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Abstract.—Populations of migratory and nonmigratory bull trout Salvelinus confluentus were
identified in the St. Mary River drainage, Montana. Migratory fish were most conspicuous because
they were caught in traps operated near creck mouths or moved between creeks. Capture of
postspawning bull trout in traps during four consecutive years suggested that most migratory fish
had spawned by late September. Migratory bull trout reached maturity mainly as age-5 fish that
were typically 300 mm or larger in total length. Estimates based on the recapture of tagged fish
in traps indicated that populations of migratory adult bull trout were significantly larger than the
mean values from annual catches of trapped fish. Juvenile migratory bull trout departed natal
creeks mainly as age-2 or age-3 fish. The scarcity of age-4 bull trout in trap samples indicated
that most migratory age-4 fish were immature and inhabited either the downstream lakes or main-
stem river. Conversely, the abundance of age-4 bull trout in electrofishing samples was primary
evidence of nonmigratory populations in creeks. The occurrence of age-0 bull trout in electrofishing
samples indicated recent spawning and reproduction in five creeks, and annual reproduction was
indicated by multiple age-classes of young bull trout. Bull trout had growth rates similar to those
of bull trout elsewhere, including marked growth of age-4 fish that ostensibly resulted from their
transition to a largely piscivorous diet. Migratory bull trout in the St. Mary River drainage are
more common than previously believed and may be more common than in many other regions of

the species’ natural range.

The bull trout Salvelinus confluentus is primarily
a freshwater fish whose natural range extends from
northern areas of California and Nevada to up-
stream regions of the Yukon River basin in Alaska
and the Yukon, encompassing Puget Sound and
major coastal river systems in Washington, British
Columbia, and Southeast Alaska (Cavender 1978;
Haas and McPhail 1991; Nelson and Paetz 1992).
Inland, bull trout inhabit rivers and lakes of the
Columbia River basin, including headwater areas
in Idaho, Montana, and British Columbia, as well
as the Klamath River basin in Oregon. Bull trout
also occur east of the Continental Divide in the
upper MacKenzie River basin (Arctic drainage) in
the Northwest Territories, British Columbia, and
Alberta; the upper Peace, Athabasca, North Sas-
katchewan, and South Saskatchewan River basins
(Hudson Bay drainage) in Alberta; and the South
Saskatchewan River basin in Montana.

Highly piscivorous as adults, bull trout usually
mature when 5-7 years old and spawn entirely in
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coldwater tributaries that are primarily second- to
fourth-order streams (Fraley and Shepard 1989;
see Goetz 1989 and Rieman and Mclntyre 1993
for reviews). Like most inland salmonids, bull
trout have been broadly categorized into two life
history forms on the basis of their movements
(e.g., McCart 1997). Nonmigratory bull trout
spend their lives entirely within their natal stream,
whereas migratory bull trout spawn in small
streams and return to rivers or lakes. Their young
eventually move downstream to either rivers or
lakes where the fish mature. Constituent life his-
tory forms of migratory bull trout and other sal-
monids are also recognized (e.g., Northcote 1997)
but will not be considered in this report. Although
bull trout have been collected from estuaries and
recaptured fish have sometimes moved between
coastal rivers (Cavender 1978; Haas and McPhail
1991), anadromy-—characterized in part by resi-
dence of the fish in the sea for a substantial period
(McDowall 1987)—has not been conclusively
shown for the species.

Both migratory and nonmigratory bull trout may
coexist in a single stream (McCart 1997; Jakober
et al. 1998; Nelson et al. 2002). It is unknown
whether these life history forms represent heritable
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(i.e., genetically based) traits, conditional behav-
lors whose individual expressions are partly de-
pendent upon the variety of accessible aquatic hab-
itats (i.e., phenotypic plasticity), or a combination
of these factors (Rieman and Mclntryre 1993;
McCart 1997; Nelson et al. 2002; see also North-
cote 1992; Jonsson and Jonsson 1993). Within the
nonmigratory form, McCart (1997) distinguished
the ‘“‘resident” type from the “‘isolated” type,
which occurs upstream from a natural or man-
made physical barrier (e.g., waterfall or dam) that
prevents the return of fish that move downstream.
Such barriers do not confine the resident type.

In 1999, the bull trout was classified as a
“threatened” species throughout the contiguous
United States under the U.S. Endangered Species
Act (USFWS 1999). Central to that classification
was the belief that many migratory bull trout had
been lost as a result of dam construction or other
barriers to fish movement. Information on “threat-
ened”’ bull trout east of the Continental Divide was
especially meager, however. On the basis of in-
terviews of elderly Alberta anglers and a review
of agency reports, Fitch (1997) concluded that mi-
gratory bull trout no longer occurred in the St.
Mary River (South Saskatchewan River basin) in
Alberta, but the species persisted as nonmigratory
fish in the river’s tributaries in Alberta and Mon-
tana.

The main objective of this study was to identify
the migratory and nonmigratory bull trout pop-
ulations in the St. Mary River drainage, Montana.
Such identification required the determination of
key population characteristics, in particular, pop-
ulation age structure, fish length at age, and the
extent that bull trout move among tributary
creeks. In addition, we sought to estimate the size
of migratory bull trout spawning populations and
broadly characterize the fish communities of the
creeks.

