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Golden trout, Oncorhynchus aguabonita, from 17 streams in the Kern Plateau
region of the Sierra Nevada, California, were aged using otoliths, and growth rates
were determined using length-age and weight-age relationships. Growth rates,
condition factors, and densities of trout were correlated with site-specific biological
and physical factors using stepwise multiple regression techniques. These stream
populations were highly stunted, and individuals attained quite old ages (9 years) .
Densities were usually low and high density had a significant negative effect on
growth ( P < 0.001). In addition, growth was positively affected by amount of aquatic
vegetation, amount of bank vegetation, stream channel stability, and elevation.
While site-specific factors such as trout density may influence trout growth, the low
growth rates throughout the study area were probably due to the low productivity
of these unstable montane streams and the short growing period at high elevations.

INTRODUCTION
Golden trout, Oncorhynchus aguabonita, formerly Sa/mo aguabonita, have
been widely introduced throughout the United States of America and other
parts of the world, but are endemic to only two watersheds, both in the
southern Sierra Nevada mountains of California ( Fisk 1983) . There are two
subspecies of the golden trout; 0. a. aguabonita is native to the headwaters of
the South Fork Kern River and Golden Trout Creek and 0. a. whitei is native to
the Little Kern River, Tulare County. Golden trout were initially thought to be
most closely related to cutthroat trout (Jordan 1892), but are now understood
to belong to the rainbow trout series ( Berg 1987) .
Although the golden trout is the official California state fish, its natural history
in native habitats is poorly understood. What is known of golden trout natural
history is primarily based on introduced populations of lake-dwelling fish ( Fisk
1983). In these populations, spawning is typically initiated in June and continues
through July. Eggs hatch in 29 to 50 days, and after 2- 3 weeks in the gravel the
fry emerge and grow rapidly during the first summer. They reach approximately
4.5 cm by age one year, 12 cm at two, and 19 cm at three years of age
( Needham and Vestal 1938, Fisk 1983) . Lake fish reach reproductive maturity
at three years of age and may survive to spawn as many as three times. The
maximum recorded age is six years. Golden trout from streams rarely achieve
lengths greater than 18 cm and ages of such populations are unknown ( Fisk
1983). Factors which influence growth rates of stream populations are also
unknown.
' Accepted for publication April 1990.
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Growth rates of trout can vary markedly in relation to temperature, food
ration, and density ( Elliott 1982). In many cases, the differences within a species
may be greater than those between species. Under good conditions, nonanadromous trout in streams may achieve a length greater than 40 cm after only
three years ( Carlander 1969). Growth is often retarded at higher elevations, due
to lower temperatures and a shorter growing season. Purkett ( 1951 ) reported
that three-year old rainbow trout, Oncorhynchus mykiss, formerly Sa/mo
gairdneri, averaged 29 cm at 1,600 m and 24 cm at 1,850 m, and a 24-year old
brook trout, Salvelinus fontinalis, reached only 24 cm at 3,322 m in a low
productivity Sierra Nevada lake ( Reimers 1979). If higher elevation habitats
have lower fish densities than lower sites, however, reduced competition at
higher sites may result in faster growth rates ( McAfee 1966).
In this paper, we report on ages, growth, and population densities of golden
trout, 0. a. aguabonita, from 12 of its native streams in the Golden Trout
Wilderness, Inyo National Forest. Five additional · study streams contained
populations introduced from nearby native populations around the turn of the
century. These included three sites on the eastern edge of the Golden Trout
Wilderness and two sites in Kings Canyon. Several populations in the Golden
Trout Wilderness have been the subject of an intensive management project to
preserve the native habitat and gene pool of the golden trout ( Fisk 1983) .
Brown trout, Sa/mo trutta, had been introduced to the South Fork Kern River
drainage, and these predators and competitors were removed by California
Department of Fish and Game biologists from 1976 to 1982. Golden trout were
transplanted extensively during this operation, though trout were not transplanted into any of our study streams. Our objective was to provide information
on golden trout ages and growth rates from stream populations and to
determine what biological and physical factors affected trout growth rate,
condition, and density.

