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Abstract
Acoustic telemetry was used to describe fish positions and marine habitat use by tagged bull trout Salvelinus

confluentus from the Skagit River, Washington. In March and April 2006, 20 fish were captured and tagged in the
lower Skagit River, while 15 fish from the Swinomish Channel were tagged during May and June. Sixteen fish tagged
in 2004 and 2005 were also detected during the study. Fish entered Skagit Bay from March to May and returned to
the river from May to August. The saltwater residency for the 13 fish detected during the out-migration and return
migration ranged from 36 to 133 d (mean ± SD, 75 ± 22 d). Most bull trout were detected less than 14 km (8.5
± 4.4 km) from the Skagit River, and several bay residents used the Swinomish Channel while migrating. The bull
trout detected in the bay were associated with the shoreline (distance from shore, 0.32 ± 0.27 km) and occupied
shallow-water habitats (mean water column depth, <4.0 m). The modified-minimum convex polygons (MMCPs) used
to describe the habitats used by 14 bay fish showed that most areas were less than 1,000 ha. The mean length of the
shoreline bordering the MMCPs was 2.8 km (range, 0.01–5.7 km) for bay fish and 0.6 km for 2 channel residents.
Coastal deposits, low banks, and sediment bluffs were common shoreline classes found within the MMCPs of bay
fish, while modified shoreline classes usually included concrete bulkheads and riprap. Mixed fines, mixed coarse
sediments, and sand were common substrate classes found within MMCPs; green algae and eelgrass (Zostera sp.)
vegetation classes made up more than 70% of the area used by bull trout. Our results will help managers identify
specific nearshore areas that may require further protection to sustain the unique anadromous life history of bull
trout.

Bull trout Salvelinus confluentus commonly display mi-
gratory and nonmigratory life histories in freshwater habitats
(Fraley and Shepard 1989; Thiesfeld et al. 1996; Brenkman
et al. 2001, 2007; Brenkman and Corbett 2005; Mogen and
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Kaeding 2005). However, anadromous behavior is also found
within a few populations (McPhail and Baxter 1996; USFWS
1999), in which some individuals make one or more migrations
to the ocean. Bull trout populations that display an anadromous
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life history are unique to the distinct population segment of
coastal Puget Sound, which has been listed as a threatened
species within Washington State since 1999 (USFWS 1999).
They are also a species of special concern in British Columbia
(BC Conservation Data Centre 2010). Although anadromy has
been recognized in bull trout (Suckley 1861; Haas and McPhail
1991; Goetz et al. 2004; Brenkman and Corbett 2005), it has
received limited study, and more information is needed to better
understand the role of this life history type in the sustainability
and adaptability of the species.

Anadromy is not unusual among members of the genus
Salvelinus, and research has documented the timing and habitat
use of marine waters for several species. White-spotted char
S. leucomaenis show multiple migrations between freshwater
and marine habitats (Arai et al. 2005). Arctic char S. alpinus
in Norway feed in salt water for 1 to 2 months each year
(Rikardsen et al. 2000), and brook trout S. fontinalis and
Dolly Varden S. malma are known to be anadromous (White
1941; Armstrong 1974). Recent studies in Washington State
revealed anadromy in bull trout from Olympic Peninsula rivers
(Brenkman and Corbett 2005) and in streams draining into
Puget Sound (Goetz et al. 2004). Moreover, bull trout from
these populations are thought to be found in marine habitats at
all times of the year (Beamer et al. 2004; Goetz et al. 2004).

The Skagit River, which supports the most abundant bull
trout population in Puget Sound (USFWS 2004), presents an
excellent opportunity to gather information critical to develop-
ing an effective management conservation plan for this species.
Data on the distribution and habitat use by Skagit River fish dur-
ing marine residency are limited, and the characteristics of this
population may differ from those for fish studied in other Puget
Sound locations (Goetz et al. 2004) or from nearby Olympic
peninsula populations (Brenkman and Corbett 2005; Brenkman
et al. 2007). Information about habitat use in marine waters
would provide guidance for conservation and management ac-
tions and for regulating human activities such as shoreline de-
velopment that potentially impact important habitats (USFWS
1999; Williams and Thom 2001; Rice 2006). In this paper we
describe habitat use and movements by bull trout during marine
residency.

METHODS
Study area.—Puget Sound is a large fjord-type estuary in

northwestern Washington State and the Skagit River is its largest
river. The river originates in British Columbia, drains an area
of 807,000 ha, and includes several dams in the upper reaches
(Pacific International Engineering 2008). In the lower reach, the
river splits into the North Fork and South Fork (Figure 1), chan-
nels that carry about 60% and 40%, respectively, of the normal
flows (Pacific International Engineering 2008). Flows typically
peak in June and decline throughout the summer into early fall.
Over 70% of the river delta has been converted by diking, tide-
gates, draining, and removal of beaver dams (WSCC 2003).

TABLE 1. Tagging year, nature of tagging site, and length data for bull trout
detected in 2006. Lengths were collected during the tagging years indicated.

Fork length (mm)

Tagging year Nature of tagging site N Mean Range

2006 Freshwater 20 403 313–483
Saltwater 15 402 223–563

2005 Saltwater 12 466 338–570
2004 Saltwater 3 362 332–384

Skagit Bay (Figure 1), located in northern Puget Sound, mea-
sures approximately 26 km long and varies in width from 3 to
8 km. Depths as great as 50 m are found in some bay loca-
tions; however, large intertidal areas, with maximum depths of
less than 5 m are extensive. Surface waters in this area typi-
cally are warmer in summer (10–13◦C) and cooler in winter (7–
10◦C; Collias et al. 1974). Other habitat data are available from
Bailey et al. (1998). The Swinomish Channel is a shallow, nar-
row, 12-km-long saltwater waterway with depths generally less
than 10 m. For this paper we defined the channel as the area
from the north, where it entered Padilla Bay, to the southwest
end of the man-made jetty, where the channel enters Skagit Bay
(Figures 1, 2).