Study Area
Aquatic Habitats

The St. Mary River begins at Gunsight Lake in
Glacier National Park and flows northeast through
St. Mary and Lower St. Mary lakes and across the
international border to St. Mary Reservoir in Al-
berta. Among the 11 creeks in the St. Mary River
drainage examined during this study (Figure 1), 3
were first-order streams (Jule, Middle Fork Lee,
and East Fork Lee creeks), 5 were second-order
streams (Rose, Wild, Divide, Canyon, and Lee
creeks), and 3 were third-order streams (Boulder,
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Kennedy, and Otatso creeks). Except for the first-
order streams, each of the creeks begins at high
elevation (>1,800 m), flows mainly through co-
niferous forest, and has one or more natural or
man-made, year-round, or seasonal barriers to fish
movement somewhere along its length. Depending
on flow volume, Divide, Boulder, and Kennedy
creeks each become entirely subsurface in reaches
up to 1.5 km long (Figure 1) as they pass through
gravel-cobble alluvium during the seasonal low-
flow (i.e., nonrunoff) period. Downstream from
those locations, the creeks emerge as groundwater
upwellings. On upper Otatso Creek, the Slide
Lakes were formed by a rockslide that prehistor-
ically swept across the creek. Creek flows are en-
tirely subsurface when passing through the extant
rubble pile during nonrunoff. Red Eagle Creek
(Figure 1), the largest creek in the drainage, was
not examined because it was difficult to access and
too large for our sampling equipment.

Early in the 20th century, Swiftcurrent Creek
was impounded by construction of a 33-m-high
earthen dam 9 km upstream from the creek’s
mouth, thereby forming Lake Sherburne (Figure
1). Also constructed was the 2-m-high St. Mary
Diversion Dam, a concrete structure located 1.2
km downstream from Lower St. Mary Lake. Each
year between about April and October, that dam
deflects water released from Lake Sherburne into
a canal.

Land use practices that may impair bull trout
habitat are limited in the St. Mary River drainage
in Montana. Within Glacier National Park, no ex-
tant land use activities are known to adversely af-
fect bull trout. However, the lowermost 2 km of
Divide Creek is periodically channelized to protect
adjacent developed facilities from major seasonal
flooding. On the Blackfeet Reservation (Figure 1),
livestock grazing and timber harvest occur in lim-
ited areas, although timber harvest is extensive in
some parts of the Lee Creek drainage.

Fish Species

The historic distribution of native fishes in the
St. Mary River drainage was delimited by natural
year-round barriers to fish movement (Figure 1).
Among the fishes indigenous to the drainage, bull
trout, westslope cutthroat trout Oncorhynchus clar-
kii lewisi, mountain whitefish Prosopium william-
soni, mottled sculpin Cottus bairdii, and spoon-
head sculpin C. ricei are believed to have occurred
in all of the streams and lakes to which they had
access, including the Slide Lakes, while lake trout
S. namaycush inhabited St. Mary and Lower St.
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FIGURE 1.—Study area, St. Mary River drainage, Montana, where migratory and nonmigratory bull trout pop-

ulations were identified between 1997 and 2003.

Mary lakes (Brown 1971). Nowhere else in the
contiguous United States were bull trout naturally
sympatric with Jake trout (Donald and Alger
1993).

Authorized stocking of nonnative fishes in the
drainage began early in the 20th century and con-
tinued in Glacier National Park until midcentury
(Marnell 1988). Such stocking continues today
only in some Blackfeet Reservation waters (main-
ly isolated ponds and lakes). Nonnative fishes that
have established self-sustaining populations at
various locations in the drainage include brook
trout S. fontinalis, rainbow trout O. mykiss, Yel-
lowstone cutthroat trout O. clarkii bouvieri, and
genetic intergrades (i.e., hybrids) among the three
oncorhynchids (Marnell 1988).

Methods

This study was conducted between 1997 and
2003. However, each of the methods of fish col-
lection was not employed in all study years.

Electrofishing (1998-2003).—Electrofishing was
performed between mid-July and late August to
characterize the bull trout populations and fish com-
munities in the creeks. Because the creeks were
‘mainly accessible only by foot, it was not possible
to annually electrofish entire creeks. Therefore, in
each creek we established a sampling reach that
contained a variety of mesohabitats and, where
present, bull trout of a broad range of size-classes.

Electrofishing occurred annually, unless other-
wise noted, throughout (1) a 2-km sampling reach
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of Divide Creek that extended downstream from
the region of entirely subsurface flow (except
2000, 2001); (2) a 6-km reach of Boulder Creek
that extended downstream from the region of sub-
surface flow; (3) an 8-km reach of Kennedy Creek
that extended downstream from the region of sub-
surface flow; (4) three reaches of Otatso Creek
(i.e., [a] lower Otatso, a 2-km reach that extended
downstream from the fall and cascades 13 km up-
stream from the creek’s mouth (except 1998), [b]
middle Otatso, from the fall and cascades upstream
2 km to the rockslide that formed the Slide Lakes
(except 2001), and [c] Slide Lakes, the subsequent
2-km reach to the fall above the lakes (except
2001), except the lakes themselves were not sam-
pled); and (5) a 4-km reach of Lee Creek that
extended upstream from Jule Creek. In addition,
periodic (i.e., during 2 or 3 years) electrofishing
occurred in (6) the lowermost 2 km of Rose Creek;
(7) a 1-km reach of Wild Creek that extended up-
stream from the park boundary; (8) a 3-km reach
of Canyon Creek; as well as (9) Jule, (10) Middle
Fork Lee, and (11) East Fork Lee creeks, each
within 0.5 km upstream and downstream from their
crossings by the highway.

