
trap began on April 7 and continued through July 16. The trap was generally
opegrated at least 5 days (4 nights)} per week. R "trapping day" wasg defined
from the time the Lrap was set or checked, typically morning or early
afternoon, to the next morning. Trapping days were set up to encompass the
night when salmonids generally emigrate.



Antenna Radiotag

Figure 4. Diagram of a chinook salmon showing placement of internal radiotag.
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The juvenile salmonid sampling index was determined by dividing the estimated
creek discharge by the volume of water sampled by the gcrew trap. Velocity
measurements were meapured at the left, center, and right poesitions
immediately in front of the cone with a Price AA current meter and top setting
rod. These velocity measurements along with the submerged area of the cone
were used to calculate the volume sampled. Daily abundance indices for each
specias and developmental stage were estimated by multiplying the number of
fish captured by the sampling index. Weekly abundance indices were estimated
by summing the daily index values for the week and dividing the sum by the
proportion of the week that was sampled. Comparisons of magnitude and timing
of the juvenile emigration were based on the juvenile indices.

A weir consisting of a frame net (1.5 m x 3 m, 0.48 cm delta mesh) and
hardware cloth (0.64 cm width mesh) panels {1.2-1.5 m x 3 w) was installed
immediately downstream of the rotary screw trap in the tail-out of the pool.
The juvenile weir was operated from May 12 to July 16. The operation of the
weir was dependent on flow, 8o at times only a portion of the stream was
trapped. The weir was operated to collect additional chinook for coded-wire

tagging.

All salmonids collected were identified to species and enumerated. Steelhead
were categorized into three developmental stages: young of year (YOY), parr
and smolt. Coho were categorized into two developmental stages, YOY/parr and
smolt. Fork length {mm) and displacement (ml) were measured daily on 2
subsample (up to 30) of all categories of salmonids captured. Scale samples
{up to 10 a day) were taken from steelhead parr and smolts randomly selacted
from the catch. teelhead age classes were determined by scale analysis in
conjunction with length freguency analysis. Volumetric displacement data and
complete scale sample data are not presented in this report.

Length comparisons between chinook captured in the screw trap and weir were
done using a two-group ANOVA (Statgraphics software). Student’'s t-tests
{n=9), comparing weekly lengths of chinook captured in the weir and screw trap
waere done at the 99.48% level of significance (a = 0.0052) so that an overall
95% level of confidence was maintained. Comparisons of length statistics for
ateelhead and coho captured in the screw trap and weir were not conducted.
Larger steelhead and coho were able to swim out of the frame net leading to a
biased sample in the weir.

coded Wire Tagaging

Since 1%8%, chinook YOY have been coded wire tagged to aid in determining
contribution of Blue Creek stock to the Klamath River Basin. Coded wire tags
{CWT)} were applied to chinook YOY beginning May 15 and continued throughout
the emigration season. The field CWT station consisted of a large canvas army
tent, a gasocline-powered generator, a gasoline-powered water pump, and a Mark
IV tagging machine and quality control device manufactured by Northwest Marine
Technology. Chincok YOY were adipose clipped (ad-clipped) and injected with
four bit size half-tags. A random sample of 50 CWT fish and 25 untagged fish
were held as controls to obtain tag retention and mortality ratzs for sach
weeks tagging group. Controls were held for 5 to 6 days and then released,
all other tagged fish were released within an hour after tagging at the bottom
of a low gradient riffle just cdownstream of the juvenile weir site.

13



RESULTE AND DISCUSEIONS

Salmonid Habitst Javestigations

Temperature

Water temperature data were collected through FY 1952 using the thermograph
placed at rkm 3.2 (Figure 7). Data for most of the month of Octcber 1991,
were lost due to a deployment error that was corrected by November. Lowest
stream temperatures cocurred between January and February with the seasonal
low daily mean occurring on January 12 (6.3 °C). July and August temperatures
reached over 20 °C during the day, with the seasonal high daily mean ocourring
on August 14 (18.6 °C). The sharp drops in temperature which occurred
intermittently betwean April and July correspond to storm events which took
place between these dates,.

