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ABSTRACT

The rainbow trout fishery in the Upper Klamath
Rlver Wlld Trout Area was examlned 1n 1981 and 1982. In
the sprlng of 1982, 28l mature rainbow trout were trapped
at the mouth of Shovel Creek, the only known spawning
tributary to the area. Males were 78 percent age two and
females were 89 percent age threek Less than 10 percenf
of the upstream migrants had scale checks indicating prior
spawning and less than 10 percent were recaptured as
speﬁt downstream migrants. Spawning success could have
ﬂ;rbeen llmlted by a lack of sultable spawning gravel

dewatering of redds from irrigation dlver510ns, and fine

sediments in the redds (13 peroent of redd volume less

than 0.85 millimeters in diameter) possibly from logging
«. .. and cattle grazing in the area. The 1982 spawning pro-

duced a year class estimated to contribute a maximum of

132 203 flsh to the Upper Klamath Rlver Most emigrated
~at age O"and the few older fish rearlng in Shovel Creek
had slower growth than spawners Or creeled flSh Rainbow

trout creeled in the Upper Klamath River Wild Trout Area

were primarily age one and two, with yearlings entering

the fishery in late July. Creeled fish were significantly

'{ﬁ'larger*thaﬁ@syawnersfat-bacﬁ—calculated ages one (p<0.05)
| atch averaged 0 5 ralnbow trout per

th. was ;240'm1111meters Juvenlle'i_
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steelhead stocked in Copcc Rescrveir (31,000 to 100,32
yearly in 1978 to 1980) possibly contributed to the Upper

- Klamath River Wild Trout Area creel and/ur the Shovel

Creek spawning run.
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INTRODUCTION

California offers a wide variety of fishing
experiences, including Wild Trout Areas where the
emphasis is on maintaining wild stocks of fish in
natural areas (Gerstuhg, 1975). Wild Trout areas
require careful management to prevent reduction of the
stocks from overharvest and habitat degredation. |

| In 1978, the California Department of Fish and
Game began preparing a management plan for a designated
Wild Trout Area on the Upper Klamath River. In 1980,
the Department decided that to plan effectively, it
required'more detailed knowledge abou£ fish populations
énd habitat conditions in the area. Past management had
relied primarily on five limited creel censuses
conducted on the Klamath River from 1974 to 1978
(Rogers, 1978) . Shovel Creek was the only known
spawning tributary to the Klamath River between John
Boyle Dam and Copco Dam. Kno%ledge about the spawning
run in this tributary was limited to data from an egg .
taking station that was operated from 1889 to 1912 and
1929 to 1934 (Calif. Dept. of Natural Resour., 1941;
Calif. State Beard of Fish Comm., 1892,1894), 1951 and
1952 opening day creel cens;ses-on Shovel Creek (Coots,
1952), and spot electroshocking in 1976 and 1978

(Rogers, 1978). Insufficient SPawning gravel was




assumed to be a limiting factor iﬁ Shovel Creek, but
this had not been substantiated.(D. Rogers, California
Department of Fish and Game, Yreka, California 96087).
Reported here are the results of a study,
conducted from June to December 1981 and April to
November 1982 on the Upper Klamath River Wild Trout Area
and‘the associated spawning streéﬁ (Shovel Creek).
Objectives of this study were to.colléct data on the
1ife history characteristics of trout in Shovel Creek
and examine factors limiting spawning in the creek. Of
special importance was the relationship of the current
spawning run in Shovel Creek to tﬁe Klamath River wild
trout fishery, and the potential for improving Shovel
Creek as a spawning area. |
Specific objectives of the study were formulated
to be:
1. Determine the numbér, size, age, and sex.of the
épawnihg trout population in Shovel Creek.
2. Compare age and growth of the spawning population to-
that of £fish cfeeled in the Wild Trout Area.
'3, Determine the dispersal of trout.from the Shovel
Creek spawning population and contribution to the Wild

Trout fishery.

4. Determine the quantity and quality of spawning

1

habitat in Shovel Creek.



STUDY AREA

The Uppéf Klamath River Wild Trout Area, located
49 kilometers north-east of Yreka, Califdrnia, extends
from the Ofegon Border to Copco Reservoir, California
(Figure 1). John Boyle Dam, 40 kilometers above the
border, influences the water level in the Wild Trout
Area.

Shovel Creek enters the Klamath River
approximately 4.8 kilometers below the Oregon border at
814 meters elevation (Mount Diablb base andrmeridian,
R3W, T47N, Section 275, and ofiginates on the east slope
of Willow Creek mountain (2388 meters elevation) in the
central part of R3W, T46N, MD&M. The stream is 20.3
kilométers long (21.3 kilométérs intefmittant} and
drains 142 square kilometers of the Casade.Rahge which
.is composed of igneous rock. About twenty percent of
Shovel Creek is controlled by the U.S. Forest Service,
and there are numerous timbef clearcuts in the headwater
areas (Upper Klamath River file, Calif. Dept. of Fish
and Game, Yreka, California-96097);

Stream discharge is primarily from precipitation
and show-melt. Winter and spring flooding is common,
with flows probably reachigé tﬁree to five cubic meters
per second. Several perrenial springs agument the flow,

but irrigation diversions in the lower two kilometers

2
=2



=p

*B3IAY 3INOAL PITM ISATY yaewey xaddp -1 sanbrg

m.e
®
) sBuip|ing = eNOIA Of
§8900YyY HBujysid — . 1
10111eq>-
< | AdMN
‘o ! ¢
\:.,v 5 et D
$ mx._\\{fmﬁﬂ
4 weq 02do)
..\...r. . 27
s S1910WO|I Y
8 | e . | "
S fl ¢ b+ 0 _
VINHOLITVD

e &“k xwﬂa@uu Wy N.
( ?

A0S NBURRNEI It RNttt Nttt 0000000000000 0008000000000800008080800080

NODIHO



can reduce the flow at the mouth ﬁo 0.05 cubic meters
pef second in summer (Upper Klamath River file, Calif.
Dept. of Fish and Game, Yreka, California 96097) .

Study of Shovel Creek was confined to 3.2
kilometers of thé stream, from the mouth upstream to a
barrier falis. Most work was on the lower 2.4
kilometers, because of its acceséibility to vehicles.
From the falls downstreanm 1.6 kilometérs,lthe stream
drops 89 meters and from there to the mouth another 48
meters.- The afea typically has wet winters and dry‘
summers. Average yearly rainfall at Copco Dam is 41.38
centimeﬁers (Calif. Dept. of Watef Resources, 1963).
The air temperature rahges from -15 to 35°C (Rogers,
1978) . According to Rogers (1978), vegetation includes
"yellow pine™ (Rinus‘sp), "black oak" (Quercus _
kelloggii), "alder"™ (Alnus sp), "willow”™ (Salix sp), and
chaparral. The lower sections of ﬁhe study area are
surrounded pfimarily by pasture.

The étudy area is leased by the Pacific Power
and Light Company to a rancher, whose cattle graze

freely in the pasture and have access to the stream.



MATERIALS AND METHODS
Eiﬁlﬁ_m_dm;es

Spawners

In April 1982, a weir with up and down stream
traps was placed across Shovel Creek, 60 meters above .
the mouth (Figure 2). Mesh in the weir captured all
mignéting fish greater than 30 millimeters in fork
length. Traps were checked at least once per day from
April untii July. The trout were counted, sexed,
measured (fork length), weighed, and examined for state
of sexual maturity. Scale samples were taken from evety
availablé class (10 millimeter fork length increments)
to a maximum of ten trout in each class. Scales were
removed from the left side of the fish, below the dorsal
fin and close to the lateral line (Chugunova, 1963).
All) upstream migrating trout were marked by removing the
adipose fin. All downstream adult migrants trapped were
examined for presence or absence of the adipose fin.
Most of the healthy.spenthish recovered in the
downstream trap were tagged with California Department
of Fish and Game five-dollar-reward "trailer tagé"r
described by Nicola and Cordone (1969) . 'Trapping
efficiency was checked in late‘April by electroshocking
sections of the stream above the trap to determine the

6
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ratio of marked to unmarked adult trout. In late July,
sections of stream were electroshocked to determine the
number of adult fish not migrating from the stream. In
Jhly, scales were taken from electoshocked fish over 70

millimeters in fork length.

