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Abstract 
 
The predation of the northern pike (Esox lucius) has recently been found to initiate 
divergence in the size structuration of whitefish (Coregonus lavaretus) in Scandinavian 
lakes. The whitefish community responds to the predation with two different strategies: 
avoiding the pike by feeding in the pelagic zone with the cost of limited growth, or feeding in 
the littoral zone, delaying maturation to reach a size which is less subject to predation 
(Öhlund 2012). Brown trout (Salmo trutta) is an opportunistic predator that coexists with 
pike in these lakes under certain conditions (Klemetsen et al. 2003). The size structuration of 
the whitefish could provide the brown trout with a novel resource. The aim of this study was 
to investigate if the diet of trout differs between lakes with pike and lakes with no pike. A 
stomach content analysis was carried out on trout from thirteen Scandinavian lakes and the 
diet of trout from systems with pike present and absent was compared. The results indicate 
that the presence of pike has a substantial influence on the diet of brown trout. In systems 
without pike the trout are generally insectivorous; occasionally feeding on Arctic char. Trout 
in systems with pike are more piscivorous, probably taking advantage of the small pelagic 
whitefish morph. The predation of pike leads to a size-structuration of the whitefish 
community that the brown trout can benefit from. The novel resource could widen the 
window in which these two predators coexist making it a case of emergent facilitation.  
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Introduction 
 
Predation can have strong effects on ecosystems by altering food web structure and 
ecosystem function. In aquatic systems effects caused by top predators that cascade down to 
lower trophic levels are common and often negative (Byström et al. 2007). On the other hand 
positive effects like facilitation have been deemed an important but underestimated part of 
ecological theory (De Roos et al. 2008). Predation can initiate interspecific or intraspecific 
responses in the prey community for example driving them to smaller or larger sizes. 
Emergent facilitation is a recently proposed mechanism that entails strong responses from 
the prey community that promote the coexistence of two competing predator species. The 
response of the prey to the first predator, for example a change in size, enables the second 
predator to take better advantage of that prey. Thus a predator can actually benefit a 
competing predator indirectly by making their shared resource more accessible (De Roos et 
al. 2008, Brink et al. 2015).  
 

Whitefish (Coregonus lavaretus) frequently appears in polymorphic populations in 
Scandinavian lakes, differing in growth rate, habitat use and resource use (Kahilainen & 
Østbye 2006, Öhlund 2012). According to recent findings by Öhlund (2012) this 
diversification is a case of ecological speciation driven by predation of the northern pike 
(Esox lucius). Ecological speciation is defined as speciation driven by natural selection on 
traits differing among populations (Schluter 2001). The predation pressure causes the 
whitefish to choose one of two different strategies: avoiding the more littoral pike in space by 
feeding on small pelagic zooplankton with the cost of limited growth, or growing fast by 
delaying maturation and feeding on large benthic invertebrates to reach a size which is 
subjected to a lower predation pressure. This results in a small pelagic whitefish morph and a 
large littoral whitefish morph (Öhlund 2012). 
 

Brown trout (Salmo trutta) is a predatory fish also common in Scandinavian lakes. It often 
feeds on benthic invertebrates but is opportunistic and therefore the diet can vary a lot 
among populations (Klemetsen et al. 2003, Hein et al. 2014). Trout under the length of about 
37 cm are subject to predation by large pike and the coexistence of pike and trout in a lake 
requires low temperatures or a large pelagic habitat that serves as a refuge for trout (Hein et 
al. 2014). It is possible that the northern pike widens the window in which pike and trout can 
coexist by altering the size structuration of the whitefish community providing the trout with 
a novel resource.  
 

The aim of this study was to investigate whether the presence of northern pike causes a 
change in the diet of brown trout. Additionally the possibility of emergent facilitation 
between the two predators was investigated by studying if the presence of northern pike leads 
to an increase of whitefish in the brown trout's diet. My first hypothesis was that northern 
pike has an influence on the diet of brown trout. My second hypothesis was that the presence 
of northern pike leads to an increase of whitefish in the diet of brown trout. The stomach 
content of trout from thirteen natural lake systems in Scandinavia with and without northern 
pike was analysed and compared.  
 
