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ABSTRACT
Tabor RA, Perkin EK, Beauchamp DA, Britt LL, Haehn R, Green J, Robinson T, Stolnack S, Lantz DW,
Moore ZJ. 2021. Artificial lights with different spectra do not alter detrimental attraction of young
Chinook salmon and sockeye salmon along lake shorelines. Lake Reserv Manage. XX:XXX–XXX.

Artificial light at night (ALAN) is common in lakes with developed shorelines, especially prevalent
in the nearshore areas where juvenile fishes, including salmonids, are present. One concern is
that fishes may be attracted to ALAN and become more vulnerable to predators. The use of lon-
ger wavelength lights has been suggested to reduce the effects of ALAN; however, the response
in juvenile salmonids is not well known. We tested the hypothesis that longer wavelength lights
would attract fewer subyearling Chinook salmon (Oncorhynchus tshawytscha) and sockeye salmon
(O. nerka) than shorter wavelength lights. Test lights included 4 LED lights, an incandescent light,
and a high-pressure sodium light (HPS). In total, 13 experimental trials were conducted in 2017
and 2018, and in total 1769 Chinook salmon and 870 sockeye salmon were collected with beach
seines. The mean catch rate (number per beach seine set) of subyearling salmonids was 51.0 for
lighted treatments but only 6.6 for control treatments (no light). In both years, we did not find
any significant difference in catch rates for either species between either of the longer wave-
length lights (red-filter and yellow-filter LED lights) and other lights, and thus we rejected the
hypothesis that longer wavelength light would attract fewer subyearling salmonids. For these
early life stages of salmon in shallow shoreline habitats, reducing the intensity of light present is
likely more important than altering the spectral composition when trying to minimize maladap-
tive attraction to ALAN.

KEYWORDS
Artificial light at night;
Chinook salmon; nearshore;
sockeye salmon; spectral
composition

Artificial light at night (ALAN) is a common fea-
ture of urban development (Longcore and Rich
2004), yet how ALAN influences the environ-
ment, including effects on aquatic systems, is
often not well known (Celedonia et al. 2011,
Perkin et al. 2011, Tabor et al. 2017). With
increasing urban development and expanding use
of brighter and more energy efficient lighting sys-
tems, understanding how ALAN can affect key
components of aquatic systems is necessary. In a
review of the methods to reduce the ecological
effects of nighttime light pollution, Gaston et al.
(2012) listed 5 management options that are

currently in use; the first 4 focused on how lights
can be manipulated, while the fifth option sug-
gests using a different light source. Because spec-
tral response can vary widely among organisms
(Marchesan et al. 2005, Perkin et al. 2011, Gaston
et al. 2012, Pawson and Bader 2014), research is
needed on how individual species respond to dif-
fering spectra, as well as how these may affect
species interactions (Davies et al. 2012, 2013).

Salmonids often make extensive use of lakes,
both within and outside their native range, where
they can be affected by ALAN (Arostegui and
Quinn 2019). Juvenile salmonids may be
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particularly affected by ALAN because they often
inhabit nearshore areas where high intensity
shoreline lighting may be present. ALAN may
affect juvenile salmonids in several ways, includ-
ing altering migration patterns and the timing of
other biological processes, increasing vulnerability
to predators, and altering foraging and schooling
behavior (Tabor et al. 2004a, Nightingale et al.
2006, Gaston et al. 2017). Research has demon-
strated that juvenile salmonids, including
Chinook salmon (Oncorhynchus tshawytscha),
sockeye salmon (O. nerka), and coho salmon (O.
kisutch), are attracted to ALAN, thereby increas-
ing vulnerability to predators (Tabor et al. 2004a,
Celedonia et al. 2011, Tabor et al. 2017). Most
predators of juvenile salmonids are visual feeders,
and factors like underwater light and turbidity
influence their capture success. In fact, a preda-
tor’s search volume increases rapidly as light
intensity shifts from very low levels to approxi-
mately 20 lux (Beauchamp et al. 1999). Altering
the spectral properties of light sources can reduce
the effective light intensity experienced by an
organism when a substantial proportion of the
transmitted spectra is shifted away from the spec-
tral sensitivity of the organism or is composed of
longer wavelengths that attenuate more rapidly
in water.

