
Student 
Degree Thesis in Biology, 15 ECTS 
Bachelor’s level 
Report passed: 2017-06-02 
Supervisor: Gunnar Öhlund and Göran Englund 

 

The influence of northern pike on the 
diet of Eurasian perch 

Ylva Karlberg



 

  



 

The influence of northern pike on the diet of Eurasian 
perch 
 
Ylva Karlberg 
 

Abstract 
 
Top predators in aquatic ecosystems often have strong top-down effects on the ecosystem. 
Northern pike (Esox lucius) has been documented to cause whitefish (Coregonus lavaretus) 
populations to diverge into different ecomorphs. This can facilitate piscivory in other predators 
as a novel resource becomes available to them in the form of dwarf whitefish. The aim of this 
study is to examine whether the presence of pike causes Eurasian perch (Perca fluviatilis) to 
shift their diet from insectivory to piscivory, and whether this is directly driven by whitefish 
polymorphism. Stomach contents of 147 perch from lakes with and without pikes were analyzed. 
The results show that the presence of pike has a clear influence on the diet of the perch. In lakes 
without pike, perch are mostly insectivorous, and in lakes with pike, they are mostly piscivorous. 
This diet shift appears to be driven by whitefish availability, as a majority of the diet of perch in 
pike lakes consisted of whitefish, while none of the fish eaten by perch in non-pike lakes was 
whitefish. In addition, the results showed that perch undergo the diet shift from insectivory to 
piscivory at a smaller size when coexisting with pike. This study can be added to the growing 
body of evidence for the ecological significance of pike. 
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1 Introduction 
 
Predators can have a strong effect on ecosystems by changing the strength of interactions and 
structures of food webs. This is especially true in aquatic ecosystems, where the effects of top 
predators (piscivorous fish) are often strong, negatively affecting prey fish and cascading down 
to lower trophic levels (Byström et al. 2007). Interactions between two top predators are most 
often negative, as seen in cases of competitive exclusion (Zaret and Rand 1971), interference 
(Case and Gilpin 1974) and intraguild predation (Polis and Holt 1992). However, predator 
interactions can also be positive, and they can sometimes facilitate each other (De Roos and 
Persson 2013). Normally, two top predators feeding on the same prey species cannot coexist at a 
stable equilibrium, as one will always be able to survive at a lower prey density than the other 
and suppress the prey population to this level (Hardin 1960, Zaret and Rand 1971). However, if 
two predators feed on two different stages or sizes of the same prey species they can coexist (De 
Roos and Persson 2013). This is most often discussed in terms of stage structured prey 
populations, where consumption of one developmental stage (juveniles or adults) causes 
biomass overcompensation in the other (De Roos and Persson 2013). 
 
As top predators, northern pike (Esox lucius) are known to have great effects on prey species and 
lake ecosystems. For example, the introduction of pike cause crucian carp (Carassius carassius) 
to develop a deep body (i.e. a high back) (Brönmark and Miner 1992), and the introduction of 
pike in small, warm lakes causes local extinction of brown trout and arctic char (Hein, Öhlund, 
and Englund 2013, 2012). Another known effect is that the presence of pike causes whitefish 
(Coregonus lavaretus) populations to diverge into different size morphs: dwarfs and giants. This 
is a highly predictable process which typically gives rise to dense populations of small whitefish 
(Öhlund 2012), and could thereby provide a novel resource for other piscivorous predators. It 
has previously been shown that the pike-driven polymorphism has been found to facilitate 
piscivory in otherwise insectivorous brown trout (Salmo trutta), as they take advantage of the 
higher number of small whitefish available (Jansson 2015). Theoretically, this facilitation should 
not be unique to brown trout, but should also apply to other predators coexisting with pike. 
 