Habitat and Redd Map
In August 1981, I outlined a map of the lower

2.4 kilometers of Shovel Creek. I started at the mouth
and pldced numbered rebar stakes on alternate banks,
about 60 meterslapart. I meaéured distance and compass
direction from the last'sfake and to the op?osite bank,
using a measuring tape and transit with compass. From
these meaS“rements,.a diagram of the stream was made. |

Based on the developéd map, I divided the stream into

four 610 meter sections, numbered sequentially from the

stream mouth.

During_high water in the winter of 1982, the

lower sections of the stream changed substantially and

stakes washed out. These sections were remapped in
April 1982,

From April to June 1982, I surveyed the lower
2.4 kilometers of the stream for redds, marking their
locations on the map. Redd size and the depth and
velocity (0.12 meﬁer from the bottom) of the water

immediately upstream of the redd was recorded. I



measured depth and velocity of the water with a pygmy
current meter ( W.L.E. Gurely, Teledyne Co., Troy,'New

York)d.

Hahilt oualj

Temperature, water gquality, and water flows were
measured at the weir from April to November 1982. The
first two weeks, water temperature was measured with a
pocket thermometer, one to two times per day, after
which temperature data was available from a recording
thermograph. Water quality was tested one to four times
pet month. The Portable Ecology Combination Kit {(Model
AL-36DT, Hach Chemical Co., Ames, Iowa) was used to
determine pH, dissolved oxygen, alkalinity, and
hardness; Phosphates were measured with an
Orthophosphate Test Kit (Model PO-19, Hach Chemical CO.,
Ames, iowa). Flowé were measured one to four times per
month on a transect just upstream of the weir, using a
current meter (Price AA, Teledyne Co., Troy; New York).
Flows were also measured at the head of the diversions
in mid June, using a pygmy meter. |

Spawning gravel quality was evaluated from
McNeil gravel samples in five of the frequently used
spawning areas (McNeil and Ahnell, 1964} . Surface
gravel size was visually -estimated. All areas of
stream large enough to accdmmédate at least one average

sized redd, and containing gravel in the visually
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determined size range (6.35-76.2 millimeters) were
measured and marked on the map.

Rearing habitat was evaluated in late September
by analyzing one stream segment in each of the four
stream sections. These segmeﬁts were 15 to 46 meters in
lehgth. They were selected for accessibility and for
having the water depth, water velocity, and stream
bottom substrate generally observed in the section they
represented. FEach segment was subdivided‘into shorter
segments, based on habitat similarity. 1In each
subdivision, substrate composition and pool:riffle ratio
(surface area of pools/surface areé of riffles) was
estimated, and water depth and velocity were measured at
15 to 30 points acfoss a central transect.

Immature Fish .

Outmigrating age-O fish were trapped beginning
late July 1982. The weir was covered with plastic
sheeting, and tﬁo downstream fry traps were inserted.
When the traps could not be serviced, they were removed
and fish passed through the weir. Trapped fish were
counted and measured, and scalés were taken from all
fish over 70 millimeters in fork length. Weights and
scales were taken on random days from all fish trapped.

Instantaneous estimates  of fry populations were
made using the Seber and Le Crén {(1967) two-pass-method

of population estimation by electroshocking. Two Shovel
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Creek stream segments were shocked in July, and the four
representative segments selected for habitat analysis
were shocked in September. Scales were taken from all
electroshocked trout over 70 millimeters in fork length;
Creel Censug

A creel census of fishermen in the Upper Klémath
River Wild Trout Area was conducted in 1981 and 1982.
Up to four weekend days and four weekdays per month were
selected by stratified random sample for creel
ceﬁsusing. In_1982, holiday weekends were also sampled.
On creel cénsus days, fishermen were requested to stop
upon exiting the area. Fishermen catcheé were counted
and measured. Some trout weightes and scale samples were
tgken; The fishermen's county of residence, stream
section fished, hours fished, methods used, and fish

returned to the stieam were recorded.
Scale Analysis

Scales were soaked in sbapy water for one to two
days, rinsed and observed with a dissecting scope. The
six best scales from each fish were mounted between tﬁo
microscope slides. Scales were examined with a Realist
Vantage I microform reader at 58% magnification. O©On
each slide, one scale was'selected for average size,

symmetry, and readability. Measurements were made along

the anterior median radius of the projected scale
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{Bagenal and Tesch, 1978). Scaleé from a maximum of ten
.ranéomly seiected fish in_each 10 millimeter fork length
increment were used in body-scale regressions. Scales
were examined twice, two days apart. The second
examination was made without knowledge of the first
reading. If the two readings did not agree, an opinion
was obtained from another reader. If po agreement could
be reached, the fish was not aged.

Mean width between circuli was determined by
dividing the scale radius distance between annuli or
between focus and annulus, by the number of the circuli

in that segment.
A ig

Humboldt State University Program Package
GROWTH, developed by Collins (1977) waé used to compute
length frequencies,-length~weight: '
| log weight = log a + b(log length), (1)
where log a was the intercept andrb the regression
coefficient of the linear regression of log 1ength.on
log weight, Fulton's (1911) Condition Factor:

weight = 100,000/length3, (2)
body-scale regression:

fork length = a+b(scale radius), {3
where a was the'intercept a;d b the regression
coefficient of the linear regression of scale.radius on

fork length, and back calcuiations. Back calculations
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were performed using the Y-intercept of the body-scale
! ' " regression (a) in the Frazer (1916) and Lee (1920)
modification formula _

L, =_a+((L—a)/S)(Si) (4}
where Li was the back-calculated fork length at age i,
Si was the scale radius at age i, L was fork length at
capture, and S was scale radius at capture.

Statistical comparisons were made using methodér
of Sokal and Rohlf (1969). Less than or equal to five
percéné probability of type one error was considered
significant. Linear-regression line comparisons were
made with F-tests. Comparisioné between mean circuli
width and back calculated lenéths were made with |

. t-tests. Comparisons of back calculated lengths between
‘mature migrants, 1981 creeled fish, and 1982 creeled |
fish were conducted using a pooled mean square within
- groups. ©Sex ratios were compared using G-tests.

Age cﬁmpositions were determined with an
interactive computer program which fit preliminary
values from the aged subsamples té length frequéncy
histograms {(MacDonald and Pitcher, 1979). Chi-square
tésts were used to ascertain goodness of fit.

Several techniques weie used to obtain estimates

“of population numbers. Minimum populatidn of migrating
‘mature and immature fish wag thé number of fish actually

trapped. The number of mature migrants was also

’ estimated using the standard Peterson population
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estimate, with Chapman's (1951) modification:

n = (marked figsh+l) {recaptured fish-1) (5)

{recaptured marked fish+1l)
Size of the juvenile population in the electroshocked
stream segments was estimated esing the Seber and LeCren

(1967) two catch equation:
'n = 2(first catch) (6)

(first catch-second catch)
Each segment estimate was then multiplied by the ratio
of stream segment length to the length of the section it
represented, to estimate section population. Section
populations were summed to détefmine total stream
population. Ninety-five percent confidence intervals
were calculated for each section population_estimate.
Maximum stream population was considered to be the sum
of the upper limits of the 95 percent confidence
intervals. The maximum number of age-0 fish which
emigrated was estimated by adding the maximum stream
population, which had the potential fq migrate, to an
estimate of the.maximum number of fish that emigrated
before the stream estimate was made. Migration before
electroshocking was calculated by multiplying the
largest number of fish trapped in one day by the number
of days that trapping was not possible, starting on the

day that the first fry was noted, and adding this amount

to the fish actually trapped during that period.