Research on the effect of ALAN on juvenile
salmonids has primarily focused on the effect of
light intensity (Tabor et al. 2004a, Tabor et al.
2017). In situations where appropriate nighttime
lighting is necessary for humans, using a lighting
system with a spectrum that is less attractive to
juvenile salmonids may reduce vulnerability to
predators. Juvenile Atlantic salmon (Salmo salar)
display strong sensitivity for shorter wavelength
light (blue spike; Hawryshyn et al. 2010); there-
fore, using lights that have a blue spike may be
more attractive to juvenile salmonids than other
lights (IDA 2010). Additionally, Hansen et al.
(2019) found blue light more attractive than red
light for Chinook salmon smolts. A particular
concern has been that many LEDs (light-emitting
diode lights), which are energy efficient and are
increasingly used in a wide variety of applica-
tions, emit a strong spike at 450–460 nm (i.e.,
blue spike; IDA 2010).

In urban areas where juvenile salmonids inhabit
shallow waters, an understanding of the potential
impact of lights with differing spectra is needed.
To address this need, we conducted field experi-
ments to test LED lights and other conventional
light sources for their capacity to attract subyearl-
ing salmonids. We hypothesized that lights with
longer wavelength light (e.g., 550–800nm) would
attract fewer subyearling salmonids in shallow
nearshore habitats than other lights with shorter
wavelengths.

Methods

Study design and experimental treatments

Experimental field trials were conducted during
February–March 2017 and 2018 in Lake
Washington, which is located within the greater
Seattle, Washington, metropolitan area. The
shoreline of Lake Washington is extensively
developed with numerous sources of direct
ALAN from residential, commercial, and public
park properties. The lake is the second largest nat-
ural lake in Washington, with a surface area of
9495 ha and mean depth of 33m. The lake typic-
ally stratifies from June through October. Surface
water temperatures range from 6 to 7C in winter
to over 20C in summer. The lake is characterized
as mesotrophic and has exceptional water quality
given that it is located in a major urban area
(Arhonditsis et al. 2003). Secchi disk transparency
readings typically range from 3 to 8m with occa-
sional lower readings after major discharge events.
In the nearshore area of our study site, water tem-
peratures ranged from 5.0 to 8.5C (mean, 7.1C)
and turbidity ranged from 1.2 to 7.3 NTU (mean,
2.6 NTU) during our experiments.

Subyearling salmonids that use the nearshore
area of Lake Washington consist primarily of
Chinook salmon and sockeye salmon. Subyearling
Chinook salmon rear primarily in their natal
stream or Lake Washington (Koehler et al. 2006,
Lisi 2019). Subyearlings that rear in Lake
Washington enter from the Cedar River or
Sammamish River during January through March
and rear in the nearshore environment for
2–5months (Tabor et al. 2011) before migrating
to the ocean in June and July. Chinook salmon in
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the Lake Washington basin are part of the Puget
Sound Evolutionarily Significant Unit (ESU),
which is currently listed as threatened under the
US Endangered Species Act (ESA; Federal Register
64 FR 14208, March 24, 1999). Sockeye salmon fry
enter Lake Washington from the Cedar River or
Sammamish River between January and May and
may spend a few days to a few weeks in the near-
shore area before moving offshore to the pelagic
zone (Beauchamp et al. 2004). In recent years, the
number of returning adult sockeye salmon has
fallen to critical levels. For both species, a variety
of habitat restoration measures, including reduc-
tions of ALAN, have been proposed to improve
habitat conditions for subyearlings. During the
period when subyearling salmonids are in the
nearshore area, coastal cutthroat trout (O. clarkii
clarkii) with <250mm fork length appear to be
their principal predator (Nowak et al. 2004).
Other predatory fishes include yearling coho sal-
mon and prickly sculpin (Cottus asper; Tabor
et al. 2004b). Additionally, great blue herons
(Ardea herodias) have been observed feeding in

lighted areas where subyearling salmonids were
abundant (Tabor et al. 2017).

