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Abstract:

This study examined the validity and precision of scales as aging structures as well as fecundity, age at
sexual maturity, and longevity for headwater populations of westslope cutthroat trout (Oncorhynchus
clarki Iewisi). This information will be used by the U.S. Forest Service Intermountain Research Station
biologists to model extinction risk associated with small population size. Evidence for the validity of
otoliths as aging structures for westslope cutthroat trout was provided through comparison with a
length-frequency histogram from West Fork Cottonwood Creek, MT. Ages assigned from otoliths
agreed with ages assigned from the length-frequency histogram. Ages interpreted from otoliths were
significantly higher than ages interpreted from scales for 424 paired age structure samples {X2 = 295.5,
p<0.001). I developed a model using >6 circuli to the first annulus as a predictor of a missing first year
annulus. The model improved age structure agreement from 24% to 66%. This model will allow
biologists to use scales as aging structures with increased accuracy up to the age of sexual maturity.
Beyond the age of sexual maturity, when growth rates slow, it becomes difficult to interpret annuli near
the edge of scales. This reduces the reliability of ages interpreted from the scales of older individuals.
Fecundity was estimated from three study populations and appears highly variable. I produced a linear
regression model to predict fecundity (E) at fork length (FL): E =-515.5 + 4.5(FL) (12 = 0.52, p<0.01).
I recommend applying this model to headwater populations of westslope cutthroat trout from the upper
Missouri River drainage. Males from study populations began to sexually mature at age 2 with all
sampled males sexually mature by age 4. Some females (26%) from study populations were sexually
mature at age 3, with most (93%) mature by age 5. Logistic regression indicated that length is more
important in determining sexual maturity than age and this is supported by statistical differences in
mean lengths at age for sexually immature and sexually mature trout. Males matured between 110 and
1 60 mm and females matured between 1 50 and 180 mm. The maximum age estimated, based on ages
interpreted from 475 otoliths from fish in 29 streams, was 8 years.
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ABSTRACT :

This study examined the validity and precision of scales as aging
structures as well as fecundity, age at sexual maturity, and longevity for
headwater populations of westslope cutthroat trout (Oncorhynchus clarki -
lewisi). This information will be used by the U.S. Forest Service
Intermountain Research Station biologists to model extinction risk associated
with small population size. Evidence for the validity of otoliths as aging
structures for westslope cutthroat trout was provided through comparison
with a length-frequency histogram from West Fork Cottonwood Creek, MT..
Ages assigned from otoliths agreed with ages assigned from the length-
frequency histogram. 'Ages interpreted from otoliths were significantly higher
than ages interpreted from scales for 424 paired age structure samples
(x2=295.5, p<0.001). | developed a model using > 6 circuli to the first
annulus as a predictor of a missing first year annulus. The model improved
age structure agreement from 24% to 66%. This model will allow biologists
to use scales as aging structures with increased accuracy up to the age of
sexual maturity. Beyond the age of sexual maturity, when growth rates
slow, it becomes difficult to interpret annuli near the edge of scales. This
reduces the reliability of ages interpreted from the scales of older individuals.
Fecundity was estimated from three study populations and appears highly
variable. | produced a linear régression model to predict fecundity (E) at fork
length (FL): E = -515.5 + 4.5(FL) ('r2:0.52, p<0.01). | recommend
applying this model to headwater populations of westslope cutthroat trout
from the upper Missouri River drainage. Males from study populations began
to sexually mature at age 2 with all sampled males sexually mature by age 4.
Some females (26%) from study populations were sexually mature at age 3,
with most (93%) mature by age 5. Logistic regression indicated that length
is more important in determining sexual maturity than age and this is
supported by statistical differences in mean lengths at age for sexually
immature and sexually mature trout. Males matured between 110 and 160
mm and females matured between 150 and 180 mm. The maximum age
estimated, based on ages interpreted from 475 otoliths from fish in 29
streams, was 8 years.




INTRODUCTION

WestslopeA cutthroat trout Oncorhynchus clarki lewisi have undergone
a major reduction in their distribution and abundance attributed to habitat
loss due to land use practices, introduction of non—nétive fish spécies, and
over exploitation (Liknes and Graham 1988; Behnke 1992). Liknes and
Graham (1988) esfimated that genetically pure populations of westslope
cutthroat trout occupied only 2.5% of their historic range in Montana by
1988. Rieman et al. (1993) suggested that isolation of salmonid populations
due to habitat fragmAentation incrgases deterministic, stochastic, and genetic
risks of extinction. Populations of westslope cutthroat trout in Montana, and
throughout their historic range, have becoﬁe increasingly fragmented in
reclent years with many of the remaining genetically pure populations
relegated to headwater areas. Headwater habitats may provide a-refugia
from anthropogenic disturbance and allow native fishes to. ma‘_intain ?Iocall
adaptations 'and competitive advantages over non-native species in .re/latively
undisturbed habitats.

Since headwater populations usually provide little recreational
opportunity, likely due to slc;w growth rates and remoteness, little is known

about these populations. Fish managers must assess extinction risks and

develop conservation and recovery strategies if this sub-species is to survive

i
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and persist in the wild. Information on age and growth, ‘as well as means
and variances of basic populatioﬁ parameters including age at sexual
maturity, fecundity, and Ioﬁgevity are necessary to model extinction risks.
This study was conducted té provide this information.

Scales are commonly used to age many species of fish and are often
preferred because their removal and examination does not require sacriﬁcing/
the fish. Major problerﬁs assbciated with using scales to estimate the ages

{
of salmonids are that a first year annulus does not always form (Lents;:h and
Griffith 1987) and annuli may become crowded or indistinguishable as fish
growth slows (Johnson 1976). Scales may also be partially resorbed as
individual.s age and mature, as was documented in chinook salmon
Oncorhynchus tshawytscha (Chilton and Bilton 1986). Further, scales may
become damaged or lost and regenerated scales will noj;c accurately reflect an
individual fish’s age or growth. |

Lentsqh and Griffith (1987) documented the absence of a first year
annulus in 21 of 24 population? of cutthr‘oat’ trout and cutthroat-rainbow
trout hybrids Q. clarki * O. Mykiss. Fraley et al. (1981) and Shepard et al.
(1984) reported that 30% to 61% of westslope cutthroat in the upper
Flathead basin of Montana.did not form a first year annulus. Some

researchers (Laakso and Cope 1956; Jensen and Johnsen 1982; Shepard et

al. 1984; Lentsch and Griffith 1987) have suggested that the number of




circuli prior to the first discernible annulus on a scale can be used to
determine if the first annulus is missing. This number varies between
populations and must be determined erl;lpirically.

Accepting scales as a valid aging structure for headwater populations
of westslope cutthroat trout without first determining the accuracy and
precision.of this method could result in inaccurate estimates of age.
Inaccurate estimates of age could lead to errors in the calculation of growth,
recruitment, and mortality rates, which are important in guiding managefnent
actions. . -

In addition to scales, fin rays are another potentially non-lethal aging

e

structure. Fin rays have beén validated for aging brown trout Salmo trutta
(Burnett 1969; Shirvell 1980), and lake whitefish Caregonus clupeaformis
{(Mills and Beamish 1980). | wanted to determine if they could be used to
accurately age westslope cutthroat trout inhabiting small headwater streams.
Otoliths have been used to‘age various salmonid species including
chinook salmon (Neilson and Green 19é3), sockeye salmon Oncorhynchus

nerka (Marshall and Parker 1982), steelhead troLJt Oncorhynchus mykiss

(Campana 1983), and brook trout Salvelinus fontinalis (Hall 1991). It has
been demonstrated that scale growth slows at maturity while otoliths
continue to grow in relation to length for lake trout, Salvelinus namaycush

(Simard and Magnin 1972). Simkiss (1972) demonstrated that bones and




otoliths in many fishes have priority over scales in calcium deposition and, in
some instances, calcium may be resorbed from scales. The major c‘oncern
over the use of otc-)liths as an aging structure is that the fish must be
sacrificed.

To assess extinction risk, biologists need some estimate of the
reproductive potentiél of individual populations. Modeling fecundity at length
holds promise. The few studies that have documented fecundity for
westslope cutthroat trout report egg numbers ranging from 183 to 2025 per
female (Averett 1962; Johnson 1963; Smith et al. 1983). Rieman and
Apperson (1989) fit a fecundity versus length regression based on
documented fecundity. However, few smaller (only 25 % < 275 mm)
mature females, typically encountered in headwater populations, were
sampled. The validity of a fecundity versus length relationship for
populations containing small females is uncertain.

Information on age and length at sexual maturity is also necessary to
estimate reproductive potential. In river and lake systems westslope
cutthroat trout reach sexugl maturity between ages 3 and 5 (Brown 1971;
Liknes and ‘Graham 1988;.Behnke 1992).. Because headwater populations of
westslope cutthroat trout grow slower than those in mainstem rivers and

lakes, they may mature at older ages.

T




Longevity estimates make it possible to predict the long term
reproductive potentiai of individuals and populations: Longevity of westslope
cutthroat trout is not well documented, particularly for headwater
populations. Using scales, Johnson (1963) and Lukens {1978) estimated
maximum ages of 6 years compared to 7 years reported by Shepard et al.
(1984). Fraley (Montana Department of Fish, Wildlife and Parks, personal
communication) documented a 13-year-old westslope cutthroat trout from
the South Fork Flathead River drainage.

Specific objectives of my study were to:

1) Validate ages interpreted from scales through recapture of visible
implant tagged fish and compérisons of paired age structure samples.

2) Determine growth rates for isolated headwater populations.

3) ~ Compare the relative precision of ages interpreted from scales and
otoliths between experienced readers..

4) Examine the use of fin rays for aging small westslope cutthroat trout.

5) Determine fecundity, age at sexual maturity, and longevity for

headwater populations.

i N 7




STUDY AREA

Nineteen headwater streams were selected for this study. Fifteen of
the selected study streams were in the upper Missouri River drainage and
four were part of the Clark Fork River drainage (Figure 1).

Streams selected for study represented typical headwater habitats. in

Montana. Study stream elevations ran,ged from 1470 m at White’s Gulch to

2290 m at Halfway Creek (Table 1). Mean channel gradients ranged from
3.2% for North Fork Gold Creek to 6.6% folr Soap Creek. Productivity in
most streams was low, as indicated by water conductivity’s ranging from 57
pmhoé in East Fork Cottonwood Creek to‘649 umhos in White’s Gulch.

Fish species composit‘ion in most study streams consisted solely of
genetically pure westslope cutthroat trout. Seven study streams also
supported populations of brook trout Salvelinus fontinalis and two study
streams supported popula-tionslof rainbow t;out X westslope cutthfoat trout

hybrids (Table 2). / | ‘




Figure | . Distribution of headwater streams selected for study.