Rearing habitat (water depth, water velocity,
and substrate composition) wés summarized for each
electroshocked stream segment by averaging values found
for each segment, weighted by segment size. Segment
areas and‘vdlumes (based on average depth) were summed
to obtain électroshocked stream section area and volume.

Statistical Package for the Social Sciences,
(SPSS; Nie et al., 1975) was used Lo compﬁter tabulate
creel census data. Estimates of catch and hours wefe
calculated from the stratified random samples according

to Scheaffer et al. (1979).



RESULTS

. : Mj .
Adult trout migrating upstream were taken within

hours of installation of the fish trap on March 31,

11982, 'No further migration was recorded until April 9,

when two fish wefe'captu;ed. On April 10, a portion of
the weir washed out and the upstream trap wasl
inoperative until April 19. The trap operated
continuously for the remainder of the study. The
subsequent run had two peaks, occurring in late April
and mid-May (Figure 3). .The run ended on June 15. |
Adult out-migrants were first taken on April 6,

1982, immediately after installation of the downstream

trap. No other adults were trapped until April 28. The

trap was inoperative from April 9 to April 21. Most
downstream migration occurred from mid-May until June

10, and out-migration ceased on June 15 (Figure 4).

53 £ M .
A total of 2?6 upstream migrants were trapped
' T :
and adipose fin clipped. Of the 67 outmigrating fish
trapped, 12 were adipose marked. These data indicated a

16
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minimum population estimate of 281 fish (marked fish
plus unmarked outmigféhfs).. The standard Peterson
population estimate, with Chapman's (1951) medification,
was 1187 fish.

Electrofishing population estimation in April
was not possible because of high flows, but nine
uhmarked ripe fish were recovered in 160 meters in
Section 1 on April 22 by electréfishingQ On April 29,
electrofishing Section 4 recovered no ripe éish.
Electroshocking in Section 2 and 4 in late July captured
unmarked ffsh up to 194 miliimeters in fork length, all

apparently immature fish.

7 Males tended to migrate up Shovel Creek earlier
than females. .In April, the male to female ratio was
1.75:1, while in May;it was 0.59:1. However, overall
sex ratios did not differ significantly from an expected
1:1 ratio. The upstream:male to female ratio was 1.05:1
and the doﬁnstream ratio was 0.69:1. ‘Nine percent of
the marked females and two percent of the marked males
were recovered in.the downstream trap.” Ripe males were
brightly colored, often with parr marks, while females

had a silvéry appearance.

The body-scale regression-line equatioh for all

migrating fish, mature and immature, was L=38.11 +
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2.92(8) (r=0.97) . Back calculated growth for mature fish
is in Table 1. Fork length at age was similar for males
and females, except at age four, when males were

significantly (p<0.0l1) larger than females (Tables 2

and 3).

Length at Age at Capture

The average length a£ capture was substantially
larger than back calculated growth for each ége group
indicating that some fish had ﬁot yet formed an annulus
that year (Table 4). Adjusted lengths at capture for
the age groﬁps were derived by adding a year in age to
each fish with greater than average annual scale growth
beyond the last annulus. Average projected scale growth
 for females was 33 millimeters in year one and.two, and
20 miliimeﬁers in year three. Average scale growth for
males was 27 millimeters in year one and 35 millimeters
in years two and three. The age-of 24 of the 145 fish
was changed, and the resulting adjusted lengths‘for the
age groups at capture were close to backcalculated

lengths except at age one (Table 4).

circuli Spacing

Although circuli spacing for migrants was not
measured, it was noted during scale analysis that the
distance between circuli iné?eased slightly after.the
first year of growth. There was no other change in

spacing noticed, either between fish or between years.



21

increments of Length for Rainbow Trout in the

lrble 1. Back Calculated Mean Fork Lengths at Age and
_ ' Shovel Creek, California Spawning Run, 1882.-

Group Number _ | . Annulus

1 2 3 4
Age . o
1. 31 109.5
2 64 101.9 189.0
3 38. : 96.5 192.4 291.5
4 1z 101.7 205.4 299.5 357.6
Lengths '
Average Length 1062.1 191.9 293.4 357.6
Standard deviation 18.4 34.7 44.9 41..9
Number 145 - 114 50 12
Growth increments : _
Absolute 102.1 89.8 101.6 64.1
D =relative 100.0 g7.9  52.9  21.9




Table 2. Back Calculated Mean Fork Lengths at Age and
Increments of Length for Male Rainbow Trout in
the Shovel Creek, California Spawning Run,

1982,
Group Number Annulus
1 2 3 4

Age

1 25 106.0

2 38 104.0 182.5

3 6 104.8 206.0 304.4

4 2 96.1 172.6 313.1 388.8
Lengths

Average length 104.6 185.2 306.6 388.8

Standard deviation 18.4 32.2 60.6 66.6

Number 71 46 8 -2

Growth increments
Absolute 102.1 89.8 101.6 64.1
Relative 100.0 87.9 52.9 21.9




Table 3. Back Calculated Mean Fork Lengths at Age
- - and Increments of Length for Rainbow Trout

Females in the Shovel Creek, California
Spawning Run, 1982.
Group Number Annulus
1 2 3 4
Age _
1 6 124.4
2 26 98.8 198.5
3 32 94.9 189.8 289.1 =
4 10 102.8 211.9  296.7 351.3
Lengths , _
Average length - 99.7 1%86.4  290.9 - 351.3
Standard deviation 18.7 35.9 41.7 37.3
Number . : 74 68 42 10
Growth increments
Absolute 99.7 96.7 94.5 60.4
Relative 100.0 96.9 48.1 20.8




Table 4. Mean Fork Lengths at Capture for Each Age
Group of Rainbow Trout in the Shovel Creek

Spawning Run, 1982.

24

Age Group

1 2 3 4 5
Mean 190.5 232.0 336.1 381.6
Standard deviation 24.3 58.4 54.3 46 .9
Number 31 64 38 12
Adjusted Mean 182.3 202.5 305.6 368.3 447.0
Standard deviation 30.7 37.2 40.5 49.4 41.0
Number g 39 26 2

68
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~ =4 ey e e 7

Spawning checks were noted on four males (five.

percent) and seven females (nine percent).

Length~E and Ade C fed

Fork leng%&; of fish trapped ranged from }40 5.6
millimeters to 570 millimeters, averaging 268 ;°°
millimeters (standard deviation = 83). Males were
smaller than females, averaging 5%} millimeters in fork
length (standard deviation = 76) , compared to an average
of 305 millimeters (standard deviation = 63) for femalés
(Figure_S). |

In fitting the aged subsample to the length
.frequency histogram, back calculated lengths and lengths
at age at capture (adjusted and unadjusted) were tried
as preliminary values. The best fit (Chi-square = 33.3,
df = 31) was obtained from the adjusted lengths at age
at-cépturé, with the mean length at age one held fixed.
The resulting age ciass composition-was 37 percent age
two, 53 percent age three, seven percent age four, and
three percent age five {(Table 5). Males were 78 peréent
age two and females were 89 percent age three (Table 5).
Length and Weight

| The lengﬁh—weight relationship for upstream

migrants was W=0.000005(L3'133); for downstream migrants

.
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Tabie 5 it of Adjucted Lengehs at Capture to Length
Frequency Histograns of Mature Migranto inte
Shovel Creen, Culifcrnia, 193802,
Statistic  Age 2  Age 3 Age 4 Age 5 Chi-sguare
(df)
- Males . , 25.2
(38
Proportion 0.781 0.063 0.144 0.012
(S.EB. (C.04) (0.06)Y (0.06). (0.02)
Mean(mm)  196.4  302.8 371.4  444.8
(S.D.) 25.9 58.5 49.4 41.0
Females : 37.9
. (30)
Proportion 0.021 0.885 0.040 0.054
(S.E.) (0.02) (0.09) (0.11) (0.04)
Mean {mm} 186.6 305.6 | 371.4 444.8
(S.D.) 30.3 51.5 ©  59.5 49.4
Total ' 33.3
' (31)

