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ABSTRACT 9 

Sockeye salmon are a precious commodity in the State of Washington, with sockeye 10 

salmon spawning in streams and spending their juvenile stage in Lake Washington.  This is a 11 

vulnerable time for the juveniles, as they accumulate energy to journey to the ocean and back, 12 

and one that greatly determines the yield of mature sockeye salmon that are caught and sold.  13 

With this study, we determined the feeding patterns of juvenile sockeye salmon in Lake 14 

Washington that use diel vertical migration, in order for fisherman to minimize the bycatch of 15 

juvenile sockeye salmon. The data analyzed in this study was obtained by trawling for juvenile 16 

sockeye at three different depths, shallow (10 m), intermediate (25 m), and deep (50 m), at two 17 

times of day, pre-dusk and post-dusk, and then cutting their stomachs open and recording if they 18 

were 0%, 25%, 75%, or 100% full.  The average percent gut fullness was then calculated for 19 

each of the three depths at each of the two time periods.  Through a t-test, F-test, ANOVA tests 20 

and Tukey HSD tests, we determined that the average percent gut fullness was significantly 21 

higher post-dusk than pre-dusk, and the average percent gut fullness was significantly less at a 22 

deep depth than at the shallow and intermediate depths.  As juvenile sockeye salmon feed mostly 23 

post-dusk at or above 25 m, fishing at shallower depths of Lake Washington in a post-dusk time 24 

period is not optimal for getting a better return of mature sockeye salmon. 25 

 26 
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INTRODUCTION  31 

Fisheries management is a highly studied topic given the economic importance of optimal 32 

harvesting, as increased yields result in greater revenue (Krebs 2001). Given the size of the 33 

fishing industry, there has been a pattern of dwindling fish populations in some areas due to 34 

overfishing since the 1920’s (Krebs 2001). In order to effectively obtain the maximum 35 

sustainable yield of fish, i.e. the predicted population size of fish that produces the maximum 36 

number of individuals per unit of time, data must be collected on the specific behavioral patterns 37 

of the population in order to determine when and where to fish and where and when not to fish 38 

(Krebs 2001).  This hypothesis cannot be studied effectively if the feeding behavior of the 39 

species is not known.  40 

Considering species in the state of Washington, Fresh (1994) states that, “Arguably the 41 

most important fish in Lake Washington is sockeye salmon” because of it being commercially 42 

and recreationally harvested and intensively fished for sport.  Sockeye salmon are therefore 43 

economically important to the state of Washington.  For example, the Bristol Bay Salmon 44 

Industry extends from Alaska to Washington and beyond, but its supplies and services are 45 

purchased mostly by people in Washington State (Knapp et al. 2013).  Sockeye salmon often 46 

spawn in streams and then the juveniles live in lakes for about 1 to 2 years before they migrate to 47 

the ocean for 1-3 years before returning to spawn (Rich et al. 2009).  The period when juvenile 48 

sockeye salmon are living in a freshwater ecosystem is important because, at this time, they are 49 

not harvestable and the amount that survive their juvenile stage affects the amount of sockeye 50 

that are harvested later.  By figuring out when and where juvenile sockeye salmon feed, it can be 51 

informative to fisherman where and when not to fish, in order to increase the amount of mature 52 

sockeye salmon. 53 
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In order to discover the feeding patterns of sockeye salmon, it is important to understand 54 

diel vertical migration (“DVM”) which Nelson and Perry (1990) define as “the cyclic changes in 55 

the position of the aquatic organisms in the water column that occur with 24-h periodicity.” 56 

DVM is an important behavior of fish movement and is important in predicting when and where 57 

fish feed.  Scheuerell and Schindler (2003) describe DVM as a common behavior in freshwater 58 

fish such as juvenile sockeye salmon, and describe that juvenile sockeye typically inhabit deeper 59 

waters in the day than at night.  One explanation for this could be the foraging-opportunity 60 

hypothesis, that states that fish perform DVM in order to “track their prey in space and time to 61 

maximize foraging” (Scheuerell and Schindler 2003).  It can then be theorized that the sockeye 62 

salmon in Lake Washington follow their prey by performing DVM.   63 

Juvenile sockeye salmon in Lake Washington primarily feed on zooplankton, specifically 64 

Daphnia (Hovel et al. 2019).  Daphnia have been observed to exist most abundantly in the top 65 

