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Abstract—Migratory behavior af-
fects growth, survival, and fitness 
of individual fish, the dynamics and 
resilience of populations, and the 
ecosystems that fish occupy. Many 
salmonids are anadromous but in-
dividuals vary in the duration and 
spatial extent of marine migrations. 
We used telemetry to investigate 
movements of Chinook salmon (On-
corhynchus tshawytscha) that re-
mained in Puget Sound (residents) 
rather than migrated to the Pacific 
Ocean. Most tagged Chinook salmon 
(26 of 37=70%) remained in Puget 
Sound for a substantial period, stay-
ing in the region where captured. 
However, 30% of tagged individuals, 
termed “transients,” subsequently 
left Puget Sound. Residents and 
transients did not differ in tagging 
date, body size, or origin (hatchery 
or wild). Compared with sympatric 
coho salmon (O. kisutch) where 80% 
remained as residents according to 
similar data, Chinook salmon tend-
ed to be detected closer to shore, in 
shallower water, and on fewer dif-
ferent receivers. For both species, 
residents showed limited movement 
within Puget Sound. We conclude 
that Chinook and coho salmon dis-
play resident and transient move-
ment patterns across a behavioral 
continuum rather than within dis-
crete migrational categories. These 
movement patterns are important 
because they affect the role of salm-
on in the ecosystem, their vulner-
ability to fisheries, and their accu-
mulation of chemical contaminants.

Many of the world’s most abundant 
fish species are migratory within 
fresh or marine waters or between 
these distinct environments (Lucas 
and Baras, 2001; Secor, 2015). How-
ever, species and populations often 
vary greatly in the prevalence, dura-
tion, and spatial extent of their mi-
grations (Quinn and Brodeur, 1991; 
Chapman et al., 2012a; Chapman 
et al., 2012b). Such variation (e.g., 
partial and differential migration) 
can affect the population’s stability 
through alterations in exposure to 
predators, fisheries, and contami-
nants (Kerr et al., 2010; Gahagan 
et al., 2015). Consequently, a full 
understanding of variation in move-
ment patterns is important for man-
agement of these populations, such 
as conservation planning and the 
measurement of survival.

Among fishes, salmonids show a 
particularly wide variety of migra-
tion patterns (Jonsson and Jonsson, 
1993; Klemetsen et al., 2003; Quinn 

and Myers, 2004). These patterns 
have been studied extensively ow-
ing to the importance of salmonids 
in commercial and recreational fish-
eries, ecosystem function, and bio-
diversity (NRC, 1996). Many stud-
ies have investigated the ecological 
and evolutionary basis of anadromy 
and nonanadromy (Wood and Foote, 
1996; Dodson et al., 2013; Kendall 
et al., 2015) but there is also great 
variation in the extent of migra-
tion among anadromous individu-
als, especially for Chinook salmon 
(Oncorhynchus tshawytscha). The 
tendency to use different marine en-
vironments (coastal and open ocean) 
varies markedly among populations, 
as does the tendency to migrate 
northward or southward along the 
coast of North America (Myers et al., 
1998; Trudel et al., 2009; Weitkamp, 
2010; Sharma and Quinn, 2012). In 
addition, some individuals do not 
migrate into the North Pacific Ocean 
but rather spend all or most of their 
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marine period within protected waters of southeastern 
Alaska (Orsi and Jaenicke, 1996) and British Columbia 
(Healey and Groot, 1987). It has also been known for 
decades that some Chinook salmon, termed “residents,” 
are found throughout the year within Puget Sound, the 
Strait of Georgia, and associated inlets (Pressey1; Haw 
et al.2; Buckley, 1969). It has been unclear to what ex-
tent these salmon move within the inland marine wa-
ters, collectively known as the Salish Sea, and whether 
they leave for the coast at some point. Brannon and 
Setter (1989) inferred from coded wire tagging data 
that both maturing and immature Chinook salmon 
may make annual “loop” migrations from Puget Sound 
north into the Strait of Georgia in spring and sum-
mer and then back south into Puget Sound. However, 
there is no direct evidence of individual fish making 
such migrations.

Resident salmon seem to constitute a persistent and 
substantial fraction of the entire Puget Sound popula-
tion of Chinook salmon. Analysis of coded-wire tag data 
indicated that an estimated 29% of hatchery Chinook 
salmon subyearlings and 45% of yearlings entering 
Puget Sound remained as residents (O’Neill and West, 
2009). Subsequent analyses based on similar data but 
reflecting a different analytical approach also revealed 
that many Puget Sound Chinook salmon adopt a resi-
dent marine distribution pattern (Chamberlin et al., 
2011). This pattern occurs but is less common with 
coho salmon (O. kisutch; Rohde et al., 2014). However, 
because coded wire tags document only the location 
where fish are captured, and not movement patterns, 
movements of individual fish cannot be determined 
with these tags. Research using hydroacoustic trans-
mitters revealed differences between coho and Chinook 
salmon depth distributions and diel vertical migrations 
but did not provide information on movement through-
out the basins in Puget Sound and the Salish Sea 
(Smith et al., 2015). Four Chinook salmon distribution 
patterns were observed in the Salish Sea (Arostegui et 
al., 2017), but information on resident Chinook salmon 
movements in the main basins of Puget Sound is still 
very limited.