Tagging.—We captured 35 bull trout by angling in the lower
Skagit River and by beach seining (36.6 × 3.7 m net) in the
Swinomish Channel. Acoustic transmitters (Vemco, Inc., Shad
Bay, Nova Scotia, Canada) were used to tag 20 fish captured near
the confluence of the North and South forks from mid-March
to early-April (river-tagged: RT) and 15 fish captured from the
Swinomish Channel (channel-tagged: CT) from mid-May to
mid-June 2006 (Table 1; Table A.1 in the appendix). Some
fish smaller than 450 mm long were probably subadults (Krae-
mer 2003). An additional nine transmitters from fish studied
(saltwater-tagged: SWT) in 2004 or 2005 by two of the authors
(F. Goetz, E. Jeanes), using methods similar to those used in
2006, were also detected during our study (Table 1). Data from
fish tagged in 2004–2005 whose status (dead or alive) could not
be determined were not used in the analyses (Table A.1).

Captured fish were transferred to a 0.6 × 0.6 × 1.2 m
live-tank and then to a container (87 L) filled with water and
buffered tricaine methanesulfonate (MS-222). Each fish was
measured (fork length [FL], nearest mm), weighed (nearest 1.0
g), and prepared for surgery to insert an acoustic transmitter.
Four sizes of transmitters were used (V-8, V-9, V-13, and V-16)
that permitted us to maintain a transmitter-to-fish weight ratio
of less than 1%. Transmitters had a minimum life of 200 d and
were programmed with a random pulse rate (30–90 s). In 2006,
six of the transmitters also carried depth sensors.

The surgical procedures used to insert the transmitters fol-
lowed previous studies (Summerfelt and Smith 1990; Adams
et al. 1997; Fernet and O’Neil 1997; McCleod and Clay-
ton 1997; BioAnalysts 2002; Muhlfeld et al. 2003). After
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396 HAYES ET AL.

FIGURE 1. Map of Skagit River, Skagit Bay, and Swinomish Channel, Washington, including locations of bull trout detected by active relocation and locations
of fixed receivers.
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FIGURE 2. Map detail of bull trout detected in the Swinomish Channel and North Fork Skagit River delta, Washington, in 2006. Shown are data for fish that
resided in the channel or delta for more than 7 d and for fish detected one or two times that migrated through this area. Symbols are not shown for eight fish that
resided for more than 7 d in the Hole-in-Wall.

anesthetization (∼90 s), fish were transferred to a surgical pad
where the gills were continuously flushed with anesthetic (30–
45 s) and then with fresh ambient water (30–45 s). Transmitters
were placed into the body cavity directly below and parallel to
a 10–20 mm incision. The incision was closed with interrupted,
nonabsorbable sutures and a small amount of Vetbond glue.
Each fish was maintained in the recovery tank for 4 h before be-
ing released. Surgical procedures averaged 90 s, from the time a
fish lost equilibrium to the time it was placed into the recovery
tank.

Acoustic tracking.—Fish positions were determined by
using fixed receivers or by active relocation by boat. Four
submersible receivers (Vemco, Model VR-2; hereafter-“lower
river receivers”) were placed in the lower reaches of both the

South (2) and North (2) forks of the Skagit River on March
13, 2006 (Figures 1, 2). On April 10, 2006, a fifth receiver
was placed in a deep-water section of the Swinomish Channel,
named Hole-in-the-Wall (HIW; Figure 1). Additional position
data were obtained from fixed receivers operated by the U.S.
Army Corps of Engineers (USACE) at several bay and upriver
locations (Figure 1). Distances and time traveled by fish were
based on detections at these receivers. To calculate distance
traveled, we assumed each fish followed a path that reflected
the shortest linear measurement to a detection site.

Fish surveys of the bay and channel were conducted dur-
ing daylight hours on 65 weekdays from April through July,
2006. The entire bay perimeter was surveyed approximately
every 2 weeks. Areas included all of the shoreline west of the
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TABLE 2. Range testing of acoustic transmitters for two bottom slope–substrate classes in Skagit Bay, Washington. The maximum distances represent values
from hydrophone to transmitter when the transmitter could be coded. Acoustic signals were monitored from a boat using a Vemco VH-65 directional hydrophone;
the transmitters (Vemco) used in the tests were placed in perforated plastic containers that floated 0.6 m above the seafloor and were held in place by anchors.
Distances are single values for one V-8 transmitter and mean values for two V-13 and two V-16 transmitters.

Bottom slope,
substrate class Transmitter size

Water column depth at
transmitter location (m)

Water column depth at
boat location (m) Gain (dB)

Maximum coded
distance (m)

Level, sand V-8 1.5 1.5 0 88
24 157
48 352

V-13 1.8 1.8 0 54
24 315
48 630

V-16 2.0 2.0–2.1 0 73
24 435
48 843

Sloped, mixed V-16 0.6 0.6–6.7 0 59
24 163
48 187

V-16 3.1 3.1–6.7 0 53
24 273
48 428

delta-intertidal boundary from Deception Pass in the north to
a line extending roughly from Polnell Point to Rocky Point in
the south (Figure 1). Partial surveys of the north and middle
bay took place in July and in the south bay during early April
and in July. Regular surveys omitted much of the area east of
the intertidal boundary (Figure 1) between the North and South
Fork outlets. However, in June, we surveyed this area by mov-
ing in a 500-m grid pattern; in July, the southwest portion was
resurveyed. These surveys were completed during high-tide pe-
riods. Additional bay areas surveyed included 2 km of shoreline
southeast of Brown Point and North Fork (Skagit River) delta
habitats west of a line crossing the river approximately 1.6 km
upstream of the fishway entering the Swinomish Channel (Fig-
ures 1, 2). The Swinomish Channel was completely surveyed in
the latter halves of May, June, and July. Surveys of Port Susan
and the west shoreline of Camano Island in May and June were
discontinued because few fish were detected.

We surveyed the bay perimeter by moving in 500-m incre-
ments. At each station we stopped the boat 300–500 m from the
shoreline, turned off the motor and depth finder, and listened
for transmitters by using a receiver (Sonotronics, Model USR-
96) connected to an omni-directional hydrophone (Sonotronics,
Model SH1). We used a directional hydrophone (Sonotronics,
Model DH-4) to determine the compass bearing of each trans-
mission and continued moving until the transmitter code could
be identified (Vemco VR-60 receiver with a VH-65 directional
or V-10 omni-directional hydrophone, or VR-28 receiver with
a directional hydrophone array). If possible, we continued un-
til the code could be recognized at a gain of no more than 24
decibels (dB). Boat positions were identified by using a global

positioning system (gps), and final gain and compass bearing
to the fish were recorded. Fish detections were categorized as
being from bay or channel habitats, considering bay habitats as
any Skagit Bay locations other than the Swinomish Channel.