We used a battery-powered backpack electro-
fisher operated at 500800 V with pulsed DC (25—
30 Hz) to capture fish. During electrofishing, a
single, upstream-moving pass was made through
cach sampling reach, sometimes requiring multiple
days. Creek flows were seasonally low and clear
and we selectively netted bull trout, brook trout,
and other oncorhynchids (i.e., char and trout).
Age-0 fish were not specifically sought during
1998 and 1999 and often passed through our nets.
However, beginning in 2000 we also caught rep-
resentative samples of age-0 bull trout.

Captured char and trout were identified to spe-
cies and counted, whereas the occurrences of
mountain whitefish and the sculpins (species not
distinguished) were only noted. Accordingly, all
char and trout caught from a creek (or each Otatso
Creek reach) in a single year constituted an elec-
trofishing sample. It was not practical for us to
distinguish the hybrids or genetic intergrades of
cutthroat trout and rainbow trout from their parent
species or subspecies on the basis of external mor-
phological characteristics evident in the field. Con-
sequently, all of those fishes were assigned to a
single taxon (i.e., cutthroat trout X rainbow trout
intergrades).

Bull trout were measured to total length (TL;
mm) and weighed (g), and (through 2002) scales
were taken from an area just posterior to the dorsal
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fin and above the lateral line of many fish longer
than about 75 mm TL. We did not distinguish be-
tween sexes. Passive integrated transponder (PIT)
tags, each uniquely coded, were injected into dor-
sal musculature (approximately parallel to the
spine and about 5 mm under the skin) of bull trout
200 mm TL or larger. The adipose fin was removed
from tagged fish. All bull trout were examined for
previously applied tags. For analyses of data taken
from recaptured bull trout, a recapture event con-
sisted of a recapture that occurred at least one field
season after the previous capture.

Trapping  (1997-2000)—Annually between
about late August and mid-October, fish traps were
operated near the mouths of Divide Creek (except
1999, 2000), Boulder, Kennedy, and Otatso creeks,
and on Lee Creek at the highway crossing (except
1997, 1998; Figure 1). Trapping was primarily in-
tended to catch postspawning migratory bull trout
as they departed the creeks.

Traps caught only fishes moving downstream
and consisted of a holding box and attached weirs.
Boxes (1.0 m X 1.0 m X 1.0 m) had steel-tubing
frames, 1.3-cm-mesh hardware-cloth walls and
bottoms, and lockable plywood lids. Weirs con-
sisted of 1.2-m lengths of 1.7-cm-diameter steel
conduit that were separated by 2.5-cm plastic spac-
ers and tightly strung on two parallel cables to
form a picket fence. Weirs were attached to the
box entrance, angled upstream to opposing creek
banks, and supported by steel fence posts driven
into the creek bottom. A 20-cm-long, rubber-coat-
ed hardware-cloth funnel extended from the en-
trance into the box.

Traps were operated continuously and checked
daily. Creek flows were usually clear and rarely
exceeded 0.5 m¥/s, except frequent rains in 1999
and 2000 sometimes resulted in higher flows.
Leaves from quaking aspen Populus tremuloides
frequently clogged weirs, which sometimes col-
lapsed. Creek temperatures were recorded bi-hourly
during trapping by an electronic thermometer in-
stalled at cach trap site.

Captured fish were processed as previously de-
scribed, except that only char, trout, and mountain
whitefish were counted. Also, in 1997 bull trout
were tagged with uniquely coded visual implant
(VD) tags injected just under the epidermis and
immediately posterior to the left eye. All tallied
fish caught in a trap during a single year consti-
tuted a sample. For some subsequent analyses, we
used TL measurements less than 300 mm and 300
mm or larger to classify bull trout as either ju-
veniles or adults. That delineation was supported
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by additional data described herein. Traps were
removed for the year either when few bull trout
were being caught and the postspawning migration
appeared to have ended or when inclement weather
precluded further trapping.

Estimation of migratory adult population size.—
Tagging and recapture event data from trapping
were used to estimate size of the migratory adult
(i.e., =300 mm TL) bull trout population in each
creek. Accordingly, a bull trout tagged during elec-
trofishing but subsequently caught in the trap was
treated as a “new’ fish when trapped. For popu-
lation estimation, we fitted the POPAN-5 param-
eterization of the Jolly—Seber open-population
model provided in program MARK (White and
Burnham 1999) to the encounter histories for bull
trout caught in each trap. We considered all pos-
sible combinations of both constant and time-de-
pendent forms for each of the three relevant pa-
rameters estimated by the model (i.e., ¢ [apparent
survival between years], p, [probability of detec-
tion], and p, [probability of entrance into the pop-
ulation]). We report results only for those models
that also provided estimates of population size.
The logit function was used to link the linear mod-
el specified in the design matrix; however, when
the model being fitted had multiple p, parameters,
the multinomial logit link function was used to
constrain the real parameters. Because open-
population models require data for at least three
capture events (i.e., years in our study), only data
from traps at Boulder, Kennedy, and Otatso creeks
could be used to estimate population size.