Proportion  0.373  0.531  0.065 0.030
(S.E.) (0.15)  (0.06) (0.06) (0.02)

Mean (mm) 186.6 302.8 371.4- 444.7
(S.D.) 28.7 59.5 49.4 41.0
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3'057). The mean condition factor was

it was W=.000007 (L
1.21736 upstream (standard deviation = 0.32754), and

1.02144 downstream (standard deviation = 0.18223).
Immature Fish

T £ M .
Age-0 fish out-migration apparently peaked in
late summer (Figure 6). Age one and older fish migratea

downstream earlier, with 93 percent trapped from April

to June.

o _

‘The minimum population estimate for outmigrating
age 0 fish was the 2,750 actually trapped. The estimate
of the maximum number of outmigrating age 0 fish was
32,903 fish, obtained by adding the September 16 upper
limit electroshocking estimate of the stream population
(20,123) to the maxiﬁum estimate of the number of fish
that had migrated out before September'{ﬁ (12,780) . The
prior migration estimate was derived using June 10 as
the day when the first fry was noted and 180 fish as the
maximum trapped in one day. The number emmigrating to
the Klamath River was reduced by migration into the
irfigation ditches. Those fish were observed stranded
and dying when the ditches were closed in October.

The number of age one and older immature fish

trapped from April to November was 104. The study area



(Teuoryexado jou dexy} S93eDTPUT ---) ‘T86T 'T9ATY yjewely a3
O3UT ¥99ID) T8AOYS WOII INOIL moqurey ainjeww] Jo UOTFEIBTH weaIljsusmoq *9 danbig

aaddvHLl 31VQ

__. 190 1deg 1snBny . AInp eunp Kew 1ady

A T T M TR
. ~-06-
|

| oz
L -
] . OAQWQ | 001 w
¥y
Jd 0 ebe a m
| o o)

| Los1

~-00¢



-30
stream population of older fish estimated July 28_by the
Seber and LeCren (1967) two pass method, was 174 fish.
Back Calgplated Lengths

 Tables 6 and 7 show back calculation results for
trout sampled by trap and electrofishing. There was nor
'significant difference in body-scale regressioﬁ lines
between the samples. The migrant fish (mature and
immature) y-intercept was.uSed to back calculate lengths
for both groups because it was based upon the widest
size range of fish. There was ho significant difference
in growth between the two éroups. However, both had
slower growth than the mature migrants and creeled fish

{Figure 7).

I heP 1 2 : s

Fry emergence from gravel occurred for ét léast_
three weeks. Yolk sac'fry were still found in the
gravel on June 26. Fork length at emergence was
approximaiely 20 millimeters. Average length of age-0
outmigrants increased.about 10 millimeters pef month
from July to November (Figure 8).

' The majority of fish, both electroshocked (97
percent) and trapped (96 percent), were age-0. The
older fish captured by electroshocking were 61 percent
age one, 36 percent age two, ;nd threerpefcent age

three. The older fish trapped from April until July

were 75 percent age one and 25 percent age two



31

Table 6. Back Calculated Mean Fork Lengths at Age and
Increments of Length for Immature Rainbow
Trout Electroshocked in Shovel Creek;
California, July and September, 1982.

Group Number Annulus
1 2 3

Age

1 17 - 85.6

2 10 75.1 117.3 :

3 1 87.9 121.0 180.7
Lengths ~

Average 81.9 o 117.7 180.7

Standard deviation 12.0 _ 10.2

Number : 28 11 ' 1

Growth increments ' '
Absoclute 81.9 35.7 63.1
Relative 100.0 43.6 53.6




Table 7. Back Calculated Mean Fork Lengths at Age and
Increments of Length for Immature Rainbow
Trout Trapped Emigrating from Shovel Creek, -
California, 1982.

Group Number Annulus
1 2

Age

1 24 76 .7

2 4 81.6 124.7
Lengths

Average 77.4 124.7

Standard deviation 21.3 18.4

Number 28 4

Growth increments
Absolute : ‘ 77
Relative 100

3 b
= ~J
L] *
o W
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FORK LENGTH (CM)

10 N
-J l.
8~ Immature Migrants (n=3 1)
7= T T T T
1 2 3 4 5
Figure 7. Growth in Length of Shovel Creek Migrants and

Crecled Fish, Based on Mean Back-Calculated
Lencths at Annuluc Formatlon.
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(Chi-square = 17.0, df = 10). The older fish age
compositienwgas determined by fitting back calculated
lengths to the length fregquency histogram (Figure 9},
with age two held constant.
conditi P

| The average condition factor for immature fish
migrating from April to June was 1.007 (standard
deviation = 0.3335. In late.summer, between September
and Ocﬁober, it averaged 1.025 (standard deviation =

0.332, n = 151}).

c . by St 5 .

The number of age-0 fish in the electroshocked
eegments, and their average fork length,'tended to
decrease with distance from the stream mouth (Table 8).
Age one and-elder fish were present only in Section 2

and 4, and Section 3 had the lowest total biomass of all

immatures (Table 8).

Back Calculation

Because there ﬁas no significant difference in
the body-scale regression lines over comparable fish
length for creeled fish and mature migrants, the migrant
(maﬁure and immature) y*intereept, which was based on a

wider length range, was used to back calculate lengths

of the creeled fish. There was no significant
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Table 8. Electroshocked Rainbow Trout in Representative
- Sections of Shovel Creek, California,. e
September, 1982. Mean numbers, fork
lengths (mm), and biomass(g) (95 percent
confidence intervals in parentheses).
Section
1 2 3 4
Age-0
Number /m> 1.5 1.6 0.6 0.4
(1.2-1.7) (1.1-2.0) (0.5~0.6) (0.3-0.5)
Number/m> 12.8 5.1 4.2 1.7
(10.6-14.8) (3.7-6.5) (3.7-4.7) (1.3-2.1)
Fork Length 58 52 50 48
(36-80) (28-76) (24-76) (22-74)
Total
'Biomass/mz 4.0 9.4 1.6 5.9
' (3.6-4.4) (7.8-11.0) (1.5-1.7)(5.7-6.0)
Biomass/m> 34.9 30.9 . 12.6 23.0

- (31.5-38.3) (25.8-36.0)
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difference between 1981 and 1982 creeled fish inp back
calculated growth, so years were comblned (Tables g and
10).. There was also no significant gifference in first
year growth of the 1981 and 1982 yearlings. The creeled
fish were, howevely signiflcantlv jarger than the mature

migrants at age one (p<0.05) and age two (p<0: 01) .

vearlings had 51m11ar first year circull spacing
in 1981 (1.7 per milllmeter) and 1982 (1. 8 per
millimeter). A1l the 1982 yearlings.had evenly spaced
circuli with wider spaciﬁg in the second growing.season.
rwenty—-five percent of the 1981 yearliﬁgs had uneven
spacingr with no widening 6f spacing after the first

annuli.