10 m of Lake Washington (Edmondson and Litt 1982).  This raises the question, if zooplankton 66 

are more concentrated in the shallower depths of Lake Washington, then why are the sockeye 67 

salmon performing DVM? The explanation could be a combination of the foraging-opportunity 68 

hypothesis and the predator-avoidance hypothesis, which states that juvenile sockeye salmon 69 

move vertically in the water column to avoid visual detection from predators (Scheuerell and 70 

Schindler 2003).  This would explain the behavior of juvenile sockeye salmon in Lake 71 

Washington, that reside at lower depths during the daytime to avoid visual detection from 72 

predators such as cutthroat trout, and at night migrate up to shallower depths in order to feed on 73 

the Daphnia. 74 

 With the knowledge of how juvenile sockeye salmon use DVM, it can be theorized where 75 

in the water column of Lake Washington sockeye salmon feed.  The overall objective of the 76 
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study was to determine the feeding behavior of sockeye salmon in Lake Washington by 77 

analyzing the gut content of juveniles at different depths, i.e. shallow, intermediate, and deep, at 78 

two different time periods, namely, pre-dusk, and post-dusk.  The relationship between depth, 79 

time and gut contents of sockeye salmon was investigated by testing two hypotheses, namely, 80 

that: (1) the guts of sockeye salmon found at shallow depths would have a significantly higher 81 

average percent fullness than would the guts of sockeye salmon found in deep or intermediate 82 

depths; and (2) guts of sockeye salmon captured post-dusk would have a significantly higher 83 

average percent fullness than would guts of sockeye captured pre-dusk. The null hypotheses 84 

stated that: (1) there would be no significant difference between the average percent fullness of 85 

gut contents of sockeye salmon at shallow depths as compared to intermediate and deep depths; 86 

and (2) that there would be no significant difference in the average percent fullness of gut 87 

contents of sockeye captured pre-dusk vs. post-dusk. 88 

METHODS 89 

 The data analyzed in this study were obtained from reoccurring long-term data collection 90 

in Lake Washington that started in 1990.  The data collectors operated a mid-water trawl and the 91 

towing took place at the same location, east of Sand Point in Seattle, Washington. (Fish 312 92 

course materials).  The trawl was operated two different days per year, twice a day, once in the 93 

afternoon before dusk and once at dusk going into night, at three different depths, 10 m, 25 m 94 

and 50 m, for a total of twelve tows in each year (Fish 312 course materials).  The net used had a 95 

square opening of 3.2 x 3.2 m and was a modified Kvichak trawl (Fish 312 course materials).  96 

All the fish were identified to species and measured unless they were too numerous, in which 97 

case the fish were counted and subsampled for length. (Fish 312 course materials).  Once the 98 
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sockeye salmon were identified, they were set aside for a diet analysis, where their stomach 99 

content was examined (Fish 312 course materials). 100 

  Sockeye salmon set aside for diet analysis were first measured for length and weight, 101 

and then dissected using a scalpel to open the abdominal cavity, exposing the stomach (Fish 312 102 

course materials). A cut was made at the esophagus and at the posterior end, allowing the 103 

stomach to be carefully removed and placed into a petri dish where a cut was made along the 104 

stomach’s long axis and pulled back to reveal its contents (Fish 312 course materials).  The 105 

fullness of each fish was then estimated with a visual inspection and categorized the stomachs as 106 

empty, 25%, 50%, 75% or 100% full (Fish 312 course materials).  After the fullness was 107 

assessed, the material in each stomach was removed with a squirt bottle and subjectively 108 

categorized as undigested, partially digested or fully digested (Fish 312 course materials). The 109 

contents were then identified and quantified as best as possible using figures and keys from the 110 

lab manual (Fish 312 course materials).   111 

From the diet analysis data for all years from 1990 to 2019, the average percent fullness 112 

for all the years combined was calculated for sockeye salmon at the three different depths, 113 

shallow (10 m), intermediate (25 m) and deep (50 m).  The average percent fullness of sockeye 114 

salmon between the two different time periods, pre-dusk and post-dusk, was determined by 115 

calculating the average start time of dusk, from the station data which ranged in time from 116 

