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Abstract 

 

Stream living salmonids are generally regarded as drift feeders that rely upon their vision when 

foraging. It has been shown that salmonids become nocturnal at low water temperatures, but have a 

low foraging efficiency as light intensity is low, due to their dependence upon vision. Shifting from 

drift feeding to benthic feeding, has been suggested, and analyses of gut contents during winter have 

shown that the diet of salmonids mainly consists of benthic invertebrates. Most experimental studies 

of salmonid foraging have only offered the fish drifting prey or only given the fish access to benthic 

prey in total darkness. Such conditions rarely occur in nature and the importance of benthic foraging to 

salmonids may therefore have been underestimated. In this study I conducted a stream laboratory 

experiment to test if low light intensity caused juvenile Atlantic salmon (Salmo salar) and brown trout 

(Salmo trutta) (age 0+) to forage more on benthic than drifting prey. The salmon foraged on both 

drifting and benthic prey during high light but consumed only benthic prey during low light (by one of 

six fish). Trout foraged on both drifting and benthic prey during both high and low light, but foraging 

efficiency was lower during low than high light and foraging efficiency was lower for benthic prey 

than for drifting prey. These results indicate that both species forage more opportunistically than 

previously thought. 

 

 

Sammanfattning 

 

Strömlevande laxfiskar anses generellt vara driftätare som förlitar sig på synen när de födosöker. Det 

har visats att laxfiskar blir nattaktiva vid låga vattentemperaturer, men har en låg födosökseffektivitet 

då ljusintensiteten är låg, på grund av sitt beroende av synen. Skifte från driftätande till att äta bentiska 

byten, har föreslagits, och analyser av maginnehåll under vintern har visat att laxfiskars diet 

huvudsakligen består av bentiska evertebrater. De flesta experimentella studier av laxfiskars födosök 

har endast erbjudit fisken driftande byten eller endast gett fisken tillgång till bentiska byten vid totalt 

mörker. Sådana förhållanden förekommer sällan i naturen och betydelsen av bentiskt födosök för 

laxfiskar kan därför ha underskattats. I den här studien utförde jag ett experiment i en laboratorieström 

för att testa om låg ljusintensitet fick juvenil Atlantlax (Salmo salar) och öring (Salmo trutta) (ålder 

0+) att födosöka mer på bentiska än driftande byten. Laxen födosökte på både driftande och bentiska 

byten vid högt ljus men bara bentiska byten åts vid lågt ljus (av en av sex fiskar). Öringen födosökte 

på både driftande och bentiska byten vid både hög och låg ljusintensitet, men födosökseffektiviteten 

var lägre vid låg än hög ljusintensitet och födosökseffektiviteten var lägre för bentiska än förbiflytande 

byten. Dessa resultat indikerar att båda arterna födosöker mer opportunistiskt än vad man tidigare 

ansett. 
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Introduction 

 

Most foraging animals face trade-offs between foraging efficiency and predation risk (Gilliam & 

Fraser 1987; Pitcher et al. 1988; Lima & Dill 1990) and the outcome of this trade-off depends on for 

example food availability, predator presence, and shelter access (Lima & Dill 1990; Valdimarsson & 

Metcalfe 1998). Physical conditions in their habitat, such as light and temperature, may vary 

seasonally and also throughout the day and thereby change a forager’s ability to forage or evade 

predators. Changing conditions often result in individuals reassessing their trade-off between foraging 

efficiency and predation risk (see Lima & Dill 1990 for a review). 

 

Stream living salmonids are dependent on their vision when foraging. They use a sit-and-wait strategy, 

called drift feeding, during which they hold position in the water column from which they intercept 

and catch drifting prey (Wańkowski 1981). Their drift feeding efficiency is dependent upon the 

amount of light, low light intensities reduce their feeding efficiency and in complete darkness they are 

unable to drift feed (Fraser & Metcalfe 1997; Elliott 2011; Watz et al. 2014). Since salmonids are 

ectotherms their foraging and feeding efficiency is also affected by temperature. Low temperature is 

associated with low feeding efficiency and increased capture manoeuvre times (Watz & Piccolo 2011), 

which is presumably related to an impaired swimming ability at low temperatures (Rimmer et al. 