The aim of this study is to examine whether the presence of northern pike causes a change in the 
diet of Eurasian perch. This study will attempt to answer the following questions: 1) Is the diet of 
Eurasian perch affected by coexistence with northern pike? 2) Do Eurasian perch switch from 
insectivory to piscivory when coexisting with northern pike? 3) Is this change driven by 
polymorphism in whitefish? My hypotheses are that the diet of perch changes in the presence of 
pike to include more fish, and that this prey fish is mainly dwarf whitefish. In this study, I 
compare the stomach content of perch in eighteen natural lake systems with and without pike in 
northern Sweden. 

2 Methods 
2.1 Study species 
European perch (Perca fluviatilis) is a predatory fish of the family Percidae. As it grows, it 
undergoes several ontogenic shifts, and is able to act as both insectivore and piscivore (Jacobsen 
et al. 2002). 
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2.2 Study area 
I studied perch from 18 lakes in northern Sweden, most of them in the Jämtland region. Ten of 
the lakes had pike and eight lacked pike, details can be seen in Table 1. All lakes are large enough 
for the whitefish to become polymorphic. Information about the lakes and their fish 
communities was found in the PIKE database (Englund 2017). 
 
Table 1. Lakes included in this study. The coordinates are given in the coordinate system RT90. N is the number of 
perch investigated in each lake.  The column “Fish community” lists the fish species present other than perch, 
whitefish and pike: 1: Common roach (Rutilus rutilus), 2: Brown trout (Salmo trutta), 3: Arctic char (Salvelinus 
alpinus), 4: Burbot (Lota lota), 5: Grayling (Thymallus thymallus), 6: European minnow (Phoxinus phoxinus) 

Lake Pike 
status 

Area  
(km2) 

Max 
depth (m) 

X Y N Fish 
community 

Abborrsjön No pike 1,80 17 1544920 7276440 2 2, 3, 4, 6 
Fullsjön No pike 1,80 20 1506990 7036400 3 3, 4 
Grundsjön No pike 21,49 45 1361090 6937370 15 2, 3, 4, 5 
Kougstasjön No pike 1,80 20 1400370 7034370 14 2, 3 
Länglingen No pike 1,56 12 1508680 7028750 13 1, 2, 4 
Mevattnet No pike 1,60 18 1479850 7180000 2 2, 3, 4, 6 
Stor-Brinnsjön No pike 4,30 30 1428600 7094160 7 2, 3, 6 
Torringen No pike 6,77 29 1503850 6948370 4 2, 3, 6 
Bodsjön Pike 16,95 35 1458160 6973110 4 1, 2, 4, 5 
Bölessjön Pike 2,08 18 1451070 6979910 13 1, 2, 4 
Hökvattnet Pike 3,48 22 1452520 7086590 12 1, 2 
Idsjön Pike 9,19 40 1495260 6967470 2 2, 4, 5, 6 
Långvattnet Pike 17,64 20 1534610 7231000 5 2, 4, 5, 6 
Lännässjön Pike 19,31 40 1414190 6947800 7 2, 4, 6 
Näkten Pike 83,09 47 1437200 6978530 12 1, 2, 3, 4, 5, 6 
Rissjön Pike 3,71 36 1597970 7103990 7 1, 2, 4 
Sörvikssjön Pike 5,75 23 1502220 7049290 16 1, 2, 4, 5 
Uddjaur Pike 249,15 31 1602210 7306910 10 2, 3, 4, 6 

 

2.3 Collection and analysis of stomach contents  
Perch were collected in the study area during summer (June to September) between 2009 and 
2016. The fish were collected by local fishermen and –women, or through sample fishing. The 
whole fish, the head and the stomach, or just the stomachs of the fish were stored frozen at -
20℃. A small number of samples were also kept in 70% ethanol at room temperature. 
 