Bull trout age estimation.—Scales taken from
bull trout were impressed on cellulose-acetate
cards. Magnified impressions were examined by a
single analyst (J.T.M.), who counted the apparent
annuli (i.e., zones of closely spaced circuli) used
to estimate age. Impressions for 891 (90%) of 989
bull trout sampled for scales were readable, not
indicative of regenerate scales and, thus, useful for
such counts. As one means of checking our aging
technique, we compared mean total lengths at cap-
ture for the scale-based age-classes of bull trout
with representative length-frequency distributions
for bull trout caught by electrofishing. As a second
check, we compared the increase in scale-based
age (year) for each recaptured bull trout with the
fish’s known increase in age (i.e., the year of re-
capture minus the year of initial capture).

Statistical analyses.—Statistical analyses, apart
from those provided in program MARK (White
and Burnham 1999), were performed with the
Number Cruncher Statistical System (Hintze 2001)
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FIGURE 2.—Box plots of percent bull trout in samples
caught by electrofishing in creeks of the St. Mary River
drainage, Montana, 1998-2003. Plots indicate the me-
dian value at the box notch, interquartile range by the
box itself, and the range of values by horizontal lines
at the ends of vertical lines. Numbers are the numbers
of samples (years).

after tests had been conducted to ensure that the
routine assumptions of normality and equal vari-
ance in the error term had been met. When nec-
essary, transformations of appropriate variables
were performed to meet those assumptions (Neter
et al. 1996). One-way analysis of variance (AN-
OVA) and a general linear model (GLM) ANOVA
procedure were used to determine whether signif-
icant (P < 0.05) differences in the variable of con-
cern occurred between or among the sampled pop-
ulations.

Results
Distribution of Bull Trout and Other Fishes

Bull trout were found in 8 of the 11 creeks (i.e.,
all those except East Fork Lee, Wild, and Rose
creeks). They constituted more than half of the fish
in each electrofishing sample from Boulder, Lee,
and Canyon creeks and the middle Otatso and Slide
Lakes reaches, as well as many of the samples from
Kennedy and lower Otatso creeks (Figure 2). Av- -
erage size of the 51 electrofishing samples was 91
fish (range, 2—-434 fish); samples did not exceed
48 fish for first-order creeks. Collectively, 88% of
the other fishes in samples were cutthroat trout X
rainbow trout intergrades. Brook trout were found
only in Divide, Boulder, Kennedy, and Rose
creeks, where they averaged 8% (range, 0% to
21%) of samples. Mottled or spoonhead sculpins
were found in Divide, Boulder, Kennedy, and low-
er Otatso creeks, as were mountain whitefish,
which were also found in Rose Creek.
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FIGURE 3.—Length-frequency distributions for bull trout caught by electrofishing in selected creeks in the St.
Mary River drainage, Montana. Data are from Boulder and Kennedy creeks (third-order streams) and Divide and
Canyon creeks (second-order streams) in 2000-2003, when samples of age-0 bull trout were also collected.

Length Frequency of Electrofished Bull Trout

Length-frequency distributions for bull trout
caught by electrofishing revealed multiple size-
classes and indicated recent reproduction in Boul-
der, Kennedy, Otatso (middle and Slide Lakes
reaches), Lee, and Canyon creeks, as evidenced by
the presence of fish less than 100 mm TL. Bull
trout in Boulder, Kennedy, and Canyon creeks
showed modal size-classes centered around fish
about 50 mm TL, 100 mm TL, and 180 mm TL
that appeared to be age 0, age 1, and age 2, re-
spectively (Figure 3). The single bull trout size-
class in Divide Creek was about 180 mm TL in
2002 and 220 mm TL in 2003 when one 547 mm

TL bull trout was also caught. The largest bull trout
caught during the study was 763 mm TL.

Bull Trout Age and Growth

The first scale annulus was formed during the
second year of life, as evidenced by its occurrence
near the margin on scales taken from nearly all
bull trout considered age 1 on the basis of length
frequency. The relation between bull trout TL and
scale-based age at capture indicated growth at all
ages, particularly as age-4 fish (Figure 4). Among
study years, we found no consistent within-age
differences in mean TL of bull trout, either among
creeks or reaches or between bull trout caught by
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is not shown) caught by electrofishing and in traps in
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electrofishing or in traps in each creek where those
methods were concurrently employed (GLM AN-
OVAs). Mean total length at capture for age-1 bull
trout was 103.2 = 5.2 mm (mean and 95% con-
fidence interval), 155.4 * 3.8 mm for age-2 bull
trout, and 191.5 ®£ 3.9 mm for age-3 bull trout.
Thus, the length-frequency distributions (Figure 3)
revealed age-1 (and age-0) bull trout, but age-2
and age-3 fish apparently formed a single size-
class. The single size-class of bull trout in Divide
Creek in 2002 (Figure 3) consisted entirely of age-
2 fish (scales were not collected in 2003).