The Chinook salmon evolutionarily significant unit 
in Puget Sound is listed as threatened under the U.S. 
Endangered Species Act (Federal Register, 2005). A 
better understanding of the movements of these fish 
between Puget Sound and the coastal ocean, and 
within Puget Sound, will help to identify patterns in 
habitat use, to evaluate fishery management objec-
tives across jurisdictional boundaries, and even help 
to determine pathways to contaminant exposure. Resi-
dent Chinook salmon, for example, have higher accu-
mulations of polychlorinated biphenyls (PCBs) than 

1	Pressey, R. T.  1953.  The sport fishery for salmon on Puget 
Sound.  Wash. Dep. Fish., Fish. Res. Pap. 1:33–48.

2	Haw, F., H. O. Wendler, and G. Deschamps.  1967.  Devel-
opment of Washington State salmon sport fishery through 
1964. Wash. Dep. Fish., Res. Bull. 7, 192 p.  [Available from 
website.]

conspecifics that migrate to the coastal ocean (O’Neill 
and West, 2009). As a prey item these salmon contain 
high enough levels of persistent organic pollutants to 
have possible health effects on ESA-listed killer whales 
(Hickie et al., 2007; Cullon et al., 2009) and to require 
human health advisories (WDOH3). 

In this study, individual Chinook salmon were im-
planted with hydroacoustic tags at a time after the 
majority of salmon had typically left Puget Sound for 
ocean feeding grounds (Healey, 1991). The detections of 
these presumably resident Chinook salmon were used 
to determine: 1) whether these individuals remained 
within Puget Sound, and 2) whether origin (wild or 
hatchery), body size, or season of tagging influenced 
their tendency to remain in Puget Sound. For the fish 
that stayed as residents within Puget Sound, we also 
determined 3) whether resident salmon remained in 
the same region where they were tagged or moved 
throughout Puget Sound and parts of the Salish Sea, 
and 4) whether detections depended on the receiver lo-
cation’s water depth and proximity to shore.

Finally, we compared the location features of receiv-
ers that recorded Chinook salmon with those features 
that were recorded with receivers that detected coho 
salmon collected and tagged at the same locations and 
times (Rohde et al., 2013). Coho and Chinook salmon 
in Puget Sound are ecologically similar and both ex-
hibit partial migration (i.e., residency). The factors 
affecting residency, inferred from coded wire tagging 
data, were similar for the 2 species (Chamberlin et al., 
2011; Rohde et al., 2014), and both species tended to 
be caught as residents in the natal basin where they 
entered Puget Sound. We therefore combined data from 
this study and that by Rohde et al. (2013) to compare 
directly the movement patterns of individual residents 
of these species in Puget Sound. 

Materials and methods

Tagging

On 9 dates in June (2006 and 2007), November (2006), 
and December (2006, 2007, and 2008), 87 Chinook 
salmon were caught with a commercial purse seine in 
central Puget Sound (tagging area, Fig. 1). On the ba-
sis of the dates, locations, and sizes (range: 208–370 
mm in fork length) of these salmon, all were assumed 
to be residents at the time of capture. To determine 
residency we presumed that fish of this size would 
have entered salt water as smolts the previous spring 
or summer and were still in Puget Sound about a year 
later at a time when migratory individuals would be 
moving along the coast or in offshore waters of the 
North Pacific Ocean (Trudel et al., 2009). 

3	WDOH (Washington State Department of Health).    2006. 
Human health evaluation of contaminants in Puget Sound 
fish, 136 p.  Div. Environ. Health, Wash. State Dep. Health, 
Olympia, WA.  [Available from webiste.]
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Study fish were transferred from the seine into a 
live well with aerated flowthrough seawater at ambient 
temperature (10–12°C) and salinity. Compressed air 
was pumped into the tank and dissolved oxygen levels 
were periodically checked. Fish with visible distress 
or with scale losses greater than 10% were excluded 
from being tagged. Weights (measured in grams) and 
lengths (measured in millimeters) were recorded for se-
lected animals before tagging. Fish were transferred to 
a small cooler with 65 mg/L tricaine methanesulfonate 
and anesthetized to a point that induced loss of equilib-
rium but still allowed opercular movement. Each fish 
was checked for an adipose fin clip and codedwire tag, 
either of which would indicate hatchery origin. The fish 
was then transferred to a surgical table of closedcell 
foam shaped to allow the fish to be positioned on its 
dorsum. A supply of water infused with anesthetia was 

fed by gravity through a tube and deliv-
ered to the gills.