1985; Graham et al. 1996). 

 

Salmonids are diurnally active during summer but switch from diurnal to nocturnal activity at low 

winter temperatures (Fraser et al. 1993; Heggenes et al. 1993; Amundsen et al. 2000). The switch 

between diurnal and nocturnal activity is believed to be a trade-off between predation risk and growth, 

rather than a direct effect of temperature itself (Metcalfe et al. 1999; Orpwood et al. 2006). 

Furthermore, Orpwood et al. (2006) showed that salmonids are only diurnal to the extent needed in 

order to sustain growth, which in turn is dependent on food availability (Orpwood et al. 2006). When 

food availability is low, salmonids increase the proportion of diurnal foraging in order for them to 

sustain their growth rates while maintaining consistent levels of nocturnal activity (Fraser et al. 1995; 

Metcalfe et al. 1999; Orpwood et al. 2006). 

 

Since salmonids are visual foragers and dependent upon light for foraging, drift feeding efficiency at 

night is expected to be low. A shift in foraging mode during night to forage on benthic prey has been 

previously confirmed to some extent for some species of salmonids (Tippets & Moyle 1978; Elliott 

2011). Gut contents analyses of salmonids captured in streams in winter have been reported as being 

more similar to benthos than drift (Gabler & Amundsen 1999; Kreivi et al. 1999; Amundsen et al. 

2001), which indicate benthic feeding. Most experimental studies that investigate foraging have only 

offered drifting prey to the fish (Wańkowski 1981; Fraser et al. 1995; Fraser & Metcalfe 1997) or only 

given the fish access to benthic prey in total darkness (Elliott 2011). These are conditions that rarely 

occur in nature, as both drifting and benthic prey are available in most natural streams, and the moon 

and stars provide some light during the night. This may have led to an underestimation of the 

importance of benthic foraging to salmonids. 

 

In my study, I experimentally tested the effect of light intensity, representing day and night, on brown 

trout (Salmo trutta) and Atlantic salmon (Salmo salar) foraging. At a low winter temperature, YOY 

trout and salmon were offered benthic or drifting prey and their foraging ability was measured. I tested 

three hypotheses that applied to both species: (1) Foraging efficiency, expressed as proportion 

captured prey, will be higher during high than low light intensity; (2) during high light the foraging 



4 

 

efficiency will be higher on drifting than benthic prey; and (3) during low light the foraging efficiency 

will be higher on benthic than drifting prey. 

 

 

Material and methods 

 

Fish and acclimation 

Approximately 100 salmon and 100 trout of age 0+ were obtained from a fish farm in central Sweden 

(Fortum AB, Gammelkroppa) and brought to the aquarium facility at Karlstad University, Sweden on 

15 October 2014. Parent fish were of wild origin from the River Klarälven in Sweden (60° N; 13° E). 

Prior to the stream-channel experiment the fish were held in four aquariums (120-200 L) for 

approximately 2.5 months in order for the fish to acclimate to laboratory conditions. Temperature in 

the aquariums was lowered by 1 °C week-1 from an initial temperature of 8 °C down to 5 °C. The fish 

were fed maintenance rations (2% of body mass) of thawed red and white mosquito larvae throughout 

the acclimatisation period. Photo-period was held at 10 h of daylight (230 lx) and 14 h of darkness (0.6 

lx), with 20 min of dawn and dusk. For the experiment, I used 28 salmon and 26 trout, measuring 82 ± 

8 mm, 4.8 ± 1.4 g and 88 ± 10 mm, 5.8 ± 2.0 g (mean lengths and masses + SD) for salmon and trout 

respectively. 