Stream Discharge

The stage-discharge relationship prepared for the FY 1992 season has remained
similar to the previous two trapping years (Figure 8). Stream discharge
fluctuated greatly during the earliest part of the juvenile trapping period,
but generally decreased after the week of April 19, with slight increases due
to storm events during the weeks of June 14 and June 28 (Figure 9). Drought
conditions have occurred in the entire Klamath Basin since about 1986.
Measured minimum flow in Blue Creek for FY 1992 was 43 cfs (1.2 m'/s) on
September 30, 1992. This minimum flow was equal to the previous low recorded
on November 1, 1965. Maximum flow for the season was estimated from crest
gage height, and was 2178 cfs (61.6 m*/8) between April 17 and April 19, 1992.

Adult Chinook Salmon Investigations

Radiotelemetry

Eight internal radio tags were applied to chincok salmon on November §, at rkm
3.5 (Table 1). Progress for five of the tagged fish was able to be followed
for at least five subseguent visits. Only one radio tag was physically
recovered after spawning. The general locations of two other tags within
pools were known, but could not be pinpointed for recovery. Fish were tagged
only on one occasion, due to the small concentrations of fish within poeols
below rkm 5.0 during the FY 1992 season.

One tagged mortality was recovered in the same location of tagging 2 days
after implanting, probably the result of stress during the tagging process.
All remaining tagged fish migratsed upstream, with their progress tracked
mainly by ground and once by helicopter (Table 2)}. After 10 days of
deployment, the locations of two tagged fish were unknown due to the limited
range of ground tracking. Both of these fish were relocated 10 days later by
helicopter. One was 3.2 rkm up the Crescent City Fork and the other was at
14.8 rkm on the mainstem. Distances traveled upstream from the tagging
location varied from 2.% to 15.7 km {average 6.4 km). The location of
uppermost movements made by radio tagged chinook indicated the use of variocus
spawning areas previously identified by past redd surveys.

One tagged chinook {(freguency 0.250) was tracked to rkm 3.2 of the Crescent
City Fork (Table 2). Two sdult chinook were also observed during FY 13%2 redd
surveys conducted on the lower 2.5 rkm of the Crescent City Fork {reach # 6).
The fall 1991 spawning usz above rkm 2.5 of the Crescent City Fork was not
surveyed due to limited accessibility, but greater use of the Crescent City
Fork by spawners has been recorded in previous years (USFWS, 1992).

14
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Figure 8, Gage height-discharge relationship recorded in Blue Creek
during 1992
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Bedd, Carcass, and Live Adult Survevs

Eedd Counts

Chinook redd surveys conducted betwsen November 12, 1991 and January 9, 1992
identified a total of 22 redds on the mainstem of Blue Creek and no redds on
the lower 2.5 rkm of the Crescent City Fork {Figure 10 and Table 3}. All 4
surveys covered all 6 sections. In addition to the 22 chinook redds, 1 coho
redd was cbserved. Only one redd appeared to be formed either by several
spawning pairs or by multiple spawning attempts by a single pair. Redds were
ordered by habitat type in percent. Tail-outs of lateral scour bedrock formed
pools were the most commonly used spawning habitat, with low gradient riffles
being the next most common area used for spawning. The majority of spawning
ham occourred in these two habitat types over the period of the study (Figure
1l1}. The average surface area for each of the 22 measured redds on the
mainatem of Blue Creek was 10.5 m’., Total area of measured redds on Blue
Creek was 230.8 m’. This is the lowest redd count since the initiation of the
Blue Creek study in 1988, 1In & previous report (USFWS 1992} it was estimated
Blue Creek could support at least 1,153 chinook spawning pairs. Based on this
estimate, only 2% of the maximum potential number of redds were observed

during fall 1991 spawning surveys.

Chinook alsc spawn in the flatter section of stream located above the
confluence with Crescent City Fork and immediately below the anadromous
barrier, rkm 18.4 to 22.2 (Figure 10). This section was not routinely
surveyed because of the inaccessibility and related budget constraints. The

amount of spawning use is unknown.

The majority of spawning activity appeared to occur in two time periods which
coincided with two storms that encouraged upstream migration in early Rovemdber

and early December {Table 3).