6:08PM to 9:40PM.  I found this average dusk start time to be 8:34PM. Sockeye salmon caught 117 

before 8:34PM were categorized as pre-dusk, while sockeye salmon caught after 8:34PM were 118 

categorized as post-dusk.  119 

 120 

 121 
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RESULTS 122 

 The average percent fullness was calculated for the pre- and post-dusk groups of sockeye 123 

salmon, with pre-dusk sockeye salmon on average being 52.4%, and post-dusk sockeye salmon 124 

being on average 67.5% full.  Sockeye salmon caught post-dusk were on average fuller than 125 

sockeye salmon caught pre-dusk, by a factor of around 15% (Figure 1).  In order to determine if 126 

this difference was significant, a two-sample t-test was conducted assuming equal variance (p-127 

value = 8.77E-09), finding a significant difference between pre and post dusk average percent 128 

fullness. Equal variance was confirmed from a two sample F-test (p-value = 0.08325).   129 

The average percent fullness of sockeye salmon at different depths was determined by 130 

finding the average percent fullness of sockeye salmon captured and dissected at shallow (10 m), 131 

intermediate (25 m) and deep (50 m) depths. Sockeye salmon had highest average percent 132 

fullness at intermediate depths and lowest average percent fullness at deep depths (Figure 2).  133 

The results at the shallow depth were closer in terms of fullness to intermediate depths with an 134 

approximate 3% difference in  gut fullness between these depth categories.  In order to determine 135 

if these differences were significant, an ANOVA Single Factor test was run, providing a critical 136 

F value of 3.01 and a test F value of 20.73. Since the test F was the larger value it can be 137 

concluded that there is a significant difference in at least one of the three depth’s average percent 138 

fullness.  A Tukey HSD test was then run to see specifically which average percent fullness was 139 

significantly different from the others. The results provided the following P-values: between 140 

deep and intermediate, 6.01E-08; between deep and shallow 1.78E-06; and between intermediate 141 

and shallow, 0.72.  From this it can be confirmed that the average percent fullness of sockeye 142 

salmon found in deep depths is significantly different from those found in shallow and 143 
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intermediate depths, but average percent fullness is not significantly different between sockeye 144 

salmon found in shallow and intermediate depths.   145 

The average percent fullness was then calculated for each of the three depths at each of 146 

the two times.  All the depths in the post-dusk group had larger average percent fullness than the 147 

pre-dusk group with the only exception being shallower depths, where the pre-dusk shallow 148 

group had an average percent fullness that was approximately 7% greater than the post-dusk 149 

shallow group (Figure 3).  A single factor ANOVA test with a Tukey HSD follow up revealed 150 

that sockeye salmon caught in shallow depths pre-dusk and sockeye salmon caught in shallow 151 

depths post-dusk are not significantly different with a p-value of 0.70. 152 

DISCUSSION 153 

 My two hypotheses stated that: (1) the guts of sockeye salmon found at shallow depths 154 

would have higher average percent fullness than would the guts of sockeye salmon found in deep 155 

or intermediate depths; and (2) guts of sockeye salmon captured post-dusk would have a 156 

significantly higher average percent fullness than would guts of sockeye captured pre-dusk. As 157 

discussed below, we confirmed that juvenile sockeye salmon are fuller post-dusk, and there is 158 

some support that they are also fuller at shallower depths.   159 

Regarding the first hypothesis, we found that the greatest percent fullness of sockeye guts 160 

occurred at intermediate depths (Figure 2). We also note that there was a statistically significant 161 

difference in at least one of the average percent fullness values at different depths (Figure 2). 162 

Through a Tukey HSD test, we confirmed that the average percent fullness at the deepest depth 163 

was significantly different than the average percent fullness at the intermediate and shallow 164 

depths, and the average percent fullness at the intermediate and shallow depths were not 165 

statistically different.  From these observations, the first hypothesis is not supported, as the 166 



9 
 

 

largest average percent fullness occurred at the intermediate depth, rather than at the shallow 167 

depth, although the values again, were not statistically different.  168 

For the second hypothesis, there is a statistically significant difference in the average 169 

percent fullness between sockeye salmon caught in the post-dusk group and sockeye caught in 170 

the pre-dusk group, with the post-dusk group having higher average percent fullness, when 171 

looking at the combined data for the different times (Figure 1).  This supports the second 172 

hypothesis.  However, when looking at pre-dusk data versus post-dusk data for the different 173 

depths, we see that the average percent fullness at intermediate and deep depths is greater post-174 

dusk as expected, yet average percent fullness at shallow depths is higher pre-dusk (Figure 3). 175 