An individually coded V9 (i.e., one of 
the following: V9-1L at 24 mm, V9-2L at 
29 mm, and V9-6L at 21 mm in length) 
acoustic transmitter (VEMCO,4 Bedford, 
Nova Scotia, Canada) was inserted into the 
peritoneal cavity through a small incision 
(15–20 mm) just off center of the linea alba 
of the abdomen and anterior to the pelvic 
fins. Tag-to-body-weight ratio did not ex-
ceed 2%, well below that recommended by 
Hall et al. (2009) to minimize tag effects. 
All tags had a power output of 145 dB, a 
variable ping rate, and a projected battery 
life of 79–537 d. The incision was closed 
by using absorbable surgical thread (coat-
ed Vicryl 60; Ethicon, Somerville, NJ) and 
sutured with a tapered RB-1 needle and 
using 2 surgeon knots. Including time un-
der anesthesia, each fish was handled for 
an average of 6 min of which the surgery 
took approximately 2 min. After surgery 
the fish were placed in a recovery tank 
until they were upright and swimming in-
dependently (ca. 15 min); they were then 
released near the capture site. 

Data collection

Since 2004, hydroacoustic tags have been 
extensively used in Puget Sound, the 
Strait of Georgia, and nearby water bod-
ies to study movements of many fish spe-
cies (Melnychuk et al., 2007; Welch et al., 
2009; Moore et al., 2010; Hayes et al., 
2011; Andrews and Quinn, 2012). Receiv-
ers were deployed in Puget Sound and 
maintained by several investigative teams 
(Hood Canal=119 receivers, Admiralty In-
let=61, central Puget Sound=271, Whidbey 
Basin=140 and south Puget Sound=50; 
Fig. 1). These studies also coincided with 

the Pacific Ocean Shelf Tracking Project, an interna-
tional monitoring effort using the same technology to 
deploy arrays of receivers along the continental shelf 
from California to Alaska. Combined, these individual 
and arrayed receivers provided the means to detect fish 
migrating to the Pacific Ocean via the Strait of Juan de 
Fuca and Johnstone Strait, British Columbia, Canada, 
as well as fish moving within the San Juan Islands 
(Fig. 1; Arostegui et al., 2017). Combined, there were 
over 800 active receivers within the Salish Sea and an 
additional 55 along the Washington State coast (includ-
ing the Willapa Bay subarray; Reichisky et al., 2013) 
in the Pacific Ocean during the study. The amount of 

4	Mention of trade names or commercial companies is for iden-
tification purposes only and does not imply endorsement by 
the National Marine Fisheries Service, NOAA.

Figure 1
Map of the study area showing the locations in Puget Sound, Wash-
ington, where Chinook salmon (Oncorhynchus tshawytscha) were 
caught and tagged (shaded rectanglar area) during 2006–2008 and 
the locations of active stationary receivers. The major basins in 
Puget Sound are outlined by dotted lines.
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time that each receiver was active varied from a few 
months to years (median: 155 d) according to the pri-
mary focus of the study for which they were deployed 
(detailed receiver location and status information are 
available from the Ocean Tracking Network website 
and Hydraphone Data Repository website). The num-
ber of receivers deployed in each basin varied through 
time but was always more than would be feasible for 
any single study. 

Data analysis

Fish last detected crossing uninterrupted receiver ar-
rays in Admiralty Inlet, the Strait of Juan de Fuca, 
or Johnstone Strait, or detected on individual receiv-
ers along the Washington State coast without exit-
ing detections, were classified as transients because 
these detections indicated that they left Puget Sound. 
In contrast, fish last detected within Puget Sound 
(Whidbey Basin, Admiralty Inlet, Hood Canal, cen-
tral or southern Puget Sound) and having no coast-
al or Strait of Georgia detections were classified as 
residents. Based on acoustic detections, the minimum 
amount of time it took a tagged fish to leave central 
Puget Sound and reach the Strait of Juan de Fuca 
was 6 d. Consequently, we excluded from analysis 
any fish with final receiver detections within 6 days 
of tagging because the tracking duration was not 
sufficient to detect a departure. Given the distribu-
tion of receivers (Fig. 1), our probability of detect-
ing a fish exiting the study area for coastal waters 
was high, but detection of an individual remaining 
in Puget Sound depended upon the movements and 
location of that fish. A Welch’s t-test was used to de-
termine whether fork length differed between fish 
that were included and excluded from the analysis. A 
chi-square test was used to determine whether there 
was a difference in proportion of wild vs. hatchery 
fish for fish included and excluded from the analysis. 
A chisquare test was employed to determine wheth-
er remaining a resident was independent of origin 
(hatchery or wild) or month of tagging. Welch’s t-
tests were used to evaluate whether fork length or 
condition index (Anderson and Neumann, 1996) had 
any influence on whether or not fish remained a resi-
dent within Puget Sound. Linear regression analysis 
allowed us to determine whether the total detection 
time for fish that remained in Puget Sound was in-
fluenced by fork length of the fish. We also calculat-
ed the total distance fish moved per number of days 
with obtained detections, and we used a Welch’s t-
test to determine whether the total distance traveled 
per day was different for fish that remained as resi-
dents and those that left Puget Sound.