STUDY SITES
The 17 study streams all originate on or near the Kern Plateau of the southern
Sierra Nevada ( Inyo and Tulare counties, California; Figure 1). Most are
tributaries of the South Fork Kern River or Golden Trout Creek, both within the
Golden Trout Wilderness. Three streams flow eastward into the Owens Valley
and two are tributaries of the Kings River in the southern portion of Kings
Canyon National Park and drain into the Central Valley.
The southern portion of the Sierra Nevada was largely unaffected by the
Pleistocene glaciation which shaped the valleys north of the Kern Plateau (Jahns
1954). Consequently, most of the stream valleys in this region consist of broad
alluvial flats separated by low granitic ridges sparsely vegetated with lodgepole,
Pinus contorta, and foxtail, P. balfouriana, pines. The meadows range in
elevation from 2,300 to 3,200 m, and are composed of relatively unconsolidated
granitic sands and fine sediments. They are more subject to erosion and
degradation than meadows in the glaciated Sierra Nevada ( Albert 1982) .
Characteristics of the individual streams are provided in Table 1. The streams
of this region are typically of low gradient and stream bottoms consist of
unstable sand and occasional gravels and cobble. Meanders are common in the
unconfined meadow flats, and most streams are relatively wide and shallow.
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Discrete riffle-pool sequences are largely absent. The banks are generally
steep-sided, rarely densely vegetated, and active erosion sites are common. True
riparian vegetation is absent, except for mesic herbs and occasional willow
shrubs, Salix spp. In-stream cover which can be used by trout is rare. As a
consequence of stream openness, summer stream temperatures fluctuate
greatly, ranging daily from 3° to 22°C. Golden trout are the only fish species
inhabiting the study streams.
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Map of Califo rni a show ing study sites on the Kern Plateau. Stud y sites are numbered
and correspond to numbers in Table 1. The two stud y sites in Kings Canyon
National Park (16, 17) are not show n.