For the 83 recaptured bull trout that had useful
scales, known increase in age equaled the age in-
crease determined from scales for 60 (72%) fish
and was one year greater for 15 (18%) fish and
one year less for 5 (6%) fish; the maximum dif-
ference was 3 years. Seventy-eight (94%) of the
recaptured fish were age 5 or older when initially
caught (overall mean, age 6.5); known increase in
age exceeded the increase in scale-based age only
for bull trout that were age 5 or older when initially
caught (Figure 5).

Trapped Bull Trout

The average size of the 16 trap samples was 155
fish (range, 21-333 fish). Bull trout were annually
caught in each trap (except in Divide Creek in
1998) and there was little variation in their percent
occurrence among samples within individual
creeks (Figure 6). Average number of bull trout in
samples was 39 (range, 0—88 fish). Among the 626
bull trout caught, 317 (51%) were considered ju-
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FIGURE 5.—Age frequency of 83 recaptured bull trout
from the St. Mary River drainage, Montana, 1997-2002,
for which increases in known age and scale-based age
were compared. The horizontal axis shows scale-based
age at time of initial capture. Fish were separated into
three groups: those for which the increases in ages were
equal, those for which the known increase was more
than the scale-based increase, and those for which the
known increase was less than the scale-based increase.

veniles (i.e., <300 mm TL) and 309 (49%) adults
(=300 mm TL). Average number of adults in sam-
ples was 19 (range, 0—64 fish); only 2 bull trout
(both adults) were caught in the Divide Creek trap
in 1997. When Divide Creek was excluded, the
mean number of adult bull trout per sample did
not differ among creeks (ANOVA of lognormal
number of adults, F3 ;, = 1.95, P = 0.19; overall
mean, 22 * 8 adults/sample).

Although adult bull trout were often caught soon
after traps were installed each year, capture of half
of the total annual catch was usually not attained
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FIGURE 6.—Box plots of percent bull trout in samples
caught in traps in five creeks in the St. Mary River
drainage, Montana, 1997-2000. Plots indicate the me-
dian value at the box notch, the interquartile range by
the box itself, and the range of values by horizontal lines
at the ends of vertical lines. Numbers are the numbers
of samples (years).



848

MOGEN AND KAEDING

70 - 50 -
Boulder W Kennedy
60 ] Creek 1998“,0’ 40 1 Creek 1968
50 4 A 1997
40 7 30 | v
30 1 " 20 1 R
— ] 1997 ] J D g 1999
c 20 | : ;
] R 10 4
g) 10 ; ] i 1 u"
] 1999 1 vl e 3
© 0 Fmelipndi 0 Joottoroitials sosongors e
& 1Sep 15Sep 10ct 150ct 1Sep 15 Sep Oct 15 Oct
[
O
o) 30 4 30 -
E Otatso Lee
Creek Creek
=3 ] ]
Z 20 - 20 s
10 A 10 A
4 4 ree 2000 oovooao
0 T :oon‘ T T LARES ] O T ‘....'..:‘ ’ T T 1
1Sep 15Sep 10ct 150ct 18ep 15 Sep 10ct 15 Oct

Date

Ficure 7.—Cumulative catches in traps of adult bull trout (=300 mm TL) in Boulder, Kennedy, Otatso, and
Lee creeks, 1997-2000, St. Mary River drainage, Montana.

until after mid-September (Figure 7). Among
years, mean daily creek temperatures were usually
10—15°C on 1 September and had declined to 2—
10°C by 1 October. Collectively, 85% of the other
fishes in samples were mountain whitefish and
15% were cutthroat trout X rainbow trout inter-
grades. Four brook trout were caught—three in
Boulder Creek and one in Divide Creek.

Migratory Adult Population Size

Only models with constant ¢, p,, and p, param-
eters afforded estimates of migratory adult bull
trout population size; this occurred only for Ken-
nedy and Otatso crecks. Those estimates represent
the total number of bull trout that were available
for capture at any time during the study (Williams
et al. 2002). Estimated populations of migratory
adult bull trout in Kennedy Creek and Otatso
Creek (i.e., 105 fish; asymmetric 95% confidence
interval, 88168 fish) and 49 fish (43—84 fish) were
two or more times larger than the mean number
(22 * 8) of adults in trap samples.

Age Frequencies of Electrofished and Trapped
Bull Trout

Scale-based age frequencies of bull trout caught
by electrofishing or in traps differed consistently
in the third-order creeks (i.e., Boulder, Kennedy,
and Otatso) during years when both capture meth-
ods were employed (Figure 8). Although ranges
in ages were similar between methods in each
creek, age-4 bull trout were conspicuously scarce
in trap samples (compared with adjacent age-
classes), except in Lee Creek, the only second-
order stream. Scarcity of age-4 fish in trap samples
resulted in two modal groups that consisted mainly
of ages 2 and 3 and ages 5 and 6. No age-4 or
age-5 bull trout occurred in electrofishing samples
from Lee Creek. In contrast, age-4 bull trout were
common in electrofishing samples from Kennedy
Creek and represented the most common age-class
from Otatso Creek (lower and middle reaches com-
bined).