To investigate the use of different areas of Puget 
Sound by Chinook salmon that remained resident (ex-
cluding transient fish), a “site-use rank sum metric” 
was calculated as a composite variable for each sta-
tionary receiver. This variable was created by using 4 
metrics similar to those used by Rohde et al. (2013): 

1) number of unique fish detected at each receiver, 2) 
number of days that a receiver detected at least 1 fish, 
3) total amount of time spent at each receiver by all 
fish, divided by the number of individuals detected 
there (i.e., average time spent per detected fish), and 
4) total number of visits to each receiver, divided by 
the number of individuals detected there. These 4 met-
rics were combined by summing the rank scores of each 
variable for each receiver. Low values of the site-use 
rank sum metric corresponded with low values of the 
4 variables and high values of the metric corresponded 
with high values of the 4 variables. The amount of time 
spent by each fish at each receiver was calculated as 
the time between the first and last detections. If a fish 
was not detected for more than 1 h or the fish visited 
another receiver the duration period was terminated. 
A minimum of 2 detections within 1 h were needed to 
create a duration period. 

To characterize areas where fish spent time, the 
maximum depth within the listening distance (a 520-
m radius— an estimate of receiver range based on 
favorable environmental conditions and the tag out-
put and settings) and the distance to shore were de-
termined for each receiver (Smith et al., 2015). Re-
ceivers were then categorized as onshore-shallow (<1 
km from shore and <95 m deep), onshore-deep (<1 
km from shore and >95 m deep), or offshore-deep (>1 
km from shore and >95 m deep). These categories 
were chosen because there was a clear break between 
the data at these cutoffs; no receivers were located 
offshore in shallow water (Fig. 2). 

To determine whether site use (measured as the 
site-use rank sum metric) differed among receiver 
types (onshore-shallow, onshore-deep, offshore-deep), 
an analysis of variance (ANOVA) was used. Univari-
ate normality of the residuals was examined with a 
quantile-quantile plot, homogeneity of variances was 
examined by plotting standardized residuals against 
fitted values, and independence was examined by plot-
ting the residuals by each factor of receiver type. A 
post-hoc Tukey’s honestly significant difference (HSD) 
multiple comparison test was used to determine which 
receiver types were significantly different.

Diel patterns of receiver recordings of fish that re-
mained as residents were examined by determining 
the number of discrete movements and presence of fish 
during each hour of the day. Following Chamberlin et 
al. (2011), we defined movements as discrete detec-
tions between individual receivers. These movement 
data were summarized by receiver type (offshore-deep, 
onshore-deep, and onshore-shallow) and tested for cir-
cular uniformity among hours by using Rayleigh tests 
with R package circular, vers. 0.4-7 (Agostinelli and 
Lund, 2013).

Additionally, the movements of individually tagged 
Chinook salmon were compared with those of tagged 
coho salmon (Rohde et al., 2013) by categorizing re-
ceivers as detecting 1) both Chinook and coho salmon, 
2) only Chinook salmon, or 3) only coho salmon. We 
examined whether the proportion of fish among these 

http://oceantrackingnetwork.org/
http://hydra3.sound-data.com/
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categories differed by receiver type across all basins by 
using a chi-square test. Spearman’s rank correlation 
analysis was used to determine whether the number of 
individual Chinook salmon detected correlated with the 
number of individual coho salmon detected at receivers 
that detected both species. Similarly, Spearman’s rank 
correlation analysis was used to compare the number 
of days Chinook and coho salmon were detected. All 
data analyses were performed in R, vers. 3.2.1 (R Core 
Team, 2015). 

Results

Of the 87 fish tagged, 50 were excluded, having final 
detections less than 6 d after tagging (the minimum 
time it took fish to reach the Strait of Juan de Fuca), 
a period insufficient to detect departure. Given the ex-
pansive area not covered by receivers we do not pre-
sume to provide natural or tag-related mortality for 
these fish, but the lack of a prolonged detection his-
tory precluded us from categorizing them as transient 
or resident. The 37 fish included in the analysis (for 
which we had detections more than 6 days after tag-
ging) had longer fork lengths (FLs) than the excluded 
fish (mean: 273 vs 245 mm FL, t= –3.60, P<0.01). The 
proportions of natural and hatchery origin individu-
als did not differ for included fish (11 of 37 wild; 30%) 
and excluded fish (16 of 50 wild, 32%) (χ2<0.01, df=1, 
P=1.00). 