Table 1. Physical characteristics of headwater streams selected for study.

Rosgen ‘Temp Conduct

1470

Stream _ pH  Wetted Length Low  Upper Channel
type (C)® (umhos)® width with elev  elev gradient
(m) WCT (m) (m) (%)
(km)

Collar Guich B2 - 6.4 206 8.3 2.5 2.7 1450 1550 3.6
Cottonwood A3 8.3 2.2 5.8 2260 2540 4.8
(Ruby drainage) :
Geyser A3 6.8 447 - 8.6 1.6 1.6 2460 2570 6.
Cottonwood B1 8.6 131 8.4 3.6 1830 1850 4.1
(Smith drainage) '

E. Fk. A3 9.5 57 8.1 1.4 3.0 1850 2190 6.4

W. Fk. A3 11.8 126 8.2 2.1 2.8 1850 2110 6.4
Douglas A2 5.3 245 8.9 3.1 1.1 1570 1630 5.5

N. Fk. B2 7.1 253 8.7 1.5 3.1 1650 1790 4.7
Half Moon A2 12.4 333 8.7 3.0 7.3 1710 2010 4.2
Halfway A3 5.3 78 8.4 1.1 7.8 1830 2290 5.9
Jerry A3 7.8 160 8.9 1.7 2.8 2100 2220 4.4
Delano A3 4.6 180 8.7 1.2 1.9 2120 2260 7.1
Mcvey B3 5.5 78 8.7 1.4 2.3 1860 1940 3.4
Muskrat A2 7.8 3.6 2.2 1570 1700 5.5
N. Fk. Deadman A3 6.3 254 8.6 1.7 2.5 1960 2130 6.8
N. Fk. Gold B3 7.0 174 8.8 2.3 4.2 1880 2010 3.2
Soap- A3 6.3 81 8.2 2.5 3.9 1910 2170 6.6
Tenderfoot A2 10.4 119 8.6 3.1 8.1 1730 2100 4.5
White's Guich B3 11.7 649 8.2 1.5 4.6 1320

3.3

? Mean of point samples over time
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Table 2. Fiéh species composition for headwater streams selected for study.

Stream Species composition *
Collar Gulch WCT
Cottonwood (Ruby drainage) WCT, RBT, WCT x RBT
Geyser WCT
Cottonwood (Smith drainage) WCT
E. Fk. WCT
W, Fk. WCT
Douglas WCT
“N. Fk. WCT
Half Moon WCT -
Halfway WCT
Jerry WCT, BT
Delano WCT, BT
Mcvey WCT, BT
Muskrat WCT, BT
N. Fk. Deadman WCT, BT
N. Fk. Gold WCT
Soap WCT
Tenderfoot WCT, RBT, WCT x RBT, BT, SC
White's Guich . WCT, BT

. 4 BT brook trout

RBT rainbow trout
SC sculpin
WCT westslope cutthroat trout
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METHODS

Age Determination

Fish were captured using a Smith-Root backpack electrofisher model
15-B. Low frequency DC curr:ant was utilized to minimize injury to the fish.
Frequencies and voltéges employed varied with stream temperature and
conductivity, but generally voltages ranged from 200 to 800 volts and
frequencies were always under 50 Hz. Captured fish were Weighea to the
nearest gram and fork lengths measured in n‘ﬂiil‘limeters. All fish 120 mm and
longer were marked using visible implant tags (Haw et al. 1990).

During the 1993 field season, May through September, scale samples
were taken from a minimum of 10 fish per 10 mm length group from each
stream when possible. Scales were removed from the left side of the body
just above the lateral line at the anterior end of the caudal peduncle, the
location of the earliest scaie formation on westslope cutthroat trout (Averett
1962). During the 1994 field season sampling was repéated. Scale samples’
were removed frorﬁ the right side of the body on all recaptured visible
implant tagged fish to validate annulus formation and determine empirical

growth rates. f

™
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| compared ages assigned from a length-frequency histogram
with ages interpreted from otoliths for West Fork Cottonwood Creek to
determine the validity of otoliths as‘ aging structures for Westslépe cutthroat
trout. West Fork Cottonwood Creek was used because it provided an easily
interpretable length-frequency histogram where other study streams ‘did not.

Westslope cutthroat trout were not intentionally sacrificed for otoliths
during the .1 993 field season, but the two sagittal otoliths, a pectoral fin, and
a sample of scales were obtained from incidental mortalities after they were
weighed and me.asured. I qlso utilized westslope cutthroat trout collected for
genetic analysis by Montana Department of Fish, Wildlife, and Parks and U.S.
Forest Service biologists. This resulted in an additional 148 paired age
structure samples from 15 additional headwater streams.

Scale samples were prepared for aging by Wayne Black, Montana Fish,
Wildl'ife, and Parks. Scales were sorted under a 7 to 10~power dissecting
microscope, laid out on cellulose acetate sheets, and covered with a stainless
steel plate. Samples were then placed in a Carver laboratory press at 450°F
and 15000 psi for 1 minute. The scales were then discarded. Scale
impressions were interpreted on a microfiche reader at 72 power and ages
assigned according to the methods described by Jearld (1983). Number of
circuli to the first and secc'Jnd annuli were counted for each scale aged in an

attempt to identify and correct for missing first year annuli.

| R L S A
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Sagittal otoliths were removed by making an incision perpendicular to
the horizontal axis of the fishes body immediately posterior to the eyes and
extending downward to the base. of the orbit. The brain was exposed by
depressiqg the anterior section of the head. The saggital otoliths were visible
just behind and beneath the brain and could be easily removed with a pocket
knife in the field. All otoliths collected under field conditions were initially
stored togéther with scales in a scale envelope and later transferred to dry
vials. The paired structures from each fish were labeled identically using an
alpha numeric combination to facilitate comparisons.

Otoliths were viewed whole. They were immersed in distilled water in
a small Pyrex dish, placed on a dark background, then viewed through) a
compound microscope at 40 power with 'reﬂected light. The criteria for
assigning ages was similar to that used by Mackay et al. (1990).

| Whole pectoral fins were clipped as near to the body as possible and

dried in scale envelopes. The trimmed fins were placed between two sheets
of 2.54 mm thick PETG plastic. .They Welre slowly heated and compressed
under 50 .psi to avoid crushing. The plastic containing the fin rays was
sectioned as thin as possible (0.5 mm) with a model maker’s saw. This

.technique has been used to section fin rays of northern pike Esox lucius ,

walleye Stizostediom vitreum, and white sucker Catostomous commersoni

(W. Black, Fisheries Laboratory Technician, Montana Fish, Wildlife, and

o Pp— v — rp— L e Y AR T1 11T o
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Parks, personal communication). The samples were cleared with immersion
oil and viewed with transmitted light on a binocular stage microscope at 80
to 100 power. A second technique involved embedding the fin rays in
paraffin wax and sectioning them to between 5 and 10 microns on a
microtome. Transverse cross sections were mounted on glass slides and
viewed at 8(5 to 100 power.

Random subsamples of otoliths and scales were éelecfed and read by

/

another experienced reader. All ages were determined by each reader
without a priori knowledge about the individual fish (i.e. length or sample
location). The “Index of Average Percent Error” (Beamish and Fournier 1981)
was calculated to determine which aging technique is more precise. This
method is superior to calculating the percent agreement betWeen readers
because it accounts for the age of the fish. For example, a 2 year aging -
discrepancy for a fish which only lives to age 5 is more serious than the
same discrepancy for a fish that Iive§ to age 25. Percent agreement does
not take this into account.

After aging the paired otolith and scale sambles, a Chi-square test was
used to test for differences between age estimates. The chi-square test was
appropriate because the data can be thought of as a three case multinomial

with the expected frequencies for each case greater than five. The three

cases are:

T 1 i o




14 : .
case 1: otolith age > scale age
case 2: otolith age = scale age
case 3: .otolith age < scale age
If scale age and otolith age are truly equal, then the proportion of cases with
otolith age greater than scale age should equal the proportion of cases with
otolith age less than scale age, apart frdm sampling variation.

The otolith-scale pairs were utilized to calculate the percent of fish
missing a first year annulus oniscales. A model to identify and correct. for
missing first year annuli on scales was developed using otolith ages as the
“true” age. | assumed that a 1 year discrepancy between the age interpreted
from an otolith and the age determined from a paired scale for fish age 3 and
younger was the result of a failure to form a first year an-nulus on the scale.
As fish grow older, other factors may contrib.ute to the lack of formation of
disc.:erni;ble annuli on scales. The ave‘rage number of circuli to the first year
annulus was expected to \)ary with individual stream conditions, thus using
single circuli criteria to indicate a missing first yeér annulus across many
streams may hot be valid: | also examined the ratio of the number of circuli
before the first annulus to the number of circuli to the second annulus to
determine if this ratio would better incorporate growth differences between

streams.
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I used linear regression to build and test hodels for identifying a;nd
correcting for a missing first year annulus on scales. Models incorporated
varying numbers of circuli to the first annulus (5 to 7) and ratios of circuli
within the_first annulus to circuli between the first and second annulus. T-
tests were used to test for differences in ages assigned by the modeéls. The
percentage of annuli formed was calculated for each age class by dividing
the number of recaptured fish with scales that had formed one additional

annulus by the total number of recaptures.
rowth

Growth rate was determined using recaptures of rﬁarked fish. Fish
ovér 120 mm (FL) were marked using visible implanted tags. Fish from 90 to
119 mm (FL) were left pelvic fin clipped and those under 90 mm (FL)
received a right pelvic fin clip. | calculated daily growth rates for streams
where there was an adequate sample size of recaptured fish. Only fish
which were tagged and recaptured during the 1993 growth season, defined
as May 1 through October 1, were used in this analysis to avoid potential
biasing of the growth rate estimates due to dififerential growth rates b’etween

winter and summer. Daily growth rate (G) was calculated as follows:
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G =(Y2-Y1)/(t2 - t1)

where Y2 and Y1 represent lengths at time t2 and time t1, respectively.
Following calculation of daily growth rates, | correlated; initial length,
initial age, stream conductivity, and mean stream elevation with daily growth

rate to explore the relationships between these variables and growth.
Fecundit xual Maturity, and Longevit

. During May 1994 | collected fish from Cache Creek in the Taylor Fork
drainage, West Fork Cottonwocsd Creek in the Smith River drainage, and
Halfway Creek in the Boulder River drainage té determine fe'cundity,
longevity, and ages at sexual maturity for headwater‘ populations-and to
strengthen the fecundity to length relation of Rieman and Abper;son (1989).
Sampleé were stratified by 25 mm fork length groups to assure good size
coverage and to be consistent with an earlier study conducted by Magee
(1993).