MATERIALS AND METHODS
Sampling occurred durin;; the summers of 1983 and 1984. At each site, a 100
m linear transect was established along a representative stream section, and all
samples were taken from this section . The section was mapped threedimensionally to assess geomorphological characteristics such as meander
patterns, width/depth relationships, and pool/riffle ratios. Two bottom substrate
cores ( 15 cm deep x 8 cm diam) were taken and partitioned into five sediment
size classes with sieves ( mesh sizes = 2.0, 1.0, 0.5, and 0.1 mm-particles
larger than 2 cm were hand separated from the 2 mm sieve ). The three largest
size classes were weighed in the field and the two smallest size classes were
returned to the laboratory for more accurate weighing.
Invertebrates were collected with a 30 cm x 30 cm modified Hess sampler.
The sampler was pushed approximately 10 cm into the substrate and the
substrate within the sampler was vigorously stirred by hand. Any suspended
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organisms and other organic material was washed into a 330 µm mesh net
attached to the downstream end of the sampler. Samples were preserved in
70% ethanol for size partitioning and species identification in the laboratory.
Four samples were collected from riffles at each site.
Bank condition was characterized every meter along one randomly chosen
100 m section of stream bank within the study site. At each point, we noted the
type of vegetation, whether or not the stream edge was bare, the presence or
absence of aquatic vegetation ( macrophytes and algae), and whether or not the
bank was undercut. If the bank was undercut, the extent of undercutting was
measured.
The Pfankuch stream stability rating was calculated for each site ( Pfankuch
1975). This index is based on a visual assessment of subjective measures related
to stream channel stability, including bank condition, substrate type, vegetative
cover, width-depth ratio, and pool-riffle ratio. Stream channel stability is
negatively correlated with the index value. For example, narrow, deep streams
with overhanging banks and substrates composed mostly of cobble and gravel
receive a lower score than wide, shallow streams with highly eroded banks and
substrates composed mostly of sand and silt.
Fish were collected by electroshocking ( Smith-Root Model 11 Electrofisher).
Three passes were conducted at each site in order to obtain a regression
estimate for population size (Seber and LeCren 1967). However, this method
was not appropriate for the study streams, since the first pass often produced
fewer fish than the second and third passes. Because of the limitations of
population estimates based on the regressions, the data were used to estimate
minimum densities within the stream sections. Fish were retained in buckets
until all passes were completed and then measured.
The standard lengths (SL) of all captured fish were measured to the nearest
mm on a measuring board. We estimated weights by immersing the fish in a
graduated cylinder containing a known volume of water and recording the
volume of water displaced. We assumed, and verified in the laboratory, that the
specific density of fish tissue was similar to that of water ( 1.0 g/ml) . Therefore,
a fish that displaced 50 ml of water was recorded as weighing 50 g. Ten fish
from each site, representing a range of sizes, were sacrificed and preserved in
95% ethanol and returned to the laboratory for age determinations. Smaller
samples were preserved from three streams which contained few fish . In
addition, 10 juveniles ( < 1 year of age) were collected from each site where
they were present. Since electroshocking did not effectively capture juveniles,
they were instead collected using handnets.
Both scales and otoliths (,sagittae) were used for age determination; annuli
and presumed daily growth increments of otoliths were examined at 100-400X
in oil immersion under a light microscope ( Campana and Neilson 1985).
Otoliths from fish > 3 years old were first ground with carborundum 600 grit to
enhance transparency, while otoliths from younger fish were viewed directly.
We investigated the importance of 24 biological and physical site characteristics in determining golden trout growth, condition ( K), and density. Site
characteristics included riparian stream cover, substrate size composition, bank
condition, gradient, elevation, suspended particulates, stream surface area,
stream width/depth ratios, pool/riffle ratios, watershed area, abundance of
bank and instream vegetation, fish density, stream channel stability, and aquatic
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insect abundance. Data were analyzed using stepwise multiple regression
procedures. The effects of stream channel stability on trout growth, condition,
and density were analyzed separately since the stability index incorporated
many of the other independent variables.
In stepwise multiple regression procedures in which fish growth (SL/age,
weight/ age) or condition were included as dependent variables, each fish was
a separate observation. When fish density was entered as the dependent
variable, each stream was a separate observation. Proportional data were
arc-sine square root transformed . The required significance level for inclusion in
the regression model was p < 0.15. Only those fish more than one year old were
used in the analyses since young of the year were present in only five of the
study streams when collections were made in 1983.

RESULTS
A total of 376 fish from 17 streams were weighed and measured during 1983.
Of these, 176 fish from 15 streams were preserved for age determinations. In
1984, an additional 20 fish were preserved from two streams from which no
samples had been collected in 1983.
Scales were unsuitable for age determination since annuli were non-existent.
In contrast, annuli were easily counted on nearly all otoliths, possibly due to the
large and discrete differences in seasonal temperature cycles (Campana and
Neilson 1985 ) . Based on annuli counts, golden trout frequently lived more than
five years; the oldest was nine years old . We did not validate annulus formation, '
but are confident that our age estimates are accurate, since otoliths accurately
reflected ages of fish up to 23 years old in an extremely stunted brook trout
population ( Reimers 1979 ).
Inter-annular increments were present on all otoliths and were assumed to be
produced daily. Daily increment production has been verified in several fish
species closely related to golden trout including steel head trout ( Campana
1983 ), chi nook salmon ( Neilson and Geen 1982) , and sockeye salmon
( M arshall and Parker 1982). The number of increments between successive
annuli ranged from 90-120. Although it is not known for golden trout whether
growth ceases when increment formation stops, the increment counts suggest
a period of rapid growth of between three and four months per year
(June-September ). Growth at other times of the year is probably very slow.
Otoliths from young-of-year trout always showed a distinct discontinuity,
after which increments were clearly reduced in width ( Figure 2) . We believe
this represents the date at which alevins emerged from the gravel after depletion
of the yolk sac. Similar discontinuities were reported from otoliths of sockeye
salmon ( Marshall and Parker 1982) and correspond to the date of first feeding.
Lengths of golden trout for all age classes are shown in Figure 3. First year
growth was rapid, after which fish grew at a slower rate, especially after the fifth
year. The length of golden trout for ages 1-9 was fitted to an equation of the
2
form Ysl = 7.30 + 4.02 In Xage (R = 0.51, P<0.0001 , n = 138; Table 2).
Weight followed a pattern similar to length, but was more variable ( Figure 4) .
The weight of trout of ages 1-9 was fitted to an equation of the form
Ywt = 2.85 + 19.90 In xase (R 2 = 0.30, P<0.0001, n = 138; Table 2) . When fit
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to a logarithmic equation, the length-weight relationship for all trout was [In
w = -3.59 + 2.70 In I] (R 2 = 0.90, P<0.0001, n = 343) .