Fish caught in 1981 and 1982 were of the same
I’ .

average size:s 236 millimeters (standard deviation'=

7,3

47.3) and 242 millmeters-(standard deviation = 47.0)
respectively. The.fork length diétribution'of the
combined catches ﬁad ajmode of 210 -220 millimeters: and
a mean of 239 millimeters (standard deviation = 47.2) .
Length—frequency distribution of the catch changed as
+he fishing seasons progressed, with the mode at
increasingly smaller fork lengtﬁ with time (Figure 10} .
The April and May 1ength—frequency histogram,

fitted to back calculated 1engths; indicated an age



Table 9. Back Calculated Mean Fork Lengths at Age and
' Increments of Length of Rainbow Trout Creeled

in Klamath River Wild Trout Area, Califcrnia,
1981 and 1982 combined.

Gfoup " Number Annulus
1 2 3 4
Age
1 38 108.0 . }
2 41 106.8 207.8° 7 Sy
3 14 100.6 214.3 287.x "7 -
4 5 116.6 201.7 272.2 350.8/vz,
Lengths
Average 107.6 208.8 283.1 350.8
Standard deviation 17.4 37.0 - 34.9 18.5
Number 98 60 19 5
Growth increments _
Absolute 107.6 101.2 74.3 67.7
Relative 160.0 94.1 35.6 23.9

PLD

)

s



40

Table 10. Mean Fork Lengths at Capture for Each Age
Group of Rainbow Trout Creeled in Kilamath

River Wild Trout Area, California, 1981 and -
1982 combined.
Age Group
1l 2 3 4
Mean _ 203.8 266.0 323.9 353.6
Standargd deviation 22.1 43.3 33.8 22.8
Number 38 41 14 5
Range Minimum 166.0 171.0 260.0 331.0
Range Maximum 263.0 335.0 390.0 385.0
7
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Figure 10. Length Frequencies of Rainbow Trout Creeled

puring the 1881 and 1982 Seasons.



42
class composition of 72 percent age two, 27 percent age
three, and one percent age four (Table 11). The August
and September length-frequency histogram, fitted to
length at age at capture, indicated the creel was then
66 percent age one,r32 percent age two, and two percent

age three (Table 11}.

Estimated Catch

The total estimated catch of trout in the Wild
Trout Area from April téHNovember, 1981 was 1,942
rainbow‘tréut, with a 95 percent confidence interval of
1,158 to 2,726 fish. The catch from April to October
was estimated at 1,918 (1,136-2,700) fish. The 1§82
April to October estimate was 1,322 (880-1,764) fish.
Total fisherman hours in 1981 were 4;176 (3,194-5,158),
April to October 1981 4,025 (3,047-5,003) hours. The
1982 April to October angler effort estimate waSVB;GIO
{2,544-3,476) hcurs. Estimated catch per hour was 0.47
in 1981 and 0.44 in 1982. Catch per hour 53g§§ﬁ§¥
appeared to change, however, as the fishing season
progressed (Table 12). High water flow in April and
July 1982 discouraged fishihg and_reéulted in low catch
per hour.

Fishing pressure on Shoﬁel Creek itself was
difficult to assess. The onlg fishermen to report
actually fishing Shovel Creek were a game warden and his
friend. They fished six hours on May 29, 1982,.and

emales averaging 277

Fh

caught two males and two
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@ ravic 11, Fit of Dack calculated Mean Fork Lengths to
the Aprili-May Histogram, and Length at
Capture toO the August—September Histogram for
Rainbow Trout Creeled in the Wild Trout Ared.

I
I

Statistic - Age 2 Age 3 Age 4 Chi-Sguare
7 S , - (df)
April-May - . 10.2
(20)
proportion - 0.716 6.273 0.011
(S.E.) (0.06) (0.07) (0.02)
S RN 1337
Mean {(mm) 228.3 288.0 350.8
(S.D.) : 26.8 34.9° 27 .4
August—September ‘ 13.6
o ‘ (22)
Proportion 0.659 0.321 0.020
(S.E.) (0.04) {0.04) {(0.01)
. Mean (mm} 193.3 270.2 369.8

(5.D.) 23.0 34.8 . 19.4
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Table 12. Rainbow Trout Creel Census Data £from Upper
Klamath River Wild Trout Area, 1981-1982.

Year Month Days Estimated Estimated Actual Estimated

Catch Hours Catch/Hr Catch/Hr
1981 April 1 133 226 0.59 0.59
May 5 491 1084 - 0.43 0.45
June 4 195 696 0.31 0.28
July () 267 706 0.33 0.38
August 7 636 812 0.76 0.78-
Sept. 7 197 399 0.44 0.49 -
Oct. 4 23 ' 74 0.32 . 0.31
Nov. 1= ' o 80 0 .%g’ Q//ﬁ?%
P , :
1982 April 3 2 63 ¢.04 0.03
. May 8 271 887 0.39 - 0431
June 7 540 1348 0.39 0.40
July 4 13 139 0.09 . 0.09
August 4 248 354 C.67 0.70
Sept. 2 248 : 223 0.73 1.11
P _

1




millimeters in fork length. Groups of fishermen
periodically sub-lease the land at the mouth of Shovel
Creek ﬁo camp and fish, but it was not possible to
determine their impact on the fishery because few wouid
participate in the creel census.

Thirty spent spawners were'tagged with five
dollar reward tags and released. Three tags were
returned by fishermen in 1982. A female was captured
upstream of the Wild Trout Area, 51 days after it waé
taggea.l Anoﬁherﬂfemale was creeled near the farthest
upstream fishing access, 18 days after tagging. A male
was caught after 14 days at the upstream edge of Copco-

Reservoir, below the Wild Trout Area.
lati e ‘s
Ot] Fish S .

_ Klamath smallscale suckefs (Qa;astgmgua
rimiculus) began ﬁoving upstream on April 23 ‘in 1982.
Thirty—nine were trapped going upstream and six moving
downstream. Many, however, resisted entering the
upstream trap. These fish spawned between the stream
mouth and the weir; Upon emergence, sucker fry
immediately emmigrated to the Klamath River.

The downstream trap also caught four immature
brown trout (Salmo tﬁnt;a),‘two marbled sculpins (Cottus

klamathensis Gilbert), and a lamprey (Entosphenus sp).

Lamprey scars were noted on several rainbow trout.



Durihg electroshocking, twoc sculpins were found in
Section 4, and four brown trout (76 to 156 millimeters

in fork length) were shocked in the pools of Section 2

and 4.

Birds and Raccoons

Fish.eating birds seen in the study area were
osprey (Pandiopn haligetus), common merganser (Mergus
merganser), and dippers (Cinclus mexicans). An osprey
was observed taking three adult trout. A raccoon

(Procvon lotar) was seen eating immature fish captured

in irrigation water.

W uali

Water temperature.was.inversely related to
stream flow and ranged from a low of 2.2°C on April 6 to
209 July 30 (Figure 11). Diurnal temperature change was
1.7-6.7°C, with high temperatures occurring at 1500 and
low temﬁeratures at 0700 houré. Average daily
temperatures did not drop below 4%c except from March 30
to April 7.

Dissolved oxygen reached a low of 78 percent of
saturation on June 14 (9.1 milligrams per liter) and a
high of 9% percent on Septeﬁber 23 (11.56 milligrams per

liter). The pH was 7.5 to 8.0. Hardness and alkalinity
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were roughly egquivalent, with a rahge of 30 to 75
milligrams of CaCo3 per liter. Orthophosphate
concentration was one to six milligrams per liter except
for the period April 12 to April 26, when it averaged 20
miiligrams per liter. |

Turbidity was 10 JTU's in April, but dropped to
two JTU's inIJune. On May 24, turbidity was extremely
high and the water was filled with bark. .At this time,
@ caterpillar tractor was alledgedly being used in the
stream to open irrigation ditches and drag out cut

trees.