The fish stomachs were defrosted (if frozen) and assigned an ID-number. Fish weight and length 
were noted and the stomach was weighed with a precision of 0.01 g. The stomach contents were 
identified using a stereo microscope if needed. Invertebrates were identified only as such, and 
fish were, whenever possible, identified to species level. Prey fish were weighed directly, while 
the weight of invertebrates was calculated by subtracting the weight of the empty stomach and 
any other stomach contents (typically fish or debris) from the weight of the full stomach. Prey 
fish were also measured to the nearest millimeter. After this collection of data, the stomach 
contents were placed in 70% ethanol and labeled with their ID-number. 
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2.3.1 Identification of whitefish 
Whitefish were distinguished from other fish by the following characters: dense gill rakers, a 
stomach of salmonid type, silvery skin, and distinctly whitefish-shaped scales. The fish most 
likely to be confused with whitefish (at least when partially digested) are grayling (Thymallus 
thymallus) and the common roach (Rutilus rutilus). These are both silvery, but the roach is a 
cyprinid, and therefore does not have a salmonid stomach like the other two. It can thus easily be 
ruled out if such structures are still present. The grayling, however, is a salmonid just like the 
whitefish, and cannot as easily be ruled out. One characteristic that helps telling grayling from 
whitefish is gill rakers. The gill rakers of whitefish are characteristically dense and long while 
those of grayling are shorter and sparser. Another characteristic that can be used to tell these 
fishes apart are scales. Scales are digested quite slowly, and are sometimes found attached to 
partially digested prey fish. In these cases, it is very easy to tell all these silvery fish species from 
one another, as whitefish, grayling and roach all have very different shapes and sizes of scales 
(Figure 1).  
 

 

Figure 1: Scales of common roach, whitefish and grayling, all belonging to fish 150 mm in size. The roach scales are 
very large and look almost cracked, the whitefish scales are nearly square at the top, often with a slight dip near each 
corner, and the grayling scales are heavily ridged. All scales are pictured with the exposed edge pointing down. 

2.3.2 Data analysis 
The data were analyzed with logistic regression in R and t-tests provided in the Analysis ToolPak 
in Microsoft Excel.  
 

Roach 

Whitefish 

Grayling 
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3 Results 
 
A total of 147 perch stomachs were analyzed, of which 60 came from the eight non-pike lakes 
and 87 from the 10 pike lakes (Table 1). These perch ranged in size from 121 mm to 470 mm. The 
mean size of the perch was 253 mm in non-pike lakes and 331 mm in pike lakes. Perch with 
empty stomachs were excluded from all diet analyses. 

3.1 Diet composition 
Perch in pike lakes ate a significantly higher proportion of fish than perch in non-pike lakes 
(p = 0.02, Figure 2). This is in line with my first hypothesis: that the diet of perch is affected by 
the presence of pike, and that the introduction of pike causes a shift from insectivory to 
piscivory. The average prey fish length was 37 mm in non-pike lakes, significantly lower than the 
79 mm in pike lakes (p = 0.0002, t = 5.52, Nno pike = 3, Npike = 10). 
 

 
Figure 2. Mean proportion of the weight of prey fish and invertebrates in perch stomachs in lakes with and without 
pike. Error bars represent standard errors. (p = 0.02, t = 3.42, Nno pike = 8, Npike = 10) 

Of the 100 prey fishes found in pike lake perch stomachs, 29 % (N = 29) were identified (58 % by 
weight). Whitefish made up 86 % (N = 25) of all the 29 identifiable prey fishes (91 % by weight) 
in the pike treatment, the rest being burbot (Lota lota, 10 % by numbers, 9 % by weight) and 
sculpins (family Cottidae, 3 % by numbers, <1 % by weight). In the non-pike lakes, only two of 29 
fishes were identifiable, both were sculpins. The complete diets are presented in Figure 3. This 
suggests that my second hypothesis is correct: piscivorous perch coexisting with pike eat mainly 
whitefish. 