Movement from Puget Sound

The 37 fish analyzed were considered resident at the 
time of tagging, but 11 (30%) subsequently left Puget 
Sound and were reclassified as transients, and 26 re-
mained as residents. Eleven of the 37 were of natural 
origin and 26 were of hatchery origin. The origins of 
the transients (27% natural) and residents (31% natu-
ral) did not differ (χ2<0.01, df=1, P=1.00). Transients 
were detected in Puget Sound for as little as 1 d to as 
much as 124 d before exiting. There were too few indi-
vidual departures for rigorous statistical analyses, but 
departures occurred throughout the year (January=1, 
April=2, June=3, July=2, November=2, December=1).

The time of year when fish were tagged did not af-
fect the likelihood of a fish staying as a resident. Of 
the 37 fish included in analyses, 16 of 20 (80%) fish 
tagged in June (summer) remained resident in Puget 
Sound, and 10 of 17 (59%) tagged in the fall through 
November–December (χ2=1.09, df=1, P=0.30). Fish that 
remained resident and those that left Puget Sound 
did not differ in fork length (mean: 278 vs. 262 mm, 
t=0.99, P=0.34) or condition factor (mean: 1.21 vs. 1.23, 
t= −0.57, P=0.58). The total duration of detection for 
fish that stayed as residents within Puget Sound was 
not significantly influenced by fish length (coefficient of 
determination [r2]=0.12, P=0.08).

Movement among basins 

Detection data indicated that fish remaining as resi-
dents seldom moved between basins. Twenty-six fish 
remained residents: 10 individuals (fish 1–10, Fig. 3) 
were never detected outside central Puget Sound; 9 
individuals moved only between Admiralty Inlet and 
central Puget Sound (fish 11–19, Fig. 3); 6 individuals 
moved between central Puget Sound, Admiralty Inlet, 
and the Whidbey Basin (fish 20–25, Fig. 3); and 1 fish 
moved between central Puget Sound, Admiralty Inlet, 
and Hood Canal (fish 26, Fig. 3). The 11 fish that left 
Puget Sound had different movement patterns (fish 
27–37, Fig. 3). The last known locations varied for wa-
ters within Lime Kiln State Park on San Jun Island 
(fish 27–28, Fig. 3; Arostegui et al. 2017), the Strait of 
Juan de Fuca (fish 29–31, 33–35, 37, Fig. 3), waters off 
northwestern Vancouver Island near Lippy Point (Re-
chisky et al., 2013; fish 32, Fig. 3), and the Washington 
State coast at Willapa Bay (fish 36, Fig. 3). Interest-
ingly, these fish were not detected on the Canadian 
Northern Strait of Georgia or Queen Charlotte subar-
rays. Hood Canal had 119 receivers active during at 
least part of the study period but only 2 individuals 
(fish 26 and 30, Fig. 3) were detected there. Similarly, 
south Puget Sound had 50 active receivers and only 1 
fish was detected there (fish 27, Fig. 3). 

Movement within Puget Sound

The site-use rank sum metric was used to measure fish 
use within Puget Sound. Fish that remained within 

Figure 2
Scatterplot showing by depth (m) and distance to shore 
(m) the distribution of receivers used to track Chinook 
salmon (Oncorhynchus tshawytscha) in Puget Sound, 
Washington. The 3 categories used to group receivers 
were onshore-shallow (white circles; <1 km from shore 
and <95 m deep), onshore-deep (black diamonds; <1 km 
from shore and >95 m deep), and offshore-deep (black 
circles; >1 km from shore and >95 m deep).
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Puget Sound used offshore-deep, onshore-deep sites and 
onshore-shallow sites differently (ANOVA: F2, 51=4.11, 
P=0.02). A Tukey’s HSD post-hoc multiple comparison 
test indicated that site use was greater at offshore-deep 
sites (mean: 120.27) and onshore-deep sites (mean: 
126.67) than at onshore-shallow sites (mean: 85.17). 

Fish presence at receivers showed a 24h periodicity 
only at onshore-shallow receiver locations (mean: 08:40 
h, z=0.12, P=0.047, Fig. 4). Offshore-deep and onshore-
deep sites showed no peak in the hour of presence of 
tagged fish. Fish movement was distributed uniformly 
among hours regardless of receiver type (Fig. 4). 