Movements of Tagged Bull Trout

Either VI (n = 84) or PIT (n = 770) tags were
placed in 854 bull trout, 628 (74%) of which had
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FIGURE 8.—Age-frequency distributions for bull trout caught by electrofishing or in traps in Boulder, Kennedy,
Otatso (1998 and 1999 combined) and Lee (1999) creeks, St. Mary River drainage, Montana.

been caught by electrofishing and 226 (26%) in
traps. On the basis of captured fish that already
had excised adipose fins, 151 (18%) of the tagged
bull trout were recaptured in subsequent years and
tags were retained in 143 (95%) of those fish. Most
(84%) recapture events occurred in the creek
where the fish had been tagged, although there
were 34 instances of bull trout movements between
creeks (Table 1). Such movements occurred among
Boulder, Kennedy, and Otatso creeks. One bull
trout tagged in the Slide Lakes reach was recap-
tured in the middle Otatso reach. None of the bull
trout tagged in Divide (2 fish) or Canyon (22 fish)
creeks was recaptured.

Discussion

Catches of postspawning bull trout in traps sug-
gested that most migratory fish had spawned by

late September, although the fish continued to be
caught in early October in most years. Bull trout
spawning has been reported to occur when creek
temperatures in the fall decline to between 9°C and
5°C (Fraley and Shepard 1989), temperatures sim-
ilar to those of our study creeks in September.
The occurrence of age-0 fish indicated that bull
trout recently spawned in five creeks and annual
reproduction was indicated by multiple age-classes
of young fish. In contrast, the single year-class of
young bull trout in Divide Creek suggested only
periodic reproduction there. Divide Creek’s bull
trout spawning population was especially small, as
indicated by the capture of only two adult fish in
the trap and one adult by electrofishing. We have
no explanation for the scarcity of that spawning
population. However, small population size and
widely varying reproductive success among years

TaBLE 1.—Summary of bull trout tagging and recapture events, 1997-2003 combined, St. Mary River drainage,

Montana. A recapture event consisted of a recapture that

occurred at least one field season after the previous capture;

an individual fish may have multiple recapture events. The numbers in parentheses are percentages of tagged fish that
were recaptured or recapture events for individual tagging locations or all locations together.

No. of Location and number of recapture events
No. of fish No. of fish  recapture

Tagging tagged,  recaptured, events, Divide Boulder Kennedy Lower Middle  Slide Lee Canyon

location 1997-2002 1998-2003 1998-2003  Creck Creek Creek Otatso Otatso lakes  Creek Creek
Divide Creek 2 0 0 0 0 0 0 0 0 0 0
Boulder Creek 148 48 (32) 79 0 75 (95) 23 2 (3) 0 0 0 0
Kennedy Creek 230 57 (25) 79 0 8 (10) 62 (79) 91 o 0 0 0
Lower Otatso 79 27 (34) 37 0 1(3) 10 27) 25 (67) 1(3) 0 0 0
Middle Otatso 101 4 (4) 5 0 0 0 0 5 (100) 0 0 0
Slide Lakes 16 1(6) 1 0 0 0 0 1 (100) 0 0 0
Lee Creck 58 6 (10) 7 0 0 0 0 0 0 7 0
Canyon Creek 22 0 0 0 0 0 0 0 0 0 0
Total 656 143 (22) 208 0 84 (40) 74 (36) 36(17) 73 0 73) 0
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probably resulted in the single year-class of young
bull trout found in the creek. Moreover, bull trout
in Divide Creek apparently consisted entirely of
migratory fish.

Although our estimates of bull trout age could
not be validated with the use of known-age fish
(in the sense of Beamish and McFarlane 1983),
the analyses suggested the scale annuli were
broadly representative of bull trout ages in the
creeks. When errors in age estimates occurred,
they probably resulted most often in underesti-
mates of actual age for bull trout age 5 or older
(i.e., mature fish). Bull trout had growth rates sim-
ilar to those in Montana’s Flathead River drainage
(Fraley and Shepard 1989) and elsewhere (Goetz
1989). The marked growth of age-4 bull trout prob-
ably resulted from their transition to a largely pi-
scivorous diet, as has been reported for other pop-
ulations of the species (Goetz 1989).

Trap samples indicated that juvenile migratory
bull trout departed creeks mainly as age-2 or age-
3 fish. Studies of other bull trout populations in-
dicated that most juveniles of migratory popula-
tions remained in natal creeks 1 or, most often, 2—
3 years before moving downstream to lakes or
large rivers (Fraley and Shepard 1989; Goetz 1989;
Riehle et al. 1997). Because our traps were op-
erated between late August and mid-October, the
entire annual period of juvenile bull trout move-
ment from creeks could not be determined. Be-
tween late April and mid-October 1990, Riehle et
al. (1997) continually operated a trap in Jack
Creek, Oregon. Juvenile migratory bull trout that
were emigrating from the creek were caught in all
months, but were most abundant in May and June.