Field trials were all conducted at a 124m long
shoreline section in Gene Coulon Memorial
Beach Park near the southern end of the lake.
This shoreline section was the same site used in a
2014 study by Tabor et al. (2017), which found
that increased light intensity levels increased
attraction (positive phototaxis) of subyearling sal-
monids. Also, we chose this shoreline section
because it had relatively uniform habitat condi-
tions and little direct artificial lighting (i.e., less
developed area of park), easy accessibility, and
proximity to the Cedar River outlet, which
ensured high abundance of subyearling salmonids.
Overall substrate types within the study area were
mainly composed of coarse and fine gravel, and
occasional interspersed cobble. The shoreline slope
in this area ranged from 4.1 to 11.7%.

The study shoreline section was divided into 6
experimental units, each 4m long, with a 20m
buffer section on each side of each unit.
Preliminary testing with a photometer indicated
that a 20m buffer between experiments was
adequate because the amount of light detected
from an adjoining unit to the edge of the next
unit was only 0.04 lux. All treatment locations
within the study shoreline section for each trial
were randomly selected. For the 2017 experimen-
tal trials (7 Feb to 16 Mar), we tested 5000K
LED (blue spike), 2000K LED, yellow-filter LED,
high-pressure sodium, and incandescent lights
and one control (Figure 1). In 2018 (7 Feb to
5 Mar), we simplified our experimental design
and only tested 5000K LED, yellow-filter LED,
red-filter LED, and 2 control units. The southern-
most 24m shoreline section was not used in
2018. All LEDs used in this study were white
LEDs manufactured by C&W Energy (Paradise
Valley, AZ). White-filtered LEDs were used
instead of RGB LEDs because white LEDs are
more energy efficient and would be expected to
be used in commercial applications such as
street lighting.

Experimental trials were conducted in
February and March in 2017 and 2018, corre-
sponding with peak nearshore rearing of sub-
yearling salmonids (Koehler et al. 2006, Tabor
et al. 2011). In total, 5 experimental trials were

Figure 1. Spectral comparisons of the 6 light systems used in
this study. The top panel displays the 4 LED light sources and
the bottom panel displays the other 2 light sources. The 2017
trials included 5 of the 6 light systems (all but the red-filter
LED), and the 2018 trials only included the 5000 K, yellow-filter,
and red-filter LED light systems.
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conducted in 2017 and 8 in 2018. To help control
for the potentially confounding effects of wave
action in these shallow habitats, experimental tri-
als were only conducted on calm nights with no
rain (i.e., little or no wind and surface turbulence;
Figure 2).

To focus light within each experimental unit,
each light source was mounted in a
40� 30� 20 cm metal box with an open bottom
(Figure 2). The inside of the box was lined with
white foam board to allow for a more even distri-
bution of light. The light source was mounted on
one side of the box, and a piece of foam board
was added directly over the light source and

covered approximately half of the box. This kept
the light from shining directly on the water and
allowed for a more even distribution of light.
Each light source was mounted on the upper part
of a 2 m post placed along the shoreline in the
middle of the experimental unit (Figure 2). Prior
to beginning experiments, each light source was
adjusted under similar conditions (i.e., 2 m post
height) in a dark room and the proper light
intensity level (20 lux at the floor) was marked on
the dimmer switch. Desired light intensity
(20 lux) was chosen based on a previous survey
of peak ALAN of southern Lake Washington
(Tabor R, unpubl. data). Moreover, reaction dis-
tances of predatory salmonids to juvenile salmo-
nids decline rapidly as light intensities fall below
20 lux (Mazur and Beauchamp 2003, Hansen
et al. 2013). Light intensities were also measured
in the field with an Extech Instruments light
meter (model 401036) to ensure that the desired
light intensity of 20 lux at the water surface was
achieved. A small generator (Honda 1000 EU)
was used to power the lights. This generator
model is relatively quiet (42–50 dB) with minimal
vibration. We placed the generator upland
between 2 experimental units and assumed the
generator’s sound/vibration did not have a con-
founding effect on our results. The illuminated
areas extended approximately 4 m along the
shore and 5 m offshore (Figure 2), with the high-
est light intensities in the center of the experi-
mental unit and 2 m offshore. The lighted area
extended out to water depth of �0.8 m and the
maximum light intensity levels occurred where
the water depth was �0.3 m.