Carcass Counts

Chinook carcass surveys recovered I6 chinook carcasses, 1 coho carcass, and 3
partial salmonid carcasses whose species could not be determined (Table 4).
All but one of the whole chinocok carcasses were determined to be at least 95%
spent. The single coho carcass appeared to he unspent retaining at least 50%
of its eggs. Carcass recovery was poor due to heavy predstion by black bears
(Ursus americanus), otters (Lutra ganadensisg), and racccons (Procven lotor).

Live Counts

Late October rains provided enmough flow to allow entry of fall chinook inte
Blue Creek. On November 1, 1992 a preliminary survey identified 1 chinook at
rkm 7.1 and rkm 7.0, 3 chinook at rkm 6.6, and a school of 22 chinock at rkm
4.7. A complete survey of all six reaches made between November 12 and 14
identified a total of 97 adult chinook, which was the peaak count during the FY
1992 fall surveys {(Table 5). This minimum estimate for fall 1991 escapsment
is probably conservative, since later surveys showed continued entry of bright
chinook into the month of December. Snorkel surveys also identified the
presence of adult coho and steelhead with peak counts in mid-November and
early January respectively. No adult salmonids were observed in the West Fork
of Blue Creek during the FY 1%%2 fall surveys.

A total of three ad-clipped chinoock were identified during fall surveys. The
obgerved ad-clip rate for the survey period of November 12 to 14 was 2.1%
{n=2), and for the survey periocd of Hovember 25 to 26 3.3% (n=1). Ro ad-
¢lips were obsasrved during the last two survey periods. Due to the lack of
age structure data and the difficulty of identifying ad-clipped fish within
large schoels, an ad-clip rate for y=ar classes cannot be accurately

determined.
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Table 5. Salmonid live counts by reach, Blue Creek, fall 1991 winter 1992,

Chinook Steel head
Date Reach AdultJack  Coho 1/2 pounders Adults

11—-12-91 6 1/0 0 0 0
11-12-91 5 11/2 o 0 0
11-12-91 4 28/4 3 2 2
11-13-91 3 21/0 1 O 0
11-13-91 2 25/2 4 0 4
11-14-91 1 3/0 3 8 0
Total: 89/8 11 10 6

112591 6 2/0 o &) 0
11-25-91 5 0 0 0 0
11-26~-91 4 8/1 O 0 0
11—-26-91 3 6/0 1 0 3
11—-26-81 2 13/0 3 0 0
12—-03--91 1 3/0 0 0 1
Total: 3211 4 0 ‘4

12-10-91 6 1/0 0 0 0
12-10--81 5 3/ 0 0 0
12—-10-91 4 3/0 o 0 1
12~11-91 3 2/0 0 8 3
12—-11-91 2 16/1 1 23 5
12-12-91 1 3/0 G i2 2
. Totak 28/1 1 43 11
01~-07-92 6 0 0 0 3]
o1 -07-92 5 0 0 11 2
01-07--82 4 2/0 0 2 1
01~-08~92 3 ¢ o O C
01-08-22 2 0 v 75 9
01—-08-92 1 0 8 5 3
Total: 2/0 O 93 15
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Juvenile Salmonid Investigations

Chinook Salmon

A total of 10,688 juvenile chinook were captured by the screw trap in 75 days
of trapping (Table 6). Chinook were captured throughout the entire sampling
period. Weekly catches ranged from a low of 10, during the second week of
trapping, to a high of 1,940, which occurred during the week of May 24.

A total of 9,166 3juvenile chinook were captured in the weir in 57 days of
trapping (Table 7). Weekly chinook catches in the welir ranged from a high of
2,334 during the week of May 24 to a low of 23 during the final week of
trapping. Due to high flows, only a portion of the stream was trapped with
the weir during the first week of trapping.

The juvenile chinook index for the period from April 8 through July 16 was
eatimated to be 49,5%0 (Table 8). Based on index values, the juvenile chinook
emigration peaked during the week of May 17 {Figure 12}. This peak coincided
with a minor storm event on May 19 (Figure 9). In addition, heavy equipment
operation occurred in and around the creek at rkm B.5 by Simpaon Timber on May
20. This work increased turbidity substantially in the Creek for that
trapping day, and may have influenced emigration. However, the timing of peak
emigration is similar to that observed in the previcus 3 years (USFWS 1990,
1992}, It is accordingly difficult to distinguish the effect of the unnatural
increase in turbidity.