 

Stream channel 

A 2-m-long stream channel within which there was an experimental arena measuring 1.35 × 0.24 × 

0.20 m was used. The stream channel was placed on a shelf located above a water tank in which the 

water temperature was maintained using a chiller (RA680, TECO S.r.l., Ravenna, Italy). In order to 

obtain a current through the stream channel, water was pumped from the water tank by a pond pump 

(P25000, Guangdong Hailea Group Co., Rao Ping, China) into the upstream end of the stream 

channel. Three pipes located at the downstream end of the stream channel returned the water into the 

water tank. An inclined steel wire mesh adjacent to the pipes prevented the fish from entering the 

pipes. In the upstream end a steel wire mesh lined with sponge filters demarcated the front end of the 

experimental arena from the pond pump outlet and prevented recirculation of prey. Drapes surrounded 

the stream channel so that outside activity would not disturb the fish during the experiment. 

 

The experimental arena was covered with 50 mm of coarse gravel. Mean water velocity measured at 

0.6 of the depth at the middle of the arena was 0.11 m s-1 and discharge was 5.3 L s-1. The water used 

was filtrated and copper-free, buffered with 0.1 g L-1 NaHCO3. The arena was illuminated with 

fluorescent tubes that produced a light intensity of 230 lx at the water surface during the high light 

trials, or with a plug-in night lamp that produced 0.6 lx at the water surface during the low light trials. 

Temperature was kept at 5-8 °C during the whole experiment.  

 

Prey (i.e. red or white mosquito larvae) could be presented in two ways, either as drifting or as benthic 

prey. Red and white mosquito larvae were used in order to reduce effects of prey visibility against 

bottom substrate as red prey may be more visible than white prey. Drifting prey were introduced into 

the experimental arena by pumping (Universal 1046, EHEIM GmbH & Co. KG, Deizisau, Germany) 

water to a funnel – located behind the drapes – in which the prey were added. The funnel was 

connected to a pipe that ran through the drapes and the sponge-lined steel wire mesh, releasing prey 

and water in the middle of the water column at the upstream end of the experimental arena. Benthic 

prey were introduced in 10-13 cm glass petri dishes filled with solidified 8 g L-1 agar-agar. One end of 

the prey was carefully pressed down a few millimetres into the agar, leaving most of the prey’s body 

sticking out of the agar. Three empty glass petri dishes, slightly wider than those used for benthic prey, 
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were buried up to the brim in the substrate centred at a distance of 0.30, 0.70, and 1.10 m from the 

upstream steel wire mesh. The agar-filled petri dishes with benthic prey could then be placed inside 

the empty dishes. 

 

Experimental setup 

The two light intensities used, 230 and 0.6 lx, were selected to represent the light conditions of a 

shaded stream during a winter day and a moonlight lit stream during night. I conducted trials in which 

the fish were offered exclusively drifting or benthic prey. The trials were replicated six to nine times in 

each combination of light and prey type, for both salmon and trout. All fish were tested individually 

and only used once and the order of the different trials was randomised. Up to eight trials were run 

during one single day, and fish were always starved for at least 48 h in order to ensure motivation to 

feed. Only one kind of prey (either red or white mosquito larvae) was used in each of the trials, and the 

prey type (red or white) used was randomly selected. 

 

Before each trial a fresh set of agar-filled petri dishes was inserted into the empty petri dishes. In trials 

with benthic prey the dishes contained 5 prey dish-1, i.e. totally 15 benthic prey, and in trials with 

drifting prey the dishes contained no benthic prey. The petri dishes were covered with a piece of steel 

mesh net, making benthic prey inaccessible to the fish. In trials with drifting prey one chironomid was 

introduced at a rate of 5 prey min-1 (1 every 12 s), i.e. totally 15 drifting prey. Before the trial started a 

fish was carefully transferred from the holding aquarium to the stream channel and left to acclimate in 

the experimental arena for 20 min. After the acclimation the trial started when all mesh nets were 

removed from the petri dishes by pulling a thread from outside the drapes, making the petri dishes 

accessible to the fish at the same time. A trial lasted for 3 min. 

 

After a trial the fish was captured and immediately killed with an overdose of benzocaine. The fish’s 

total length was measured and the gut content was obtained by stomach pumping the fish. The number 

of prey that the fish had eaten was counted, and the number of benthic prey left over in the petri dishes 

was also counted.  