Females were collected immediately prior to the onset of spawning.
Both ovaries were removed from each mature female collected, fixed in
Davidson's solution (Kent 1992}, and ova Iatef enumerated using a

dissecting microscope at 7 power. One sample stream, Halfway Creek, was

T1 il ol -,
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inaccessible until spawning had commenced. Consequently, | was unable to
determine fecundity for females from this stream because most had initiated
egg deposition. .

Mean fecundity and as;ociéted standard deviations were calculated for
each 25 mm length group. Linear regression was- used to create a model for
predicting fecundity based on length. Initially, | constructed fecundity to
length relations using untransformed, log10, and natural log transformations
of the data from my study and unpublished data from Cache Creek, Montana
(A. Bowersox, Montana State Uni‘versity, personal communication) to create
a model using only fecundities from headwater populations. The linear fit
was poor due to the large variability in fecundity at length and small sample
size. | then combined my data with the unpublished data from Cache Creek,
Montana, and data from Averett (1962) and Johnson (1963) to increase
sample size and produce a model that would rﬁake reasonable fecundity
predictions for a wide range of sizes. A scatter plot of the data indicated a
curvilinear relationship, so natural log and log10 transformations were applied
to the raw data. Chattergee and Price (1 9915 suggested a natural log
transformation of the Y axis {fecundity) was most appropriate.

Ages at sexual maturity were determined for both sexes using females

collected for estimating fecundity and all incidental mortalities collected

during spri<ng sampling. Additional males were collected to ensure an

i 1l
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adequate sample size by leng"ch group. Status of sexual development was
c\ietermined by laboratory examination of ovaries and testes. The difference
between immature and mature ovaries was distinct. Immature ovaries were
granular in appearance and located dorsally, rarely extending back beyond the
origin of the dorsal fin. Mature ovaries were much larger, possessing eggs in
an advanced stage of development, usually filling the abdominal cavity.
Males were classified as immlat_ure if testes were dorsally located and
appeared threadlike. Samples were pooled across streams to increase
sample size for statistical analysis.

Percent sexual maturity was calculated by sex and age class. |
calculated mean lengths of immature and mature by age class and sex and’
used a t-teét to test for significant differences between mature and immature
fish. Logistic regression (Hosmer and Lemesh;)w 1989) was used to analyze
the relationship between age and length of fish versus sexual maturity.
Sexual maturity was‘ entered into logistic regression models as a binomial
variable, mature or not mature. Age, length, and the interaction of length
and age were entered as covariates. Akiake’s Information Criterion (AIC;
Akaike 1973, 1985) and Chi-square probability values for significance of
individual variables within each model were examined by sex. AIC values’
were used to select the best models, as recommended by Burnham and

Anderson (1 992). Significant differences between models were tested by
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using differences in log likelihood values tested under a Chi-square
distribution with 1 df using a p< 0.05 signifiéance Ievel‘(Hosmer and
Lemeshow 1989). Field cla.ssifications of sexual maturity status were used
to test the predictive capability of the best model.

| Longevity was estimated using otoliths taken from fish sacrificed for
genetic and fecundity analyses, tests of age at maturity, and incidental
mortalities. Fish were not intentionally sacrificed to obtain'longevity
information because of concerns over the long-term population effects of

removing the largest mature individuals from small populations.

T T T
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- RESULTS

' Age Determination

Ages interpreted from otoliths were consistently older than ages
interpreted from scales for the 424 paifed age structure samples (Figure 2).
The discrepancies increased with increasing age (Figure 3). Agreement
between the structures, prior to scale age adjustment, was 25%. Older ages
were éstimated from otoliths for 74% of the pairs, while older ages were
estimated from scales for only 1% of the pairs. Chi-square analysis indicated
that ages interpreted from otoliths were signific‘antly higher than ages
interpreted from scales (X? = 295.5, p <0.0d1).

The “Index of Average Percent Error” (AEI%) was 3.2% for otoliths
and 11% for scales (Table 3.). The precision of estimated ages was higher
for otoliths than for scales. Age estimates for replicate readings of otoliths
were not significantly different (t-test; p=0.80) while age estimates betWeen
replicate readings of scales samples were significan,tl.y different (t-test;
p<0.001 ).‘ Percent agreement between readers was 87 % for otoliths while -

only 55 % for scales.
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Otolith Age V. Scale Age

10/ 13
7125

6 /103

Scale

Figure 2. Scatter plot of age frequencies interpreted from paired otolith-scale
samples of westslope cutthroat trout. Solid line shows agreement (1:1
relationship) between otoliths and scales and the dashed line represents the
best fit linear regression line through the data.
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1 0 1 2 3 4 5
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Figure 3. Age discrepancies in years between paired otolith and scale
samples from westslope cutthroat trout stratified by fish 4 years old or less
and those over 4 years of age.

Table 3. "Index of Average Percent Error* (AEI%) and p-values based on t-
tests for differences between independent, experienced readers for ages of
westslope cutthroat trout interpreted from otoliths and scales.

Structure n AEI % p-value
Otolith 89 3.2 0.80
Scale 72 1.0 0.00

Ages interpreted from otoliths agreed with ages assigned by length-

frequency analysis for ages | (n=5), 2 (n=22),and 3 (n=3). Beyond age 3,
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ages c;)uld no longer be clearly interpreted from the length-frequency
histogram (Figure 4).

Time of annulus formation ranged from May to early July. Using
westslope cutthroat trout which were VI tagged in 1993 and subsequently
recaptured in 1994, | ev{aluated annulus formation by age at initial capture.’
The proportion of fish which formed an annulus over the 1993-94 winter
generally decreased with increasing age. Eighty-six percent of age 2 fish had
formed a discernible annulus by the time of recabture (Figure 5). Only 13 %
of age 4 fish possessed one additional annulus upon recapture.

Some individuals from each sampled population failed to form a first
year annulus on tHeir scales. The proportion of fish with a missing first year
scale annulus varied between streams. Halfway Creek contair;ed the lowest
proportion (49%) of fish missing a first year scale annulus while Half Moon
Creek supported the population with the highest proportion (85%) (Table 4).

One hundred seventy-six paired samples were used to construct
models for predictiﬁg the occurrence of missing first year annuli (training
sample) and 195 different paired samples to test them (testing sample).
Fifteen models were constructed (Table 5). The first set of models utilized
only the number of circuli present to the first annulus as an indicator of a
missing first year annulus. | varied the number used to identify a missing

annulus from 5 to 7 circuli and ran my training sample through each model.




Figure 4. Length-frequency histogram for westslope cutthroat trout from
West Fork Cottonwood Creek, MT. Horizontal bars represent length ranges
for ages 1, 2, and 3 as interpreted from otoliths.
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I then ran a second set of models which incorporated varying ratios of circuli
to the first annulus to circuli present from the first annulus to the second.
When there was no second annulus present, the model used the number of

circuli to the first annulus.
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Figure 5. Percent annulus formation by age class based on recapture of
visible implant (VI) tagged westslope cutthroat trout one summer later.

The three "best" models were selected by identifying the models
which brought the most paired age structure samples into agreement. |
included a fourth model that did not correct for a missing first year annulus
as well as the three | selected for further testing to examine if using the ratio

of circuli within the first annulus to the number of circuli within the second



26
improved the corrective capability of models. | then ran the testing sample
through each of these models to determine which ﬁodel corrected the
highest proportion 6f the testing sam‘ple.‘ Once the most ap-propriate model
was identified, | applied it to all of the scale samples collected in 1994. The
bercent of samples missing a first year annulus was calculated for each
stream based on the percentage of scale samples the model adjusted.
Table 4. Proportion of westslope cutthroat trout missing a first year annulus

on their scales by stream based on application of corrective age model VB
(Table 5) to all scales collected during 1993.

Proportion missing first

Stream year annulus n

Collar Gulch \ 79 125
Cottonwood (Ruby) 79 82
Cottonwood (Smith) 80 . 90
W.F. Cottonwood 68 209
N.F. Deadman 55 12
Delano ’ 60 115
Douglas ] 62 135
N.F. Douglas 66 143
Geyser 80 201
N.F. Gold 63 . 147
Half Moon 85 13
Halfway C 49 162
Jerry ' 63 134
McVey 53 79
Muskrat 71 21
Soap . 82 149
Tenderfoot 50 . 62

Whites 57 101
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Table 5. Models constructed to predict and correct for missing first year
annuli based on circuli counts on westslope cutthroat trout scales.

Model Condition number of
circuli
1A > * circuli to the first annuius, add one 5
year '
1B 6
IC \ 7
A If number of circuli from first annulus to 5
second < number of circuli to the first
annulus, add one year. If no second
annulus and number of circuli to the first
> * add one year
[IB B
[IC ~ 7
A I[f number of circuli from first annulus to 5
" second < number of circuli to the first
annulus, add one year. If no second -
annulus and number of circuli to the first
> * , add one year
B 6
lc 7
IVA If number of circuli from first annulus to 5
' second < number of circuli to the first
annulus plus one, add one year. If no
second annulus and number of circuli to
the first > * , add one year
VB 6
IVC 7
VA If number of circuli from first annulus to 5
second < number of circuli to the first
annulus plus two, add one year. If no
second annulus and number of circuli to
the first > * , add one year
VB 6
VC 7

* = number of circuli (5-7)

T

T i v




28

The initial agreement between the paired otolith and scale samples utilized to

develop age adjustment models was 22%. Following application of the

corrective age models, agreement improved to between 60% and 72%

(Table 6). The model utilizing 7 circuli {IC) to the first annulus as the sole

indicator of a missing first year annulus, did the poorest job of bringing ages

into agreement. Models 1A, VA, and [VB brought the highest percentages of

the samples into agreement.

Table 6. Agreement between paired age structure samples from westslope
cutthroat trout following application of all age correction models to the

training sample.

% Agreement

Model
. A 70
iB 65
IC 60
A 64
1B 63
[c 64
A 68
1B 67
Hc 63
IVA 72
VB 71
IVC 67
VA 67
VB 69
VC 66 -
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I selected models IA, IVA, and IVB as the best potential corrective age
models. | also included model IB to test for significant differences between
‘models using only the number of circuli to the first annulus and models
incorporating both the number of circuli- to the first annulus and the ratio of
circuli within the first annulus to the number of circuli from the first annulus
to the second. Initial agreement between the paired age structure samples
used in the testing data set was 24%. The testing sample Was.-run through
all' four models and model IVB performed the best, bringing 73% of the
samples-into agreement (Table 7). The single variable model, incorborating 6
circuli to the first annulus, corrected the lowest proportion of the testing
sample (66%). Results of t-tests indicated that model IVB produced a
significantly different mean age than the other three models (Table 8).
Table 7. Agreement between paired aging structures of westslope cutthroat

trout for the testing sample following application of four age adjustment
models. :

Model % Agreement

A 70
B 66
IVA 72

IVB 73
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Table 8. T-test results for significant differences between adjusted ages of
westslope cutthroat trout following application of four age adjustment
models to the testing sample.