The low index value for the week of April 12 may be the result of another
storm event that increased the stream discharge to over 2000 cfs. Only 10
chinook were captured in 3 nights of trapping during this week {Table 6) .

Due to the high flows the trap was placed out of the main flow and may have
under-sampled the numbers of juvenile salmonids emigrating past the trap site.
By April 20, stream discharge had decreased to levels at which the trap could
pe effectively operated. Basgd on index values, over 97% of the juvenile
chinook that emigrated from Biue Creek during the trapping period did so by
the week of June 28. Although 78 chinook were captured during the final week
of trapping, it is believed that the majority of the chinook had already left

the system.

Juvenile trapping was discontinued on July 17. Based on the last week of
sampling in 1992, as well as the 3 previous summers, it appears that a few
juvenile chinook were still emigrating at leasgt through August and probably
throughout the fall. Because some emigration occurs before and after the
trapping period and at least 2 chinook redds were identified below the trap
site, the index of 49,590 should be viewed only as a measure of juvenile
production for the period from april 8 through July 16.

The index of production for the 1932 trapping season appears relatively high
considering the relatively low adult return for fall 1%%:. This apparent
increase in survival of YOY chinook may be attributed to the mild fall and
winter conditions experienced during the 1991-1982 spawning season.
Relatively mild flows and temperatures may have increased survival of redds
and breod. Preliminary observations suggest similar tendencies in natural
chinock production were seen throughout the Klamath Basin.

Mean length of juvenile chinock captured in the screw trap and weir generally
increased throughout the 1992 juvenile trapping season (Figure 13}. HMean
length of juvenile chinock ranged from 41.0 mm during the week of April 12, to
83.7 mm during the final week of trapping, July 12 (Table 93). The decraase in
mean fork length of juvenile chinook captured by the screw trap during the
week of April 12, may be attributed to the small sample size {(n=10) of that
week. Mean length of chinook captured in the weir ranged from a low of 53.6
mm during the week of May 10 to & high of 84.7 mm during the week of July 12
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Figure 12. Weekly juvenile chinock abundance index, Blue Creak 1992,
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Figure 13. Weekly mean fork length of chinock captured in the screw trap and

weir during 1692 juvenila frapping on Blue Cresk.
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Table 9. Weekly mean fork length (mm), standard deviation {s), and sample size {n) of chinook
captured in the screw trap and weir during 1992 juvenile trapping on Blue Creek.

P —value for
Screw Trap Weir significant
Week Mean 5 n Mean 5 n difference
04/05/92 41.8 3.65 41 0
04/12/92 41,0 7.42 10 0
04/19/92 51.0 7.65 72 0
04/26/92 52.4 7.47 114 s
05/03/92 542 7.92 120 0O
05/10/92 59.8 7.75 126 536 5.44 a3 0.0000
05/17/92 61.1 7.80 163 54.6 6.47 180 0.0000
05/24/92 63.6 10.30 158 57.8 8.37 184 0.0000
05/31/92 65.1 917 216 61.8 7.96 223 0.0000
06/07/92 66.8 8.58 212 63.6 8.47 222 0.0002
05/14/92 71.8 8,79 205 69.6 7.78 208 0.0082
06/21/92 73.6 9.62 218 70.6 817 109 0.0071
06/28/92 78.3 B8.43 2N 741 8.88 200 0.0000
07/05/92 B81.8 7.36 i85 79.1 7.80 113 0.0031
07/12/92 83.7 7.10 44 84.7 7.81 23 0.602¢
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{Table 9). Mean fork length of YOY chinook captured in the weir was generally
less than that of chinook captured in the screw trap {(Figure 13}, There was a
significant difference in mean fork lengths of chinook captured in the weir
and screw traps (F=174.3; df =1, df=3262; P=0.000) and a significant
difference between weeks (¥F=293.8; df =9, df=3262; P=0.000). Thare was a
significant difference in the length of c¢hinook captured in the two traps in 7
of the 10 comparisons, with the length of chinook captured in the screw trap
being greater on all 7 cccasions (Table 9). The greater length of chinook
captured in the screw trap may be due to larger fish emigrating in the swifter
current in which the screw trap is placed, making them more susceptible to
capture, Additionally, larger chinock maybe able to avoid capture by the weir
during lower flows. Juvenile chinook were cbserved swimming out of the frame

net during some lower flows.