We conducted tests to determine the accuracy of hydrophone-
to-transmitter bearings and to determine the range (distance
from hydrophone) at which we could identify a coded transmit-
ter. Bearings were tested by using a V-16 transmitter placed at
locations unknown to the observer and at distances within the
detection range of the VH-65 hydrophone set to a gain of 48 db.
Bearing estimates at distances of 300–500 m averaged ± 14◦ of
the true bearing (N = 8). Detection distance for different trans-
mitter sizes and gains varied by depth and habitat (Table 2), but
in general, larger transmitters were detected at greater distances
(maximum range >800 m) than the smallest transmitters (max-
imum range 352 m). We used boat position as a proxy for fish
position, but at the lowest gain we were probably less than100
m from a fish’s true position.

We categorized fish detected at the lower river receivers as
outmigrants (fish migrating from the river to Skagit Bay) or as
returning migrants. Exit date for outmigrants was the last date a
fish was identified on the lower river receivers. Return migrants
were defined as fish detected in marine waters and later detected
at the lower river receivers. Return date was the first date a fish
was identified on the fixed receivers after detection in saltwater.
The length of time fish resided in saltwater (saltwater residency)
was calculated as the difference in days between exit and return
dates.

Fish positions and habitat descriptions.—Summaries of fish
positions and habitat descriptions were based on our best
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estimate of a fish’s position during each “event.” An event was
defined as a time period within a survey day when a transmitter
code was detected. Detections separated by at least 2 h were
considered separate events, typically where we detected the fish
at the lowest gain. Detections separated by less than 2 h also
qualified as separate events if they were at least a minimum
distance apart. The minimum distance was based on range tests
(Table 2), gain (≤24 dB or >24 dB), and transmitter size. For
the V-8 transmitter, these distances were 157 and 352 m for the
two different gain levels; for the V-13 and V-16 transmitters,
the corresponding distances were 315 and 630 m and 435 and
843 m, respectively. Fish were categorized as bay or channel
residents if the data suggested they occupied those areas for 7 or
more days. Data collected from positions where fish appeared
to be actively migrating between the bay and the river were not
used to describe habitats.

Distance to shore was measured as the measurement between
a fish position and the shore high-water mark (McBride et al.
2006). Depth of the water column was determined with an on-
board sonar, or by using the fish position and a digital bathymetry
map (Finlayson et al. 2000). All bathymetry measurements were
corrected for tide height, based on a nearby tide station within
5 min of the time the position was determined. Habitat use by
bay residents was determined with a modification of the min-
imum convex polygon technique (MMCP; Mohr 1947). This
modification was necessary because of the limited number of
detections for each fish, because of the inexact fish positions
(i.e., boat positions used for fish positions), and because of the
irregular nature of the shoreline. Boundaries for each MMCP
were formed by describing a line connecting fish positions over
water (the endpoints were the two points farthest apart from
each other), the two shoreline points nearest the end points of
the fish position line, and the shoreline contour between the two
shoreline points. Length of utilized habitat was measured as the
distance between the two most distant fish positions.

For bay residents, habitat descriptions included shoreline,
substrate, and vegetation classes (McBride et al. 2006; Tables
A.2–A.4). These data were available for the majority of bay
perimeter and shallow water habitat but not for the Swinomish
Channel. Substrate and vegetation data were available only
within the intertidal zone; therefore, for a few fish, only por-
tions of the MMCP could be described. Length or area data for
each habitat class within MMCPs were converted to percentages
and averaged, and an “unmapped” category was included when
necessary. Similar mapped and unmapped categories were com-
puted for the bay based on its entire shoreline length or surface
area.

Statistical methods.—Correlation analysis (Sokal and Rohlf
1995) was used to test the relationship between fish length at
tagging and return date or distance traveled to the MMCP (center
of polygon). Mean fish length was compared by using t-tests, and
summary statistics were used to describe habitat characteristics.
We ranked habitat class preferences (Aebischer et al. 1993) by
using a compositional analysis of selection (Leban 1999) to

compare habitat use with habitat availability for bay residents.
This analysis used each animal as the sampling unit; significant
values of the test statistic (Wilk’s lambda scores) indicated a
departure from random use of the available habitat (Aebischer
et al. 1993). Error estimates reported in the text with means refer
to the standard deviation.

RESULTS

Saltwater Residency
All 20 RT fish from the Skagit River and 7 SWT fish were

detected at the lower river receivers during March–May, 2006.
Subsequent detections indicated 12 of the 20 RT fish continued
downstream and entered Skagit Bay. Six of seven SWT fish that
were detected with the lower river receivers in 2006 were also
detected in saltwater. The out-migration date for the 18 fish that
entered Skagit Bay ranged from March 17 to May 17 (mean
= April 17 ± 18 d). Saltwater residency ranged from 36 to
133 d (mean = 75 ± 22 d) for 13 fish that were detected both
when they exited and entered the Skagit River. Their return dates
ranged from May 17 to July 28 (mean = June 28 ± 18 d). All
15 CT fish were detected and entered the river from June 10
to July 18 (mean = July 2 ± 19 d); however, these data were
influenced by two of the smallest fish tagged (223 and 228 mm
FL), which entered the river on August 19 and 22, respectively.

Saltwater Fish Detections
Overview.—We detected 34 transmitters (12 RT, 14 CT, and

8 SWT) from live fish in bay or channel locations. None of the
fish tagged in 2006 were located outside of Skagit Bay.

Skagit Bay.—Twenty-one fish (11 RT, 4 CT, 6 SWT) were
detected in Skagit Bay. Fourteen of the 21 fish were considered
bay residents; the remaining 7 fish were detected only once or
were found to be moving through the bay from other areas. The
14 residents were detected on a mean of six dates and eight
fish positions. Although these fish were dispersed across the
bay, 50% were detected near the north shore of Camano Island
(Figure 1). For residents detected while exiting the river, travel
time to the bay was 15 ± 9 d (range 5–36 d, N = 12), whereas
travel time from the bay to the river was 11 ± 10 d (range
1–33 d, N = 12). Residents were primarily detected at shoreline
locations (Figures 1, 2); however, some were detected for 1 or
2 days at intermediate locations during migrations between the
river and the bay, primarily in the Swinomish Channel (HIW).
Shoreline locations were less than 14 km from the Skagit River,
and there was no relationship between fish length and the dis-
tance to a shoreline location (r = 0.06, P = 0.41, df = 10). Fish
were commonly relocated near their previous detection site. The
mean distance between successive detections was 0.9 ± 0.7 km
and occasionally as great as 4.4 km, but we found no evidence
that fish changed their primary location (e.g., moved from the
south bay to the north bay) once they were established in the
bay.
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FIGURE 3. Box plots of distance to shore and depth for 14 resident bull trout
from Skagit Bay. Plots show the distribution of all values measured (N = 126)
and mean values (N = 14) and describe the 25% (bottom line) and 75% (top
line) percentiles, median (solid line inside box), mean (dashed line), whiskers
(10th and 90th percentiles), and outliers (circles).