 

All trials were filmed and recorded for later comparison with the gut contents. Two digital video 

cameras (Canon XA10, Canon Inc., Tokyo, Japan) were used in order to cover the full length of the 

experimental arena. During the night trials the cameras’ night shot mode was used in combination with 

one small infrared lamp (IR Illuminator IP65 No 75169, Conrad Electronic GmbH & Co KG, Wels, 

Austria) placed above the stream channel, and one larger infrared lamp (IR Illuminator No 40748, 

Kjell & Co Elektronik AB, Malmö, Sweden) placed at the back end of the stream channel. Infrared 

light cannot be seen by salmonids (Ali 1961). 

 

Data analysis 

Differences in fish length and temperature between treatment groups were tested using two separate 

two-way ANOVA:s with light and prey type as independent variables for each species. No significant 

difference between treatments was found so both length and temperature were excluded from further 

analyses (salmon length: F1, 24 = 0.049, P = 0.827 (light), F1, 24 = 0.402, P = 0.532 (prey type), F1, 24 = 

1.401, P = 0.248 (interaction); salmon temperature: F1, 24 = 3.438, P = 0.076 (light), F1, 24 = 0.096, P = 

0.760 (prey type), F1, 24 = 0.096, P = 0.760 (interaction); trout length: F1, 22 = 0.009, P = 0.925 (light), 

F1, 22 = 1.020, P = 0.324 (prey type), F1, 22 = 0.001, P = 0.975 (interaction); trout temperature: F1, 22 = 

1.819, P = 0.191 (light), F1, 22 = 0.308, P = 0.584 (prey type), F1, 22 = 0.006, P = 0.937 (interaction)). 
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The video recordings were analysed (VLC media player 2, VideoLAN, Paris, France) by counting the 

number of attacks made on drifting and benthic prey. An attack started with the fish approaching the 

prey and ended with the fish eating or missing the prey. Due to the low light conditions it was not 

always possible to see the prey and therefore I used the number of prey from the flushed stomachs to 

confirm that all attacks on the videos were real attacks. Foraging efficiency was calculated as the 

proportion of eaten prey. 

 

The effects of light and prey type on foraging efficiency were tested by two-way ANOVA for trout. 

Due to lack of variation in salmon foraging at night, as no salmon foraged on drifting prey during 

night, that treatment group was excluded from the foraging efficiency analysis of salmon. Instead, 

effects of light and prey type on salmon foraging efficiency were tested by one-way ANOVA. Thus, 

three different combinations of light and prey type were used as treatment groups, i.e. high light drift, 

high light benthos, and low light benthos. If a significant difference was found, a post-hoc LSD test 

was carried out to determine which treatments groups differed. Prior to the analyses all foraging 

efficiencies were arcsine square-root transformed. As there were many fish that did not eat at all the 

effect of light and prey type on whether the fish had eaten or not was also tested by a logistic 

regression for each fish species. Eaten or not was used as the dependent variable, and light, prey type, 

and their interaction as independent variables. Backwards stepwise elimination was used to select the 

best model. All statistical analyses were carried out in SPSS Statistics 22 (IBM, Armonk, New York, 

USA). 

 

 

Results 

 

There was a significant effect of prey type on trout foraging efficiency, a near-significant effect of 

light (P = 0.051), but no interaction effect (Table I), which was revealed as a higher foraging 

efficiency on drifting prey than on benthos, and a higher foraging efficiency in high light than in low 

light (Fig. 1). The mean foraging efficiency of trout on drifting prey was 41 and 16% at high and low 

light, respectively, and the corresponding values for benthic prey was 14 and 4% (Fig. 1). Salmon 

foraging efficiency was significantly different between treatment groups, and the post-hoc test showed 

that foraging efficiency on drift during high light was significantly higher than for benthos at high and 

low light levels (Table I). Salmon did not eat drift at all in low light and the mean foraging efficiency 

in salmon on drifting prey was 44 and 0% at high and low light, respectively, and the corresponding 

values for benthic prey was 13 and 6% (Fig. 1).  