FIGURE 2.

Otolith from a 2.5 cm golden trout. Arrow points to suggested emergence mark. Scale
bar= 100 µm .

Age-length data was also fitted to a Von Bertalanffy growth function
(FISHPARM computer software-Prager et. al. 1987). The Von Bertalanffy
equation for all collected fish was 11 = 15.5 ( 1 -exp ( -0.42[t + 0.54])). The
asymptotic length for this sample of golden trout was 15.5 cm.
The effects of site characteristics on trout growth ( measured as SL/ age) were
evaluated for 95 fish from 12 streams using stepwise multiple regression. The
remaining 43 fish were eliminated because their associated stream variables
contained missing values. Fish age accounted for most ( 62%) of the variation
in trout growth explained by the model (Table 3). The percent of stream
length covered with aquatic vegetation also added significantly to the model and
explained 2% of the variation in trout growth. Fish density ( number of
2
fish/m )did not vary much between sites (Table 1) and did not explain a
significant amount of the variation in trout growth.
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n
predicted length (cm )
actual length (cm) . .
predicted weight (g)
actual weight (g).

10
7.3
7.1
2.9
6.4

2
27
10. 1
9.8
16.6
14.0

3

47
11.7
11.8
24.7
23.9

AGE CLASS (YEA RS)
6
4

s

28
12.9
13.2
30.4
31.7

10
13.8
15.0
34.9
47.3

10
14.5
13.1
38.5
33.2

7
5
15.1
14.2
41 .6
33.2

8
0
15.6

44.2

9
1
16. 1
16. 1
46.6
55.0

TABLE 3. Results of Stepwise Multiple Regression Analysis of Trout Growth Measured As SL / age
(n
95). Variables Are Listed As They Entered The Model. See Text for Definition of Independent Variables.
p
R'
Slope
Variable
0.62
0.0001
-0.76
fish age .................... . ...... . . ........ . .. . .... ••
0.02
0.005
0.95
% stream vegetated ...... .. .... .... .... . ...... . ...... .
0.01
-3.53
>0.10
fish density ( # / m') .................... .... ........ ..

=

When growth was measured as weight/ age, regression analysis for 87 fish
from 11 streams indicated that golden trout density explained the largest
amount of the variation in growth ( 21 % ; Table 4) . Elevation did not vary much
between sites (Table 1), but still explained 8% of the variation in trout growth.
The percent of the bank covered by vegetation explained an additional 7% of
the variation.
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TABLE 4.