 

Method 
 

Study species 
Brown trout is a fish species in the family Salmonidae. It has its origins in Eurasia but now 
has a worldwide distribution as a result of extensive introductions. Trout is adaptable and has 
great dispersal ability. It spawns and feeds in both fresh- and saltwater (Klemetsen et al. 
2003).  
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The diet of brown trout in lakes consists of small invertebrates and other zoobenthos when 
young. As they grow pelagic food, such as chironomid larvae, insects trapped on the water 
surface and fish, begin to play an increasingly important part. They are known to be 
opportunistic feeders and consequently the diet composition varies with size, age, habitat and 
food availability. Some populations feed almost exclusively on zooplankton whilst piscivorous 
populations start feeding on fish in increasing proportion from about 15 centimeters in 
length. On the individual level trout may, at least temporarily, specialize on one type of food 
in contrast to the rest of the population (Klemetsen et al. 2003). The diet quality and quantity 
has been shown to be very important for the growth rate of trout. The opportunity for the fish 
to switch to larger prey items as they grow is crucial for them to reach a larger size, and larger 
size has been found to correlate with reproductive success (Klemetsen et al. 2003).  
 

Study area 
A total of thirteen natural lakes were sampled in the study, twelve from northern Sweden and 
one just west of the border into Norway (Table 1). The area is dominated by boreal forest or 
alpine vegetation. 
 
Table 1. Lakes with and without pike used in the study and their catchment area, max depth, Y and X coordinates 
and fish community excluding brown trout, whitefish and pike (PIKE 2015). Numbers 1-8 in the column “Fish 

community” represent different species:  1: Arctic char (Salvelinus alpinus), 2: Burbot (Lota lota), 3: Common 

minnow (Phoxinus phoxinus), 4: Grayling (Thymallus thymallus), 5: Lake trout (Salvelinus namaycush), 6: 

European perch (Perca fluviatilis), 7: Common roach (Rutilus rutilus), 8: European bullhead (Cottus gobio) 

 
Pike Lake Area 

(km²) 
Max depth 
(m) 

Y X Fish community 

No Pike Jippmoksjön 2.21 20 7243300 1528730 1, 6 

No Pike Gräsvattnet 2.28 33 7128550 1452060 1, 2 

No Pike Gunnarvattnet 3.39 31 7110620 1418520 1, 3 

No Pike Kallsjön 158.54 95 7033620 1378940 1, 2, 3, 4, 5 

No Pike Stuguvattnet 3.23 40 7115860 1415820 1, 3 

Pike Hökvattnet 3.48 27 7086590 1452520 6, 7 

Pike Murusjön 7.20 18 7151580 1418060 1, 2, 3, 4, 5, 8 

Pike Näkten 83.09 44 6978530 1437200 1, 2, 3, 4, 6, 7 

Pike Oldsjön 3.46 11 7066620 1393880 1, 2 

Pike Revsundssjön 73.47 20 6967110 1476970 2, 3, 4, 6, 7 

Pike Ringsjön  8.36 51 7128970 1460860 2, 4, 6 

Pike Stor-Rajan 5.69 15 7168490 1479490 1, 2, 4, 6 

Pike Valsjön 9.19 72 7102420 1421890 2, 3, 4, 6 

 

 

 

Collection and stomach content analysis 
To analyse the diet of trout in the different lakes the content of their stomachs was examined. 
The trout stomachs were collected in 2011 to 2014 during Mars to October by local fishermen 
and women. A form was sent to them with instructions, including a remark that trout over 
400 mm were preferred (Appendix 1). The stomachs that were returned were taken from 
trout between 277 and 726 mm.  
 

The stomachs were removed, frozen and sent to the laboratory where they were stored at 
about -20° C. There were too few stomachs from some lakes to make a good statistical 
analysis. Nine stomachs collected in 2013 by gillnet sampling were added to the study. More 
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details on the method for the gillnet sampling can read in the doctoral thesis by Öhlund 
(2012). These stomachs were stored in 70% ethanol.  
 

In the laboratory the trout stomachs were defrosted or removed from the ethanol and given 
an ID number. The full stomach was weighed on a scale with a precision of 0.01 gram. An 
incision was made with a small scissors from the esophagus to the pyloric sphincter, cutting 
up the length of the whole stomach. The stomach content was removed into a Petri dish and 
then the empty stomach was weighed. If the stomach contained invertebrates they were 
identified to order or family. Prey fish were identified to species or family if they were not too 
digested in which case they were noted only as prey fish and a DNA sample was taken for 
future identification. Each prey fish was weighed separately and the length was measured. 
 