Coded wire tagging began on May 15 and ¢ontinued through July 9. A total of
13,637 chinook were tagged and releassd. This represented more than 65% of
the total number of chinook YOY (19,8%4) caught by the screw trap and juvenile
weir. The CWT retention rate was measured weekly and averaged 94%, with an

average mortality of 4%.

Steelhead Trout

Three age classes (YOY, 1+, and 2+) of steelhead were captured in the screw
trap. A total of 364 YOY, 851 1+, and 173 2+ steelhead were captured in the
screw trap during the 1992 trapping season (Table 6). Steelhead were captured
throughout the entire juvenile trapping period, but individual age clazses or
developwmental stages {(parr/smolt) were not captured during all weeks. A total
of 1,121 YOY, 69 age 1+, and 6 age 2+ steelhead were captured in the weir

during the trapping period (Table 7).

YOY steelhead were first captured in the screw trap during the week of April
12, n=6, After YOY steelhead wers first encountered, weekly screw trap
catches of YOY steelhead ranged from 1 {during each of the weeks of April 19
and April 26) to 72 during the wsek of June 28 (Table 6). The YOY steelhsmad
abundance index was 1,531 {(Table 8%. Based on indices for the trapping
period, the majority of YOY steelhsad {75%) had emigrated past the trap by the
week of June 14 {(Figure 14).

Mean fork length of YOY steelhead captured in the screw trap remained fairly
constant from the week of April 5 to the week of June 14 of the trapping
season, fluctuating between 29.0 mm and 35.3 mm. Following the week of June
14, mean fork length increased significantly to 58.3 mm (Figure 15). HMean
fork length then generally increased during the remaining period of trapping,
ranging from 54.8 mm to 66.4 mm (Table 10j).

A total of 851 1+ steslhead were captured in the screw trap (Table 6). Of
these, 783 (92%) were classified as parr. Age 1+ steelhead were captured
during sach week of trapping. Psak catch of 1+ steelhead (179 parr and 25
smolts) occurred during the week of June 28. This time period corresponds
with a late storm event which encouragsed emigration and is reflected by an
increase in catch. The 1+ steeslhead abundance index was 5,594 (5,318 parr and
276 smclis) for the juvenile trapping season (Table B8). Based on the 1+
steelhead irdex, the majority of 1+ steelhsad (75%) emigrated f{rom Blue Creek
during April 5 to May 31 and peaked during the week of April 26 (Figurs 14},
R seccondary peak (index of 616) occurred during the wesk of June 28. This
secondary peak corresponds to a storm event which encouraged emigration

{Figure %3.

A total of €9 age 1+ steelhead were captured in the weir (Table 7). Thes
majority of these, 65 (94%) were classified as parr. Thig percsntage of aga
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Figure 14. Weekly juvenile stesthead abundance index, Blue Cresk 1992.
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Figure 18. Weekly mean fork length of steethead captured in the screw trap
during 1992 juvenils trapping on Biue Creek.
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1+ steealhead classified as parr was similar teo that observed for the sorew
tyrap catch. Peak weir catch of 1+ steelhead (11 parr and O smolts) also
pecurred during the week of June Z8.

Mean fork length of 1+ steelhead parr captured in the screw trap gradually
increased throughout the trapping season {(Figure 15) ranging from 100.0 mm
during the first week of trapping and increasing to 151.2 mm during the last
week of trapping (Table 10}. Mean fork length of 1+ smolts generally
increased throughout the trapping season and was in all cases greater than the
mean fork length of 1+ parr (Figure 15). Mean fork length of 1+ smolts ranged
from 124.0 om during the second week of trapping to 164.0 mm during the last
week of trapping.

A total of 173 2+ steelhead were captured in the screw trap (Table 6). Peak
weekly catch of 2+ steelhead, 44, occurred during the firet week of trapping.
Twenty-six {15%) of the 2+ steslhead were classified as parr. BAge 24
steelhead were captured during all but the last two weeks of the trapping
period, although both develcopmental stages (parr and smolts) were not always
present. Catches of 2+ steelhead were infrequent after the week of May 31, but
incregased slightly during the storm event which occurred the week of June 28,
The 2+ steelhead abundance index for the trapping season was 1,875 {(Table B).
Based on the 2+ abundance index, the majority (82%) of the 2+ steelhsad
captured during the trapping season emigrated from Blue Creek from April 5 to
May 10, and peaked during the week of April 19 (Figure 14)}.