Hater Flow

Flows‘upstream of the weir ranged from 2.59 to

0732 cubic meters per second (Figure 11). From early
April until mid May, snow-melt rapidly increased the
flow in late afternoon. in late May the flow dropped,
partially a result of two irrigation ditches being
opened May 24, and a third on June 9, diverting a total
of 0.26 cubic meters per second. The ditches were
pPartially closed during the third week in October.
Water Depth and Velocity

- Water depth measured over 79 redds during the

ﬁ it

spawning period, averaged 0.23 meters (standard 0
. ho 7

deviation = 0.07). Water velocity measured 0.458 meters

per second (standard deviation = 0.12). When flow was

reduced at the beginning of.June, depths and velocities

&)
w Nt



49

over the redds were greatly reduced, with redds totally
exposed in at least three of the preferred spawning
areas.

Depths and velociries, measurea in the
electrofishing sections.in September, had ranges of
0.015 to 0.671 meters and 0.006 to 1.098 meters per

second, respectively (Table 13).

Map _and Redd Placement

'Redds occurred primarily on the edges of the
streem, and were closely spaced in heavily used areas
(Figure 12—15), Superimposition of redds was noted in
two areas. The total number of redds sighted was 79.

The average redd was 0.3 square meters (standargd
L\'T[‘ ZO Fis
deviation = 0.2), 0.6 meters long and 0.5 meters wide.

.

!';
Estlmated size of gravel on the redd surface was 6.35 to

3"

76.2 millimeters in diameter, with most less than 38.1

millimeters. The eight McNeil gravei.samples taken from

the redds had_én average of 13 percent fines (less than
0?85 millimeters) (Figure 16). Section 1 (six samples)
averaged 14 percent fines, Section 2 (one semple) 11
percent; and Section 3 (one eample) eight percent.

An estimate of the total available spawning
gravel in the stream up to the falls barrier was 117

square meters. BSuitable gravel located in and adjacent

to redds was 53.7 square meters. In the lower 2.4
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kilometers of the stream, Section 1 contained the
greatest amount of gravel and the greatest number of
redds, and Section 2 had the highest percent of

utilization (Figure 17).

Lover

The amouﬁt of stream cover (streambank
vegetation, overhanging banks, and large rocks)
increased in the stream with distance from the mouth.
Streambank vegetation changed from closely cropped
grass, with occassional trees and blackberry bushes, in
the Section 1, to dense alder growth in Section 4. The
lower sections had unstable streambanks, and the 1982
winter flows widened and braided the stream. The upper
section stfeambanks were overhanging and stable, with
few changes from the winter .flow. Rocks over 30
Centimeters in diameter increased from 10 percent of the
total in the Section 1 to 48 percent in Section 4.
Baixiﬁzs

The waterfall barrier, approximately 3.2
kilometers upstream from the mouth was 1.7 meters high,
above a 0.3 meter deép pool. The waterfall had a sharp
turn in it, and part of the flow at the top was diverted
by a log and rock. BAbove the barrier, the stream

gradient increased sharply.
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Figure 17.
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Surface Area and Utilization of Suitable
Spawning Gravel by Stream Section in Shovel
Creek, California, 1982.



DISCUSSION

fo Ui

Although trapping was not initiated until after
the start of upstream migration, weather conditions ind
1982 may have delayed the run. Rainbow trout in
California normally spawn from February to June (Moyle,
1976). According to available records, the spawning run
into Shovel Creek begins when the water temperature
reaches 4.4°C, in the second to third week in Pebruary,
with the majority of the run from March 15 to April 15
(Upper Klamath River file, California Department of Fish
and_Game, Yreka, Ca. 96097). Below normal temperatures
could have caused a later than normal run in 1982. Air
Temperatures at Yreké; 64 kilometers south-west bf the
study area, were 1.3°C below normal. in March, and 2.7°C
below normal in April (National Climatic Center, 1982).
When the average water temperature in Shovel Creek
dropped below 4°C from April 1-9, migration did in fact
stop. Above normal rainfall and snonack could also
have delayed the run. Rainfall at Hilt, Caiifornia, 32
kilometers west of the study area, was 9 centimeters
above normal in February (National Climatic Center,
1982). In addition, a large amount of snow-melt iﬁ
April prevented the normal evening flow reduction in the
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-Klamath River below John Boyle Dam and caused flows in
Shovel Creek high enocugh to wash out the tfap. Theée
factors could have caused water velocities above 1.22
méters per second, the maximum for spawning migration
(Thompson, 1972).

If a late spawning run did occur, then the
majority of the run may havé been trapped. This was
supported_by the small number of redds observed,
although it was also possible that the high flows or
superiméositioh destfoyed earlier redds. If the minimum
spawning population estimate of 281 fish was close to
correct, the run had been sefiously depiéted over the
Years. At the egg taking station on Shovel Creek .1,100
fish were trapped in 1892, and 1,776 in 1893
(Calif.State Board Fish Comm., 1892, 1894). The opening
day creel censuses conducted on Shovel Creek in 1951 and .
1952, indicated catches for the day of 480 and 653 fish,
respectively (Coots, 1952), with most of the fish spent
sPawners; '

The Peterson estimate of 1,187 fish was nearer
to past population sizes, but the estimate was based on
a Small sample size-of recaptured fish. In'addition,
the population was not closed to migration, violating
one of the assumptions of the method (Bagenal and Tesch,
1978) . Unfortunately, the ﬂumber of fish that entered
and left Shovel Creek before the trap was put in and

during the time it was washed out could not be



estimated.”Also, the survival rateé of spawning fish
may have been adversely affected by marking and handling
the fish, which would result in an overestimate of the
population. Hartman, et al. (1962) found that aéipose
clipping Spawners reduced their survival rate from 30-50
percent to lS'percent.' An accurate estimate of the
spawning run weuld require that a weir with a solid
foundation be in the stream and trapping fieh by
February. It would also be advisable to estimate

| marking ﬁortality, and to obtain more than one year of
data in order to determine variability resulting from
environmental and year class differences.

The five percent downstream trapping recovery of
marked spawners was lesSs even than the_lS percent
survival rate determined by Hartman et al. (1962).
However, stratifying the fish by sex and-age, the
present study and Hartman et al.'s (1962) study had
similar recovery rateslfor fish over 255 miilimeters,
10-11 percent for females and three to five percent for
males. Recovery_rates for fish of both sexes under 255
millimeters, were much lower in Shovel Creek (one to
four percent) than in Hartman et al.'s (1962) study
(24-38 percent). This could indicate that the smaller
fish in Shovel Creek were better able ﬁo circumvent.the
trap and/or overwinter in aveilable pools, although none
was captured by electroshocking. Fish frequently

resisted going in the trap, and one distinctively marked
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fish repeatedly returned to the pool above the wgir, but
never éhtefed the trap. The fish which did return had a
condition factor within the range for healthy fish
(Carlander, 1969}, and a spawning weight loss of 16
percent, based on comparison of pre .and post spawhing

- condition féctors, which was less than found by Mottley
(18937) (16.7-25.2 percent) and Rayner (1949) (33.3-50

percent}.

‘However, other factors indicate that the true
survival rates were low, even for fish that were not
handled. In spite of the relatively géod condition
factor of the returning fish, they were often batteredl
and close to death, independent of prior handling.

Eight of the fish, only one of which was adipose
clipped, were in fact found dead in the trép or on the
weir. The lack of repeat spawning, with spawning checks
on only_nihe percent of ﬁhe femalés and five percent of
_the males, also indicate great spawning mortality.

The age of the Shovel Creek fish at maturity was
similar to rainbow trout in other studies. Most rainbow
trout mature in their second or third year (Moyle,
1976) . Males normally mature earlier,.from nine months
to two years,_while femaleé cén mature from 22 months to
six years (Caplander, 1969) .

