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INTRODUCTION
Investigations of native redband trout Oncorynchus mykiss ssp. in the Deschutes River were
conducted by the Oregon Department of Fish and Wildlife (ODFW) periodically from 1969 to
2001. The objectives of these studies were to determine ecology, life history, effects of angling
regulations, and estimate densities. The culmination of information and data collected from the
various projects from 1969 through 1988 was the ODFW Information Report 89-6 describing the
life history of redband trout and effects of angling regulations in the Deschutes River (Schroeder
and Smith, 1989). This report became the foundation of information on redband trout in the
Deschutes River.
The Pelton Round Butte Hydroelectric Project, operated by Portland General Electric (PGE) and
the Confederated Tribes of the Warm Springs, was re-licensed by the Federal Energy Regulatory
Commission in 2005. As part of the new license, PGE was tasked with changing how water was
withdrawn and released out of Lake Billy Chinook to mimic a more natural temperature regime.
Since the completion of the three dams in 1964, water temperatures in the lower Deschutes were
unnaturally colder in the spring-early summer and warmer in the fall due to the project’s inability
to withdraw water from various points in the stratified water column of Lake Billy Chinook.
Historically, water was only released from one intake that was located at the bottom of the fore
bay of Lake Billy Chinook. In 2010, the completed Selective Water Withdrawal project became
operational which created the ability to draw water at various depths in the water column and
release a more natural temperature regime downstream of the project.
Numerous anglers and other conservation groups expressed a wide variety of concerns about
these changes in water releases and how the changes may affect aquatic resources including
redband trout in the lower Deschutes. This study was developed to evaluate the relative health of
redband trout in portions of Deschutes downstream of the hydroelectric project. The study area
and methods were chosen and conducted to replicate and compare the existing health of rainbow
trout to that reported in Schroeder and Smith (1989). This study was conducted to investigate the
existing key parameters of redband trout population health in the Deschutes River, compare
results to historical data, and establish a baseline data set for future monitoring.

STUDY AREA
Sampling sites were selected to replicate those of Schroeder and Smith (1989) and included the
Trout Creek, North Junction, Nena Creek, and Jones Canyon study areas. The Trout Creek study
area started at the lower end of the Trout Creek Rapids and ended at the mouth of the Warm
Springs River, rm 83.9 to rm 86.9 (Figure 1). The North Junction study area started downstream
of Cove Creek and ended at the Two Springs Ranch, rm 68.8 to rm 71.8 (Figure 2). The Nena
Creek study area started upstream of Nena Creek and ended at Harpham Flat, rm 55.5 to rm 58.5
(Figure 3). The Jones Canyon study area started just below Jones Canyon Creek and endedat
Cedar Island, rm 31 to rm 34 (Figure 4).
Figure 1. Trout Creek study area.

Figure 2. North Junction study area.

Figure 3. Nena Creek study area.

Figure 4. Jones Canyon study area.

