
Distinct fluvial and adfluvial migration patterns of
a relict charr, Salvelinus confluentus, stock in a
mountainous watershed, Idaho, USA

Introduction

Effective conservation of charrs (Salvelinus spp.)
should be based on a thorough understanding of their
often complex life histories and migration patterns
(Rieman & McIntyre 1993). Throughout the northern
hemisphere, charrs display a wide range of migration
patterns, including migrations between river segments
(fluvial potamodromy; Schill et al. 1994), between
rivers and lakes or reservoirs (adfluvial; Stelfox 1997)

and between rivers or lakes and the sea (anadromy;
Johnson 1989; Berg & Berg 1993). Migrations, both
upstream and downstream, are usually undertaken for
spawning (Schill et al. 1994) or for improved feeding
opportunities (e.g., Naslund 1992; Doucett et al. 1999;
Gulseth & Nilssen 2001). The great plasticity in charr
life histories (Reist 1989), including the development
of diverse migration patterns (McCart 1980) and
exploratory behaviours, has been suggested as being
highly adaptive for energy acquisition in the habitats
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which was known to be the spawning period from
other studies elsewhere (Shepard et al. 1984; Schill
et al. 1994; Swanberg 1997). Active redd construc-
tion, pairing of fish in small headwater tributaries in
the fall and the guarding of a redd were all considered
to be evidence of spawning activities.

The telemetry data were quantified by river kilo-
metre, expressed as the distance from the mouth of the
Columbia River to the location of the radio-tagged
fish. When upstream and downstream movements
were >0.2 km between contacts, they were recorded as
new locations; if no movement >0.2 km occurred, the
fish was considered stationary. In the telemetry
analysis, each individual fish was the experimental
unit (Winter 1996). Migration was defined as the act of
moving from one spatial unit (e.g., overwintering
habitat or spawning habitat) to another, and changing
position within a single spatial unit was defined as a
movement (Baker 1978).

Analysis

All fish locations were graphed and visually inspected
for patterns of individual and group movements.
Patterns of movement were qualitatively categorised
as migratory or nonmigratory. Migratory patterns were
further described as fluvial or adfluvial.

To quantitatively test if fish movements were
nondirectional or directional, a nonparametric runs
test (Ramsey & Schafer 1997) was used for each
individual fish and all fish were grouped together
from 1999 and 2000. If the fish moved upstream
from its location the previous week, it was
categorised as a ‘+’. Downstream movement was
categorised as a ‘)’. If a fish did not move from its
location the previous week (<0.2 km), the data were
disregarded. If the data were directional, a run
(string of upstream or downstream values) would
tend to be long and the number of different runs
would tend to be small (Ramsey & Schafer 1997);
this characteristic run would signify a fish migration.
The null hypothesis was that a radio-tagged fish’s
movement was nondirectional.

The nonparametric runs test statistic (l) was
expressed as:

l ¼



necessarily the same smaller, second-order tributary)
in 2000 that they had entered in 1999. Two of the three
fish maintained their tags into the second winter and
migrated downstream to the same area they occupied
in 1999.

Fourteen fish exhibited a fluvial migration pattern



mid-July to mid-August. On 7 August 2000, nine
radio-tagged fish were in one tributary of the EFSFSR
but none of them had paired for spawning. Three days
later, the nine fish still had not paired.

Spawning period

No radio-tagged bull trout were observed spawning
during this study, so the spawning locations and
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spawning period were inferred by a combination of



afterward. Similar high rates of tag loss were also
observed by Schill et al. (1994) and Elle et al. (1994)
in Rapid River, Idaho. In the McLeod River, Alberta,
Carson (2001) reported one of nine radio-tagged bull
trout that entered a small tributary to spawn lost its tag
either due to predation or tag expulsion. For 12 other
fish tagged in 2000, the tag transmissions were
adequate to demonstrate a fluvial pattern with over-
wintering downstream in a larger river, although the
spawning periodicity was not determined. Swanberg
(1997) observed a similar fluvial pattern in the
Blackfoot River, Montana. In Rapid River, Elle et al.
(1994) also documented fluvial bull trout that migrated
upstream to a tributary, entered the tributary to spawn,
emigrated rapidly after spawning and resided in the
Salmon River, a large river downstream of the
spawning tributary.

The adfluvial pattern observed in this study
differed greatly from fluvial patterns in that fish
migrated downstream out of the Glory Hole in late
June to the mouth of a small tributary, apparently
spawned in the small tributary and returned upriver
to the Glory Hole during the winter. Adfluvial life
histories are common in relict bull trout in the Pacific
Northwest (Rieman & McIntyre 1993). The adfluvial
pattern in EFSRSR bull trout is similar to migrations
described by Fraley & Shepard (1989). In that study,
adult bull trout entered tributaries from July through
September, spawned during September and early
October, exited the tributary after spawning and
returned (downstream in this case) to the lake to
overwinter. Juveniles emigrated from the tributaries
into the Flathead River mainly in June and August
and continued downstream until reaching Flathead
Lake. Their results differed from our results in that
the EFSFSR juveniles would have to swim upstream
to mature in the Glory Hole and spawn downstream
of their rearing area. As the Glory Hole has only
been present for 60 years, this migration pattern
would have had to develop over a short time period.
Carson (2001) observed two bull trout perform a
downstream spawning migration in the McLeod
River, Alberta. These two fish were radio tagged in
the river where they travelled downstream to the
mouth of a tributary, entered the tributary, spawned
and returned upstream to the capture site in the river.
This study and the downstream migration of fish
observed in the EFSFSR further raises questions
about the mechanisms and cues used in identifying
and locating spawning areas. Power (2002) suggested
that ‘olfaction, together with habitat familiarity and
solar navigation, seem to be the most likely modal-
ities involved’ (p. 30) in charr homing.