Models p-value Significant difference

A, IVA 0.76 No

IVA, IVB 0.00 Yes

IB, IVB 0.00 Yes

IA, IVB 0.01 . Yes
Growth

Daily growth rate varied with stream. For those individuals marked
with visible implant tags (> 125 mm FL), Delano Creek had the lowest
average daily growth rate (0.025 mm), while West Fork Cottonwood Creek
had the highest average daily growfh rate (0.285 mm) (Table 9). Scatter
plots of growth increments by stream did not indicate any relationéhip
between initial capture size and subsequent daily growth rate (Figures 6-14). .
The correlation between initial length and growth rate was insignificant
(p=0.89, r=-0.03). Although not significant (p =0.06), when the
relationship between growth rate and age was examined, a stronger
relationship was apparent as indicated by the increased correlation value (r=-
0.33). 1 ran'correlations between conductivity and daily growth in an effort
to use some m'easure of productivity to expla.in growth rate. The correlation

between conductivity and daily. growth was insignificant (p=0.97, r=-0.02).
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-Correlation’s between mean stream elevation and growth rate were also

insignificant (p=0.21, r=-0.46).

Table 9. Average daily growth increments calculated for study streams
based on VI tag recaptures during the 1993 field season.

Stream Average daily growth (mm) Conductivity (umhos)
Collar 0.25 206

Delano 0.025 180

Geyser 0.135 447

Halfway 0.049. 78

Jerry 0.062 160

McVey 0.173 , 78

N.F. Douglas 0.111 253

Soap 0.143 81

W.F. Cottonwood 0.285 126

Daily growth rates for those fish which were marked with a right
pelvic fin clip {< 90 mm (FL)) could not be calculated for study streams
because sample sizes were extremely small for recaptures during the defined
1993 growing season. Daily growth rates for those fish marked with a left
pelvic fin clip (90-125 mm) were calculated for 5 study streams (Table 10).
Growth rates for the length group 90-125 mm were higher than those of fish
> 125 mm for given streams. Correlation"s between mean elevation and

conductivity remained insignificant.
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Table 10. Average daily growth increments calculated for study streams
based on recaptures of marked fish in the length group 90-125 mm.

Stream Average daily growth (mm) Conductivity (pmhos)
Delano 0.104 180
Geyser 0.165 447
Jerry 0.1 160
N.F. Douglas 0.23 253
Soap 0.1 53 81
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Figure 6. Individual daily growth increments of westslope cutthroat trout
plotted against length at initial capture for Collar Gulch.
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Figure 7. Individual daily growth increments of westslope cutthroat trout
plotted against length at initial capture for Delano Creek.
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Figure 8. Individual daily growth increments of westslope cutthroat trout
plotted against length at initial capture for Geyser Creek.
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Figure 9. Individual daily growth increments of westslope cutthroat trout
plotted against length at initial capture for Halfway Creek.
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Figure 10. Individual daily growth increments of westslope cutthroat trout

plotted against length at initial capture for Jerry Creek.
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Figure 11 . Individual daily growth increments of westslope cutthroat trout
plotted against length initial capture for McVey Creek.
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Figure 12. Individual daily growth increments of westslope cutthroat trout
plotted against length at initial capture for North Fork Douglas Creek.
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Figure 13. Individual daily growth increments of westslope cutthroat trout
plotted against length at initial capture for Soap Creek.
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Figure 14. Individual daily growth increments of westslope cutthroat trout
plotted against length at initial capture for West Fork Cottonwood Creek.
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Fecundity

Fecundity increased with increasing length group, however variability
was high both between and within length groups (Table 11). Mean fecundity
ranged from 258 for the 150-174 mm size group to 421 for the largest size
group. | was not able to document fecundity for females in the smallest pre-
established length group (125-149 mm) because the only two mature
females captured in this size group appeared tho have already spawned.
These two fish; both from Halfway Creek, contained several mature, residual
eggs in addition to ovaries that appeared to Be developing for the next

spawning period.

2

Table 11. Fecundity of westslope cutthroat trout inhabiting«tribdtaries of the
upper Missouri River. ‘

Length - n Mean S.D. Mean S.D. Fecundity

group length fecundity range
(mm) (mm)
150-174 2 169 1.4 258 9.2 . 251-264
175-199 10 190 6.3 336 81.4 198-444

over 200 - 8 217 11.1 421 157.8 .224-630

| regressed fecundity against fish length to develop a model for
predicting fecundity based on female length for populations from slow
growth environments. | combined my data with unpublished data from

Cache Creek, Montana (A. Bowersox, Montana State University, personal

T -
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commuhication). Because of high variation in fecundity, linear fits as
determined by coefficients of variation (r?) of the regression models using
boti'\ untransformed and transformed variables were poor (r ranging from
0.49 to 0.52) (Table 12). The single variable model with the highest r? value
used untransformed variables only.

Table 12. Transformations used for regression models constructed to predict
fecundity of westslope cutthroat trout based on female length using data

from my study combined with unpublished data from Cache Creek, Montana
(A. Bowersox, Montana State University, personal communication).

Fecundity = Length re Model -

None None 0.52 E

-515.5 + 4.5(FL)

nlog None 0.49 E = 30.532 * g0123%8 (FL)

LOg1O LOg1O 0.49 E 0.0043187 * FL2.36464

In an effort to improve the model, | combined my fecundity data with
that of Bowersox (Montana State University, personal communication), with
data from Averett (1962), and Johnson (1963) to produce additional
regression models incorporating a larger sample size. | converted the
reported total lengths of Johnson to fork length by dividing by 1.05
(Carlander 1969). | again regressed fecundity against length using both
transformed and untransformed vari‘atinles. The r* values improved in all

cases. The best fit model resulted in an r* of 0.88 (Table 1,3). This model

T
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did not employ any transformations of the data. A scatter plot of the
combined raw fecundity data identified the possibility of different fecundity
to length relations for individual stocks of westslope cutthroat trout (Figure
15).
Table 13. Transformations used for regression models constructed to predict
westslope cutthroat trout fecundity based on female length using data from
this study and from Cache Creek, Montana (A. Bowersox, Montana State

University, personal communication), and d&ta published by Averett (1962),
and Johnson (1963).

- Fecundity Length T Model

None : "~ None 0.88 E =-797.756 + 6.184(FL)

nlLog None 0.84 E = §9.838 * ¢0-008403(FL)

Log10 Log10 0.73 0.0022637 * FL*?°

m
Il
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Figure | 5. Scatter plot of fecundity at length of westslope cutthroat trout
from this study and the studies of Averett (I 962) and Johnson (I 963)
showing differences in fecundity at length associated with different stocks of
westslope cutthroat trout.
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Sexual Maturity

Male westslope cutthroat trout from study streams first matured at
age 2 (Figure 16). All sampled males (n = 51) were sexually mature by age
4. Females began to mature at age 3 (n = 79), with most females mature
by age 5. All sampled females were sexually mature by age 6. The mean
lengths for mature fish were significantly longer than the mean lengths for
immature fish within each age class for both sexes (t-Test; p < 0.05)

(Figures 17 and | 8).
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Figure 16. Ages at sexual maturity for male and female westslope cutthroat
trout.
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250

Figure 17. Length of mature and immature male westslope cutthroat trout
by age with associated 95% confidence intervals.
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Figure 18. Length of mature and immature female westslope cutthroat trout
by age with associated 95% confidence intervals.
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Logistic regression analyses indicated that.ﬁsh length was a better
predictor of maturity than fish age. Models using age or length as the sole
predictor of sexual maturity were significant (b<0.001). However, the
single variable model using length was better than the model using age,
based on AIC values (males: AIC = 49.8 for length and AIC = 60.9 for age;
females: AIC = 41.6 for length and 67.6 for age). There was no significant
difference between the full models and the models using the single variable
of length for either males or females (d.50<p<0.75, 0.05<p<0.10,
respectively). Probability plots of maturity indicated that sampled females
matured between 150-180 mm while males matured at smaller lengths but
over a wider range of sizes (110-160 mm) (Figure 19). The predicted

probabilities of being mature based on fork length (FL) from the samples are:

(e(-8.0933+0.0608 }-L))/” +e(-8.‘0933+0.0608 FL)) for males

-20. 1254%FL -20.2754+0.1254*FL
(gF20-2754+0 (1 +é +0.] ") for females

The above logistic regression equation predicted that 75% of the
males visually classified as mature in the field had at least a 50% chance of
being mature based on length (Table 14). For females, the results were poor.
The logistic model predicted only. 56% of the fish visua‘lly classified as
mature had at least a 50% chance of being mature. However, when only
fish classified as ripe or spent were run through each model, the male model

predicted with approximately the same accuracy (74%) while the female
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Figure 19. Probability plots of sexual maturity for male and female
westslope cutthroat trout based on length.

model improved from 56% to 71 %. Because sex determination of immature
fish under field conditions was not reliable, all immature fish were analyzed
under both of the logistic models. The logistic model developed for males
predicted 87% of the fish visually classified as immature had a >50%
chance of being immature. The logistic model developed for females
predicted 95% of the fish visually classified as immature had a > 50%

chance of being immature.
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Table 14. Results of logistic model runs using field classifications of
maturity status of westslope cutthroat trout to test the predictive capability
of the length-based models.

Number (%) predicted mature

|

Sex Field classification >0.5 <0.5 Total
Male All Mature 199 (75) 67 (25) 266
Ripe 189 (74) 66 (26) 255
Immature 44 (13) 298 (87) 342
Female All Mature 122 (56) 94 (44) 216
Ripe/Spent 32 (71} 13 (29) 45
Immature 16 - (b) 326 (95) 342
Longevity

The maximum age found in study populations was 8 yearé (Table 15).
A large proportion of streams had maximum ages sampled of 4 or greater
(75%)(Table 1.6), however the length of the oldest fish sacrificed was often
much smaller than that of the longest fish captured, ind.icating a potential
under-estimate bias. | present length ranges from both the sample of fish
aged and for all fish captured by stream and summarized by maximum age so
the reader can assess this potential bias {Table 16). Examining only those
streams where longevity was éstimated from fish 6ear the maximum length

captured, typical longevity is 4 years or greater.

T
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Table 15. Longevity of isolated, headwater populations of westslope
.cutthroat trout.