METHODS
Capture and Sample
Redband trout were captured and sampled in four study areas of the Deschutes River with electro
fishing gear mounted in a 16 ft. drift boat from 20 February to 17 March, 2014. Each side of the
river was sampled within the length of the study area on the same day at North Junction and
Jones Canyon, while study sites at Trout Creek and Nena Creek were sampled twice to obtain the
desired sample size. Capture occurred while shocking with pulsed DC 60 pulses per second, 300400 V, and 3-4 A. Sampling and data collection occur at intervals of about 0.5-1.0 miles,
depending on the number of fish in the live box.
A crew of four samplers was used to operate boats and sample fish each day. The drift boat
electro fishing was conducted by an oarsman who operated the boat and controlled the
electrofishing unit, and a dip netter that captured fish and placed them into the live box. Fish
were anesthetized, sampled, transported and released upstream by the jet boat sampling crew
near the same area from which they were sampled. The jet boat crew followed the drift boat and
carried the sampling equipment, sampled fish, recorded data, and ferried fish upstream for
release.
All O. mykiss captured were sampled for scales, length, weight, sex, and stage of maturity if
possible. Scale samples were collected from the first 100 fish captured in each section and then
every fifth fish 15.0 to 40.0 cm in 5 cm size groups for the remainder of the sample section.
Within each sample section, a maximum of 20 mature trout were lethally sampled for otoliths,
stomach content, and stage of maturity which were categorized as immature adult, mature male
or female gravid, mature male or female not gravid, and repeat spawner. Female repeat spawners
were determined by retained eggs from a previous spawning year.
Large trout which appeared mature were selected to lethally sample in each survey section to
obtain otoliths, stomach samples, and identify stage of maturity. Otoliths were removed by
splitting the brain in half longitudinal with a knife and using tweezers to locate the otoliths.
Samples of otoliths were labeled and stored in individual dry vials. Stomachs were removed
from the esophagus to near the anus. Stomach samples were individually labeled and stored in
containers with ethyl alcohol.
Scale Analysis
Scale samples were cleaned, sorted, and mounted on gum cards using standard protocols
(Clemens et al. 2014). A hydraulic heat press was used to transfer the scale impression from the
gum cards to plastic cards. Scales were analyzed under transmitted light using a microfiche
reader, and age estimates for each fish were assigned. Scale samples were read by two trained
and experienced individuals, independent of each other. A final read was conducted with both
scale readers together to achieve a consensus (Borgerson et al. 2014).

Size-at-age estimates for each fish were calculated via the Fraser-Lee method for backcalculating lengths from scale radii to each annulus (Fraser 1916; Lee 1920; Borgerson et al.
2014). Scale radii were carefully measured using computer software on captured images of the
scales through magnification on a compound light microscope. The following regression
equation was used to back-calculate size-at-age for each fish, using the length of the fish at
capture and the radii measurements:
Li = [Si X (Lc-a)/Sc} + a
Whereas; Li = Length of fish at point of interest (estimated via equation). Si = Scale radius at
point of interest (measured). Lc = Length of fish at capture. A = intercept. Sc = Scale radius at
time of capture (measured). The intercept (a) of 30 mm was used as the body length at which
redband trout (O. mykiss) first form annuli (Kesner and Barnhart 1972; Schroeder and Smith
1989; Hopelain 1998; Bond et al. 2008). The location where the regression line intercepted the yaxis was the estimate for the size at which the redband first formed annuli.
Condition Factor
Fulton-type condition factors (K) were calculated for both mature and immature redband trout
(Anderson and Nuemann 1996). Fish less than 300 mm were classified as sexually immature
while fish greater than 300 mm were considered sexually mature (Schroeder 1989). Lethally
sampled trout were classified as known mature. The following was used to calculate condition
factor:
K = (W/L3) x 100,000
Where,
W=Weight (g) and L=Fork Length (mm).
Total Annual Mortality
Instantaneous mortality (Z) was estimated using a catch curve (Guy and Brown 2007):
𝑁𝑡 = 𝑁0 𝑒 −𝑍𝑡 ,
Where,




𝑁𝑡 is the number of fish caught at time t,
𝑁0 is the estimated initial population size, and
𝑍 is the estimated instantaneous mortality rate.

Annual mortality (A) was estimated as:
𝐴 = 1 − 𝑒 −𝑍 .

Growth Models
Growth was modeled using the von Bertalanffy growth model to generate parameter estimates to
compare among locations and through time (Guy and Brown 2007). Growth models were used
to summarize mean length at age. Models were fit using all data and for each survey site. The
von Bertalanffy growth model had three estimated parameters which were compared among
locations and was represented by:
𝐸[𝐿|𝑡] = 𝐿∞ (1 − 𝑒 −𝐾(𝑡−𝑡𝑜 ) ),

Where,





𝐸[𝐿|𝑡] was the expected or average length at time (or age) t,
𝐿∞ was the asymptotic (maximum) average length,
𝐾 was the Brody growth rate coefficient, and
𝑡𝑜 represents age when the average length was zero.