The total distance moved per day (an indicator of 
gross movement and not necessarily directionality) 
was farther for fish that left Puget Sound than for fish 
that remained as residents (mean: 6.09 vs. 2.69 km/d, 
t= −2.19, P=0.05). For Chinook salmon within Puget 
Sound, the total distance moved provided only a lim-
ited picture of fish behavior, and fish showed a range of 
patterns. For example, one fish was tagged in central 
Puget Sound on 1 November 2006, detected leaving 
Puget Sound through the Strait of Juan de Fuca on 
16 November, and detected along the coast of Wash-

ington on 3 December, having moved about 280 km in 
17 d or 16.5 km/d (Fig. 5A). This fish continued along 
the coast west of Willapa Bay through 1 January 2007 
but was detected again at the Strait of Juan de Fuca 
on 14 March 2007. Therefore, had it been caught, on 
the basis of its locations, it would have been consid-
ered a resident in November, a migrant to the coast 
in December, and a resident in March. In contrast, a 
resident fish was tagged in central Puget Sound on 7 
June 2007 and then detected repeatedly over 8 months 
moving between 14 nearby receivers (within an extent 
of only 45 km N to S and 21 km E to W; Fig. 5B). Other 
individuals fell within this range of movement; most 
were detected moving among receivers within central 
Puget Sound.

Comparison with coho salmon movements

To compare the behavior of Chinook and coho salmon, 
receivers were identified that detected the 37 Chinook 
salmon from this study and the 35 coho salmon reported 
by Rohde et al. (2013). Seventy-four receivers throughout 
all basins detected both species, of which 30 receivers 

Figure 3
Diagram indicating the network of major basins within Puget Sound (gray rectan-
gles), Washington, basins outside of Puget Sound (black rectangles), and individually 
tagged Chinook salmon (Oncorhynchus tshawytscha) that remained resident within 
Puget Sound (gray circles) and those that left Puget Sound (black circles). Numbers in 
the circles identify individual fish. Arrows indicate movement between basins by indi-
vidual fish. For example, fish 1–10 were detected only where tagged in central Puget 
Sound, but fish 26 was detected in Admiralty Inlet and Hood Canal.
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detected only Chinook salmon, and 51 receivers detected 
only coho salmon. Chinook salmon were detected on 104 
receivers and coho salmon on 125 receivers. The species 
detected (both, Chinook salmon only, coho salmon only) 
varied with receiver type (offshore-deep, onshore-deep, 
onshore-shallow: χ2=21.88, df=4, P<0.01). The receiv-
ers that detected only Chinook salmon were mostly 
onshore-shallow receivers (70%), followed by onshore-
deep receivers (23%), and offshore-deep receivers (7%) 
whereas the receivers that detected only coho salmon 
were mostly offshore-deep (45%), followed by onshore-
shallow (33%), and onshore-deep (22%). The receivers 
that detected both species were more evenly distrib-
uted (38% offshore-deep, 35% onshore-deep, and 27% 
onshore-shallow). The 44 receivers within Puget Sound 
that detected both Chinook and coho salmon showed 
positive correlations with the numbers of individual 
fish (coefficient of correlation [r]=0.47, P<0.01) and days 
with detections (r=0.54, P<0.01).

Discussion

All the Chinook salmon tagged in this study were cate-
gorized initially as residents because they were still in 

Puget Sound late in their first or in their second year 
in salt water. Had all of them remained within Puget 
Sound, we would have inferred a clear distinction be-
tween these resident fish and the typical migrants 
that leave Puget Sound after a few months to feed in 
the coastal or open ocean waters until they return to 
spawn. However, 30% of the tagged fish later left Puget 
Sound, and so were termed transients. If they had been 
caught in fisheries along the coast, there is no way to 
know that they had spent significant time in Puget 
Sound. Indeed, some fish were tracked out to the coast 
and then back into Puget Sound, further illustrating 
the flexibility of residency and coastal migrations.

There was no effect of size, origin (hatchery or wild), 
tagging location, or tagging season on whether a fish 
remained resident or became a transient, although the 
small sample sizes limited our effort to detect effects. 
For example, we included only fish with a minimum of 
6 d of detection data (sufficient to detect possible de-
parture). The Chinook salmon detected for more than 
6 d after tagging were larger than those omitted for 
lack of ample detection data. This observation is con-
sistent with size-selective natural mortality or an effect 
of handling, although 2 laboratory studies found little 
or no size effects on survival for Chinook salmon with 

Figure 4
Circular histograms showing the diel patterns of presence (top) and move-
ment (bottom) of Chinook salmon (Oncorhynchus tshawytscha) at offshore-
deep (>1 km from shore and >95 m deep), onshore-deep (<1 km from shore 
and >95 m deep), and onshore-shallow (<1 km from shore and <95 m 
deep) receivers in Puget Sound, Washington. The Pvalue indicates signifi-
cance from a Rayleigh test of uniformity (NS=not significant). The arrow 
on the significant plot indicates the mean time vector with length rho, a 
measure of the concentration of data.