Stream Collection Max. age Size at max. Total capture
year captured age range (mm)
(years) - captured
(mm)
Cabin Ck. 1994 6 210 90-252
Cache Ck. 1994 8 226 113-230
Collar Gulch 1993-94 4 178 45-230
Cottonwood Ck. 1993-94 6 246 41-324
E. F. Cottonwood 1994 4 178 62-256
W.F. Cottonwood 1993-94 6 212 46-268
S.R. Cottonwood 1993-94 4 222 64-258
N.F. Deadman Ck. 1993-94 7 164 40-216
Delano Ck. 1993-94 6 159 37-209
Douglas Ck. 1993-94 3 207 ' 45-227
N.F. Douglas Ck. 1993-94 4 204 23-204
Geyser Ck. 1993-94 6 188 37-270
N.F. Gold 1993-94 4 198 35-270
Halfway Ck: 1993-94 5 185 27-278
Jerry Ck. 1993-94 4 154 33-235
Muskrat Ck. 1993 4 262 73-262
Soap Ck. 1993-94 5 230 . 38-239
Whites Guich - 1993-94 4 183 62-251
Badger Cabin Ck.* 1993 2 145 to 229
Bear Ck.* 1993 3 165 64-180
- E.F. Blue Ck.* 1993 5 141 N/A
W.F. Blue Ck.* 1993 3 160 . 75-173
Brushy Fork Ck.* 1993 8 175 53-210
Upper Cabin Ck.* 1993 5 193 N/A
W.F. Dyce Ck.* 1993 2 158 140-170
W.F. Fishtrap Ck.* 1993 3 188 N/A
Four Mile Ck.* 1993 5 203 102-254
Green Guich* 1993 .3 140 - t0 190
" Hall Ck.* 1993 4 169 102-178
Prickly Pear Ck.* 1993 3 158 76-178
Sauerkraut Ck.* 1993 4 116 51-152
Wilson Ck.* 1993 1 92 51-127

N/A Data not available
* Samples from University of Montana Wild Trout and Salmon Genetics

Laboratory

]
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Table 16. Maximum ages collected from study streams and genetic
collections. :

~

Maximum age Number of Size at maximum Total capture
streams age (mm) range (mm)
3 6 140-207 45-227
4 10 116-262 23-270
5 5 141-230 27-278
6 5 159-246 ' 37-324
7 1 164 40-216
8 2 175-226 53-230
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DISCUSSION

Age Determination

One of the major assumptions of the scale aging tec‘hnique is that
annual scale growth maintains a constant ratio with annual body growth
throughout the life of the fish (Van Oosten 1929). Therefore, when body
growth slows, there will be an associated reduction in scale growth.
Another important assumption is that a distinguishable annulus is deposited
each year of life. If body g.rowth is very slow, however, it becomes difficult
to discgrn and interpret individual annuli on scales. Westslopé cutthroat
trout living in headwater habitats are generally slow growing and problems
associated with acéurate agel determination from scales are apparent. Slow
growth may occur after a fish reaches sexual maturity because more.energy
is devoted to the maturation of gametes than to growth or simply because
physical stream conditions are not conducive to rapid growth.

My data indicate that scales underestimate the true age of westslope
cutthroat trout from headwater streams. This is based on comparisons with
otoliths which are present at hatching and have been shown to provide older

age estimates than scales for slow growing or mature salmonids (Craig and

Ti U /7 2
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Poulin 1974; Erickson 1979; Sikstrom 1983; Barnes and Power 1984; Sharp
and Bernard 1988). Otoliths indicated that a large proportion of yearling
trout from~ individual streams (49-85%) did not form a first year annulljs.

| typically did not encounter age'O fish until mid August, and in some
cases as late as September. Scarnecchia and Bergersen (1986) reported'
peak emergence of young-of-the-year greenback cutthroat trout (O. c.
stomias) and Colorado River cutthroat trout (Q. c. pleuriticus) from
headwater systems in Colorado peaked near mid-August and few individuals
exceeded lengths of 30-35 mm before they entered their first winter. -
Shepard et al. (1984) reported that in the Flathead River basin, Montana,
scales firét form on westslope cutthroat trout at lengths \of 38 to 44 mm and
Brown ‘and Bailey (1952) reported that scales did not cov.er the entire body
of cutthroat trout until 63-68 mm in length. When juveniles residing in
headwater systems emerge late in the growing season, they often do not
grow large enough either to form scales or, if scales form, to lay down a -
discernible .first year annulus. [f not accounted for, this missing first year
annulus results in an underestimate of age through the life of the fish.

When missing first year annuli are compounded with slow growth as
an adult, large underestimates of age from scales are likely. This was
evident when the discrepancies between paired age structure samples were

plotted by fish age (Figure 3). For fish under age 4, assumed to be mainly

i 1 { 1 T
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immature, ages determined from scales were usually 1 year less than those
determined from otoliths. Fish beyond age 4 exhibited largef discrepancies.
Scales may be suitable aging structures for immature westslope cutthroat
living in headwater streams if missing first year annuli are acéounted for.
This is supported by Sharp and Bernard {(1988) who concluded that scales
could be used to age immature lake trout Salvelinus namaycush from interior
Alaska, but ages interpreted from the scales of mature fish were lower and
less precise that ages interpreted from otoliths.

The level of exploitation a pbbulatioln‘ undergoes influences the‘
reliability of scales as an aging structure. Headwater populations of
westslope cutthroat trput experience Ic;w 'Ievels of exploitation by virtue of
their physical focations, slow grthh rates, and small population sizes. Fish
from unexploited populations achieve older ages than fish from exploited
populations which can result in greater discrepancies between ages assigned
from otoliths and scales (Power 1978; Erickson 1979; O’Gorman et al'.
1987), providing further support for my conclusion that ages interpreted
from scales underestimate the true ages of westslope cutthroat trout from

C
headwater populations.
The proportion of fish missing a first year annulus was highest for Half

Moon Creek and lowest for Halfway Creek. Water temperature (number of

degree-days during the first year of life}, which strongly influences growth

T:. 0
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rate, explains a large propé:rtion of the variability in first year annuli formation
between populations of salmonids (Laakso and Cope 1956; Jensen and
Johnsen 1982; Lentsch and 'Griffith 1987). Lentsch and Griffith (1987)
identified the number of degree days as the major environmental factor
controlling first year annulus formation. They concluded that if trout were
exposed to less than 720 degree days, no fish formed a first year annulus. [f
fish were exposed to more than 1500 degree days, all fish formed the
annulus. | did not have thermographs installed in study streams. By uéing
elevation, aspect, and basin morphology as a relative measure of degree days
study streams were exposed to, my results are consistent with the results of
Lentsch and Griffith (1987). The elevation of Halfway Creek (1830 m -
2290 m) is moderate when compared to other study streams, buf other
physical characteristics 01.c the drainage basin suggest a relatively high
number of degree days. The aspect is south facing, and the headwaters and
the majority of Halfway Creek supporting westslope cutthroat tréut are of
the B channel type (Rosgen 1985), meandering through open meadows until
it reaches a small, shallow pond where more warming likely occurs. Below
the pond stream characteristics change to a higher gradient, A tybe channel
(Rosgen 1985), but lower segments are still likely influenced by warm
headwater temperatures. When attempting to collect fish from Halfway

Creek for fecundity analysis, | documented earlier spawning than in other
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study streams sampled, also indicating a longer growing season. Half Moon
Creek is located at a slightly lower elevation (1710 m - 2010 m), but the
aspect is northeast facing. The stream originates near the fop of a northeast
facing basin and travels over most of its length in a cons‘trained,. A type
channel (Rosgen 1985) with reduced exposure to solar radiation due to steep
canyon walls and vegetative overstory. These physical stream parameters
indicate a relatively lower number of degree days. | believe that the number
of degree days age O fish are exposed to during the first growing season
would be the best predictor of missing first year annuli on scales, but | do
nqt have these data on study streams.

The results of annulus validation based on recaptured fish provides
further evidence that scales are a poor overall choice for an aging struct.ure
for headwater populations of westslope cutthroat trout. It appeared that
interpretable annulus formation broke down after age 3, with only 40% of
recaptured individuals forming an interpretable annulus on scales when
recaptured at age 4. The proportion of fish forming annuli on their scales
generally decreased with increaéing age. The apparent increase in the rate of
annulus formation for 5-year-olds (Figure 5) likely reflects the influence of a
small sample of fish in this age class. This indicates that ages interpreted
from scales would decreése in accuracy with increasing fish age. This is

similar to findings of Casselman (1987}, who reported no significant
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correlation between assessed scale age and actual age for lake trout ranging
in age from 9 to 36 years.

Managers.should therefore use scales as aging structures with caution.
If the ages interpfeted from scales are accepted witHout validation, errors in
the estimation of produétion, growth, and mortality may occur (Beamish and
McFarlane 1983). In addition, longevity and the age at sexual maturity may
be under estimated.. In relatively unexploited populations, these types of
errors may not be of major concern. However, in stream systems near roads
or population centers where harvest is occurring, errors in population
parameter estimates could have a negative influence on managing smalil
populations. Ages assigned using scales should be viewed as conservative
estimates of age instead of absolute estimates and acknowledgment of errors
associated with age estimation should lead to moré cautious management.

Use of fin rays for aging small, slow grdwing westslope cutthroat trout
was unsuccessful. Annuli were not interpretable on pectoral fin ray sections
using the preparation methods described. Fin ray samplés were prepared
from fish ranging in Iéngth from 107 mm to 222 mm. Shirvell (1980)
concluded that the validity and accuracy of ages interpreted from fin rays is
highly dependent on differential growth rates during the year. Growth rates
in headwater systems in Montana may not be sufficient to produce

identifiable, contrasting seasonal zonations on fin rays. In addition, it is
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necessary to clip fins collected for aging as close to the body as possible so
as not to miss the first year annulus and the possibility of serious injury or
mortality to a small fish exists.

My study produced a “Index of Average Percent Error” (AEl) of 3.2%
for otoliths and 11% for .scales, demonstrating that ages interpreted from
otoliths were more precise than those interpreted from scales for headwater
populations of westslope cutthroat trout. Stqdies of arctic g'rayling
Thymallus arcticus (Craig and Poulin 1974, Sikstrom 1983}, and lake trout
SalvelinuSnamaygugh (Sharp and Bernard 1988) support these results.
Knapp ;emd Dudley (1990) examine;j headwater popu’lations of golden trout
Oncorﬁynqhggg aguabonita and found no interpretable annuli on scales, while
annuli on .otolirths'were easily interpreted. Hubert et al. (1987), however,
concluded that scales were appropriate for aging Yellowstone Lake cutthroat
trout Oncorhynchus clarki bouvieri and that otoliths were less precise aging
structures than scales. The authors reporte‘d, an AEl of 33% for otoliths. and
15% for scales, indicating lower precision of aging using ofoliths, although
otoliths did provide older age estimates in general. The high AEI%
associated with the ages interpreted from otoliths of Yellowstone Lake
cutthroat population may identif\'/ problems associated with precision. Low

precision indicates problems associated with annulus recognition. If a study

is designed to test the precision of ages interpreted from various hard
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structures and annulus recognition is a problem in a particular structuré,
other methods of sémple preparation should be explored. If other methods
are not attempted, conclusions regarding the precision of age estimates from
a given structure may not be valid. | viewed otoliths whole without applying
a clearing technique becaus‘e the annual zones were readily apparent as was
indicated by the low AEI% (3.2%). Hubert et al. (1987) employed the otolith
clearing technique described by Reimers (1979). It is possible that their high
AE|% (33%) for otoliths was a result of preparation techniques.