On each treatment night, light systems were
set up and turned on shortly before dusk. We
waited 1 h after the posted astronomical twilight
time (Thorsen 2021) to begin sampling fish and
minimize the chance of a sudden change in the
weather conditions (i.e., wind or rain). Previous
field experiments at this site also indicated 1 h
was sufficient to attract many subyearling salmo-
nids (Tabor et al. 2017). We assumed differences
among lights would be consistent throughout
the night.

The abundance of subyearling salmonids in
each of the 4m long shoreline sections was deter-
mined from separate beach seine sets. One beach

Figure 2. Photographs of system used to test the attractive
quality of lights with different spectral composition. The top
photograph provides an underside view of the light fixture
(2000 K LED light is shown); the small box on the upper right
side is the dimmer switch. The bottom photograph displays
the setup along the shoreline of Gene Coulon Memorial Beach
Park in south Lake Washington, Feb 22, 2017. The flagging in
the water delineates the 4m shoreline length of the experi-
mental unit.

4 R. A. TABOR ET AL.



seine set was used in each experimental unit.
Lights remained on during beach seining to min-
imize changes in fish behavior. We used a small
beach seine that was 6m long and 1.3m deep
with a 1.15m deep by 1.3m long bag in the mid-
dle. The mesh size in the wings was 8mm stretch
and 4mm stretch in the bag. At the start of the
first set and in between all sets, the net was taken
to water approximately 1.2m deep in the middle
of buffer units to avoid affecting the behavior of
fish in the experimental units. The net was then
dragged parallel to shore to the next experimental
unit and deployed. Afterward, the net was pulled
shoreward toward the outside edges of the experi-
mental unit, so the seine encircled the entire lit
area. The additional nonilluminated area sampled
by the beach seine was deeper than that typically
used by subyearling Chinook salmon at night
(Tabor et al. 2011). Thus, we believe most fish col-
lected occupied the illuminated area. Snorkel
observations around other lighted areas supported
this assumption (Tabor R, pers. obs.). The total
time to beach seine all experimental units varied
from 45–60minutes in 2017 to 30–45minutes in
2018. Therefore, the total amount of time each
experimental unit was lit varied from 1 to 2 h. We
assumed the change in fish abundance between 1
and 2 h was minor compared to the change during
the first hour. Also, seining was always conducted
systematically from the north end of the study
area to the south end, to be time efficient. After
each beach seine set, all fish were placed in a
bucket, and Chinook salmon and sockeye salmon
in a subsample were anesthetized, measured to
nearest millimeter, allowed to recover, and then
released. All other fish were identified, counted,
and immediately released.

Data analysis

All analyses were carried out in R (R Core Team
2018). General linear models were used to deter-
mine the effects of light treatments on the catch
rate (number of fish per beach seine set) of sub-
yearling Chinook salmon and sockeye salmon
using the package “car” (Fox and Weisberg
2019). Data from 2017 and 2018 were analyzed
separately, because a different set of lights was
used each year. A quasi-Poisson distribution was

specified in the model to account for the overdis-
persion of the data. Because the first sampling
date in 2017 took place before subyearling sock-
eye salmon were present in Lake Washington, it
was excluded from the sockeye salmon analysis.
To determine differences among specific light
treatments, we made pairwise comparisons to
compare differences among treatments, which
were calculated from estimated marginal means
with the package “emmeans” (Lenth 2020).