Only six age 2+ steelhead were captured in the weir {Table 7). Two of these
were classified as smolts. All of the age 2+ steelhead were captured between
the first and fifth week (May 5 to June 7) of trapping with the weir. The low
catch of 2+ steelhead by the weir can be attributed to the ability of the
larger fish to swim out of and evade capture by the weir, especially during
lower flows.

Mean fork length of 2+ steelhead smolts captured in the screw trap ranged from
171.0 mm (n=1) during the week of May 31 to 193.%6 mm during the week of June
28 (Table 10). Mean fork length of age 2+ steelhead smolts generally
decreased throughout the early portion of the trapping season (Figure 15j}.
This trend of decreasing length over time was also observed during the 1%8%
and 1990 trapping season and to a lesser degree in 1991 season (USFWS 1990,
1992}).

Due to the relatively high number of 1+ and 2+ steelhead captured during the
first week of trapping, it is cbvious that the steelhead emigration had
commenced some time before trapping began. Because of this, abundance indexes
preszented are not intended to reflect the entire production of age 1+ and 2+
steelhead but only the emigration of steelhsad observed during the trapping

period.

Coho Salmon

Two age classes of ccho salmon, YOY/parr and 1+, were captured during the 1592
trapping operation. A total of $9 juvenile cohc salmon (B8 YOY/parr and 11 1+
smoits) were captured in the screw trap (Table &). The juvenile weir captured
a total of 127 YOY/parr. No coho smolts were caught in the weir (Table 7}.

The weekly catch of YOY/parr coho in the screw trap ranged from 0 during the
first 4 weeks of trapping and the final week of trapping, to 18, during the
week of Juns 28; the week of a storm event sncouraging emigration (Table 6 and
Figure %)}. The YOY coho abundance index for ithe trapping season was 378
{Table 8)}. Bassd on index values, the peak of ¥YOY cocho emigration occurred
during the wsek of May 17 (Figure 16). Smaller pesks in abundance occurred
during the wseks of May 3 and June 28.
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YOY /parr coho were captured in the juvenile weir throughout the trapping
smsason which began the week of May 10. The catch ranged from 1, during the
iast week of welr operation, to 27, during the week of June 28 (Table 7).

Mean fork length of YOY coho captured in the screw trap ranged from 66.1 mm
during the week of May 24, to 81.7 mm, during the week of May 10 (Table 11}.
Mean fork length of YOY coho sharply increased and then decreased between the
weeks of May 3 and May 24, but after May 24, it gradually increased throughout
the remainder of the trapping season (Figure 17).

Mean fork length of YOY coho captured in the weir generally increased
throughout the trapping period, with the exception of a sharp drop in fork
length during the final trapping week {Figure 16). This drop can probably be
attributed to the small sample size for that week (n=l). Mean fork length
ranged from 59.3 mm during the week of May 10, to 78.0 mm, during the week of

July 5 {(Table 11).

hge 1+ coho were predominately captured in the screw trap during the early
part of the trapping operation, with the peak weekly catch of 3 occurring
during the week of May 14. Coho smolts were not captured after the week of
May 24 (Table 6). The l+ coho abundance index was 118 (Table 8). Based on
the observed timing, the majority of the 1+ coho {68%) emigrated from Blue
Creek by the week of May 3, with a peak occurring during the week of April 19
{Figure 16). A secondary peak (index of 17} occurred during the week of May
17. Bs with the 1+ and 2+ steelhead, trapping was apparently initiated after
the 1+ coho smolt emigration began and the index of abundance is only
indicative of the trapping period.

Mean fork length of 1+ coho generally increased during the early part of the
juvenile trapping period, and then decreased by May 24, the last week 1+ coho
were captured (Figure 17). Mean fork length ranged from 124.0 mm the week of
May 10, to a low of 91.0 mm during the week of May 24 (Table 11).