Chinook movement

Chinook presence
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surgically implanted acoustic tags (Hall et al., 2009; Re-
chisky and Welch5). The detected fish did not represent 
a different age-group and were assumed to be broadly 
representative of the tagged fish, however the move-
ments and fate of the undetected fish were unknown. 
Interpretation of the detection data was further com-
plicated by the uncertain origin of the individual fish, 
some of which may have originated outside Puget Sound. 
However, the transients did not leave Puget Sound syn-
chronously, rather they departed at seemingly random 
times over much of the year. This variation in departure 
timing and the small size of fish suggests that individu-
als tagged that subsequently left did not do so as part 
of a spawning migration to rivers outside Puget Sound, 
but more likely as part of feeding migrations.

Chinook salmon in our study showed behavior simi-
lar to that of Puget Sound coho salmon studied simi-
larly by Rohde et al. (2013). Of the Chinook salmon 
tagged and detected, 30% were classified as transients, 
and of the coho salmon tagged and detected, 20% were 
classified as transients according to the same criteria. 

5	Rechisky, E. L., and D. W. Welch.  2010.  Surgical implan-
tation of acoustic tags: influence of tag loss and tag-induced 
mortality on free-ranging and hatchery-held spring Chinook 
salmon (Oncorhynchus tshawytscha) smolts.  In PNAMP 
Special Publication: Tagging, telemetry, and marking mea-
sures for monitoring fish populations: a compendium of 
new and recent science for use in informing technique and 
decision modalities (K. S. Wolf and J. S. O’Neal, eds.), p. 
69–94.  PNAMP Spec. Publ. 2010-002. Pacific Northwest 
Aquatic Monitoring Partnership, Duvall, WA.  [Available 
from website]

Both species left Puget Sound throughout the year, 
showing no clear modal season, and for neither species 
did residents and transients differ in size, wild-hatch-
ery origin, or time of year when tagged. Moreover, in-
dices of site use at common receiver sites (numbers of 
fish detected, days with detections) were significantly 
correlated between the two species. In addition, coho 
and Chinook salmon that remained in Puget Sound as 
residents seldom moved from the central basin where 
they were tagged. Receivers in south Puget Sound and 
Hood Canal detected only 1 and 2 tagged fish, respec-
tively. Few detections occurred in the Whidbey Basin 
as well. These areas are not devoid of resident Chinook 
salmon (Chamberlin et al., 2011) or coho salmon (Ro-
hde et al., 2014), but both species tend to remain in 
one basin unless they leave Puget Sound entirely. 

There were several significant differences between 
the movements of the 2 salmon species. Chinook salm-
on were detected on fewer different receivers, suggest-
ing less overall movement than that of coho salmon, 
and Chinook salmon were also detected more often 
than coho salmon at receivers onshore and in shallower 
water. In addition, Chinook salmon showed weak and 
inconsistent diel activity patterns. In contrast, coho 
salmon were most active at shallow, onshore sites at 
night and deep, offshore sites during the day and were 
most often detected onshore near dawn and offshore in 
the afternoon (Rohde et al., 2013). These differences 
are also consistent with the pronounced differences in 
depth distributions and diel vertical movement report-
ed by Smith et al. (2015) for coho and Chinook salmon 
in Puget Sound. 

Figure 5
Examples of movement by individual Chinook salmon (Oncorhynchus tshawytscha) 
classified as (A) transient and (B) resident. The solid black circle in each panel indi-
cates the tagging location, and open circles indicate receivers with that detected fish. 
The transient Chinook salmon (fish 37), tagged in central Puget Sound, left through 
the Strait of Juan de Fuca, was detected on the southern coast of Washington, and 
then returned to the Strait of Juan de Fuca. The resident Chinook salmon (fish 11) 
was tagged in central Puget Sound and detected at 14 receivers within central Puget 
Sound. The lines in panel B indicate movement of fish 11 between receivers.
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Similar to the analysis of acoustically tagged coho 
and Chinook salmon, analysis of coded-wire tagging 
data also revealed differences and similarities that 
shed light on the phenomenon of residency (partial mi-
gration) of salmon. Residency seems much more prev-
alent with Chinook salmon (O’Neill and West, 2009; 
Chamberlin et al., 2011) than with coho salmon (Rohde 
et al., 2014), although it is not possible to precisely 
estimate the fraction for either species that adopts this 
behavior. However, the proportions of subyearling and 
yearlings adopting resident behavior were positively 
correlated between the two species among years, as 
well correlated with environmental variables (Rohde 
et al., 2014), suggesting common influences on behav-
ior. In addition, salmon of both species that remain as 
residents in Puget Sound tend to be caught in natal 
basins more often than would happen by chance, al-
though some movement certainly occurs (Chamberlin 
and Quinn, 2014; Rohde et al., 2014). Taken together, 
the combination of tagging and tracking studies for 
both species indicate that commonalities exceeded dif-
ferences, and that the main difference was the greater 
prevalence of residency and somewhat more restricted 
movements within Puget Sound for Chinook salmon.