Minimum size at matu;ity, 140 millimeters for
males and 163 millimeters for females, was smaller than

in the studies reviewed by Carlander (1969), where the
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smallest mature male listed was 170 millimeters and the
smallest femaie was 239 millimeters. Moyle (1976),
however, stated that rainbow trout can spawn as small as
130 millimeters.

The 1eﬁgth-frequency distribution of mature
migrants wés consistent with prior information on the
Shovel Creek run. Electrofishing ‘conducted from 1976 to
1978 indicated that mature fish ranged from 152
millimeters to éBS'millimeters, with the méjority from
178 millimeters to 229 millimete;s (Rogers, 1978). The
slight bimodality of size at age in the length-frequency
histogram of mature migrants was'pdssibly a result of
two runs of fish. The egg taking station on Shovel
Creek reported in 1892 an early run of large silvery
fish, and a later run of short, colorful fish
(Calif.Sfate Board of Fish Comm., 1892). Two runs of
fish have also been noticed at Spencer Creek, a similar
spawnihg tributary located above John Boyle Dam (J.
Fortune, Oregon Department of Fish and Wildlife, Klamath
Falls, Oregon 97601). Although there was no distinct
separation of the modes by time of migration in this
study, trapping the entire migrationrfor several yéars
would be required to accurately assess the possibility
of separate runs.

The migrating fish Sody-scalé regression line
and back calculated growth was close to values found for

other rainbow trout populations.. The 38 millimeter
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Fraser modification used in this study was comparable to
the 25-38 millimeter range found in studies reviewed by
Carlander (1969%). Back calculated growth for mature
migrants was slightly greater than éverages from other
studies of river populations (Téble 14) . The Klamath
River could support rapid growth because it is rich in
nutrients and had ideal water temﬁeratures for trout
5324 - 617 °K _

growth (12-18°C for six months of the year) (Rogers,
1978). The 1978 scale analysis for the Upper Klamath
River Wild Trout Area (Snider and Linden, 1981) in Table
14 was based on a -4 millimeter Fraser modification,
from the body-scale regressioh of a population in the
South Fork of the Kings River, California (J. Deinstat,
California Department of Fish and Game,_Sac;amentor
Caiifornia 95818). When the data were re-analyzed'using
the present study's 38.11 millimeter modification, the
adjusted results were similar to the present study
(Table 14). The larger first year growth from the 1978
scales could be the result of a different interpretation
of the first annulus.

The back calculated first year growth of Shovel
Creek immatures (77 millimeters) was consistent with
both the average size of the age—-0 outmigrants near the
end of the growing season (69 millimeters), and the
length~frequency distribution of the spring yearling
emigrants (mode 70 to 80 millimeters). However, this

growth was slow both in comparison to growth rates in
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the other studies previously mentioned and to growth
rates determined in this study for mature migrants and
creeled fish.

The difference in growth rates between the
immature fish and the mature and creeled fish indicated
that fish reared in Shovel Creek for one year or more

ST T TEeEE A
did not significantly contribute to either future

spawning or the creel. Based on the electroshocking and

trapping data, it was apparent that there weretee-few
trapping 5 nt tn ‘

of them to have an impact. Although these older fish

would have higher ini;ial survival rates than the fish
that emigrate és fry, their slower growth could cause
them to enter the creel later (Kwain, 1981) and mature
later, thus increaéing the time that they are
suSCeptible to natural mortality.

VThe maximum estimated number of age-0 emigraﬁts
from Shovel Creek (32,903) was also small compared to
the number of immature fish that are perlodlcally
stocked in Copco Reservoir (31,000-100,312 per year in .
1978-1980; Iron Gate Hatchery stocking records, Copco,
California 96097). 'This was especially true because the
stocked fish wére primarily yearlings, with higher
expected survival rates than age-0 fish. The maximum
estimate of age-0 emigrants was approximately derived,
variation within the stream'sections was not considered
in the stream estimate, and selection of the stream

segments may have been biased by using accessibility as
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one of the criteria, but it was close to that expected
if the 138 females spawned. Based on an avérage
fecundity of 2,210 eggs for three year old spring
spawners (Leitritz, 1959), with a survival rate to
downstream emigration of four to eleven percent (Bjornn,
- 1866), the size of emigration would be 12,475 to 34,307.
This study was not conclusive in determining the
contribution to the creel resulting from the Shovel |
Creek age-0 emigrants. It was expected that if the
creeléd‘fish wére primarily stocked fish, their first
year growth rate would be greater than that of the
spawning fish, assuming that the stocked fish do not
spawn. Hatchery fish ordinarily have greater growth,
with wider, more even spaces between circuli, tﬁan do
wild trout (Bali, 1959; Koo, 1955). The creeled fish
did have significantly greater first and éecona year
growth than the spawners. However, a comparison of the
grpwth of the 1981 creeled yearlings, (31,000 yearlings
were stocked) to the yearlings.caught in 1982, when none
were stocked, showed no significant difference in either
first year growth or circuli spacing. In fact, EOme of
the 1981 fish had more uneven spacing than the 1982
fish. Fisherman selection of larger fish could have
Created a bias, resulting in both the greater growth of
the creeled fish compared_ta the spawners, and the
similarity in size of the yearlings caught. 1In

addition, 6nly fish with slower than normal hatchery
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growth were stocked, angd they may ﬁave actually had
growth similar to, or more uneven, than wild fish.

Tagging the spent Spawners did show that they
were subject to capture, but two of the three caught had
migrated outside of the wilg trout area. A further
study is needed to mark the stocked fish in order to
Successfully determlne their contrlbutlon to the creel
relative to the wild fish.

The average size of the creeled fish in 1981 and
1982 was 236 and 242 millimeters‘respectively, and the
average cetch per hour was 0.44-and 0.47; similar to
averages from creel censuses in recent years. However,
the averages were lowerrthan the 259 millimeters average
ize and 1.14 fish per hour catch in 1974, before the
area was open to public access (Rogers, 1978). Analyeis
of the creeled trout indieated that the majority were
captured at age one and two. According to the length
frequency hlstograms and change in monthly catch per

unit effort, one year olds enter the creel in late July

or August. Thisg capture of young fish resulted in small

~average size of creeled fish, and limited the number of

Spawners, because the fish were often captured before

reaching maturity. Those fish that do spawn have a

'subsequent rate of capture of ten percent in the first

year, according to the tag returns. This was high
considering that some fish may have died after release.

Bartman et al. (1962) found that Spawners given an
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adipose clip and subseqguently tagged have a survival
rate of only two percent. If natural mortallty from
spawnlng could be reduced, additional creel restrictions
could increase the size of fish caught, as well as
increase the number of first time and- repeat épawners.
Other predators and competitors were not seen in

sufficient numbers to warrant control.
Habitat

‘The spawning habitat water depths and velocities
preferred by fish in Shovel Creek were similar to those -
reported by other authors (Table 15). Average redd size
and size range of surface gravel fit the California
Department of Figh ané Game's criteria for resident
trout spawning aieas (Hooper, 1973).

Insufficient spawning gravel was found to be a
limiting factor in Shdvel Creek. A conservative
estimate of the amount of spawning habitat needed by
each spawning pair is four times the size of an average
redd (Burner, 1951). Using that criteria, even if the
total number of females spawning in Shovel Creek was
only the 138 éctually seen, they would require a toﬁal
of 166 sqﬁare.meters of spawning gravel. Shovel Creek
contained only 117 square meters of potential spawning
éravel, and only 54 square meters was under water depth
and velocity known to be suitable for spawning. When

adequate spawning habitat is not available,'spawners may



Table 15. Water Depth and ve
Trout for Spawning.

69

locity Used by Rainbow

Average Average
Source Depth (m) Velocity (m/s)

(range) (range)
Present Study (1982) 0.23 0.458
Shovel Creek, California (0.09-0.37) (0.21-0.70)
Hooper (1973) —— 0.61
Literature Review (0.21-0.33) (0.43-0.82)
Smith(1973) | 0.342  0.698
Deschutes River, Oregon {0.488-0.909)

Waters(1976)
California trout streams

Bovee (1978) _
Probability of Use Curves

(0.183~ )

— .