Results

The mean catch rate of subyearling salmonids
per experimental trial ranged from 14.0 to 66.4
salmonids/set in 2017 and from 14.2 to 62.6 sal-
monids/set in 2018. In 2017, subyearling salmo-
nids consisted of 43.3% Chinook salmon and
56.7% sockeye salmon; in 2018, catch compos-
ition was 92.1% and 7.9%, respectively. Only
0.2% (2 of 870) of the overall sockeye salmon
catch was from control units, while 7.6% (136 of
1769) of the Chinook salmon catch was from
control units. Overall, the mean fork length
of subyearling Chinook salmon and sockeye sal-
mon was 41.1mm and 29.1mm, respectively
(Figure 3). Over 75% of the Chinook salmon and
sockeye salmon were between 37–44mm and
28–31mm, respectively.

In 2017, catch rates of Chinook salmon were
higher in the incandescent (mean ¼ 21.4 fish/set
± 7.9 S.D., P¼ 0.0066), yellow-filter LED (mean
¼ 25.2 fish/set ± 14.9 SD, P¼ 0.001), and 2000K
LED (mean ¼ 29.2 fish/set ± 9.8 SD, P¼ 0.0001)
light treatments than in the control treatment
(mean ¼ 5.2 fish/set ± 5.4 SD, Figure 4). There
was no significant difference in the catch rate of
Chinook salmon between the 5000K LED and
any light treatment. Catch rates of sockeye sal-
mon were similar among treatments; however,
only 2 sockeye salmon were caught in the control
units (mean, 0.5 fish/set), while in total 762
(mean, 38.1 fish/set) were caught in the lighted
units (Figure 4).

In 2018, catch rates of Chinook salmon were
higher in the red-filter LED (mean ¼ 40.0 fish/set
± 36.2 SD, P< 0.0001), yellow-filter LED (mean ¼
47.5 fish/set ± 33.3 SD, P< 0.0001), and 2000K
LED (mean ¼ 48.9 fish/set ± 17.5 SD, P< 0.0001)
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treatments than in the control treatment (mean ¼
6.2 fish/set ± 5.5 SD, Figure 5). Catch rates of
sockeye salmon were similar among treatments;
however, no sockeye salmon were caught in the
control units, while 103 (mean, 4.3 fish/set) were
caught in the lighted units (Figure 5).

Discussion

Subyearling Chinook salmon were attracted at
significantly higher rates to a variety of com-
monly used light sources that encompassed a
wide range of spectra when compared to con-
trols, whereas attraction did not differ substan-
tially among light sources. We rejected our
hypothesis that lights with longer wavelength
light (e.g., 550–800 nm) would attract fewer sub-
yearling salmonids than other lights with shorter
wavelength light. For example, we hypothesized
that the 5000K LED light would attract more
subyearling salmonids than the other lights,
because the blue spike (450–460 nm) overlaps
with the short wavelength sensitivity observed for
juvenile Atlantic salmon (Hawryshyn et al. 2010).
In 2018, we also used a red-filter LED light to
provide a sharp contrast to the 5000K LED light,
but the red-filter LED light attracted densities of
subyearling salmonids similar to those for the
5000K LED light and yellow-filter LED light. We
had expected the red-filter LED light (spectral
peak, 600 nm) to attract the fewest fish, because
the longer wavelength theoretically fell outside

Figure 3. Length frequency (fork length, 2mm increments) of Chinook salmon and sockeye salmon captured in beach seines from
light experiments, Lake Washington, Feb–Mar 2017 and 2018. The total number of fish measured is also indicated.