Length-Weight Relationship
Models were fit using all data and from each survey site to determine if there was a significant
difference between sites (Guy and Brown 2007). Models of the length-weight relationship were
used to determine parameter estimates among locations or time periods. The length-weight
model used in this analysis was represented by:
𝑊𝑖 = 𝑎𝐿𝑏𝑖 𝑒 𝜀𝑖
Where,





𝑎 and 𝑏 are estimated coefficients,
𝑊𝑖 is the weight of the ith fish,
𝐿𝑖 is the length of the ith fish, and
and 𝜀𝑖 is the multiplicative error term for the ith fish.

Food Consumption
Stomach samples were used to determine food consumption of redband trout. Samples were
opened with scissors from the esophagus to the end of the digestive tract and contents were
sorted in a dissecting tray. A dissecting microscope was used to determine and separate
specimens into major orders which included Ephemeroptera (mayfly), Plecoptera (stonefly),
Trichoptera (caddis), and Diptera. Various other contents were also recorded. Proportions of diet
were determined by wet weight of each group. Specimens were placed on a paper towel to
absorb excess water. Groups within each sample were weighed to the nearest 0.000 grams. Each
insect order was then placed in glass vials and preserved in 80% ethanol for later identification.

RESULTS
Age
Ages ranged from one to six years with 84% of the individuals sampled between two and four
years of age (Table 1). The proportion at age of redband trout within each sample section was
similar in three of the four sample sections. The proportion at age two fish sampled from Jones
Canyon to Beavertail was 41%, which was the highest within all sample groups.
Table 1. Proportion at age of redband trout in four sections of the Deschutes River, Oregon,
2014.
Age
Site
Jones Canyon
Nena Creek
North Junction
Trout Creek

1
0.13
0.06
0.03
0.05

2
0.41
0.25
0.23
0.30

3
0.27
0.36
0.33
0.35

4
0.16
0.27
0.29
0.16

5
0.03
0.07
0.10
0.12

6

0.03
0.02

N
70
120
111
100

All

0.06

0.28

0.33

0.23

0.08

0.01

401

Growth
Growth of individual redband trout was similar among the four sampling locations. Mean backcalculated growth was estimated for each sample section by age classification (Table 2). Fish
sampled from one and two years of age averaged 116 to 118 mm of growth per year while
growth from four to six years of age averaged 12 to 35 mm per year. The maximum growth
potential (L∞) from parameter estimates ranged from 388.56 to 448.56 (Table 3). Annual growth
slowed after age 3, as growth from one to three years of age was much higher than growth from
four to six years of age (Figure 1).
Table 2. Mean back-calculated length at age of redband trout in four sections of the Deschutes
River, Oregon, 2014.
Age
Site
Jones Canyon
Nena Creek
North Junction
Trout Creek

1
116
117
124
117

2
228
225
237
245

3
302
296
305
321

4
345
331
332
362

5
402
370
363
385

6

360
427

Table 3. Von Bertalanffy growth model parameter estimates for mean length at age at four
sample sites of redband trout in the Deschutes River, Oregon, 2014. L∞ represents the maximum
average length, K is the growth rate coefficient, and t0 represents the age when average length is
zero.
L∞
Estimate
408.62
445.86
404.00
388.56
424.16

Site
All
Jones Canyon
Nena Creek
North Junction
Trout Creek

K
Estimate
0.51
0.41
0.48
0.57
0.54

SE
7.50
31.34
17.94
10.05
11.81

t0
Estimate
0.33
0.27
0.29
0.32
0.40

SE
0.02
0.06
0.05
0.04
0.04

SE
0.03
0.07
0.06
0.04
0.04

Mean back calculated length (mm)
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Figure 1. Relationship and von Bertalanffy growth model prediction between age and mean
back-calculated length at age of redband trout captured in four sections of the Deschutes River,
Oregon, 2014.

Total Annual Mortality
Total annual mortality for Deschutes redband trout was estimated at 58%. Although only one
catch curve was fit for fish captured at all sites, the rate of declining catch with age was similar
among sites (Figure 2). This suggested that annual mortality was also similar among sites.
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Figure 2. Relative catch of each age class of Deschutes River rainbow trout captured at four
sampling locations.
Length-Weight Relationship
We determined no difference in the length-weight relationship among sample sites. The intercept
from parameter estimates were similar in all sites ranging from -11.40 at Jones Canyon to -12.40
at Nena Creek (Table 4). The length-weight relationship was similar among sites and followed
the model prediction (Figure 3).