3.2 Controlling for predator size 
As perch normally become piscivorous at a larger size (Jacobsen et al. 2002) it is important to 
show that the difference in diet between the two lakes is not due to the demonstrated difference 
in perch body size (Figure 4A). To verify that the difference in diet was not caused by this size 
difference, a logistic regression analysis was performed using perch length and the presence or 
absence of pike as predictors, and the fraction of fish in the diet of perch as a binary response 
(Figure 4B). A few perch individuals (N = 11) had eaten both fish and invertebrates. If the 
proportion of fish in their diet was > 0.5 it was set to one and if it was < 0.5 it was set to zero. 
The effects of length and pike were both statistically significant (plength = 0.0005, ppike = 0.0015, 
Nno pike = 46, Npike = 66). The diet shift of the perch happened at a shorter body length when pike 
was present in the lake (compare green and red line in Figure 4B). This shows that pike do 
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indeed induce a shift from insectivory to piscivory in perch, that cannot be explained by perch 
being larger in pike lakes. 

Non-pike lakes Pike lakes 

 

 
Figure 3. Composition of diet (by weight) in the two lake types. The inner rings show the proportions of fish and 
invertebrates, the middle ring shows the proportion of fish that were identified, and the outer ring shows the 
species composition of these. 

 

 
Figure 4. A: Box plot showing the length of perch in the two different treatments. The size difference between the two 
treatments is not significant (p = 1.98, t = -4.46, Nno pike = 8, Npike = 10). B: Proportion of fish in the diet of perch. A 
small random number were added (or subtracted) to each binary data point to improve visibility. Non-binary data 
points (set to binary values in calculations) are displayed in gray. The lines were calculated with logistic regression.  
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4 Discussion 
 
The results show that the diet of perch differs between pike lakes and non-pike lakes, suggesting 
that the presence of pike does indeed influence the diet of perch. The main difference between 
the lake types was that, when coexisting with pike, the perch fed on fish rather than 
invertebrates, while in the absence of pike they fed mostly on invertebrates. More specifically, 
the main prey of perch in pike lakes was whitefish. This may seem counterintuitive as whitefish 
is a very important prey of pike in lakes with whitefish polymorphism (Kahilainen and Lehtonen 
2003), but makes perfect sense when considering the high density of the dwarf ecotype in pike 
lakes. The dwarfed whitefish is of suitable size (10-20 cm) for perch consumption, in contrast to 
the monomorphic whitefish in pike-less lakes which typically is too large (30-35 cm).  
 
While not all prey fish could be identified, it stands to reason that all prey fish species would 
degrade at approximately the same rate and that the species composition of the identified fish 
would correspond directly to the species composition of all prey fish. A much higher fraction of 
the prey fish in pike lakes could be identified than in non-pike lakes. This is likely because fish 
consumed in non-pike lakes tended to be smaller, and thus were more broken down (He and 
Wurtsbaugh 1993). It would of course be better if all fish were identified, and further data 
analysis should be done after all prey fish have been identified with DNA analysis. 
 

4.1 Facilitation 
There are, at least, two possible mechanisms whereby pike could cause a diet shift in perch: 
biomass overcompensation and prey polymorphism. In cases of overcompensation, a predator 
feeds disproportionately on one developmental stage of a species, which reduces their numbers 
and causes less competition, leading to higher rates of reproduction (if they are adults) or 
maturation (if they are juveniles). This causes an increase in the biomass of the other stage, 
intensifying their competition with each other, which in turn causes them to mature or 
reproduce slower. Thus, one stage remains numerous, another sparse (De Roos and Persson 
2013). In the case of polymorphism, large and small individuals are not simply juveniles and 
adults, but employ different life history strategies. The small whitefish become mature at a small 
size and their diet prevents them from becoming large, while the large whitefish grow quickly 
and mature late (Öhlund 2012). The different ecomorphs often do not interbreed (Öhlund 2012) 
and could be considered different populations. Thus, a difference between the two mechanisms 
is that perch consumption should be focused on juveniles when there is overcompensation, and 
should also include adults when the prey is polymorphic.  
 