Results of Stepwise Multiple Regression Analysis of Trout Growth Measured as Weight/Age
(n = 87). Variables are listed as they Entered the Model. See Text for Definition of Independent Variables.
p
Slope
Variable
fish density ( # /HlO m ) .................. . ........... . ...... .
-0.19
0.0001
0.21
0.01
0.0001
0.08
elevation ( m) . .. . . . ..... . .... . • ... .. . . .. •• . . . .. . . . ••..... . . . ••
7.99
0.07
% bank vegetated . . . . . . . ... . ...... . .. . .. . . . .. . . . . . ..... . . .
0.004

Condition factors ranged from 1.16 to 1.47, with a mean of 1.34 ± 0.11 S. E.
(Table 1 ) . Although 106 fish were used in the model, none of the site-specific
stream variables satisfied the minimum significance level for entry into the
regression model.
Multiple regression analyses using fish density ( measured as the number of
fish per 100 m of stream and as the number of fish per m' ) as the dependent
variable resulted in none of the site variables satisfying the minimum required
significance level for entry into the regression model. Four streams were
eliminated from the analysis because of missing values.
The Pfankuch stream stability rating was significantly correlated with fish
growth measured as weight/age (r=-0.35, p=0.0001, n=138), but not as
SL/age (r= -0.09, P>0.30, n=138). The correlation between the stream
stability rating and fish density measured as the number of fish/100 m was
marginally significant (r=0.44, p=0.08, n=16), but the stream stability rating
and fish density measured as the number of fish/m 2 were not significantly
correlated (r=0.05, P>0.50, n=16) . Trout condition was also not significantly
correlated with the stream stability rating (r=-0.07, P> -15, n=343).