The scarcity of age-4 bull trout in trap samples
from Boulder, Kennedy, and Otatso creeks sug-
gested that most migratory age-4 fish were im-
mature and inhabited either the St. Mary lakes or
St. Mary River. The marked growth of age-4 bull
trout supported that speculation because the lakes
and river are probably more productive habitats
than the creeks. Trap samples also indicated that
migratory bull trout reached maturity mainly as
age-5 fish, which our scale analyses indicated were
typically 300 mm TL or larger. There was no con-
spicuous absence of age-4 bull trout in the trap
sample from Lee Creek, perhaps because only one
sample was available and because those fish main-
ly consisted of nonmigratory bull trout that were
making restricted movements to nearby wintering
areas (Jakober et al. 1998; Nelson et al. 2002).

Both migratory and nonmigratory bull trout oc-
curred in the St. Mary River drainage in Montana.

MOGEN AND KAEDING

Migratory fish were most conspicuous because
they were caught in traps or were recaptured in
creeks other than those in which they had been
tagged. In contrast, nonmigratory bull trout were
not easily identified. For example, we found no
consistent within-age differences in mean TL of
bull trout caught by electrofishing or in traps in
creeks where those methods were concurrently em-
ployed. However, our electrofishing samples con-
tained both migratory and nonmigratory bull trout.
Consequently, some similarity in the data from
those samples and those of migratory bull trout
caught subsequently in traps is anticipated. More-
over, other studies have shown that growth rates
of nonmigratory salmonids may not differ from
those of sympatric migratory fish of the same spe-
cies (McCart 1997). On the other hand, the abun-
dance of age-4 bull trout in electrofishing samples
from Kennedy Creek and lower and middle Otatso
Creek, which contrasted with Boulder Creek,
strongly suggested the presence of numerous non-
migratory fish. In addition, we frequently caught
bull trout less than 300 mm TL in middle Otatso,
Canyon, and Lee creeks that had coloration and
external morphology (e.g., kyped jaw) indicative
of mature fish and suggestive of a nonmigratory
population.

The estimated populations of migratory adult
bull trout were larger than implied by the annual
catches of trapped fish. That observation suggested
that either (1) many postspawning migratory bull
trout lingered in creeks before moving downstream
after the traps had been removed; (2) many mi-
gratory bull trout did not spawn annually; or (3)
a combination of these factors. In any case, our
data indicated that mean values for the annual
catches of adult bull trout in traps, which did not
differ among creeks, were not by themselves in-
dices of spawning population size.

Recapture data revealed bull trout movements
among Boulder, Kennedy, and Otatso creeks. No
movement was seen in bull trout tagged in Divide,
Canyon, or Lee creeks, which were characterized
by no recaptured fish or distinct isolation from the
other study crecks. Some bull trout moved up-
stream or downstream over the St. Mary Diversion
Dam as'well as downstream over the rockslide that
formed the Slide Lakes. Thus, those structures are
not complete barriers to the movement of bull
trout.

Although one of our tagged bull trout moved
downstream from Slide Lakes into the middle
Otatso reach, we saw no reciprocal movement.
Nevertheless, it is unclear whether bull trout in the
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Slide Lakes reach should be considered a resident
or isolated nonmigratory population (in the sense
of McCart 1997) because the rockslide that formed
the lakes is probably only a seasonal barrier to the
upstream movement of fish. Alternatively, it could
be argued that these fish are migratory because
they probably reside most of the year in the lakes
but are also obligate stream spawners. Contem-
porary criteria for classification of life history
forms favor detection of migratory bull trout be-
cause the fish move between streams or between
lakes and streams, movements that can be objec-
tively determined. On the other hand, nonmigra-
tory bull trout remain within a single stream but
may undertake even longer seasonal migrations
than some migratory fish. The shortcomings of
current convention notwithstanding, migratory
bull trout in the St. Mary River drainage are more
common than previously believed and may be
more common than in many other regions of the
species’ natural range (e.g., McCart 1997; Nelson
et al. 2002).

Acknowledgments

This study, funded by the U.S. Bureau of Rec-
lamation, was a cooperative endeavor among the
Bureau, U.S. Fish and Wildlife Service, Blackfeet
Tribe, and National Park Service. Field assistance
was provided by Robbin Wagner, Glenn Boltz, JTar-
vis Gust, Curt Wilcox, Nick Peterson, Paul Hutch-
inson, Brian Spicer, Aaron Gallagher, Jeff Hix,
Lisa Musgrave, Wayne Wilcox, Dustin Thompson,
Matt Lechmaier, Joe Haugo, Jesse and Jeremy
Skates, Ira Newbreast, and Sam Juneau. Field help
was also provided by Bill Michels (National Park
Service) and Sue Camp, Juddson Sechrist, Eric
Best, and Chelsie Morris (all with the Bureau of
Reclamation). Wade Fredenberg, Leo Marnell,
John Al Young, and anonymous reviewers provid-
ed constructive comments on a preceding version
of this manuscript. We also thank the owners and
staff of the St. Mary KOA campground.

References

Beamish, R. J., and G. A. McFarlane. 1983. The for-
gotten requirement for age validation in fisheries
biology. Transactions of the American Fisheries So-
ciety 112:735-743.

Brown, C.J. D. 1971. Fishes of Montana. Montana State
University, Bozeman.