 

Whether or not trout ate was not affected by light or prey type, as revealed by the non-significant 

effects in the regression analysis (Table II). Whether or not salmon ate was not affected by light, but 

there were a near-significant effect of prey type (P = 0.053; Table II). For trout 83 and 33% of the fish 

ate drifting prey during high and low light, respectively, and the corresponding numbers for benthic 

prey was 38 and 17% (Fig. 2). For salmon, 83 and 0% of the fish ate drifting prey during high and low 

light, respectively, and corresponding values for benthic prey were 43 and 17% (Fig.2). 
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Fig. 1: Mean foraging efficiency (±1 SE) of juvenile Atlantic salmon and brown trout at high light (230 lx) and low light (0.6 

lx) when either drifting or benthic prey was offered. Note that no salmon foraged on drifting prey during low light. 

 

 
Fig. 2: Percentage of juvenile Atlantic salmon and brown trout that ate during high light (230 lx) and low light (0.6 lx) when 

either drifting or benthic prey was offered. Numbers show N-values. Note that no salmon ate drifting prey during low light. 

 

 

Table I: Effects of prey type, light and their interaction on foraging efficiency in brown trout using a two-way ANOVA, and 

effects of treatment group on foraging efficiency in Atlantic salmon using a one-way ANOVA. The treatment group low light 

drift was excluded from the analysis as no salmon drift fed during low light, and the treatment groups tested were thus high 

light drift, high light benthos, and low light benthos. A post-hoc LSD test was also used. Only treatment groups that differed 

significantly from another are presented. All foraging efficiencies were arcsine square root transformed prior to analysis. 

Species Source of variation df F P 

Trout Light 1, 22 4.274 0.051 

Prey type 1, 22 4.523 0.045 

Light × prey type 1, 22 0.716 0.407 

  df F P 

Salmon Treatment groups 2, 16 4.970 0.021 

High light drift – High light benthos   0.031 

High light drift – Low light benthos   0.008 
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Table II: Effects of prey type and light on whether or not brown trout and Atlantic salmon ate. The statistical results are 

based on logistic regression after backwards stepwise elimination of variables. Variables entered on step 1: light, prey type, 

and light × prey type. 

Species Source of variation Wald df P 

Trout Light 3.131 1 0.077 

Prey type 2.820 1 0.093 

Salmon Prey type 3.753 1 0.053 

Light × prey type 0.000 1 0.999 

 

 

 

Discussion 

 

My study showed that prey type affected foraging efficiency in both salmon and trout, and that benthic 

foraging occurs in both species when drifting prey are absent. Further, low light intensity reduced 

foraging efficiency in salmon as no salmon foraged on drift during low light, and for trout there was a 

strong tendency for light to affect foraging efficiency. These results are consistent with previous 

studies (Fraser & Metcalfe 1997; Watz et al. 2014) and may reflect salmon’s dependence upon vision 

when foraging. In contrast, trout drift foraged during both high and low light intensities, and this may 

be due to the scotopic sensitivity in brown trout, which should enable trout to forage at low light 

intensities (Rader et al. 2007). Despite this, trout foraging efficiency on drifting prey at low light was 

only half of that at high light, indicating that reduced light intensity also affects trout.  

 

Approximately 40% of the salmon and trout ate benthic prey during high light, and their foraging 

efficiency on benthic prey was less than half of that on drifting prey. This indicates that salmon is less 

of an obligate drift feeder than previously considered (Wańkowski & Thorpe 1979). As drift densities 

are low during winter (Sandlund 1982; Koetsier & Bryan 1989) it seems likely that salmonids 

complementary feed on benthic prey to sustain themselves during winter. This is in line with studies 

showing that experimental reduction of drift densities can cause salmon to increase its proportion of 

benthic foraging (Nislow et al. 1998), and that the gut contents of salmon and trout in some sub-Arctic 

rivers, where drift densities are low, consists of benthic invertebrates (Gabler & Amundsen 1999; 

Kreivi et al. 1999; Amundsen et al. 2001; Amundsen & Gabler 2008; Johansen et al. 2010).  