To estimate the total length of partly digested whitefish, five whitefish (length 110-270 mm) 
were boiled and cleaned until only the skeleton remained. Each vertebra from the head to the 
tail was measured and plotted against its position to find the most suitable vertebra to use as 
an index for total length. The length of the five vertebrae that were chosen was plotted 
against total length of the whole whitefish to make it possible to estimate the total length of a 
whitefish of which only the spine remained.  If the prey was identified as whitefish or not 
identifiable, five vertebrae centered around the first haemal spine (Figure 1) were measured 
using a stereomicroscope. The haemal spines are protrusions on the ventral side of the 
vertebrae starting after the ribcage (Clothier 1950).  
 

 
Figure 1. Skeleton of whitefish with arrow pointing at the vertebra with the first haemal spine on the ventral side. 
Photo: Julia Jansson 

 

Data analysis 
To investigate if the presence of pike causes a change in the feeding behavior of trout and if 
there is an increase of whitefish in their diet, I compared lakes with and without pike.  
The data was analyzed using Microsoft Excel 2010 and Metawin version 2.0 which is a 
statistical software used for performing meta-analysis. 
 

Diet composition 
If invertebrates were present in the stomach content the weight was calculated by subtracting 
the weight of the empty stomach and the prey fish from the weight of the full stomach. The 
mean weight of prey fish and invertebrates per trout stomach and the mean proportion of 
prey fish and invertebrates were calculated for every lake using Microsoft Excel 2010. The 
number of stomachs varied considerably between lakes. When testing the significance of 
differences between lakes with and without pike I therefore weighted the mean values for 
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each lake using the inverse of the sample size. These tests were performed with Metawin 2.0 
using a random effects model and resampling tests generated from 999 iterations. The same 
thing was done with the proportion of prey fish and invertebrates eaten. Percentages of the 
different prey items were calculated in Microsoft Excel 2010. 
 

Whitefish 
To calculate if the presence of pike affected the amount of whitefish eaten by the trout, a 
mean of the weight of identified whitefish in each trout stomach was calculated for every lake. 
Because of the uneven sample sizes from different lakes, weighted means and statistical test 
were calculated as described above. 
 
 

Results 
 

A total of 117 stomachs were analysed; 59 from eight lakes with pike present and 58 from five 
lakes with no presence of pike (Table 1). The stomachs came from trout with a total length 
between 277 and 726 mm. Stomachs from Jippmoksjön came in insufficiently marked only as 
“approximately 350 mm”. The mean total length of the trout was 476 mm in lakes with pike 
and 416 mm in lakes without pike.  
 

Diet composition 
The proportion of fish in the diet of trout was higher in lakes with pike than lakes without 
pike (p=0.031, randomization test, Figure 2). A total of 108 fish were found in the stomach 
content of trout in all lakes: 75.0% of them could not be identified, 19.4% were identified as 
whitefish and 5.6% were identified as Arctic char (Salvelinus alpinus) or another member of 
the subfamily Salmoninae. Of the identified prey fish in the lakes with pike present 100% 
were identified as whitefish. In the lakes with no pike present 25% of the identified fish were 
whitefish and 75% were Arctic char or another member of the Salmoninae subfamily. The 
invertebrates found in trout stomachs in both lakes with and without pike consisted mostly of 
imagines of Coleoptera, Diptera and Hymenoptera and larvae of Trichoptera, Odonata and 
Ephemeroptera.  
 

 
Figure 2. Mean proportion of the weight of prey fish and invertebrates in trout stomachs in lakes with and without 

pike. Error bars represent ±1 standard error. 
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The mean weight of fish eaten per trout and lake in lakes with pike was somewhat higher 
than in lakes without pike but this difference was not significant (p=0.206, randomization 
test, Figure 3). 
 

 
Figure 3. Mean weight of prey fish per trout in lakes with pike present and not present. Error bars represent ±1 
standard error. 

 

Whitefish 
The weight of identified whitefish per trout and lake was significantly higher in lakes with 
pike than lakes without pike (p=0.039, randomization test, Figure 4).  
 

 
Figure 4. Mean weight of prey identified as whitefish per trout stomach in lakes with pike present and absent. 

Error bars represent ±1 standard error. 