The agreement between ages. interpreted from otoliths and a length-
frequency histogram for West Fork Cottonwood Creek indicates that otoliths
are valid.aging structures for westslope cutthroat trout. The negative side of
using otoliths for aging is the necessity to sacrifice the fish.‘ The impact to
the population can be reduce,fd by examining a subsample of otoliths for
comparison with ages interpreted from scales. Biologists could then
determine if aging from scales is appropriate for a given population. Otoliths
from small trout-are easily. extracted, prepared, and viewed. If a pépulation
is so small that sacrificing fish would put it at risk, then it should be closed
to angling. Given the relative consistency in physical parameters of
headwater streams between years, annual examination of otoliths would not
be requiréd. A one-time collection of fish from various age classes in a given

stream would provide guidance on the validity of scale ages out to maturity.
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The number of fish to be sacrificed should be left to the discretion of the
biologist most familiar with the population.

| developed models to predict and correct for a missing first year
annulus. These models allow managers of headwater populations of
Westslop;e cutthroat trout to use scales as aging structures up to the age of \
sexual maturity. Of the models created using a single variable (the number
of circuli to the first annulus), the model employing 5 circuli as the indicator
of a missing first year annulus performed the best when applied to the
testing sample, improving agreement between paired otoliths and scales from
24% to 70%. Of the models utilizing 2 circuli yariables, model VB
performed the best. THis model improved initial agreement of the testing
sample pairs from 24% to 73% following correction. )

W-estslope cutthroat trout fry in headwater streams emerge from the
gravel late in the g'rdwing season; therefore, they probably lay down fewer
circuli on their scales during their first year of growth than during their
second year of growtﬁ. Lentéch and Griffith {1987) documented mean
numbers of circuli to the first and second annuli of 7 and 19, respectively,
for 733 rainbow-cutthroat hybrids from Emerald Lakes, Colorado. Thus, 7(

circuli were laid down the first year and 12 circuli were laid down during the

second year. This supports the idea that incorporating a ratio of circuli

between first and second annuli versus simply counting the number of circuli
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to the first annulus should more accurately predict a missing first year
annulus within and across streams. Although a t-test indicated significant
differences in the mean predicted ages between these two models, the
difference between 70 aﬁd 73% is not significant for management purposes.

A fishery biologist is Iikgly to be more concerned with accurate age
determination than reducing potential aging biases. Most fishery biologists
do not follow techniques to reduce bias in aging (i.e. reading samples
without a priori knowledge of length) because knowledge of fish length can
help assign the correct age. The additional time required to count the
number of circuli to the second annulus would probably outweigh any
improvement in aging accuracy because of biases inherent in scale aging
techniques. Shepard et al. (1984) used 7 circuli as an indicator of a missing
first year ahnulus for westslope cutthroat from the Flathead River basin,
Montana, and Lukens (1978) reported that all westslope cutthroat trout from
the Wolf Lodge Creek drainage, Idaho formed a first year annulus preceded
by an average of 7 circuli. My 7 circuli model detected the lowest proportion
of missing first year annuli (Table 6). Although my single variable model -
utilizing 5 circuli corrected for a missing first year annulus better than the 6
circuli model (70% \./ersus 66 %, respectively), | recommend using the 6

circuli model for management purposes since it will provide substantial
. {

T

T




58
improvement in age accuracy while maintaining a conservative approach to
age correction. |

| was able to document the miss_.ing first year annulus phenomena in
populations by using only incidental mortalities and calculating the frequency
of occurrence based on circuli counts en‘-cered into my age correcti‘oh model.
This may be the most efficient means of determining the presence and
magnitude of a missing first ye'ar an"nulus in small populations.

A potential problem associated with the application of this corrective
age model to other headwater populations of westslope cutthroat trout lies in
differential growth rates associated with individual streams. A stree;m with a
higher trout growth rate than those streams used to develop this model could
potentially be identified as supporting fish which do not form a first year
annulus based on circuli counts, when in fact age O growth is fast and/

subsequent over-age estimation could result. By taking a conservative

approach and using the 6 circuli model, over-age estimation will be reduced.
rowth
Selected study streams differed with respect to productivity, flow

regimes, and temperature, resulting.in differential growth rates. This is

supported by Averett {1962) who documented higher growth rates for
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4

westslope cutthroat trout from lower versus higher elevation tributaries of
the St. Joe River, ldaho.

Daily growth rates ranged from 0.025 mm for Delano Creek to 0.285
mm at West Fork Cotto.nwood Creekﬁ.‘ The two major external factors
controlling fish growth are water temperature and food availability (Weatherly
and Rogers 1978). West Eork Cottonwood Creek is located at a lower
elevation (1850-2110 m) and has a southeast facing aspect while Delano
Creek has an east facing aspect and a higher elevation (2120-2260 m). In
addition, the slopes above West Fork Cottonwood Creek have been
. extensively logged, increasing surface runoff and subsequently, stream
temperature. Delano has a smaller wetted width than West Fork
Cottonwood Creek (1.2 versus 2.1 m, respectively) and has a dense
overstory serving to reduce the amount of solar radiatign which can reach
the étream. Overall productivity is greater in West Fork Cottonwood as
indicated by higher densitiesl of fish and higher fish growth rates. Neither of
these two streams were identified as those supporting the highest or lowest
proportions of fish with missing first yéar annuli. It appears that some
streams may offer .better growth environments for juveniles than adults,

while others offer better growth for adults than juveniles.

The calculation of mean length at age for the headwater study

populations was confounded by the low level of reliability of ages interpreted
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‘from scales. The growth rates | observed for age 1 resident westslope
cutthroat trout (Appendix A) appeared slightly higher than reported for fluvial
and adfluvial populations (Appendix B). Even following the application of the.
corrective age model to my scale samples, some age 1 fish were classified as
age' O because growth was extremely slow. They neither possessed an age
1 annulus or produced greater than 6 circuli on their scales during the first
growing season. This produced a bias against slow growing fish and inflated
my estimates of mean lengths at age 1 and likely, all subsequent ages
(Appendix A). Length at age was similar for age 2 adfluvial, fluvial, and
resident westslope cutthroat trout (Appendix A and B). By ege 3, length at
age was similar for fluvial and resident fish, but higher for the majority of the
adfluvial populations. Beyond age 4, length at age was higher for adfluvial
and most fluvial populations resulting from migration to a betterl’growth
environment in larger systems. The similarities in [ength at ages between
migratory ’and resident forms of Weetslobe cutthroat trout prior to migration
‘to larger systems by migratory forms indicates a possibility may exist to
" recover lost populations of fluvial and adfluvial westslope cutthroat trout jf
fhese Iife-histories‘ can be adopted by resident fish. ’

The weak correlation between initial size at capture and subsequent
growth rate was unexpected based on an idealized sigmoid growth curve

(Bond 1979) (Figures 6-14). | expected to see a decrease in growth rate
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with increasing size within a stream, however, this pattern was not apparent
in the data. A stronger relationship was apparent when the relationship
between growth rate and age was examined as indicated by the increased
correlation value (r=-0.33). The negative correlation between growth rate
and age indicates that as fish age increases (as opposéd to length), growth
rate slows. The mean daily growth increments (Tables 9 and 10) support
this, if size can be used to reﬂectrela’itive age within a population. It may be
that growth rate and length did not show a strong correlation because at a
given length, a younger fish will have a higher growth rate than an older fish.

Indiv'idual westslope cutthroat trout within streams did not
demonstrate a great deal of movement (B. Shepard, Mont[ana Department of
Fish, Wildlife, and Parks, personal communication) which supports
Northcote’s {1992) contention that strong selective pressures make resident
salmonids, particularly those isolated by barriers, minimize movements. Fish
weré generally recaptured in the same 160 m transect that they were
originally captured in. Differential growth rates associated With variable
guality in microhabitat may be masking relationships betwee’n fish length or
age and growth rate. This idea is somewhat contrary to the findiﬁgs éf
Newman and Waters (1989) who did not find significant differences in

growth rates between eight contiguous 305 m-long sections of South Branch

Creek, Minnesota over a 3-year period. However, the authors did not

s p——r— T 1T
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examine growth rate by microhabitat and did document significant
differences in growth rates at age among sections for specific intervals (e.g.
April-August 1981), sometimes two times as high. This may account for
some of the variability | obser'ved in growth rates within streams. Individuals
inhabiting higher quality microhabitat may have higher growth rates than
those inhabiting closely associated, but lower duality microhabitats.

[ attempted to correlate mean st.ream elevation and conductivity with
growth rate to address the effects of temperature and productivity on
growth. Neither of these variables explained a significant amount of-the
variability in growth rate by stream and do not adequatély represent either

temperature or productivity.

Fecundity

Although fecundity increased with inc‘reasing fish length, high
variability within length ‘groups prevented the development of a strong
predictive model from study streams. Small éample size is partially
‘responsible fér,the poor r* values, but high variabilitylin fecundity at length is
apparent. .

Rieman and Apperson (1989) developed a predicti\';élvfecundity model

for westslope cutthroat trout using the data of Averett (1962) and Johnson




63

(1963). The fecundity data used to construct t‘he model came primarily from
larger, adfluvial fish. This model has been used to predict fecundity of
westslope cutthroat trout from headwater habitats in Montana (Magee
1993). The predictions of the Rieman and Apperson (1989) model
underestimated the fecundity | observed. The question arises not only as to
the validity of application of Rieman and Apperson’s (1989) predictive model
to smaller, resident fish, but also combining my data with the data used fo
develop the model. Life history differences may influence fecundity to length
relationships (Figure 14). Further sampling, incorborating appropriate
étatistical- sample sizes and concentrated on several slow growing, resident
populations would provide information on the validity of applying fecundity
models across life histories or even populations with similar life histories.

The best models for predicting fecundity using length from several
data sets, defined by r? values, did not employ data transformations. This
indicqtes a linear relationship between fecundity and-length for westslope
cutthroat trout. This is in contrast to typical curvalinear length to fecundity
relations requiring log-log transformations {Bagenal 1967). The r* value for
the best 'regression using the combined data was 0.88. Because of
.uncertainties involving combining fecundity data from different life-histories, |
recommend applying the fecundity model constructed using only fecundity

samples frohw isolated, headwater populations (E = -515.5 + 4.5(FL); =
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0.52; p<0.001), to isolated, headwater populations in the upper Missouri

River drainage in Montana.