Table 4. Length-weight model parameter estimates for all rainbow trout in the Deschutes river,
and estimates at four sites.
Intercept
Estimate
-11.87
-11.40
-12.40
-11.96
-11.69

Site
All
Jones Canyon
Nena Creek
North Junction
Trout Creek

SE
0.18
0.26
0.59
0.33
0.25

Slope
Estimate
3.10
3.01
3.19
3.11
3.07

SE
0.03
0.05
0.10
0.06
0.04

400
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Figure 3. Length-weight relationship and model prediction of rainbow trout captured at four
sampling locations in the Deschutes River, 2014.
Condition Factor
Condition factors were determined on redband trout in all four of the sample sections and
catergorized by assumed immature (<300 mm), assumed mature (>300mm), and known mature.

The mean condition factors from all sections ranged from 1.18 to 1.26 (Table 5). There was not
a significant difference among sample sections with all sections overlapping within the 95% CI.
The Jones Canyon section had the lowest factors ranging from 1.18 to 1.19, while the Nena
Creek section had the highest factors ranging from 1.21 to 1.26.
Table 5. Mean condition factors (K) of assumed immature, assumed mature, and known mature
redband trout from four sample sections of the Deschutes River, Oregon, 2014.
Section

K

95% CI

N

Jones Canyon
Nena Creek
North Junction
Trout Creek

Immature (<300 mm)
1.18
(1.14-1.23)
1.21
(1.14-1.26)
1.19
(1.14-1.24)
1.23
(1.18-1.27)

43
36
29
40

Jones Canyon
Nena Creek
North Junction
Trout Creek

Mature (>300 mm)
1.19
(1.15-1.26)
1.22
(1.18-1.26)
1.25
(1.21-1.28)
1.23
(1.19-1.27)

29
37
62
53

Jones Canyon
Nena Creek
North Junction
Trout Creek

Mature (Known)
1.19
(1.14-1.26)
1.26
(1.18-1.34)
1.23
(1.17-1.29)
1.21
(1.08-1.34)

8
14
19
9

Food Items
Immature aquatic insects were the most common food item determined from 60 redband trout
stomach samples. Plecoptera (stonefly) nymphs were the most consumed by weight and
constituted 165.1 mg (78%) of the total 210.5 mg of stomach contents (Table 6). Others included
Ephemeroptera (mayfly) at 5.1 mg and Tricoptera (caddis fly) at 6.2 mg. Other items worth
noting were Decapoda (crayfish) and Cottus sp. (sculpin) which comprised 29.08 mg of the
34.08 mg within the other food item category and14% of the total weight. Content examiners
also noted 25% of the trout stomachs sampled were empty of food while 28% were considered
full.

Table 6. Weight by order and percent composition of total volume of food items in stomach
samples of redband trout in the Deschutes River, late February to mid-March, 2014.

Ephemeroptera
5.14
0.02

Weight (mg)
Percentage

Food Item
Plecoptera Tricoptera
165.08
6.24
0.78
0.03

Other
34.08
0.16

Total
210.53

Stage of Maturity
Stage of maturity was determined on 59 lethal samples of redband trout. While larger sexually
mature trout were the target sample, 8 (13%) of the total fish sampled were sexually immature
(Table 7). Mature green (pre-spawn) individuals comprised the majority of the sample with 15
(25%) females and 18 (31%) males. Spawned out females and ripe (active spawning) individuals
were also observed.
Table 7. Number and proportion of redband trout at sexual stage of maturity by lethal sample on
the Deschutes River, Oregon, February 20 to March 17, 2014.
Percent
of Total
0.03
0.10