Bay residents were usually less than 0.4 km from the shore-
line (83% of measurements) and 28% of detections were less
than 100 m from shore (Figure 3). Mean distance to shore was
greater for 3 fish (0.7 ± 0.3 km) detected in an intertidal area
east of Brown Point than for 10 fish from other bay locations
(0.2 ± 0.1 km). Depth of the water column was typically less
than 4 m, approximately 31% of the depths being 2.0 m or less
(Figure 3). Most fish were between the boat and the shoreline;
because we used boat positions to estimate fish positions, we
probably overestimated distance to shore and depth for many
fish. Shoreline lengths of MMCPs ranged from 0.8 to 4.8 km
and the total area used was typically less than 1,000 ha (Figure
4). There was no relationship between mean shoreline length
and number of detections (r = 0.35, P = 0.22, df = 12) or
length of fish (r = 0.01, P = 0.98, df = 9).

Habitat class data (Table 3) and compositional analysis (Ta-
ble 4) of MMCPs suggested that bull trout use of habitats was not

FIGURE 4. Box plots of shoreline length and area measured from modified
minimum convex polygons used to describe habitat for 14 resident bull trout
from Skagit Bay. Plots describe the 25% (bottom line) and 75% (top line)
percentiles, median (solid line inside box), mean (dashed line), whiskers (10th
and 90th percentiles), and outliers (circles).

random (P < 0.01). Coastal deposits, low bank, and sediment
bluff accounted for nearly 76% (by length) of natural shoreline
classes. These classes also ranked highest in use relative to other
shoreline classes (Table 4). Modified and unmodified shoreline
classes were used in proportion to their availability (P = 0.57);
common modifications included concrete bulkhead and riprap.
Green algae, eelgrass (Zostera sp.), and unvegetated were fre-
quent vegetation classes within MMCPs (Table 3); combined,
they made up more than 70% of the area used by bull trout.
Use of spit-berm, salt marsh habitats, and green algae vegeta-
tion classes was greater than expected, based on availability,
while the unvegetated class ranked low (Table 4). Mixed fines,
mixed coarse, and sand made up 51% of MMCPs, the mixed
fine substrate being highly ranked in comparison with its avail-
ability. In addition, two substrates that were uncommon in the
bay, fines with gravel and mixed coarse, were highly ranked
(Table 4).

Swinomish Channel.—We detected 22 fish in the channel: 14
CT fish, 4 RT fish, and 4 SWT fish. Ten fish (six CT, one RT,
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TABLE 3. Mean percent by length or area for natural shoreline, modification, substrate, and vegetation classes in Skagit Bay and in modified minimum convex
polygons used to define bull trout habitats. The count is the number of polygons that included each class; tr = a trace amount. The descriptions of the habitat
classes are from McBride et al. (2006).

Bull trout habitats

Category Skagit Bay (mean) Mean SD Minimum Maximum Count

Shoreline class
Artificial 1.1 0.7 2.3 0.0 7.7 1
Bedrock 22.5 0.9 2.9 0.0 9.8 1
Channel 3.7
Coastal deposits 8.9 26.1 25.4 0.0 89.3 9
Low bank 10.6 22.7 22.1 0.0 72.7 9
Marsh 22.1 8.8 15.2 0.0 35.4 2
Sediment bluff 31.2 41.4 24.7 0.0 100.0 9

Modification class
Anchored driftwood 0.3 0.6 0.7 0.0 1.6 5
Boat ramp 0.2 0.7 0.8 0.0 1.9 7
Causeway 0.2 0.7 2.3 0.0 7.7 1
Concrete bulkhead 6.2 22.7 28.6 0.0 91.1 8
Dike 2.1 9.9 26.6 0.0 89.3 4
Dredge spoils 0.8
Dredged 0.1
Piling bulkhead 1.5 3.0 3.5 0.0 8.1 7
Pilings with riprap 0.0
Riprap 5.5 10.6 20.5 0.0 67.7 6
Tidegate tr
Tires tr
Modified, total 17.1 48.1 34.1 0.0 94.4 11
Unmodified, total 82.9 51.9 34.1 5.6 100.0 11

Substrate class
Artificial 0.5 <0.1 <0.1 0.0 0.2 7
Boulder <0.1 <0.1 <0.1 0.0 <0.01 1
Cobble <0.1 0.2 0.5 0.0 1.2 3
Driftwood <0.1 <0.1 <0.1 0.0 0.1 3
Fines with gravel 0.2 2.4 6.9 0.0 25.3 9
Gravel 0.4 3.6 6.3 0.0 23.1 9
Mixed coarse 0.7 3.5 4.1 0.0 9.8 10
Mixed fines 3.6 21.7 21.9 0.0 72.8 12
Mud 3.7 8.7 22.9 0.0 82.1 4
Bedrock 0.2 <0.01 2.0 0.0 7.1 1
Sand 43.0 28.9 36.6 0.0 99.6 10
Unmapped 48.0 30.4 28.2 0.0 79.2 11

Vegetation class
Brown algae 0.1 0.1 0.1 0.0 0.5 4
Eelgrass 16.6 15.4 15.0 0.0 39.7 11
Green algae 1.0 12.6 20.1 0.1 76.2 13
Kelp 0.1 <0.1 0.1 0.0 0.3 1
Mixed algae 0.1 0.4 0.5 0.0 1.5 7
Salt marsh 0.1 0.2 0.5 0.0 1.7 9
Spit-berm 0.1 0.6 1.0 0.0 3.5 10
Unvegetated 42.9 44.1 36.5 0.0 99.7 10
Unmapped 39.2 26.6 26.4 0.0 75.8 10
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TABLE 4. Ranking matrices of habitat compositional analysis for the natural shoreline, substrate, and vegetation classes determined from the modified minimum
convex polygons used to define bull trout habitats in Skagit Bay for 2006. The signs indicate whether the habitat category in each row was used more ( + ) or less
(–) than the habitat category in the corresponding column. Triple signs indicate significant differences (P < 0.05) between the two habitat categories; single signs
indicate nonsignificant differences. The habitat categories were ranked in order of use (1 = least used).