Figure 4. Boxplots of the catch rate (number/beach seine set) of
Chinook salmon (top panel) and sockeye salmon (lower panel)
from 5 experimental trials, Lake Washington, 7 Feb–16 Mar, 2017.
The dark band in the middle of the boxplot represents the median
value, the bottom of the box is the 25th percentile, and the top
of the box is the 75th percentile. The whiskers represent up to 1.5
times the interquartile range, and any data beyond that are repre-
sented by a dot. Letters above each boxplot denote treatments
that are significantly different from one another. “HPS” ¼ high
pressure sodium, “IN” ¼ incandescent, “5k” ¼ 5000K LED, “2k” ¼
2000K LED, “Yellow” ¼ yellow-filter LED.
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the sensitivity range of juvenile Atlantic salmon
(Hawryshyn et al. 2010). Nighttime swimming
depth of adult Atlantic salmon in net pens was
unaffected by deep red light with a peak at
650 nm; however, 6 shorter wavelength lights,
including a red light (peak at 620 nm), did affect
swimming depth (Stien et al. 2014). Even if a
deep red light reduces attraction by subyearling
salmonids, it may be impractical (e.g., cost and
light color) for most commercial and residential
applications. Additionally, we used generally
broad-spectrum lights, so additional tests may be
needed on narrower spectrum lights such as low-
pressure sodium (Davies et al. 2013).

Small differences in catch rates among light
treatments may have been difficult to detect
under field conditions due to natural variations

among experimental units and trials (e.g., sample
dates). An important element in our study design
was that an abundance of subyearling salmonids
would be present, and well distributed along the
study section of shoreline. Patchiness of subyearl-
ing salmonids as well as some environmental var-
iables (e.g., water temperature, turbidity, ambient
light) may create variability within and among
experimental trials. Despite our study design,
more trials might be necessary to detect differen-
ces in catch rates among light sources. For
example, a power analysis of our 2018 results
indicated 35 trials would be adequate to detect
large effect sizes (0.35) but 78 trials would be
needed to detect medium effect sizes (0.15;
Cohen 1988). Experiments could also be con-
ducted in a laboratory to control environmen-
tal variables.

Subyearling Chinook salmon showed an attrac-
tion to a wide array of light spectra in both 2017
and 2018. These results are consistent with previ-
ous studies of salmonids in the Lake Washington
system (Tabor et al. 2004a, Celedonia et al. 2011,
Tabor et al. 2017) and elsewhere (McDonald
1960, Nemeth and Anderson 1992, Stien et al.
2014), suggesting that light intensity is an
important factor influencing attraction to ALAN.
Results of this and other studies suggest that the
best management strategy is to reduce the
amount of ALAN near aquatic systems whenever
possible, either through reducing the output of
lights or by aiming or shielding lights away from
aquatic environments.

One concern of ALAN attracting subyearling
salmonids is the potential increase in predation
risk (Tabor et al. 2004a, Nightingale et al. 2006).
Various piscivores including fishes and birds can
prey on subyearling salmonids concentrated in
nearshore habitats near artificial lights. Of par-
ticular concern are great blue herons, which are
large, adaptable predators with a high energy
demand that prey on small fishes like subyearling
Chinook salmon and sockeye salmon (Stickley
et al. 1995, Pitt et al. 1998). We have observed
great blue herons feeding at night near lights
where subyearling Chinook salmon appear to be
far more abundant than other fishes (Tabor et al.
2017, Tabor R, pers. obs.). Additionally, cutthroat
trout, yearling coho salmon, and prickly sculpin

Figure 5. Boxplots of the catch rate (number/beach seine set)
of Chinook salmon (top panel) and sockeye salmon (lower
panel) from 8 experimental trials, Lake Washington, 7 Feb–16
Mar, 2018. The dark band in the middle of the boxplot repre-
sents the median value, the bottom of the box is the 25th
percentile, and the top of the box is the 75th percentile. The
whiskers represent up to 1.5 times the interquartile range, and
any data beyond that is represented by a dot. Letters above
each boxplot denote treatments that are significantly different
from one another. “5k” ¼ 5000 K LED, “Yellow” ¼ yellow-filter
LED, “Red” ¼ red-filter LED.
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occupied nearshore areas and may prey on sub-
yearling salmonids (Beauchamp et al. 1992,
Nowak et al. 2004, Tabor et al. 2004b). While
predatory fishes may selectively use lit areas to
exploit increased subyearling salmonid abun-
dance, they may also avoid shallow, nearshore
areas due to the higher risk of predation by wad-
ing birds (Power 1987). Further research should
elucidate how these complex interactions between
various predators play out. Recent studies have
found increasing evidence that predator–prey
interactions are altered by ALAN (Davies et al.
2012, Manfrin et al. 2017), and that broader spec-
trum lights have potentially greater influence on
food webs (Davies et al. 2013).