When looking at the combined data for the depths, the second hypothesis is supported, but when 176 

we look at the data across depths, the second hypothesis is supported only at deep and 177 

intermediate depths, and not at shallow depths. The fact that the average percent fullness for fish 178 

caught pre-dusk in the shallow range is not significantly different from the average percent 179 

fullness of fish caught post-dusk in the shallow and intermediate depths, may be a function of the 180 

fact that much of the data were gathered in a narrow range of time around 8:34pm, the average 181 

time of dusk.   182 

Considering related literature, a study done by Clark and Levy (1998) created a model of 183 

DVM of sockeye salmon in Great Central Lake, British Columbia and found that sockeye 184 

salmon perform DVM and come to shallower depths at dusk, in order to feed on zooplankton 185 

The results of the Clark and Levy study are therefore consistent with our findings that sockeye 186 

salmon are, on average, more full in post-dusk times than pre-dusk times.  However, when it 187 

comes to depth, Clark and Levy (1998) found that sockeye come up to a maximum depth of 188 

around 15- 35 meters during DVM.  This may explain why this study in Lake Washington had 189 
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more average percent fullness at intermediate depths than shallower depths, given that 190 

“intermediate” depth was classified as 25 meters, which falls within the range of where sockeye 191 

salmon are found by Clark and Levy to feed. Looking at the data with this new perspective 192 

would support the first hypothesis that sockeye salmon are fuller in shallower depths, if 193 

“shallow” includes depths down to 35 meters.   194 

Since it has now been confirmed that juvenile sockeye salmon do perform DVM in Lake 195 

Washington and are in shallower depths post-dusk in order to track their prey of zooplankton, it 196 

is important for fisherman to understand what this means for the population of sockeye salmon.  197 

The sockeye salmon in this study have not yet fully matured and are in their juvenile stage, and 198 

because of this, must adopt behavior such as DVM to account for their increased vulnerability to 199 

visual detection by predators (Eggers 1978).  The juvenile salmon spend one year doing this until 200 

they have accumulated enough energy to make the journey to the ocean, where they finish 201 

maturing and return to freshwater to spawn and die (Eggers 1978).   202 

With these juvenile salmon being in a more vulnerable position, they are susceptible to 203 

higher mortality if they are captured as bycatch and released back into the lake.  Teffer et al. 204 

(2017) conducted a study where they found that adult sockeye salmon captured as bycatch were 205 

more susceptible to disease and that catch-and-release had negative impacts on survivability and 206 

reproduction, due to anaerobic activity and intracellular immune response.  It is important to 207 

remember that these are adult sockeye salmon who have been exposed to many hardships such as 208 

the journey to the ocean and back, whereas juvenile sockeye salmon may be more delicate and 209 

are probably therefore more susceptible to negative long-term bycatch effects.  Teffer et al. 210 

(2017) also discovered that the act of quickly tossing the salmon back into the water after being 211 

caught, although accepted as a good practice by fishermen, still has profound consequences on 212 
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the fish’s survival. It is then important that fisherman should try to avoid fishing techniques that 213 

produce bycatch such as trawling during post-dusk times at shallower depths on Lake 214 

Washington in order to allow the sockeye that inhabit the area to survive and be able to reach the 215 

ocean to mature and come back as fish that can then be caught and sold.  In addition, the juvenile 216 

sockeye salmon need to be able to feed in order to obtain enough energy to make the journey to 217 

the ocean. If this feeding behavior is impaired or changed, it can potentially lead to a higher 218 

mortality rate for sockeye salmon making the journey there and back again.  This is not only 219 

important for maintaining the ecosystem of Lake Washington, by raising salmon fitness, it is also 220 

important economically, by making sure that enough salmon are able to mature and become the 221 

size fishermen need to sell them effectively. 222 
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 261 

Figure Captions 262 

 263 

Figure 1: Average percent fullness of sockeye salmon captured and dissected pre-dusk, or before 264 

8:34 PM, and post-dusk, after 8:34 PM. 265 

 266 

Figure 2: Average percent fullness of sockeye salmon captured and dissected at three different 267 

depths, shallow (10 m), intermediate (25 m) and deep (50 m). 268 

 269 

Figure 3: Average percent fullness of sockeye salmon captured and dissected at three different 270 

depths, shallow (10 m), intermediate (25 m) and deep (50 m), at two different times, pre-dusk 271 

and post-dusk 272 

  273 
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Fig. 1. 274 
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Fig. 2.  284 
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Fig. 3. 295 
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