Natural shoreline

Class Coastal deposits Sediment bluff Low bank Artificial Marsh Channel Bedrock Rank

Coastal deposits + + + + + + + + + + + + + + 7
Sediment bluff – – + + + + + + + + + + + + 6
Low bank – + + + + + + + + + + + + + 5
Artificial – – – – – – – – – + + + + + + + 4
Marsh – – – – – – – – – – + + 3
Channel – – – – – – – – – – – – – + 2
Bedrock – – – – – – – – – – – – – – 1

Vegetation

Class Spit-berm Salt marsh Green algae Mixed algae Brown algae Eelgrass Unmapped Kelp Unvegetated Rank
Spit-berm + + + + + + + + + + + + + + + + + + 9
Salt marsh – + + + + + + + + + + + + + + + 8
Green algae – – + + + + + + + + + + + + + + 7
Mixed algae – – – + + + + + + + + + + + 6
Brown algae – – – – – – + + + + + + 5
Eelgrass – – – – – – – – – – – – – + + + 4
Unmapped – – – – – – – – – – – – – – + + 3
Kelp – – – – – – – – – – – – – – – – – + 2
Unvegetated – – – – – – – – – – – – – – 1

Substrate

Class Mixed fines Fines with gravel Mixed coarse Gravel Boulder Cobble Unmapped Driftwood Sand Artificial Bedrock Mud Rank
Mixed fines + + + + + + + + + + + + + + + + + + + + + + + + + 12
Fines with gravel – + + + + + + + + + + + + + + + + 11
Mixed coarse – – + + + + + + + + + + + + + + + 10
Gravel – – – + + + + + + + + + + + + + + 9
Boulder – – – – – – + + + + + + + + + + + + + 8
Cobble – – – – – – – + + + + + + + + 7
Un-mapped – – – – – – – – + + + + + + + 6
Drift-wood – – – – – – – – – + + + + + + + + 5
Sand – – – – – – – – + + + 4
Artificial – – – – – – – – – – – – – – – – – – – – – – – – – + + 3
Bedrock – – – – – – – – – – – – – – – – – – – – – – + 2
Mud – – – – – – – – – – – – – – – – – – – – – 1

and three SWT) were considered residents (Figure 2), two fish
were detected briefly at Snee-oosh shortly after tagging (1–4 d)
and thereafter only at the HIW site. Eight additional CT fish
were detected at HIW on only one or two dates and shortly after
were detected entering the river. Three RT fish and one SWT
fish were detected on one or two dates in the channel and three
of these fish were migrating to or from the bay.

Channel residents were detected on a mean of 12 d (range
3–27) and 14 (range 3–37) detection events. The majority (8
of 10) were found only in the HIW while the remaining 2 fish
used other channel areas (Figure 2). Mean residency time was
38 ± 23 d (range 10–81); however, this value was probably
underestimated because CT fish were not tagged until May or
June 2006. Mean residence time for three fish tagged in 2005
was 63 ± 15 d (range 53–81) compared with 24 ± 15 d (range
10–44) for seven fish tagged in 2006. Mean travel time from the
channel to the river for channel residents was 1 ± 1 d (range
0–4, N = 8); however, the time for one additional fish (FL =
228 mm) was 32 d.

Shoreline lengths for eight channel residents that used the
HIW site were no greater than 0.6 km. In comparison, length and
mean distance between detection sites were 5.1 mm and 1.4 km
and 0.6 mm and 0.3 km, respectively, for two residents detected
outside the HIW (Figure 2). Most channel residents were within
100 to 200 m of the shoreline; the maximum depth at HIW
where most channel fish were detected was approximately 9 m,
but some fish were detected at the margins in water judged to
be less than 2 m in depth.

DISCUSSION

Saltwater Residency
Our data suggest that the marine habitats of Skagit Bay were

used for extended periods of time (up to 133 d) by anadromous
bull trout tagged in the lower Skagit River. Bull trout predom-
inately entered the bay from March to May and reentered the
river from May to August. These results agree with previous
studies that showed marine residence from April to July for bull
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trout from Puget Sound rivers (Goetz et al. 2004, 2007) and were
similar to the marine residence time of brook char in Quebec
(90–150 d; Curry et al. 2006). In contrast, some subadult bull
trout from the Hoh River (Washington) appeared to enter the
Pacific Ocean from September to December (Brenkman et al.
2007), and Smith and Saunders (1958) found that winter habitats
included marine waters for brook char on Prince Edward Island.
Consequently, the timing of marine residence could be more
variable than indicated by our data. Because we monitored fish
migration only from March to August, we would have missed
detecting any fish that exited earlier, returned later, or reentered
the bay in the fall. Further, one fish tagged before 2006 was
detected by a fixed receiver at Rocky Point in January 2006,
supporting reports that some bull trout may be found in Skagit
Bay during any month (Goetz et al. 2004).

The duration of marine residency by bull trout was probably
affected by several factors, including the seasonal availability of
food resources (Mathisen and Berg 1968; Rikardsen et al. 2000)
or water temperature. By mid-July, when most fish had returned
to the Skagit River, surface water temperatures in the bay had
increased 3◦C to 5◦C (unpublished data). Other variables that
may influence the duration of saltwater residence include fish
age, predation risk, or potential competition for spawning sites
in the river. Return timing for adults could also be linked to
maturation physiology as gonadal development may be incom-
patible with hypo-osmoregulation (Claireaux and Audet 2000);
indeed, a required period of freshwater residence for in-year
gonad development has been suggested for brook char (Curry
et al. 2006). This hypothesis is supported by our finding that
the two smallest fish (≤228 FL; probably subadults), returned
to the river nearly a month later than did the other study fish;
however, additional research is needed to determine the factors
that prompt bull trout to return to the Skagit River.