Sexual Maturity

Males matured at earlier ages and smaller sizes than did' females.
Males were sexually mature as young as age 2 and as small as 110 mm
while females did not mature until age 3 and at I‘engths of 150 mm in study
populations. My findings are consistent with the findings of other authors
who determined that westslope c’utthroét trout reach sexual maturity
betvyeen ages 3 and 5 (Brown 1971 ;_Liknes and Graham 1988; Behnke
1992). The differences in age;s and lengths at maturity for the sexes
probably reflects the different energy requirements for maturation of testes
and ovarigé (Wootc'm 1985). |

Anderson and Gutreuter {1983) noted that length is often a better
indicator of maturity than age and Jonsson et al. (1984) documented that
faster growing cutthroat trout matured, on average; younger than slower
growing fish. The mean lengths of mature fish at a given age were longer

than those of immature fish for both sexes of sampled fish, indicating that

length or growth rate plays a more important role in sexual maturation of
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westslope cutthroat trout than age. Logistic regression also identified length
as being more important than age in determining sexual maturity.

When the predictive capability of the length-based logistic models was
tested using fiel;:l classifications of sexual maturity status, the model to
predict sexual maturity for males performed reasonably well and was far
superior to ;che model predicting female maturity status. Field classifications
of ripe (reproductive products can be easily extruded) are less subjective than
simply assuming maturity based on the physical appearance of the individual
fish. In the field, the differences between mature and immature males are
more obvious than the differences between mature and immature females.
During peak spawning, if a male extruded milt when pressure was applied to
the abdomen, it was classified as mature. [f it did not extrude milt thé
individual was classified as immature. For females, some fish that did not
extrude eggs when pressure was applied to the abdomen were classified as
sexually mature based on their physical appearancé because not all females
become ripe at the same time. When only females that-were classified as
ripe or spent (extruded eggs when pressure was applied to the abdominal
walls) were run thr(;ugh the model, the results improved to the samé level as
the male predictive model. It is likely that field classification of the maturity
status for some of the small, fe;male westslope cutthroat trout was

inaccurate.
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Fish that grow at faster rates may have differef;t mortality rates than
slower growing individuals at a given age .(Busa_ker et al. 1990). Given this
scenario,- faster growing fish would need to mature at younger ages if they
are to be successful reproducers. By determining growth rates and knowing
length at maturity, biologists can predict the number of years of growth to
sexual maturity. This information can be usea to develop management plans
which assure fish reach sexual maturity and have reproduced at least oncé
before harvest oc;curs. |

Only 1 of the 21 sampled females age 5 or older did not appear
sexually mature. This suggests that annual spawning, rather than alternate
year spawning, is most common for the populations sampled. However, this
could also reflect the small sample size of mature females collected beyond
the age of 5. Ball and Cope (1961) reported that alternate year spawning
was more common than annual spawning in Yellowstone cutthroat trout in
Yellowstone Lake. Annual spawners suffered higher mortality rates than
alternate year spawners. Based on recaptures, westslope cutthroat trout
living in headwater habitats d_o not appear to have extended spawning
migrations and Northcote (1992) noted that spawning migrations cause the
most extensivé movements in resident salmonid populatior#s. This “saving”
in terms of energy expenditures associated with migration to and from

reproduction sites may allow for annual spawning without high levels of




67

mortality, thus annual spawners could produce more progeny than alternate

year spawners in the same system.

Longevity

[ found that westslope cutthroat trout living in headwater habitats can
live at least 8 years. Large fish size does not necessarily translate into older
ages. As stated earlier, fish which grow at different rates may have different
mortality rates and smaller, slower growing individuals may live longer. | did
not intentionally select for any size group to determine longevity; therefore,
where the largest fish sacrificed is near the size of the largest fish captured
in a given population, the determination of longevity for that p;)pulation is
reasonable. The maximum ages presented in the Ion.gevity table for genetic
collections should be viewed only as the maximum age sampled. Biologists
collecting samples for genetic analysis often select for smaller individuals to
minimize potential negative effects on populations from removing the largest
and/or fastest growing individuals, especially from small populations.

Johnson (1963) and Lukens (1978) documénted ages of 6 years for
some Idaho populations and Shepard et al. (1984) reported 7-year-old
westslope cutthroat trout.inhabiting the Flathead River Basin system in

Montana. These findings are consistent with my results, however these

T=T==T
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three studies utilized scales as aging structures and, therefore, may have

underestimated age.




69

REFERENCES CITED




70

Akaike, H. 1973. Information theory and an extension of the maximum
likelihood principle. Pages 267-281 in B.N. Petran and F. Csaki,
editors. International symposium on information theory, second
edition. Akademiai iadi, Budapest, Hungary.

Akaike, H. 1985. Prediction and entropy. Pages 1-24 in A.C. Atkinson
and S.E. Fienberg, editors. A celebration of statistics: the IS
Centenary Volume. Springer-Verlag, New York, New York, USA.

Averett; R.C. 1962. Studies of two races of cutthroat trout in northern
Idaho. Idaho Department of Fish and Game, Completion Report,
Project F-47-R-1, Boise.

Bagenal, T.B. 1967. A short review of fish fecundity in S.D. Gerking, editor.
The biological basis of freshwater fish production. Blackwell Scientific
Publications, Oxford and Edinburgh, England.

Ball, O.P., and O.B. Cope. 1961. Mortality studies on cutthroat trout in
Yellowstone Lake. US Fish and Wildlife Service. Bureau of Sport
Fisheries and Wildlife Research Report 55. '

Barnes, M.A., and G. Power. 1984. A comparison of otolith and scale ages

for western Labrador lake whitefish, Coregonus ¢ gpeaforml
Environmental Biology of Fishes 10(4): 297-299.

Beamish, R.J. and D.A. Fournier. 1981. A method for comparing the
precision of a set of age determinations. Canadian Journal of Fisheries
and Aquatic Science 38:982-983.

Beamish, R.J. and G.A. McFarlane. 1983. The forgotten requirement for agé
validation in fisheries biology. Transactions of the American Fisheries
Society 112:735-743

Behnke, 1992. Natlvé trout of western North America. American Fisheries
Society Monograph 6, Amerlcan Fisheries Society, Bethesda,
Maryland.

Bond, C.E. 1979. Biology of fishes. Saunders College Publishing,
Philadelphia, Pennsylvania.

Brown, C.J.D."1971. Fishes of Montana. Big Sky Books, Bozeman
Montana.




71

Brown, C.J.D., and J. Bailey. 1952. Time and pattern of scale formation in
Yellowstone cutthroat trout Salmo clarki. Transactions of the
American Microscopial Society 81:120-124.

Burnham, K.P. and D.R. Anderson. 1992. Data-based selection of an
appropriate biological model: the key to modern data analysis. Pages
16-30 /n D.R. McCullough and R.H. Barrett, editors. Proceedings of
“Wildlife 2001: Populations”. Elsevier Applied Science, New York.

Busaker, G.P., |.R. Adelman, and E.M. Goolish. 1990. ‘G"r.owth.- Pages 363-
387 in C.B. Schreck and P.B. Moyle, editors. Methods for Fish
Biology. American Fisheries Society, Bethesda, Maryland.

Burnet, A.M.R. 1969. An examination of the use of scales and fin rays for
age determination of brown trout (Salmo trutta L.). New Zealand
Journal of Marine and Freshwater Resources 3:147-151.

Campana, S.E. 1983. Feeding periodicity and production of daily growth
increments in the otoliths of steelhead trout (Salmo gairdneri) and
starry flounder (Platichthys stellatus). Canadian Journal of Zoology
61:1591-1597.

Carlander, K.D. 1969. Handbook of freshwater fishery biology, Volume 1.
lowa State University Press, Ames, lowa. USA.

-Casselman, J.M. 1987. Determination of growth and age. Pages 209-242
in A.H. Weatherly and H.S. Gill, editors. The Biology of Fish Growth.
Academic Press, London.

Chattergee, S. and B. Price. 1991. Regression analysis by example, 2nd
edition. John Wiley and Sons, Inc., New"York, USA.

Chilton, D. E. and H.T. Bilton. 1986. New method for aging chinook salmon
(Oncorhynchus tshawytscha) using dorsal fin rays and evidence of its
validity. Canadian Journal of Fisheries and Aquatic Sciences 43: 1588-
1594.

Craig, R.C. and V. Poulin. 1974. Life history and movements. of Arctic
grayling (Thymallus arcticus) and juvenile Arctic char (Salvelinus
alpinus) in a small tundra stream tributary to the Kavik River, Alaska.
Chapter 2 in Canadian Arctic Gas Study Limited. Blologlcal Report
Series. Volume 20.




72

Erickson, C.M. 1979. Age differences among three hard tissue structures
observed in fish populations experiencing various levels of exploitation.
Manitoba Department of Natural Resources, MS Report number 79-77.

Fféféy, J., D. Read, and P. Graham. 1981. Flathead River fishery study"
1981. Montana Department of Fish, Wildlife, and Parks, Helena.

:ﬁéi‘l, D.L. 1991. Age validation and aging methods for stunted brook trout.
Transactions of the American Fisheries Society 120: 644-649

Haw, F.P., K. Bergman, R.D. Fralick, R.M. Buckley, and H.L Blankenship.
1990. Visible implanted fish tag. American Fisheries Society
Symposium 7: 311-315.

Hosmer D.W. Jr. and S. Lemeshow. 1989. Applied Logistic Regressnon
John Wiley and Sons, New York, New York

Hubert, W.A., G.T. Baxter, and M. Harrington. 1987. Comparison of age
determinations based on scales, otoliths, and fin rays for cutthroat
trout from Yellowstone Lake. Northwest Science 61(1): 32-36.

Jearld, A. Jr. 1983. Age determination. Pages 301-324 /n L.A. Nielsen and
D.L. Johnson, editors. Fisheries techniques. American Fisheries
Society, Bethesda, Maryland.

Jensen, A.J. and B.O. Johnsen. 1982. Difficulties in aging Atlantic.salmon
(Salmo salar) and brown trout (Salmo‘jcruiia) from cold rivers due to
lack of scales as yearlings. Canadian Journal of Fisheries and Aquatic
Sciences 39: 321-325.

Johnson, H.E. 1963. Obser.vations on the life history and‘ movement of
cutthroat trout, (Salmo clarki), in the Flathead River drainage,
Montana.’ Proceedings of the Montana Academy of Science 23: 96-
110.