Only 0.2% of all subyearling sockeye salmon
sampled were caught in control units; however,
7.6% of subyearling Chinook salmon were cap-
tured in control units. Earlier experiments in
Lake Washington reported similar results (Tabor
et al. 2017). Density discrepancies are likely due
to differences in habitat use between the 2 species
or to a stronger attraction to lights by subyearling
sockeye salmon. From January to April, subyearl-
ing Chinook salmon typically inhabit shallow
waters less than 1m deep (Tabor et al. 2011),
while most recently immigrating subyearling
sockeye salmon move directly offshore and
occupy deeper waters (5–30m) with only a small
percent close to shore (Beauchamp et al. 2004,
Hansen et al. 2016). During recent snorkel sur-
veys along a well-lit shoreline, subyearling
Chinook salmon occupied shallower waters than
subyearling sockeye salmon did (Tabor R, pers.
obs.). Chinook salmon may move along the
shoreline to lit areas, whereas subyearling sockeye
salmon may move inshore from deeper areas
and be less vulnerable to our beach seining.
Alternatively, sensitivity to different wavelengths
might vary considerably between the 2 species
because their stereotypic habitat use and foraging
patterns differ markedly and thus may respond
differently to ALAN. During the months of our
experiments, subyearling sockeye salmon typically
feed on zooplankton within the water column,
while subyearling Chinook salmon appear to feed
primarily on emerging chironomids near the sur-
face of the water (Koehler et al. 2006, Tabor
et al. 2011).

Understanding the response of juvenile sal-
monids to various light spectra at different life
stages is important, especially in shallow, near-
shore habitats. In deeper water, light extinction
coefficients play a substantial role in determin-
ing fish attraction or aversion to predation risk,
given that red light attenuates at shallower
depths than blue light. As subyearling Chinook
salmon grow, they progressively move into
deeper waters, shifting into the pelagic zone
of Lake Washington by May or June before
migrating out to the ocean (Koehler et al. 2006,
Tabor et al. 2011). Even at a small size, sub-
yearling sockeye salmon are present in the pela-
gic zone (Beauchamp et al. 2004). For both
species, moving into this open habitat puts them
into increased contact with piscivorous fish
(including resident salmonids and northern pike-
minnow [Ptychocheilus oregonensis]). They may
experience higher vulnerability in proximity to
lighting installations from bridges and other infra-
structure, in addition to the more spatially expan-
sive threat from increased skyglow that affects
nearshore and offshore habitats alike. It is unclear
how different light spectra may influence the
behavior of out-migrating salmon and their inter-
actions with predators. It is possible that lights
with a lower proportion of blue light may become
more beneficial in somewhat deeper waters, where
light travels sufficient distances underwater to
attenuate red or even orange-yellow wavelengths.
Insights gained by future research addressing how
various light wavelengths influence migration and
predation of juvenile salmonids in pelagic environ-
ments may be beneficial.

In conclusion, we did not find any consistent
difference in the attraction of subyearling salmo-
nids to the different lights we tested in the shal-
low, nearshore areas of Lake Washington.
Therefore, reducing the amount of ALAN present
in aquatic systems by multiple methods is likely
more important than altering the spectral com-
position when trying to minimize attraction by
subyearling salmonids in shallow nearshore
regions. Our experiments will likely not apply to
deeper areas where the attenuation of longer
wavelengths could be an important factor in
reducing the attraction to ALAN by salmonids.
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