Anadromy and Multiple Saltwater Migrations
We found that anadromy was common for bull trout captured

and tagged during late winter–early spring from the lower Sk-
agit River. According to our data, all tagged fish moved towards
Skagit Bay and at least 60% of RT fish migrated into Skagit
Bay. Similarly, two studies from the Hoh River have suggested
anadromy rates ranging from 57% to 85% (Brenkman and Cor-
bett 2005; Brenkman et al. 2007). A lower rate than observed
in our study might be expected for the Skagit River population
as a whole because we captured and tagged fish solely from
the lower river (probable migrants) instead of a random sample
of fish from throughout the river. In contrast, Hoh River fish
were captured from both lower and upper river sites. Prelimi-
nary data indicate considerable life history variation within the
Skagit River population, and many anadromous bull trout in the
Skagit River may originate from the Sauk River, a glacial-fed
tributary (Ed Conner, Seattle Power and Light, personal commu-
nication). Therefore, our data should not be used as a measure of
anadromy for the entire Skagit basin and further research may
reveal the extent of anadromy among Skagit River bull trout.

Finally, the detection of several fish tagged in saltwater in previ-
ous years agreed with previous studies for bull trout (Brenkman
et al. 2007) and other species of char (Arai and Morita 2005),
showing that some fish make multiple seawater migrations.

Marine Distribution
We found bull trout at many of the shoreline areas in Skagit

Bay. Two areas of concentration were the north shore of Camano
Island and the Swinomish Channel. Common use of the channel
may have been partly related to site fidelity, given that most
fish using this area were captured and tagged in the channel
either in 2006 or in previous years. However, one RT fish was a
channel resident and other fish visited the area during migrations
between the river and the bay. In addition, several study fish
spent their entire marine residency in the channel. Goetz et al.
(2007) reported that this area was also used by several bull trout
originally tagged in the Nooksack River (north of Skagit Bay).
One area of Skagit Bay apparently not used by bull trout was
the intertidal zone between the North and South forks; however,
complete surveys of this area were limited to a few weeks in
June.

The bull trout we studied appeared to travel only modest dis-
tances from the Skagit River during their marine phase (<12
km). None of the fish tagged in 2006 were found outside Skagit
Bay and, although a few fish tagged in 2004–2005 were located
in Port Susan, they were less than 15 km from the river mouth.
We did not extensively survey distant areas and a few of our
study fish were rarely or never contacted after tagging, so some
fish may have migrated greater distances than we recorded;
nevertheless, we were able to account for the location of most
tagged fish. The distances traveled by our study fish were less
than distances traveled by bull trout (47 km) in the Hoh River
(Brenkman and Corbett 2005) or by a bull trout that traveled
about 50 km between the Nooksack River and the Lower Fraser
River (British Columbia; Kraemer 2003, cited in USFWS 2004).
Similarly, Dolly Varden captured in marine waters off southeast
Alaska were 13–60 km (median) from their release site in fresh-
water (Bernard et al. 1995), and Arctic char in Norway remained
in marine areas within 30 km of the river mouth (Berg and Berg
1987; Berg and Jonsson 1990). In contrast, migration distances
of 150 km for char from the Squamish River, British Columbia,
to the Skagit River (McPhail and Baxter 1996) and 130 km
for bull trout reported by Goetz et al. (2004) suggest that some
fish may travel greater distances. Further, migration distances of
more than 1,600 km from the mainland are known for northern
forms of Dolly Varden (DeCicco 1992).

Habitats
One behavior that was common among bull trout in marine

waters was the use of shallow, nearshore habitats. In general, fish
positions were within 400 m of the shoreline and shallower than
4 m; because we used boat positions as a proxy for fish posi-
tions and the fish were usually shoreward of the boat, these
measurements were probably overestimated. Although some
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bull trout probably crossed sections of Skagit Bay with wa-
ter depths greater than 10 m to reach the east shore of Whidbey
Island, our detections never indicated that fish maintained posi-
tions in these deeper areas. Our results matched those for Arctic
char that spent >90% of their time in water no more than 3 m
deep (Rikardsen et al. 2007a, 2007b) and were similar to results
showing that bull trout densities were greatest at depths of 2–5
m (Goetz et al. 2004).

Data from this study expand the current knowledge about
the size of marine habitats used by bull trout. We found con-
siderable variability in the length of shoreline used by bay fish
(0.01–5.7 km), differences that may be attributable to several
factors, including variation among individuals (Börger et al.
2006), sampling error, habitat differences among sites, resource
availability (Dussault et al. 2005; Moyer et al. 2007), body size,
and sex (Schoener and Schoener 1982; Kramer and Chapman
1999). The general pattern suggested that individual bull trout
moved from the river to a discrete section of bay shoreline or
the Swinomish Channel, stayed there for much of their marine
residency, and then returned to the river. Exceptions to this pat-
tern were short-term movements to other parts of the bay (e.g.,
briefly traveling from HIW to Snee-oosh in north bay), but we
found no evidence of consistently nomadic behavior for any
fish.

Our analysis suggested variable site fidelity between years:
Some bull trout returned to areas near their original tagging site
while other fish ranged more widely. However, some level of
interannual site fidelity was always indicated. Fish originally
captured and tagged in Port Susan were detected either in Port
Susan or on the north shore of Camano Island, an area that
was probably encountered during the initial migration to Port
Susan. Similarly, fish originally captured from the east shore of
Whidbey Island or from the Swinomish Channel were detected
in those same general locations. Because bull trout appear to
reliably return to the same areas, this behavior may be useful to
managers wanting to protect marine habitats.

Our descriptions of substrate, vegetation, and shoreline
classes in bull trout habitats are the first of this type and thus are
valuable despite incomplete mapping. However, habitat prefer-
ence data should be considered preliminary because the number
of detections of some fish was small, our fish location data
were imprecise, and preference may be related to other factors.
For example, substrate preference (e.g., mixed fines or mixed
coarse gravel) may have been related to bull trout selection for
depths and areas where prey items are readily available. The
finding that eelgrass was common in areas used by bull trout
was not surprising because eelgrass is an important ecotype to
a variety of marine fishes (Connolly 1994; Dean et al. 2000;
Hughes et al. 2002) and could harbor forage species utilized by
bull trout. Data from bay fish on the use of modified shorelines
in Skagit Bay may have been influenced by the fact that some
of the unmodified shoreline, particularly the shoreward edge of
the extensive delta tide flats, is dewatered and unavailable at
many tidal stages. Use of modified shorelines might indicate

that bull trout and humans prefer the same habitat. As a specu-
lative example, some shorelines modified by development (e.g.,
Utsalady Bay) may concentrate forage used by bull trout, and
may have done so before the shoreline was modified. Clearly,
the current level of shoreline development has not prevented
bull trout from using this area. More detailed data are required
to determine bull trout selection and intensity of use for specific
habitats and to assess human impacts.