The diversity of migration patterns (fluvial and
adfluvial) observed in EFSFSR bull trout is similar
to that observed in other charrs elsewhere (Johnson

1980; Kircheis 1980; Naslund 1990). Nordeng
(1961) and McCart (1980) summarised migratory
characteristics of arctic charrs (Salvelinus alpinus),
in their regions and reported that a diversity of life
history and migration patterns existed. Although
anadromous life histories are common in many
locations for arctic charr and are typically preferen-
tially displayed by females over males (Mortensen &
Christensen 1983), fluvial and adfluvial life histories
also have been reported, especially in landlocked
situations (Kircheis 1980; Reist 1989). Charrs have
been characterised as having evolved migratory and
exploratory life histories as adaptations favouring
historical colonisation along glacial margins, areas
typically characterised as cold, unproductive and
unpredictable. Exploration may be adaptive as an
effective colonising mechanism, and migrations may
allow charrs access to better food supplies in rivers,
lakes or the ocean, wherever opportunities arise
(Power 2002). Growth of charrs has been shown in
numerous cases to be strongly related to the
productivity of the habitat (e.g., Barbour &
Einarsson 1987; Rubin 1993) and fecundity (and
presumably fitness) positively related to fish size
(Johnson 1980). Such historical migratory and
exploratory adaptations in charrs may also serve a
relict charr such as EFSFSR bull trout well in its
habitat. Productivity for fish in the batholith-domin-
ated SFSR basin is low, and spawning areas in the
headwaters may provide little food or overwintering
habitat. In this situation, a migratory, fluvial life
history may be the most adaptive life history,
particularly where a lack of large lakes in the upper
EFSFSR basin prevents the development of all but a
modest adfluvial life history (i.e., associated with the
Glory Hole; Fig. 3e).

In this study, three spatial units were identified
based on the results of radio tagging: overwintering
habitat, migrational corridor and spawning and early
rearing habitat (Fig. 1). Overwintering habitat was in
the larger rivers including the SFSR and a portion of
the Salmon River. The Glory Hole was also identified
as overwintering habitat for the adfluvial fish (Fig. 1).
Migration corridors consisted of segments of the SFSR
and the EFSFSR from its confluence with the SFSR
(river km 1099.9) upstream to the Glory Hole (river
km 1143.0) including Johnson Creek. Spawning and
rearing habitat was in the small tributaries including
several small tributaries to EFSFSR as well as
headwater tributaries to those tributaries (Fig. 1).
Although feeding studies were not conducted, larger
migratory adults may feed opportunistically in all
these habitats.

The entry of 29 radio-tagged bull trout into the
upper EFSFSR, but none into Johnson Creek, indica-
ted that the tagged fluvial bull trout preferentially
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selected the upper EFSFSR over Johnson Creek
(Fig. 3). The reason for the large difference in
numbers of tagged fish entering the two rivers is not
clear. Johnson Creek is known to contain bull trout.
The Nez Perce Tribe operated an upstream passage
weir (pickets 4 cm apart) from 26 June through 13
September 2000, and during that period, 17 bull trout
(390–510 mm TL) were collected in the trap and
placed upstream of the weir (M. Daniel, Nez Perce
Tribe, McCall, Idaho, personal communication). In
addition, the Nez Perce Tribe also had a downstream
migrant screw-trap located on lower Johnson Creek,
where they captured 55 bull trout; four of them were
greater than 350 mm FL. It is possible that our sample
of radio-tagged fish did not adequately include
Johnson Creek fluvial bull trout. It is also possible
that the migration timing of Johnson Creek fish did not
coincide with when we radio tagged fish. It may also
be that the fluvial bull trout population in Johnson
Creek and its tributaries is small relative to that in the
upper EFSFSR and tributaries.

Spawning period

The bull trout spawning observed in late August
through mid September in 1999 and 2000 in tributaries
was associated with maximum water temperatures of
7.4–12.8 �C. A drop in water temperature from 12 to
9–10 �C occurred in most tributaries during early
September. The observed spawning time and water
temperatures were similar to those observed for
resident bull trout by Adams (1994) in tributaries to
the Weiser River, Idaho. In the Rapid River, Idaho,
Schill et al. (1994) observed fluvial bull trout spawn-
ing in late August through mid-September as water
temperatures dropped from 10 to 6.5 �C. Fraley &
Shepard (1989) observed adfluvial bull trout spawning
when water temperatures dropped below 9 �C.

The three radio-tagged bull trout that were con-
secutive-year spawners returned to the same tributaries
as the previous year. Swanberg (1997) observed
similar consecutive-year spawning in a tributary of
the Blackfoot River, Montana.

Overwintering

The observation that radio-tagged fluvial bull trout
moved little during the winter months (less than 1 km)
is similar to results reported elsewhere. Swanberg
(1997) reported that movements during the winter
were very local, never exceeding 300 m. Elle et al.
(1994) also found that fluvial bull trout from the Rapid
River, Idaho typically remained in one habitat unit for
the overwintering period and generally moved less
than 100 m between contacts. Even with the reduced
tracking schedule in winter, the evidence indicates that

overwintering movements were much less extensive
than in other seasons.

While observing the locations of the radio-tagged



and Game, US Forest Service and University of Idaho. The US
Geological Survey and Nez Perce Tribe provided additional
logistical support.
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