A number of diadromous species also exhibit alter-
native migratory behaviors that include resident forms 
of behavior similar to those of Puget Sound coho and 
Chinook salmon (Chapman et al., 2012a, Chapman et 
al. 2012b). Striped bass (Morone saxatilis) have both 
resident fish that do not leave the natal river or estu-
ary and migratory fish that travel long distances in 
coastal waters. Clarke (1968) referred to these fish as 
contingents within populations, defined as “a group of 
fish that engage in a common pattern of seasonal mi-
gration between feeding areas, wintering areas, and 
spawning areas” (p. 320). Subsequent research with 
otolith microchemistry has revealed 3 distinct contin-
gents: a resident group that remains in fresh water, a 
mesohaline group that occupies estuarine waters, and 
a migratory group that uses the coastal Atlantic Ocean 
(Secor, 1999). White perch (M. americana) displays 2 
contingents; the great majority use estuarine habitats 
and a small fraction reside in rivers (Kerr et al., 2009). 
Individual white perch adopt one pattern or the other 
and do not switch patterns, whereas striped bass can 
shift between patterns (Zlokovitz et al., 2003).

The widespread occurrence of residency in diadro-
mous species, such as salmonids, suggests advantages 
for having a portion of the population not undergo 
extensive ocean migrations. One explanation for the 
phenomenon is that resident fish, compared to ocean 
migrants, might be exposed to fewer predators (Em-
mett and Schiewe, 1997). However, one consequence of 
residency is slower growth than that of members of the 
cohort feeding in the ocean, as evidenced by smaller 
size at age in coho salmon (Milne, 1950; Pressey1; Ro-
hde et al., 2014) and pink salmon (Pressey1), and the 
smaller size of resident Chinook salmon (Pressey1). 
Therefore, any hypothesis to explain residency must 
address this growth differential, as well as the greater 

prevalence of residency among Chinook than among 
coho salmon. Perhaps, because coho salmon tend to 
spend only a single winter at sea, the need to grow fast 
is greater than it is for Chinook salmon (Sandercock, 
1991; Pearcy, 1992), which delay maturation and the 
corresponding return to spawn when growth is reduced 
(Healey, 1991). 

In Puget Sound, the incidence of transients, some 
of which later return from the coast and resume resi-
dency in the sound, implies behavioral patterns that 
reflect modes along a continuum rather than discrete 
variants. This variability contributes to the “portfolio 
effect” (where diversification minimizes the risk of insta-
bility) for Chinook salmon and coho salmon, although 
in the face of broad regime shifts and anthropogenic 
effects across the entire region, it has not precluded 
declines in the species. The processes affecting migra-
tory decisions, whether physiological (e.g., growth rate, 
lipid deposition, hormone levels) or environmental (e.g., 
water temperature, prey availability) remain unknown. 
However, the contribution of these drivers differs for 
coho salmon, because residency is less often displayed, 
compared with Chinook salmon. Regardless, although 
not likely accounting for a large portion of Salish Sea 
salmonids, partial migration and late migration strat-
egies could justify adjustment to calculations of early 
marine mortality in Chinook salmon survival studies 
such as that of Neville et al. (2015), and the concept 
could be explored for other species, such as sockeye 
salmon (Oncorhynchus nerka) (Wood et al., 2012). 

 In summary, Chinook salmon display a wide range 
of alternative migration patterns. These patterns in-
clude those of nonanadromous males that mature as 
parr (Gebhards, 1960; Pearsons et al., 2009; Johnson et 
al., 2012), of juveniles that migrate to sea in their first 
or second year of life (Taylor, 1990; Healey, 1991), and 
of anadromous fish that remain as residents in pro-
tected marine waters (Pressey1) or that migrate to the 
coast or the open North Pacific Ocean (Healey, 1983; 
Sharma and Quinn, 2012). This list should also include 
variants, such as those termed transients, fish initially 
adopting residency and then moving to the outer coast, 
and some that return to Puget Sound before matura-
tion. Although the sample size and approach used in 
our study cannot precisely quantify the degree of prev-
alence of late migration and partial migration strate-
gies, these are behaviors clearly adopted by a portion 
of the population as a whole. 

Alternative patterns of migration, as well as the 
presence of nonmigratory and migratory animals, 
can enhance the resilience of populations (Kerr et al., 
2010) because the fish experience different regimes of 
growth and mortality. The reduced growth of resident 
salmon compared with those feeding along the coast is 
balanced against the higher survival rates of resident 
fish. Survival rates of coho salmon entering the Salish 
Sea are higher on average than coho salmon of coast-
al populations but the survival rates in these regions 
have shown different trajectories over the past decades 
(Zimmerman et al., 2015). Assuming similar patterns 
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with Chinook salmon, the resident component of the 
population complex might enjoy higher overall fitness 
in some regimes and lower in others, effectively buffer-
ing the complex as a whole. If so, variants in migrato-
ry patterns may contribute to the capacity of Chinook 
salmon to persist during periods when environmental 
conditions in some marine habitats are less favorable.
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