Future Studies
Additional research is required to better describe and un-

derstand the marine life history of bull trout. Recent develop-
ments in acoustic telemetry may allow more accurate and pre-
cise measurement of habitat use. For example, use of depth or
temperature-sensitive transmitters and receiver arrays that tri-
angulate transmitter locations would enable fish positions and
habitat use to be described at a finer resolution than we were able
to achieve. Such data would help increase our knowledge of the
near-shore movements of bull trout, how specific habitats are
utilized, and the influence of temperature on fish distributions
and marine residency. Future work should also include addi-
tional tagging of smaller fish (<300 mm FL) because data from
this study and others (Brenkman et al. 2007) suggest run-timing
differences between subadults and adults or fish that have made
a previous migration.

Information on other aspects of marine habitats of bull trout
is also lacking (McPhail and Baxter 1996; USFWS 1999). Al-
though anadromous behavior in char is probably related to food
availability (Gross 1987; Hendry et al. 2004), the food habits
of bull trout in marine waters are not well known. Additional
research would also elucidate the habitat requirements of this
species in comparison with that of other salmonids, including
sea-run cutthroat trout Oncorhynchus clarkii clarkii, which also
use nearshore environments. Better descriptions of available
habitat, including detailed maps, also are needed to understand
how and why certain habitats are used (Wildhaber and Crowder
1990; Gratwicke and Speight 2005). For example, data on tem-
poral changes in salinity or temperature might help biologists
understand the migration timing to and from saltwater and would
assist managers in making sound biological recommendations.
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Appendix: Additional Data and Definitions

TABLE A.1. Tagging and biological data from bull trout fitted with acoustic transmitters during 2004–2006 and detected in 2006. “Code” refers to the transmitter
code, “tag” to the tag model. Tag site abbreviations are as follows: WI = Whidbey Island, PS = Port Susan, SC = Swinomish Channel, SR = Skagit River, and
CI = Camano Island. Transmitter status indications are as follows: live = transmitter determined to be in a live fish; dead/lost = transmitter determined to be
from a dead fish or one that expelled the tag; and unknown = transmitter status could not be determined. Transmitter locations are given for fish with dead/lost or
unknown transmitter status.

Code Tag Date Sex

Fork
length
(mm)

Weight
(g) Tag site Gear

Transmitter
status Transmitter location

2006
19 V-13 Mar 13 F 463 1,250 SR Angling Dead/lost North Fork delta
20 V-13 Mar 13 M 479 1,150 SR Angling Live
21 V-13 Mar 13 M 483 1,080 SR Angling Unknown North Fork Skagit River

750 V-8 Mar 13 M 348 400 SR Angling Live
3081 V-8 Mar 13 F 379 520 SR Angling Live
3084 V-8 Mar 13 M 396 550 SR Angling Live
3106 V-16 Mar 20 F 463 1,220 SR Angling Dead/lost North Fork delta
3107 V-16 Mar 20 F 479 1,200 SR Angling Dead/lost North Fork delta
3125 V-8 Mar 20 M 383 600 SR Angling Live
3129 V-8 Mar 20 M 428 850 SR Angling Unknown North Fork Skagit River
3130 V-8 Mar 20 F 428 850 SR Angling Live
3131 V-8 Mar 20 M 463 1,000 SR Angling Live
3134 V-8 Mar 20 M 361 420 SR Angling Live
3135 V-8 Mar 20 M 458 580 SR Angling Live
3139 V-8 Mar 20 M 315 300 SR Angling Dead/lost Skagit Bay
3082 V-8 Apr 3 F 338 400 SR Angling Live
3083 V-8 Apr 3 F 340 450 SR Angling Live
3132 V-8 Apr 3 F 313 350 SR Angling Unknown North Fork Skagit River
3133 V-8 Apr 3 M 373 500 SR Angling Live
3136 V-8 Apr 3 M 363 500 SR Angling Unknown Skagit River

582 V-7 May 23 U 228 60 SC Seine Live
583 V-7 May 23 U 223 50 SC Seine Live

3102 V-16 May 23 M 533 1,550 SC Seine Live
15 V-13 Jun 8 F 398 750 SC Seine Live
16 V-13 Jun 8 M 438 1,170 SC Seine Live
18 V-13 Jun 8 M 489 1,230 SC Seine Live

760 V-8 Jun 8 M 293 280 SC Angling Live
761 V-8 Jun 8 F 385 700 SC Seine Live
774 V-8 Jun 8 F 417 1,000 SC Seine Live

3108 V-16 Jun 8 F 487 1,650 SC Seine Live
3104 V-16 Jun 23 M 541 2,000 SC Seine Live
3105 V-16 Jun 23 M 563 2,100 SC Angling Live
3110 V-8 Jun 23 F 349 550 SC Seine Live
3115 V-8 Jun 23 F 350 600 SC Seine Live
3120 V-8 Jun 23 M 342 500 SC Seine Live

2005
3001 V-13 Apr 27 F 521 1,350 PS Angling Live
3003 V-13 May 6 M 462 1,200 PS Angling Unknown Port Susan (Cavalero

Beach)
3008 V-13 Apr 27 F 431 800 PS Angling Unknown Port Susan (Barnum

Point)
(Continued)
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TABLE A.1. Continued.