(0.09-0.90)

0.21
(0.09-0.98

—— -

(0.21-0.91)

0.60

(0.1-0.98)
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Superimpose their redds on each bther, causing egg and
alvein mortalities (Orcutt, et al., 1968).
Superimposition was noted in Shovel Creek, and it could
explain the low number of redds seen (79) in comparison
to the number of females. 1In addition, when the
Spawning grounds become crowded, increaged fighting may
cause injured fish and high mortality rates (Hartman, et
al., 1962). This couild explain the battered state and
low tecovery rate of .the Shovel Creek spent spawners.
Adding spawning gravel or barriers to trap gravel could
increase both production and spawning survival.

The amount of fine sedimenﬁs in Shovel Creek
spawning material (13 pércent leés than 0.85 millimeteré
n diameter and 33 pPercent less than 4.75 mllllmeters)

was greater than recommended for productive spawnlng.
McNeil and Ahnell (1964) determined that productive
Spawning habitat had less than or equal to five percent
flnes less than 0.833 millimeters in diameter. Reiser
and Bjornn (1979J recommended less than 25 percent fines
under 6.4 mllllmeters in diameter for successful
salmonid incubation. Fine sediments in redds reduce the
permeability of the gravel, limiting the flow of wéter
between gravel bed and stream (McNeil and Ahnell, 1964).
Fine sediments can also result in entrapment or
Premature emergence of alveins (Witzel and MacCrimmon,
1981). .In addition, the mean size of the gravel

composition in the Shovel Creek recovered in the McNeil
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sampler was smaller than found in other studies (Orcutt,
et al., 1968; Platts, et al., 1979). When the mean
gfain size was small, sediments readiiy filled voids
(Platts, et al., 1983) and permeability and pore size
was reduced (Lotspeich and Everest, 1981).

Although evaluating the effects of human use of
the Shovel Creek habitat was not a specific objective of
this study, it became apparent during the study that
environmental degredation because of irrigation
diveréién, livestock g;aiing, and logging could also be
limiting the.Shovel Creek run.

Use of Shovel Creek for irrigation had adverse_
effects. The irrigation diversidns lowered the
streamflow ffom‘late May until October, which affected
spawning migration, incubation, ang rearing. Opening.
the ditches coincided with cessation of migration, and
could have reduced the flow in the riffles below the
0.12-0.18 cubic meters per second needed for migration
(Thompson, 1979). Shallower water also provides ;ess
cover, exposing the fish to predation and disturbance
(Reiser and Bjornn, 1979). The decrease in flow was
also harmful in fhat several redds were dewatered, and
€ggs and alveins in the exposed redds had little chahce
of survival. Even in the watered redds, there may not
have been sufficient water flow over them to deliver
oxygen to and flush metabolic wastes from the eggs and

alveins (Reiser and Bjornn, 1979). In addition, the
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reduction in flow was associated with a decrease in
‘water turbidity at the moufh, which may indicate
settling of fine sediments, adding to the downstream
increase in redd sedimentation.

Water removal may also have decreased the
rearing capatity of the stream, particularly for age one
and older fish. Older fish require deep water and pools
(Allen, 1969). Based on generél obser&atipn and the
Segments analyzed, the dewatered lower sections of
Shovel Creek are érimarily'shallow-riffles. The
diversions could therefore be respon51ble for the small
- number of age one and older fish rearing in “Shovel
Creek, because emigration can occur when suitable |
habitat is not avéilable. The effect of the diversions
on age-0 fish rearing habitat was not clear. Average
depth and velocity in all the segments analyzed were
within the range'prefeifed by age-0 fish in thé studies
reviewed by Reiser and Bjornn (1979) and Schmldt, et al.
(1879) ., The downstream increase in density and average
size of the young fish in the electroshocked sections
"could reflect the downstream increase in the number of
redds, greater crowding from the reduced water flow,
and/or downstream migrafion from the upper sections.
The increase in size could result from earlier spawning
in the lower areas or migraéion of only the larger fish
from the uppér areas. Furthef investigations would be

valuable in assessing the situation. Instream flow
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analysis at varying flows could provide minimum flqw
recommendations for rearing, incubatien, and migration.
It is apparent from this study, however, that
eliminating, or at least reducing or delaying water
diversion, could benefit trout habijitat.

A final problem caused by the irrigation
diversions is that agé-O fish migrated into the ditches
and were subsequently stranded. Screening the ditches (
would prevent this fish loss.

| Another detrimental land use of the habitat by
humans was associatéd with livestock grazing. Grazing
can reduce the vegétative cover, and cause degqaded
Streambanks and widening of the stream which was
observed in the heavily grazed lower sections. Grazihg
related effects reduce fish cover and 1ncrease
sedimentation from erosion (Platts and Martin, 1980).
The added sediment cduld have increased the level of
fine sediments in the redds, as well as decreased the
rearing capacity of Shovel Creek. Sedimentation can
reduce the summer rearing and winter holding areas in a
stream (Reiser_and Bjornn, 1979). Raleigh and Duff
(1980) state that stream siltation was, in fact, fhe
major cause of loss of winter cover for juvenile flSh.
Inadequate overwintering- habltat may be limiting rearlng
- in Shovel Creek, as indicated by the small number of
yearlings in the stream inp the spring, in comparison to

the estimated number ¢f age-0 fish in the fall. Fenc1ng
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off the lower heavily~grazed sectiéns of the stream from
livestock could benefit both incubation and rearing of
the trout.

Timber harvest in the study area was also
apparentlyldamaging to the trout population.  The
concurrent_opening of irrigation ditches and drégging
out of felled trees with a caterpiilar tractor was done
without the proper permits from the Caiifotnia
Department of Forestry and the California Department of
Fish and Game, and added sediment and eorganic. debris to
the stream. This could have dlscouraged migration.
Cordone and Kelly (1961) found that mlgratlng fish
avoided excessively turbid areas, and a ripe fish was
found in the downstream trap when Shovel Creek became
turbid. 1In addition,_the"logging debris could have_
caused the June decrease in dissolved o0xygen saturation
to 75 percent, below the 80 percent needed to sustain
swimming capacity (Reiser and Bjornn, 1979).
Decomposition of logging debris (Hall and Lantz, 1969)
and metabolism of micro-organisms feeding on the debris
(Ponce, 1974)”can reduce the amount of dissolved oxygen
in a stream. Loggiﬂg was also detrimental in that
several skid roads Qere formed across the stream when
the logs were removed, which could add to future
sedimentation from erosion.‘ Logging in the watershed,
both in the study area and in the headwaters, could also

increase runoff, adding to the naturally high spring
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flows (Platts and Martin, 1980). 1In the future, 1ogging
should be done with approved methods, designed to not
increasé erosion and runoff.

Human-related adverse impacfs on the ‘habitat
should be closely monitored in ﬁhe future to inshre
continuence of a wildlstock of spawning fish, thereby
Preserving the Upper Klamath Riveﬁ as a California wilg

Trout Area.



RECOMMENDATIONS

The following management recommendations for the

Upper Klamath River Wild Trout Area are based on the

results of this study:

Improve the habitat in Shovel Creek by adding
spawning gravel, fencing the creek off from cattle,
and delaying water diversions until after the end
of June.

Screen irrigations diversion outlets to Prevent
loss of juvenile fish.

After habitat improvements have increased the
available spawning area in Shovel Creek, restrict
the creel further to allow females to mature before

Determine the contribution of stocked fish to the
Creel, and consider eliminating stocking in order
to perserve the area for wild stocks.

76
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