 

Five vertebrae centered around the vertebra with the first haemal spine (Figure 1) were found 
to be most suitable for estimating the length of the whitefish found in the trout stomachs. 
These vertebrae were easiest to find as they were the longest and often the haemal spines 
remained intact. The length of the five vertebrae measured on the five whitefish that were 
boiled down was found to have a significant correlation to the total length of the whole 
whitefish (p=0.031, r2= 0.939, linear regression, Figure 5).  
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Figure 5. The total length of whitefish plotted against the length of five vertebrae centered around the haemal 
spine. The trend line was used to estimate the total length of partly digested whitefish found in trout stomachs. 

 

A significant difference was found between the estimated lengths of whitefish and 
unidentified prey fish, possible whitefish, in lakes with pike and without pike (p=0.034, t-
test, Figure 6). 
 

 
Figure 6. Prey fish, confirmed as whitefish or not identifiable, mean estimated total length in lakes with pike 

present and not present. Error bars represent ±1 standard error. 
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Discussion 
 

The large difference in the proportion of prey fish and invertebrates between lakes with pike 
and lakes without pike suggests that the presence of pike does indeed change the diet of 
brown trout. Systems with pike as a top predator seem to have piscivorous populations of 
brown trout, and systems with brown trout and Arctic char as top predators have highly 
insectivorous trout populations with individuals occasionally feeding on Arctic char. However 
this can only be said for the adult trout as only large trout were studied. The weight of prey 
fish was not significantly different between the different lakes. This might be due to small 
sample size and the fact that trout from two of the lakes without pike had eaten a small 
percentage of Arctic char. Even though only a total of six Salmoninae were identified in the 
diet they were relatively large and only found in the diet of trout in lakes without pike. This 
evened out the difference in the weight of prey fish between the different systems.  
 

When the mean weight of prey fish identified as whitefish were compared between the two 
types of systems, lakes with pike had higher mean prey weight. This supports the second 
hypothesis that the presence of pike increases the amount of whitefish in the diet of trout. 
The trout is an opportunistic predator (Klemetsen et al. 2003); an increase of whitefish in its 
diet should mean that there was an increase of that food item in the system. The mean 
estimated size of whitefish and “possible whitefish” caught by trout was significantly smaller 
in the systems containing pike which suggests that the dwarf whitefish morph is present in 
the lakes with pike and trout is feeding on it. This supports the findings of Öhlund (2012) that 
the ecological speciation of whitefish is initiated by predation of pike. The estimated lengths 
of prey identified as whitefish could not be compared between the systems as too few prey 
were identified as whitefish in the lakes with no pike. It was generally hard to identify the 
partly digested fish: 75% of them could not be identified. If one assumes that all fish species 
found in these lakes break down at approximately the same rate the proportions of identified 
species would be relatively close to the real proportions. Nevertheless further testing should 
be done when all prey fish have been identified with DNA analysis. 
 

The switch in prey choice from a large proportion of invertebrates to a large proportion of 
fish, probably whitefish, should be beneficial to the trout. Switching to larger and larger prey 
is important if the trout is to grow continuously. In contrast if only relatively small prey items 
are available the growth rate will stagnate (Klemetsen et al. 2003). The presence of the small 
whitefish morph might provide an opportunity for the trout to maintain a higher growth rate 
and reach a larger size. The trout sent in from pike lakes had a higher mean length (476 mm) 
than those from lakes without pike 416 mm). However, the local fishermen and women were 
told preferably not to send in stomachs from specimen smaller than 400 mm in total length 
and the effort they put in to catch trout of those lengths was not measured. In addition, some 
sent in stomachs from trout smaller than that. A problem when engaging local fishermen and 
women for sampling is that it is not possible to control that the instructions are followed. 
There was varying quality of the labeling of the samples; this was mostly a concern regarding 
the total length of the trout. To be able to statistically test if trout really are larger in systems 
with pike in, the collection of trout would have to be standardized.  
 