Coagtal Cutthroat Trout

Nine cutthroat parrs and 1 smolt were captured by the screw trap and only a
single parr was captured by the weir during the juvenile trapping season. The
firgt fish was caught during the week of May 17, the last cutthroat was caught
during the week of July 5. Fork length of parreg ranged from 120 mm to 163 mm,
and the single smolt 255 mm. Juvenile cutthroat have been identified in only
one other trapping year during the USFWS investigations on Blue Creek. Two
individuals were caught during the month of June in 1990. Possible sea-run
adults were observed sporadically during fall 1991 adult surveys and the 1992
juvenile trapping season while snorkeling.

Other Species

Rdditional species captured by the screw trap and juvenile weir included (in
decreasing order of abundance) speckled dace {(Rhinichthys gsculus), threespine
stickleback {Gasterosteus aculeatus), Prickly sculpin {{gttus asper}), Klamath
smallscale sucker (Catostomus rimiculus), Pacific lamprey adults and
ammoccetes {Lampetra tridentata), western toad {Bufo boreas), foothill yellow-
legged frog (Rana boylei}, and juvenile Pacific giant salamander (Dicamptodon
snsatug).
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SUMMARY

Continuing investigations on Blue Creek have monitored the trends of chinook
spawning and juvenile emigrations. Previous reporte on this project have
included habitat clazssifications, densities of juvenile chinook, and
guantitative estimates of spawning and rearing habitats.

Numbers of returning adult fall run chinook continued to be very low in 19%1.
Baged on the total estimated area of suitable spawning habitat, only 2% of the
maximum potential number of redds were seen during fall 1%%1. This compares
with 2% in 1950, 6% in 1%8% and 2% in 198B. Continued harvest of this stock
should be of concern if recovery of the population is expected to occur in a
reasonable period of time. A total of four Blue Creek chinook (brood year
1989) were identified in the 1991 ocean harvest from CWT recoveries {PSMFC
1893). Two CWI Blue Creek chinock {(brood year 1989) were identified by the
in~river net harvest monitoring program in fall 1981 (USFWS 1992). Ocean and
in~river harvest of this stock should continue to be examined for affects on
epcapement, In addition, the continued take of these fish for artificial
propagation may contribute to the insufficient escapement of spawners to Blue
Creek.

Radictelemetry of adult spawners proved to be a useful, although time
consuming method to locate remote areas of gpawning activity. It was also a
feasible alternative when high flows prevented wading survesys.

Radiotelemetry helped to identify the use of the lower 3.5 km of Crescent City
¥Fork by spawning chinook during fall 1991.

Emigrating juvenile salmonids were trapped using both a rotary screw trap and
welr. On average, larger fish were caught by the rotary screw trap than by
the weir. Calculated abundance index for total chinook juveniles was 49,590
for 1992, compared with 12,500 for 1991 and 32,000 for 19%0. A total of
12,687 chinook ¥YOY were coded wire tagged during the trapping period,

Low flows in late summer and early fall 1991 may have delayed immigration of
spawners, but no barriers were noted after fish began moving upstream. HMHild
temperatures and stream flows during late fall and winter may have contributed
to an increase in survival of the 1991 brood year of juvenile salmonids.

Water levels continued to be relatively low and stream temperatures warm
during summer 1992, although no specific problems were noted with rearing
fish. In summer and sarly fall, water from Blue Creek continued to provide 3
cool~-water refuge at the confluence to spawners migrating in the Klamath
River.

CONTINRUED INVESTIGATIONS

Investigations are projected to continue for FY 19%3. Surveys of adult
spawners (species, numbers and locations) and chinook redds {(numbers and
locationg) will be carried out. Counts will be made of emigrating juvenile
salmonids, and recommendations will be made for enhancement activities likely
to stimulate stock production. The marking of emigrating chinook with coded
wire tags will be continued, in order to assess the contribution of Blue Creekx
stocks to the fishery. Flow and temperatures will also be monitored. Based
on observed use of specific habitats, and general knowledge of stream
restoration methods, proposals may be made for projects to restore riparian
and aguatic habitats.
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Ropendix A,

Habjitatr tvpes and descriptions,.