Johnson, L. 1976. Ecology of arctic populations of lake trout, {Salvelinus
namaycush), lake whitefish, (Coregonus clupeaformis), Arctic char, (S.
Alpinus), and associated species in unexploited lakes of the
Canadian Northwest Territories. Journal of the Fisheries Research
Board of Canada 33: 2459-2488.




73

Jonsson, B., K. Hindar, and T.G. Northcote. 1984. Optimal age at sexual
maturity of sympatric and experimentally allopatric cutthroat trout and
dolly varden charr. Oceologia (Berlin) 61:319-325.

Kent, M.L. 1992. Diseases of seawater netpen-reared salmonid fishes in the
Pacific Northwest. Canadian Special Publication of Fisheries and
Aquatic Sciences 116.

Knapp, R.A. and T.L. Dudley. 1990. Growth and longevity of goliden trout,
(Oncorhynchus aguabonita), in their native streams. California Fish
and Game 76(3):161-173.

Laakso, M. and O.B. Cope. 1956. Age determination in the Yellowstone
cutthroat trout by the scale method. Journal of Wildlife Management
20:138-153.

Lentsch, L.D. and- J.S. Griffith. 1987. Lack of first-year annuli on scales:

> Frequency of occurrence and predictability in trout of the western
United States. Pages 177-188 in R. C. Summerfelt and G. E. Hall,
editors. Age and growth of fish. lowa State University Press, Ames.

Liknes, G.A. and P.J. Graham. 1988. Westslope cutthroat trout in Montana:
life history, status, and management. American Fisheries Society
Symposium 4:53-60. :

Lukens, J.R. 1978. Abundance, movements and age structure of adfluvial
westslope cutthroat trout in the Wolf Lodge Creek drainage, Idaho.
Master’s Thesis, University of Ildaho, Moscow.

Mackay, W.C., G.R. Ash, and H.J. Norris (eds.) 1990. Fish aging methods
for Alberta. R.L.and L. Environmental Services Ltd. in association with
Alberta Fish and Wildlife Division and University of Alberta, Edmonton.

Magee, J.P. 1993. A Basin approach to characterizing spawning and fry
rearing habitats for westslope cutthroat trout in a sediment rich basin,
Montana. Master’s Thesis, Montana State University, Bozeman.

Marshall, S.L. and S.S. Parker. 1982. Pattern identification in the
microstructure of sockeye salmon (Onggrhynghug nerka) otoliths.
Canadian Journal of Fisheries and Aquatic Sciences 39:542-547.




74

McFadden, J.T. and E.L. Cooper. 1962. An ecological comparison of six

populations of brown trout (Salmo trutta). Transactions of the
American Fisheries Society 91: 53-62.

Mills, K.H. and R.J. Beamish. 1980. Comparison of fin-ray and scale age
determinations for lake whitefish (Coregonus clupeaformis) and their
implications for estimates of growth and annual survival. Canadian
Journal of Fisheries and Aquatic Science 37: 534-544.

Neilson, J.D. and G.H. Green. 1982. Otoliths of chinook salmon
(Oncorhynchus tshawytscha), daily growth increments and factors
influencing their production. Canadian Journal of Fisheries and
Aquatic Sciences 39: 1340-1347.

Newman, R.M. and T.F. Waters. 1989. Differences'in brown trout (Salmo
trutta) production among contiguous sections of an entire stream.
Canadian Journal of Fisheries and Aquatic Sciences 46: 203-213.

O’Gorman, R., D.H. Barwick, and C.A. Bowen. 1987.. Discrepancies
between ages determined from scales and otoliths for alewives in the
Great Lakes. Pages 203-210 /n R. C. Summerfeit and G. E. Hall,
editors. Age and growth of fish. lowa State University Press, Ames.

Pratt, K.L.. 1985. Pend Oreille trout and char life history study. Idaho
Department of Fish and Game, in cooperation with Lake Pend Oreille
Club, Boise.

Reimers, N. 1979. A history of a stunted brook trout population in an alpine
lake: a lifespan of 24 years. California Fish and Game 65: 196-215

Rieman, B.E., and K.A. Apperson. 1989." Status and analysis of salmonid
fisheries, westslope cutthroat synopsis and analysis of fishery
information, Idaho Department of Fish and Game, Project F-73-R-11,
Boise, ldaho.

Rieman, B., D. Lee, J. Mcintyre, K. Overton, and R. Thurow. 1993.
Consideration of extinction risks for salmonids. United States
Department of Agriculture, Forest Service Fish Habitat Relationship
Technical Bulletin number 14. Intermountain Research Station, Boise.

Rosgen, D.L. 1985. A stream classification system. U.S. Forest Service
General Technical Report RM-120: 91-95.




75

Scarnecchia, D.L. and E.P. Bergersen. 1986. Production and habitat of
threatened and endangered greenback cutthroat and Colorado River
cutthroat trouts in Rocky Mountain headwater streams. Transactions
of the American Fisheries Society 115: 382-391.

Sharp, D. and D.R. Bernard. 1988. Precision of estimated ages of lake trout
from five calcified structures. North American Journal of Fisheries
Management 8: 367-372.

Shepard, B.B., K.L. Pratt, and P.J. Graham. 1984. Life history and habitat
use of cutthroat trout and bull trout in the upper Flathead River basin,
Montana. Montana Department of Fish, Wildlife, and Parks, Helena.

Shirvell, C.S. 1980. Validity of fin-ray aging for brown trout. Journal of ¢
Fisheries Biology 18: 377-383

Simkiss, K. 1974. Calcium metabolism of fish in relation to aging. Pages 1-
12 in T.B. Bagenal, editor. Aging of fish. Gresham Press, Old
Working, UK.

Smith, C. E., W. P. Dwyer, and R. G. Piper. 1983. Effect of water
temperature on egg quality of cutthroat trout. The Progressive Fish
Culturist 45:176-178.

Van QOosten, J. 1929. Life history of the lake herring (Leucichthys artedi Le
Sueur) of Lake Huron as revealed by its scales, with a critique of the
scale method. U.S. Bureau of Fisheries Bulletin 44: 265-428..

Weatherly, A.H., and S.C. Rogers. 1978. Some aspects of age and growth.
Pages 52-74 in S.D. Gerking, editor. Ecology of freshwater fish
production. Blackwell Scientific Publications, Oxford.

Wootton, R. J. 1985. Energetics of reproduction. Pages 231-254 in P.
Tyler and P. Calow, editors. Fish energetics, new perspectives. The
Johns Hopkins University Press, Baltimore, Maryland. -




-

76

APPENDICES




77

APPENDIX A

Length at age for study populations.
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Table 17. Mean lengths at age for study populations. Ages were interpreted from scales and lengths
represent point samples collected during 1993 summer sampling.

Stream Age O Age 1 Age 2
o Mean Range SD Mean Range SD Mean Range SD

Collar Guich N/A 89.0 84-94 21.2 115.4 94-172 17.4
Cottonwood N/A 127.5 127-128 0.71 128.7 100-160 15.4
(Ruby drainage)
Geyser 72.3 58-88 10.2 100.0 72-131 17.9 120.8 84-168 21.2
Cottonwood N/A . 114.9 72-137 21.3 143.7 99-215 20.5
(Smith drainage) _

West Fork 75.7 68-84 6.0 90.6 68-108 14.4 132.4 89-219 23.4
Douglas - 63.0 56-73 6.2 83.3 49-11515.3 110.0 61-163 20.3

North Fork 66.0 53-78 7.0 83.2 63-11911.6 119.2 86-160 17.9
Halfway N/A 71.5 62-100 9.0 99.5 68-157 20.4
Jerry 74.5 65-83 6.5 89.4 59-12418.2 107.5 81-146 14.6
Delano 77.7 72-83 3.6 93.5 80-11310.2 115.5 81-172 21.7
McVey 72.9 - 62-86 6.6 104.7 94-130 9.8 119.2 ~92-156 19.9
Muskrat. N/A 98.0 77-119 29.7 132.5 103-188 23.9 -
North Fork Gold 69.7 57-100 10.9 88.6 64-105 10.7 1109.1 77-166 20.1°
Soap 72.3 70-76 3.2 111.9 69-142 28.9 121.5 89-195 23.6
Tenderfoot N/A 119.0 114-124 7.1 1563.3 113-178 21.2
White’s Gulch N/A 84.5 67-118 15.3 141.2 73-238 36.6
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Table 17. Continued.

Stream Age 3 _ Age 4 +
‘ S Mean Range SD ."Mean Range SD

Collar Gulch . - 164..7 109-219 23.2 179.0 144-216 25.3
Cottonwood (Ruby drainage) 183.4 149-247 25.5 234.9 174-324 38.1
Geyser 160.9 106-208 21.7 200.8 152-232 19.5
Cottonwood (Smith drainage) 185.0 153-220 25.8 220.1 197-245 14.4

West Fork 185.2 147-226 19.7 201.9 170-251 21.0
Douglas 146.6 92-207 21.5 167.0 137-203 27.5
~North Fork - 144.1 118-183 15.2 170.3 151-204 14.5
Halfway 127.6 ~88-173 18.2 1568.3 103-243 27.2
Jerry 140.9 106-174 16.6 171.0 124-208 21.0
Delano 136.6 111-192 17.7 162.7 134-204 20.3
McVey 1563.9 127-187 20.3 206.6 160-241 35.5
Muskrat 157.6 124-182 27.0 N/A
North Fork Gold 140.3 99-205 26.5 -162.8 125-201 22.5°
Soap 172.0 141-213 18.6 190.6 150-230 25.0
Tenderfoot 186.9 128-216 21.1 225.9 200-258 15.8
White’s Gulch 155-226 22.8 196.1 19.7

188.0

171-231
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APPENDIX B

Mean length-at-age for fluvial and
adfluvial westslope cutthroat trout
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Table 18. Estimated mean length-at-age (mm) for fluvial and adfluvial westslope cutthroat trout. Table was
adapted from Rieman and Apperson (1989) and data were summarized by Lukens (1978) and Pratt (1985).
Total Iengths were converted to fork lengths by the equation: FL = TL/1.05 (Carlander 1969).

Migratory Water Age
type 1 2 - 3 4 5 6 7
Fluvial ‘ '
Middle Fork 57 95 166 242 307 363
Salmon
Flathead 52 98 150 231 291 320 363
- Coeur d'Alene 71 110 167 257 - 333 400
St. Joe 49 87 136 183 231 277
Marble Creek 48 127 170 224 242
Kelly Creek 63 97 146 202 239 292
Adfluvial
Wolf Lodge® -~ 71 119 204 273 312 348
Wolf Lodge”® . 66 102 142 ~ 225 285 327
St. Joe 69 136 253 322 . 368
Flathead 61 114 180 249 296 333 364
Pend Oreille 76 141 249 341

Priest Lake® 85 140 258 311 349

* Two year migrants ,
® Three year migrants _ - o
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