If the trout benefits from the presence of pike one could argue that this is a case of emergent 
facilitation. The competitive exclusion principle states that two consumers cannot coexist if 
they share the same resource unless there is some kind of resource variability. Emergent 
facilitation is a mechanism that allows two consumers to coexist, and even depend on each 
other for invasion, by relying on a size-structured prey community (De Roos et al. 2008). 
According to Öhlund (2012) the diversification of whitefish into a small and a large morph is 
initiated by pike. My results indicate that trout takes advantage of the small pelagic whitefish 
morph; this could increase the range of conditions that allow these predators to coexist.  
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Recent findings show that trout coexist with pike in large lakes but not in small warm lakes. 
This is probably because pike is a more effective predator in the littoral zone and the trout 
can use the pelagic zone in large lakes as a refuge (Hein et al. 2014). The increased proportion 
of pelagic small whitefish relative to the more littoral macroinvertebrates found in the diet of 
trout implies that the trout in lakes with pike present are more pelagic. The trout may choose 
to leave the littoral zone to feed because the small whitefish morph provides an opportunity 
for better food and to escape from the competition and predation of the pike. Furthermore 
according to Öhlund (2012) the large whitefish morph feed on benthic invertebrates in the 
littoral zone. One could hypothesise that competition from the large littoral whitefish adds to 
the reasons for the brown trout to feed more in the pelagic zone. 
 

This study was conducted only on adult brown trout and thus one can only speculate about 
the impact the pike and two whitefish morphs have on juvenile tout. In lakes young brown 
trout feed on zoobenthos in the littoral zone (Klemetsen et al. 2003). Pike is primarily a 
littoral predator and the large whitefish morph also feeds in the littoral zone (Öhlund 2012). 
If they were to leave the littoral zone they might face competition from the small whitefish 
morph and predation from the adult trout. The increased predation pressure and competition 
could provide an unfavorable environment for the young trout. Additional research would be 
needed to come to any certain conclusions regarding the survival of young trout in these 
systems.  
 

In 2007, Byström and colleagues did a study on the effects of invasion of pike in a subarctic 
lake with Arctic char as former top predator. They concluded that pike have strong negative 
effects on the native fish community and cascading effects on lower trophic levels. My results 
point to a quite drastic change in the diet of trout as an effect of the pike’s influence on the 
whitefish population. This may very well have considerable consequences on the ecosystem 
by altering the structure and relationship between different trophic levels. It has been 
suggested that pike may invade new systems in the north and on high altitudes due to climate 
change (Byström et al. 2007). Further research is needed to fully understand the 
repercussions of these top-down effects on other trophic levels and the ecosystem as a whole.  
 

Conclusions 
The results indicate that the presence of northern pike has a substantial influence on the diet 
of brown trout. In systems without pike the trout are generally insectivorous, occasionally 
feeding on Arctic char. Trout in systems with pike are more piscivorous, probably feeding on 
the small pelagic whitefish morph. The predation of pike leads to a size-structuration of the 
whitefish community that the brown trout can take advantage of. The novel resource could 
widen the window in which these two predators coexist making it a case of emergent 
facilitation.  
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Appendix 1 

 

Öring- och rödingmagar till forskning  
Vi håller för närvarande på med ett forskningsprojekt där vi försöker förstå hur 

rovfiskar beror av och påverkar småsiksbestånden i våra norrländska sjöar. Nu 

vill vi gärna ha din hjälp – under 2014 samlar vi in magprover på öring och 

röding ifrån siksjöar i Jämtland och Västerbotten. Vill du bidra till bättre 

kunskap om våra sjöar och om vad som krävs för att vi ska få riktigt storvuxen 

öring? Gör så här: 

 

Mät och väg din öring/röding 

Viktigt: Skriv ner följande med blyerts på en lapp/etikett: 

 Art 

 Sjö 

 Fångstdatum 

 Längd (naturlig längd, dvs som fisken ser ut i vattnet, ej med ihopvikt 

stjärtfena) 

 Vikt (om du saknar våg så funkar det med 

bara längden också) 

 

 

Vi vill framförallt ha in magar från öringar och rödingar som är över 40 cm. 

Lägg magen i en plastpåse med papperslappen så snabbt som möjligt i en frys. 

Om du är osäker på vad som är magsäcken går det bra att ta med hela 

inälvspaketet. Ta magen oavsett om den verkar ha något innehåll eller inte, detta 

är viktigt då det ger information om hur ofta rovfiskarna har mat i magen. Som 

en symbolisk ersättning för material, betalar vi 25 kr per mage. Vi behöver för 

närvarande inte mer än 30 magar per sjö och art, men även prover bestående av 

en eller några få magar är intressanta. Vid frågor kontakta; 

 

Gunnar Öhlund 

Institutionen för ekologi, miljö och geovetenskap 

Umeå universitet 

Tel 070-xxxxxxx

Naturlig längd 
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