I was unable to find gonads for most of the prey fish, and can therefore not know whether they 
were small adults, suggesting a polymorphic population, or juveniles, suggesting instead a stage 
structured population. My assumption was that the gonads were too digested to be identified, 
but they could also have been absent. It is also possible that I failed to identify gonads that were 
actually present. If that is the case, the data could be improved by going back and double 
checking my results, by increasing the sample size until a significant number of whitefish have 
been identified as juvenile or adult, or by looking for otoliths, scales or gill covers and using these 
to determine the age of the whitefish (SLU 2012) and classify those under a certain age as 
juveniles. As scales have already been collected for a number of individuals this might be a 
simple and efficient method. A problem with this is that one of the characteristics of the dwarf 
whitefish is that it matures early (Öhlund 2012), so young adult dwarfs would be counted as 
juveniles, which would skew the results. If the whitefish were indeed juvenile, that would 
indicate that the facilitation was not due to the size structure noted by Öhlund (2012) but instead 
because of a stage structure. The most likely explanation is however still the first one: that 
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gonads were broken down and the populations were size structured This version is strongly 
supported by the fact that pike very predictably cause whitefish to diverge into size structured 
populations under the studied conditions (Öhlund 2012), and that all the pike lakes in my study 
are known to contain dwarf whitefish (Englund 2017).  
 
As the perch undergo the dietary shift from insectivory to piscivory, their previous niche opens 
up and could possibly be able to accommodate a new species. This could be filled by the giant 
whitefish (which is insectivororus) or by a larger number of juvenile perch, but it is also possible 
that a whole other species is able to invade. To find out if and how this niche is filled, one could 
analyze the rest of the fish community and compare it between the two lake types. Analyzing the 
difference in the overall lake fish communities between the two lake types could be a way to 
determine if this is happening. 
 

4.2 Environmental implications 
A warming climate will cause pike to invade further up streams and into waters where it has 
previously been too cold for them (Hein, Öhlund, and Englund 2011). This paper gives an idea of 
what consequences to expect when this happens. Previous papers have found the invasion of 
pike to some lakes to cause extirpations of other fish, such as brown trout and arctic char (Hein, 
Öhlund, and Englund 2013, 2012), and the suppression of perch (Olin et al. 2010). On the other 
hand, papers such as this and Jansson (2015) show that the invasion of pike can have positive 
effects, facilitating the existence of a competitor. The difference between the latter and the 
former studies is that this study and the one by Jansson (2015) focus on large lakes, while Hein, 
Öhlund, and Englund (2013, 2012) studied lakes of all sizes. As whitefish do not diverge in small 
lakes (Englund 2017), it is not expected that the facilitation seen in this study occurs in such 
lakes. In southern Sweden divergence occurs only in the very largest lakes (Svärdson 1979). This 
suggests that the facilitation effect caused by the interaction between pike and whitefish is 
restricted to lakes in Northern Sweden and very large lakes in Southern Sweden.  
 
With global warming we might therefore expect the spread of pike and with them an increased 
biomass of piscivores in large lakes and a decrease in biodiversity in smaller lakes. We might also 
expect the facilitation of piscivory by pike to become less widespread as northern lakes become 
more like southern lakes, with monomorphic whitefish. 

4.3 Conclusion 
The results show quite clearly that the diet of perch shift from a dominance of insectivory to a 
dominance of piscivory in the presence of pike. Of the fish eaten in pike lakes, the vast majority 
of the identifiable biomass was whitefish, in stark contrast to the complete absence of prey 
whitefish in non-pike lakes. This shows that it really is the availability of whitefish that drives 
piscivory in perch coexisting with pike, making this a likely example of predator facilitation. 
Future studies should attempt to verify assumptions made here and in related works, such as the 
one about the small whitefish being adults rather than juveniles. Another area of focus should be 
on what difference between southern and northern lakes prevents whitefish from diverging in 
the former, to prepare us for one of the many the challenges of global warming. 
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