Code Tag Date Sex

Fork
length
(mm)

Weight
(g) Tag site Gear

Transmitter
status Transmitter location

3020 V-16 Jun 15 M 570 2,600 WI Seine Dead/lost Skagit Bay (North Fork
delta)

3025 V-16 Jun 15 M 543 2,120 WI Seine Dead/lost Skagit Bay (North Fork
delta)

3026 V-16 May 6 M 558 1,625 PS Angling Unknown Port Susan (Jetty Island)
3050 V-13 Jun 16 M 373 700 SC Seine Live
3052 V-13 Jun 16 F 395 800 SC Seine Live
3053 V-13 Jun 15 F 485 1,550 WI Seine Live
3055 V-13 Jun 16 F 510 1,580 SC Seine Live
3056 V-13 Jun 16 F 410 900 SC Seine Dead/lost Swinomish Channel

(Hole-in-wall)
3061 V-8 Jun 16 F 338 450 SC Seine Live

2004
605 V-8 Apr 13 M 370 500 WI Seine Live
615 V-8 Apr 24 M 457 900 PS Angling Live
625 V-8 Jun 8 F 384 900 PS Angling Live
627 V-8 May 25 M 332 420 CI Seine Dead/lost Skagit Bay (Utsalady)

TABLE A.2. Descriptions of the shoreline classes (the geologic material comprising the shoreline prior to modification) and shoreline modifications in Skagit
Bay, Washington. The descriptions pertain to classified shoreline characteristics at the back beach–intertidal boundary (approximately extreme high water) and
includes natural characteristics and descriptions of modifications (McBride et al. 2006).

Category Definition
Shoreline classes

Artificial Dredge spoil deposits, causeway fill, or other fill located within the intertidal zone
and forming an artificial shoreline. These are new shorelines where none
existed previously rather than modified natural shorelines.

Channel Stream and river distributary channels intersecting the back beach–intertidal
boundary.

Low bank Unconsolidated sediments forming a low-relief shoreline, usually along a major
river floodplain or tidal floodplain.

Marsh Diffuse shoreline of estuarine marsh or wetlands in the intertidal zone, grading to
tidal wetlands (wetlands with tidal hydraulics but no freshwater–saltwater
mixing) and then freshwater marsh in the watershed zone.

Bedrock Back beach and watershed zones comprised of bedrock (any slope, ranging from
cliff to gentle ramp).

Sediment bluff Unconsolidated, cohesive sediments forming bluffs or steep banks.
Coastal deposits Accretion shore forms with back beach and immediately adjacent watershed

zones comprised of recent (last 500 years) wave-deposited sediments. These
include spits, tombolos, beach dunes, and barrier beaches.

Downloaded From: https://complete.bioone.org/journals/Marine-and-Coastal-Fisheries:-Dynamics,-Management,-and-Ecosystem-Science on 29 Mar 2024
Terms of Use: https://complete.bioone.org/terms-of-use



MARINE HABITAT USE BY ANADROMOUS BULL TROUT 409

TABLE A.2. Continued.

Category Definition
Shoreline modifications

Anchored driftwood Sloped, permeable shoreline armoring made of permanently anchored driftwood
located at or below the preexisting land–water interface.

Boat ramp Concrete boat ramps overlying natural shoreline materials.
Causeway Road fill located within the intertidal zone and forming an artificial shoreline.

These are new shorelines where none existed previously rather than modified
natural shorelines.

Concrete bulkhead Vertical, impermeable shoreline armoring made of cement or creosoted timbers
located at or below the preexisting land–water interface.

Dike Sloped, impermeable, linear feature made of fill and boulders located at or below
the preexisting land–water interface.

Dredge spoils Dredge spoil deposits located within the intertidal zone and forming an artificial
shoreline. These are new shorelines where none existed previously rather than
modified natural shorelines.

Dredged channel Artificial or dredged channel intersecting the back beach–intertidal boundary.
None No structural shoreline modification located at or below the preexisting

land–water interface.
Piling bulkhead Vertical shoreline armoring made of treated wood pilings located at or below the

preexisting land–water interface.
Pilings with riprap Vertical shoreline armoring made of treated wood pilings with riprap in front of

the pilings, located at or below the preexisting land–water interface.
Riprap Sloped impermeable shoreline armoring made of boulders and/or other large,

solid materials located at or below the preexisting land–water interface.
Tide gate Closable culvert controlling tidal flow into and out of a tidal wetland.
Tires Sloped shoreline armoring made of tires located at or below the preexisting

land–water interface.

TABLE A.3. Substrate classes (McBride et al. 2006).

Substrate class Definition

Bedrock More than 75% of the surface is covered by bedrock of any composition, commonly
forming cliffs and headlands.

Boulder More than 75% of the surface is covered by boulders >256 mm in diameter.
Cobble More than 75% of the surface is covered by clasts 64–256 mm in diameter.
Gravel More than 75% of the surface is covered by clasts 4–64 mm in diameter.
Mixed coarse More than 75% of surface area is sand, gravel, cobble, and boulder, and cobble and

boulder cover more than 6% of the surface area.
Fines with gravel Fines (sand, silt, and mud) cover less than 75% of the surface area; cobble and

boulder cover more than 6% of the surface area and gravel more than 15%.
Sand More than 75% of the surface area consists of sand 0.06–4 mm in diameter.
Mixed fines Fine sand, silt, and clay comprise more than 75% of the surface area, with no one

size-class being dominant. Gravel covers less than 15% of the surface area and
cobble and boulder less than 6%. May contain shells; walkable.

Mud Silt and clay comprise more than 75% of the surface area. Often anaerobic, with
high organic content; tends to pool water on the surface and be difficult to walk on.

Driftwood Accumulation of driftwood in the intertidal or back beach zones where more than
75% of the surface consists of large wood.

Artificial Anthropogenic structures, including boat ramps, jetties, fill, and pilings, have
replaced natural substrate within the intertidal zone.
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TABLE A.4. Vegetation classes (McBride et al. 2006).

Vegetation class Definition

Eelgrass More than 75% of the vegetative cover is beds of Zoster marina, Zoster japonica,
Phyllospadix spp., and Ruppia maritime.

Brown algae More than 75% of the vegetative cover is brown algae, including Fucus spp. and
Sargassum muticum (Division Phaeophyta).

Kelp More than 75% of the vegetative cover is large brown algae (Order Laminariales),
including floating kelp Nereocystis luetkeana.

Green algae More than 75% of the vegetative cover is algae belonging to the taxonomic division
Chlorophyta, including Ulva.

Red algae More than 75% of the vegetative cover is algae belonging to the taxonomic division
Rhodophyta, including nori. (Areas dominated by red algae that are large enough to
map at air photo resolution rarely occur in the summer in the intertidal zone.)

Mixed algae More than 75% of the vegetative cover is algae, where red, green, and brown algae
coexist.

Salt marsh More than 75% of the vegetative cover is emergent wetland plants, including
Salicornia, Distichlis, and Carex sedges.

Spit-berm More than 75% of the vegetative cover is plants such as dune grass, gumweed, and
yarrow, which generally occur above the highest tides but still receive salt influence.
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