DISCUSSION
Scales proved unsatisfactory for aging golden trout in this study. Reimers
( 1958) experienced similar difficulties with scales taken from brook trout from
an alpine Sierra Nevada lake. Otoliths, however, proved highly suitable for age
determinations. The oldest fish sampled was 16.1 cm SL and was in its tenth
year of growth, making it the oldest golden trout on record. Six and seven year
old fish were common. Other species of trout occasionally attain similar ages in
streams ( 0. mykiss-7 years, Greeley 1933; 0. clarkii-10 years, Oregon State
Game Comm. 1950; 5. trutta-8 years, Sigler 1952) . Most other records of
salmon ids near 10 years of age or greater are from lake populations ( Fenderson
1954, Sumner 1948) or are sea-run individuals ( Sumner 1962).
The exceptionally low productivity of streams occupied by golden trout may
be a factor in their longevity as well as their retarded growth. In one remarkable
case, Reimers ( 1979) found that introduced brook trout, Sa/velinus fontina/is,
survived for up to 24 years of age in a high altitude, low productivity Sierra
Nevada lake. Reimers accounted for their exceptional age by their minimal
energetic costs. Activity was reduced by low temperatures in conjunction with
extreme food depletion. These fish became highly stunted and did not
reproduce until age 16, when population densities declined and allowed food
levels to increase and make reproduction possible. Considerable evidence
correlates stunting due to reduced food ration and low temperature with
enhanced longevity ( McCay et al. 1956, Comfort 1963). Golden trout were
clearly stunted, suggesting that their increased longevity may be the result of an
analogous situation.
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In streams, golden trout growth rates are much lower than the rates reported
from lake populations (Needham and Vestal 1938, Curtis 1934, McAfee 1966).
This agrees with considerable information regarding other species of trout
( Carlander 1969), and may be due to several factors. In lakes, fish have access
to zooplankton and large prey items not available in streams. This is particularly
true following introduction of new populations ( including 0. aguabonita) to
fishless lakes, before the prey community composition has been altered
( Needham and Vestal 1938). Fish feeding behavior is different in lakes and
streams; in streams, fish must expend energy maintaining position and feeding
in fast currents (Jenkins 1969, Smith and Li 1983), reducing energy available for
growth.
Regression analyses suggested that several factors may influence the growth
of golden trout in our study streams. When growth rate was measured as
standard length/age, most of the variation was explained by age (Table 3);
younger age classes grew more rapidly than older age classes. The amount of
the stream covered with aquatic vegetation was positively correlated with trout
growth. Aquatic vegetation often provides important habitat for invertebrates
and may promote higher invertebrate abundance and diversity ( Dudley et al.
1986) . Thus, aquatic vegetation may increase the amount of food available to
golden trout.
Weight at each age class showed much more variation than size at each age
class ( Figures 3 and 4). Since weight can be modified over a shorter time period
than length, growth rates based on weight may have been more sensitive to the
effects of the site variables used in the analyses than growth rates based on
length. Growth rates measured as weight/age were affected by numerous site
variables (Table 4). Sites with higher fish density (number of fish/m 2 )
contained fish with significantly slower growth rates. Increased fish density may
result in decreased growth rates by decreasing per capita food availability or by
increasing competition for foraging sites or cover ( Chapman 1966, Chapman
and Bjornn 1969, Elliot 1984). Such competition could force fish to expend
energy on agonistic interactions instead of on growth.
Density measured as the number of fish/100 m may be a better predictor of
growth rates than density measured as the number of fish/ m 2 if these trout
populations are limited more by the availability of cover than by foraging sites.
Nearly all cover in the study streams occurred along the banks and was heavily
utilized by fish. Foraging sites were generally in mid-stream and may not have
been in short supply in the study streams, since individuals often changed sites
without interactions from conspecifics.
Fish from higher elevation streams had higher growth rates than those from
lower elevations. McAfee ( 1966) suggested that if higher elevation habitats
have lower fish densities than lower sites, reduced competition at higher sites
may result in faster growth. However, our analyses should have removed any
density effect and we are thus unable to provide a satisfactory explanation for
this relationship.
There was a positive relationship between the amount of streambank
vegetation and trout growth. Overhanging vegetation provides cover for fish
and may increase the number of terrestrial insects available to trout.
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The negative correlation between the Pfankuch stream stability rating and
trout growth (weight/age) suggests that trout from streams with higher channel
stability gained weight faster than those from streams with lower channel
stability. Similar effects of channel stability on fish growth have been found for
rainbow trout (Van Velson 1979) and brown trout (Dahlem 1979) and were
suggested to result from increased food and cover.
Condition factors for 343 trout ranged from 0.90 to 2.16. Despite this
variability, our calculated mean K was 1.34, which is similar to K values
estimated for lake populations of golden trout ( K = 1.315 in Needham and
Vestal 1938, 1.34 in Curtis 1934). Apparently, populations of golden trout
achieve quite similar condition relationships, even in very different habitats. K
values of other trout species vary considerably among habitats, but it appears
that trout in montane streams have K values similar to those of golden trout,
ranging from 1.15 to 1.63 ( Carlander 1969). This uniformity in condition even
among different trout species may explain why none of the measured site
characteristics affected trout condition in our analysis.
Trout density was not affected by any of the measured site characteristics
used in the regression analysis. This analysis should be interpreted with caution,
however, as each stream was considered as a separate observation and only 13
streams were used in the analysis. Thus, even if any site characteristics (e.g.
amount of suitable spawning gravel or aquatic insect biomass) did affect trout
density, the analysis may have lacked the power to detect such effects. The
marginally significant correlation between trout density (number of fish/100m)
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and the Pfankuch stream stability rating suggests that less stable stream channels
support higher densities of fish. Although we are unable to provide an
explanation for this relationship, it may suggest that fish grew more slowly in
streams with lower channel stability because of higher trout densities.
In summary, several site variables affected trout growth. Trout density, trout
age, and the Pfankuch stream stability rating were negatively correlated with
trout growth while the amount of aquatic vegetation, the amount of bank
vegetation, and elevation were positively correlated with trout growth. Differences between sites in stream stability, trout density, bank vegetation, and
aquatic vegetation may all influence trout growth by increasing or decreasing
the amount of available food or cover. Small increases or decreases in the
availability of food or cover may be important in these low productivity streams.
However, the low growth rates of golden trout throughout the study area were
probably a result of the low productivity of these unstable montane streams and
the short period of time available each year for rapid trout growth.
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