 

No salmon foraged at low light when only drifting prey were offered, despite the higher foraging 

success on drift as compared to benthic prey, and only one salmon (17%) foraged when only benthic 

prey was present at low light. This weakly supports the results of Jørgensen & Jobling (1992), who 

showed that salmon ate some benthic, but no drifting prey, during darkness. Jørgensen & Jobling 

(1992) conducted an experiment over a longer period of total darkness than my experiment and not 

surprisingly they report a greater benthic food intake. Trout in my study foraged on both drifting and 

benthic prey during low light, but foraging efficiency was still higher for drifting than for benthic prey 

even at low light. This does not support the results of Elliott (2011), who showed that no trout ate 

drifting prey during darkness. However, Elliott’s (2011) experiment was conducted in total darkness, 

which does not reflect natural conditions when the moon and stars provide some light. My experiment 

had some light to simulate a moonlight lit stream, though in nature light intensity during night will 

vary with cloud cover and the moon’s phases. 
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Foraging efficiencies in my study were generally lower than those in Watz et al. (2014), and this is 

because I included fish that didn’t forage at all in my calculations. However, even if I excluded non-

foraging fish my drift foraging efficiencies during high light (c. 50%) would still be lower than in 

Watz et al. (2014). This could be because I did not offer any prey to the fish before the trial started. It 

may therefore have taken some time for the fish in my study to discover that prey were being offered. 

It is also possible that the fish in my study were stressed due to a shorter acclimation period, but since 

up to 80% of the fish in both species foraged during high light stress seems less likely as an 

explanation as to why some fish did not feed. All fish were starved prior to the experiment and should 

therefore have been highly motivated to feed.  

 

Low water temperatures have previously been shown to decrease the reaction distance in salmonids 

(Watz et al. 2014), as well as increased capture manoeuvre times (Watz & Piccolo 2011) and a 

lowered foraging efficiency (Watz & Piccolo 2011; Watz et al. 2014). Temperature in my experiment 

varied between 5-8 °C and this variation could therefore have had an impact on foraging efficiencies, 

though only marginally as there are very small differences in capture manoeuvre times, reaction 

distances, and foraging efficiencies for this range in temperatures (Watz & Piccolo 2014; Watz et al. 

2014). Also, there were no significant differences in mean temperature between the different 

treatments for either species in my study, and therefore my results should be reliable from a 

temperature perspective.  

 

The nocturnal activity of salmonids during winter, despite low foraging efficiency in low light, could 

be a way to reduce predation risk (Fraser et al. 1993; Metcalfe et al. 1999). Low temperature reduces 

the ability to evade predators due to impaired swimming capacity (Webb 1978), and by seeking refuge 

during the day in slow current habitats, emerging to feed during the night, the salmonids should 

greatly reduce predation risk (Fraser et al. 1993; Heggenes et al. 1993; Valdimarsson et al. 1997; 

Heggenes & Dokk 2001). My study did not include predators which may be why there were no 

significant difference in how many fishes that foraged during high and low light. The shift to nocturnal 

activity could also be an effect of the diel periodicity of invertebrate activity (Douglas et al. 1994), 

though recent research has indicated that this predator response of invertebrates is more pronounced 

when temperatures are higher (Hammock & Johnson 2014).  

 

Another factor that has been shown to impact benthic foraging is inter- and intraspecific competition 

(Tippets & Moyle 1978; Fausch et al. 1997; Nakano et al. 1999). Drift foraging is also impaired by 

environmental factors such as high turbidity (Harvey & White 2008) and high water velocities 

(Piccolo et al. 2008) and during such conditions benthic feeding can also become more important 

(Harvey & White 2008). Models that predict environmental effects on salmonid populations have been 

shown to fit actual observations of rainbow trout (Oncorhynchus mykiss) better when an additional 

foraging mode, that of benthic feeding, is included (Harvey & Railsback 2014). Further research is 

needed to determine the efficiency of benthic foraging in salmonids, but my study suggests that 

inclusion of benthic foraging into modelling might further improve predictions for other species of 

salmonids as well. 
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