Cavender, T. M. 1978. Taxonomy and distribution of the
bull trout, Salvelinus confluentus (Suckley), from the
American Northwest. California Fish and Game 64:
139-174.

Donald, D. B., and D. J. Alger. 1993. Geographic dis-

851

tribution, species displacement, and niche overlap
for lake trout and bull trout in mountain lakes. Ca-
nadian Journal of Zoology 71:238-247.

Fitch, L. A. 1997. Bull trout in southwestern Alberta:
notes on historical and current distribution. Pages
147-160 in W. C. Mackay, M. K. Brewin, and M.
Monita, editors. Friends of the bull trout conference
proceedings. Trout Unlimited Canada, Bull Trout
Task Force (Alberta), Calgary.

Fraley, J. J., and B. B. Shepard. 1989. Life history,
ecology, and population status of migratory bull
trout (Salvelinus confluentus) in the Flathead Lake
and River system, Montana. Northwest Science 63:
133-143.

Goetz, E. A. 1989. Biology of the bull trout Salvelinus
confluentus: a literature review. U.S. Forest Service,
Willamette National Forest, Eugene, Oregon.

Haas, G. R., and J. D. McPhail. 1991. Systematics and
distribution of Dolly Varden (Salvelinus malma) and
bull trout (Salvelinus confluentus) in North America.
Canadian Journal of Fisheries and Aquatic Sciences
48:2191-2211.

Hintze, J. 2001. Number cruncher statistical system.
Kaysville, Utah.

Jakober, M. J., T. E. McMahon, R. F Thurow, and C.
G. Clancy. 1998. Role of stream ice on fall and
winter movements and habitat use by bull trout and
cutthroat trout in Montana headwater streams.
Transactions of the American Fisheries Society 127:
223-235.

Jonsson, B., and N. Jonsson. 1993. Partial migration:
niche shift versus sexual maturation in fishes. Re-
views in Fish Biology and Fisheries 3:348-365.

Marnell, L. F 1988. Status of the westslope cutthroat
trout in Glacier National Park, Montana. Pages 61—
70 in R. E. Gresswell, editor. Status and manage-
ment of interior stocks of cutthroat trout. American
Fisheries Society, Symposium 4, Bethesda, Mary-
land.

McCart, P. 1997. Bull trout in Alberta: a review. Pages
191-207 in W. C. Mackay, M. K. Brewin, and M.
Monita, editors. Friends of the bull trout conference
proceedings. Trout Unlimited Canada, Bull Trout
Task Force (Alberta), Calgary.

McDowall, R. W. 1987. The occurrence and distribution
of diadromy among fishes. Pages 1-13 in M. J. Dad-
swell, R. J. Klauda, C. M. Moffitt, R. L. Saunders,
R. A. Rulifson, and J. E. Cooper, editors. Common
strategies of anadromous and catadromous fishes.
American Fisheries Society, Symposium 1, Bethes-
da, Maryland.

Nelson, J. S., and M. J. Paetz. 1992. The fishes of Al-
berta, 2nd edition. University of Alberta Press, Ed-
monton.

Nelson, M. L., T. E. McMahon, and R. F. Thurow. 2002.
Decline of the migratory form in bull charr, Sal-
velinus confluentus, and implications for conserva-
tion. Environmental Biology of Fishes 64:321-332.

Neter, J., M. H. Kutner, C. J. Nachtsheim, and W. Was-
serman. 1996. Applied linear statistical models, 4th
edition. WCB/McGraw-Hill, New York.

Northcote, T. G. 1992. Migration and residency in



852

stream salmonids: some ecological considerations
and evolutionary consequences. Nordic Journal of
Freshwater Research 67:5-17.

Northcote, T. G. 1997. Potamodromy in Salmonidae:
living and moving in the fast lane. North American
Journal of Fisheries Management 17:1029-1045.

Riehle, M., W. Weber, A. M. Stuart, S. L. Thiesfeld, and
D. E. Ratliff. 1997. Progress report of the multi-
agency study of bull trout in the Metolius River sys-
tem, Oregon. Pages 137-144 in W. C. Mackay, M.
K. Brewin, and M. Monita, editors. Friends of the
bull trout conference proceedings. Trout Unlimited
Canada, Bull Trout Task Force (Alberta), Calgary.

Rieman, B. E., and J. D. Meclntyre. 1993. Demographic
and habitat requirements for conservation of bull trout.

MOGEN AND KAEDING

U.S. Forest Service, Intermountain Research Station,
General Technical Report INT-302, Ogden, Utah.
USFWS (U.S. Fish and Wildlife Service). 1999. Deter-
mination of threatened status for bull trout in the
coterminous United States. Federal Register 64(1

November 1999):58910-58933.

White, G. C., and K. P. Burnham. 1999. Program
MARK: survival estimation from populations of
marked animals. Bird Study 46(Supplement):
120-138. Available: http://www.cnr.colostate.edu/
~gwhite/mark/mark.htm. (November 2002.)

Williams, B. K., J. D. Nichols, and M. J. Conroy. 2002.
Analysis and management of animal populations:
modeling, estimation, and decision making. Aca-
demic Press, New York.