CODE  BABITAT TYPE

0

i

10

Dry Channel {DRY)

Low Gradient Riffle (LGR)

High Gradient Riffle (HGR)

Cascade {CAS5}

Secondary Channel Pool (SCP)

Rackwater Fool (BwBo)
Boulder Formed

Backwater Pool (BwRw)
Rootwad Formed

Backwater Pool (BwLog)
Log Formed

Trench/Chute (TRC}

Plunge Pool ([PLP)

Lateral Scour Pool (Lslog)
Log Formed

DESCRIPTION

Shallow reaches with swiftly flowing,
curbulent water with some partially
exposed substrate. Gradient <4%, substrate
is usually cobble dominated.

Steep reaches of moderately deep, swift,
and very turbulent water. Amount of
exposed substrate is relatively high.
Gradient is >4%, and substrate is boulder
dominated.

The steepest riffle habitat, consisting of
alternating small waterfalls and shallow
pools. Substrate is usually bedrock and
boulders.

Pools formed outside of the average wetted
channel width. During summer, these pools
will dry up or have very little flow.
Mainly associated with gravel bars and may
contain sand and silt substrates.

Found along channel margins and caused by
eddies around obstructions such as
boulders, rootwads, or woody material.
These pools are usually shallow and are
dominated by fine grain substrates.
Current velocities are quite low.

Channel cross sections typically U-shaped
with bedrock or coarse grained bottom
flanked by bedrock walle. Current
velocities are swift and the direction of
flow is uniform. May be pool-like.

Found where stream passes over a complete
or nearly complsete channel obstruction and
drops steeply into the streambed below,
scouring out a depression; often large and
deep. Substrate size is highly variable.

Formed by flow impinging against a
streambank or against 3 partial channel
obstruction. The associated scour is
generally confined to «<60% of wetted
channel width. Channsl obstructions
include root-wads, woody material,
boulders and bedrock.
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hoppendix A. (continued).

£ODE
11

12

13

14

i5

16

17

i8

19

20

21

HABITA

Lateral Scour Pool (LsBRw)
Rootwad Formed

Lateral Scour Pool {(LsBk}
Baedrock Formed

pammed Pool (DPL)

Gglides (GLD}

Run (RUN})

Step Run ({STR}

Hid-Channel Pool (MCP)

Edgewater (EGW)

channel Confluence Pool (CCP)

Lateral Scour Pool (LsBo)
Boulder Formed

Pocket Water (POW)

DESCRIPTION

Water impounded from a complete or nearly
complete channel blockage (log jams, rock
landslides or beaver dams). Substrates
tend toward smaller sized gravels and
gand.

b wide uniform channel bottom. Flow with
low to moderate valocities, lacking
pronounced turbulence. Substrate usually
consists of cobble, gravel and sand.

Swiftly flowing reaches with little
surface agitaticn and no major flow
obatructions. Often appesars as flooded
riffles. Typical substrates are gravel,
cobble and boulders.

A sequence of runs separated by short
riffle steps. Substrates are usually
cobble and boulder dominated.

Large pools formed by mid-channel scour.
The scour hole sncompasses more than 60%
of the wetted channel. Water velocity is
slow, and the substrate is highly
variable.

Duiet, shallow area found along the
margina of the stresam, typically
associated with riffles. Water velocity
is low and sometimss lacking. Substrates
vary from cobbles to boulders.

Large pools formed at the confluence of
two or more channels. Scour can be due to
plunges, lateral cbstructions or scour at
the channel intersections. Velocity and
turbulence are usually greater than those
in other pool types.

Formed by flow impinging against bouiders
that create a partial channel obstruction.
The apsociated scour is confined to <60%
of wetted channel width.

A section of swift flowing stream
containing numerous boulders or other
large obstructions which create eddies or
scour holes {pockets) behind the
obstructions.
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{eontinued),

Corner Pool {(CRP)

Step Pool (STP)

Bedrock Sheet (BRS)

SCR ON

Lateral Scour Pools formed at a bend in
the channel. These pools are common in
lowland valley bottoms where stream banks
consiet of alluvium and lack hard
chstructions.

A series of pools separated by short
riffles or cascades. Generally found in
high gradient, confined mountain streams
dominated by boulder substrate.

A thin sheet of water flowing over a

smooth bedrock surface. Gradients are
highly variable.
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