Immature Adult Female
Immature Adult Male

N
2
6

Mature Female Green
Mature Male Green

15
18

0.25
0.31

Mature Female Spawned Out
Mature Female Ripe
Mature Male Ripe

5
5
8

0.08
0.08
0.14

Total

59

DISCUSSION AND CONCLUSIONS
Growth
Growth rates for trout sampled in 2014 and were comparable to rates reported in Schroeder and
Smith 1989. In general, back-calculated growth rates of Age 1 and 2 reported from the 1970’s,
1980’s, and 2014 were very similar ranging from 96 to 124 mm per year (Table 8). Similarly,
declining growth rates were also reported for age 3 to 5 trout.
Table 8. Mean back-calculated growth at age of redband trout in millimeters by year(s) at four
sample sections of the Deschutes River, Oregon, compared to historic samples.
Age
Section

Year(s)

1

2

3

4

5

6

Trout Creek

1972-75
2014

117
117

109
128

73
76

58
41

42
23

42

North Junction

1972-75
1983-86
2014

96
108
124

115
119
113

86
77
67

62
32
28

32
28
31

11

1972-75,
1979
1983-86
2014

100
111
117

110
107
108

93
66
71

80
29
35

17
28
39

13

1986
2014

110
116

111
112

70
74

31
43

30
57

Nena Cr

Jones Canyon

21

Age
Age distribution was consistent within three of the four sample groups which included Nena
Creek, North Junction, and Trout Creek; however, the Jones Canyon sample group had a high
rate of age 2 fish. Sampling in the Jones Canyon section occurred on March 17 and was the most
downstream and latest area sampled, which might have allowed a higher proportion of age 2
steelhead smolts to be sampled. The Jones Canyon sample group also had the lowest sample size
which may have contributed to a higher rate of age 2 fish.
Age distribution of redband trout in the Deschutes was reported in Schroeder and Smith (1989)
and showed similar proportions at age by scale analysis to those sampled in 2014. However, they
also reported known age distribution based on tagging, which showed a wider distribution of
older age redband trout that scale analysis was not able to determine. It is likely the inability of
scale readers to determine older age fish due to slow growth occurred in 2014 and redband trout

in the Deschutes were likely composed of less age 3 and age 4 fish and more age 4 and age 5 fish
than scale analysis indicated.
Condition Factor
Physical condition of redband trout sampled in the lower Deschutes in 2014 was similar to
historic data. The mean condition factor was 1.21 in 2014, while Schroeder and Smith (1989)
reported mean condition factors in immature fish in three of the study areas of the Deschutes
ranging from 1.23 to 1.25 while mature fish ranged from a mean of 1.07 to 1.27. Future
monitoring should continue to refine the current condition estimates of mature and immature
fish.
Food Items
The large proportion of Plecoptera nymphs found in stomach samples in 2014 was generally
expected for trout in the lower Deschutes. Schroeder and Smith (1989) reported high proportions
of immature aquatic insects, with 50% Plecoptera nymphs in fish >250mm in 1976. The 1976
stomach samples were distributed throughout the year, and likely represented a slightly different
diet distribution than the 2014 samples which were taken in February and March. However, both
samples show the historical and current importance of Plecoptera to trout in the lower Deschutes.
Annual Mortality
While annual mortality was estimated at 58%, this may not represent true mortality due to the
close relationship of redband trout to summer steelhead in the Deschutes River. Redband trout in
the lower Deschutes have been observed spawning with summer steelhead (Wilson et al. 2014).
Redband trout that migrated from the Deschutes to Buckhollow Creek spawned with steelhead
and produced smolts (Smith et al. 2013). Therefore, it is likely a proportion of the age 3 or
younger fish from the sample population of redband out-migrated to become steelhead.
Stage at Maturity
Redband trout in the Deschutes River were historically considered to spawn between April and
July; however, spawning was occurring as early as February in 2014. Lethal samples determined
18 of 51 mature fish sampled in late February to mid-March 2014 were ripe or spawned out. This
rate of active spawning so early was not expected. If spawn timing shifted, the redband
population in the Deschutes would likely benefit if fry emergence was also earlier. An earlier
emergence would likely allow juveniles to increase first year growth and condition.
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