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Abstract  
The mechanisms behind speciation have been subject of debate for centuries. The presence of 

resource polymorphism has been discovered to play a significant part in this process, and has 

been proven to induce phenotypic and genetic divergence. Although resource polymorphism 

has been intensely studied during the last few decades, there is a gap of information as to why 

this can be observed in some systems but not in others. Recent studies of European whitefish 

(Coregonus lavaretus) in Scandinavian lakes have shown that predation, in this case by 

Northern pike (Esox lucius), could be the factor that induces resource polymorphism. 

European whitefish is known to diverge into several ecomorphs in Scandinavian lakes, but 

only in the presence of pike. Divergence is assumed to be caused by the size selectivity of 

pike, and the following niche separation and eventually reproductive isolation. In this study, 

pike prey selectivity was studied in the field through sample fishing using hooks baited with 

whitefish of different sizes. The hypothesis was that pike prefers smaller prey over larger and 

mainly hunts in the littoral zone. This should causes smaller whitefish ecomorphs to be prone 

to predation in the littoral and thus utilize refuge spawning grounds with low predation 

pressure. However, no pike were caught on whitefish spawning grounds, and fishing at two 

additional pike rich sites displayed a preference towards medium-sized whitefish (p < 0.05). 

This indicates a size selectivity, although further and improved studies would be required to 

answer the question of the pike’s role in resource polymorphism. 
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1 Introduction 
 

The factors that structure ecological systems has been frequently discussed the last couple of 

decades, especially whether predation and resource competition can be the drivers of 

phenotypic divergence and speciation (Svanbäck et al. 2008). This has led to intense research 

in the field and the evidence at this point supports the idea that predation and competition 

can indeed induce phenotypic and genetic divergence (Skúlason and Smith 1995, Schulter 

1996, Woods et al. 2012). One particular mechanism is resource polymorphism, which may 

lead to phenotypic adaptation to different food resources (Schulter 1996). Resource 

polymorphism has been frequently observed and studied in a variety of taxa, and proved to 

be an important mechanism driving speciation (Skúlason and Smith 1995). A classic example 

of resource polymorphism is the Darwin’s finches on the Galapagos, where beak size and 

shape is strongly associated with choice of food resources (Lack 1947).  

 

Numerous studies of fish species have demonstrated that resource polymorphism typically 

leads to the development of a benthic feeding giant ecotype, and a smaller pelagic ecotype 

feeding mainly on zooplankton (Skúlason and Smith 1995, Schulter 1996, Kahilainen and 

Østbye 2006). The European Whitefish (Coregonus lavaretus) has long been an important 

resource for the people of Scandinavia, up to as recent as the early 2oth century (Svärdson 

1979). This caused people to move whitefish from their natural systems to those where they 

for one reason or another were not present and/or abundant at the time (Huitfeldt-Kaas 

1918, Filipsson 1994). It has been discovered that some of these population have in short 

periods of time developed extensive levels of resource polymorphism in the manner 

mentioned above (Öhlund 2012). Although most lakes seem to have only two ecomorphs, 

there are examples of lakes in Scandinavia that hold up to 5 or more ecotypes of whitefish in 

one system, all of which have different spawning sites and/or time (Svärdson 1964, Svärdson 

1979). This means that resource polymorphism of whitefish is not only the cause of niche 

separation but may also cause high levels of reproductive isolation, meaning that ecomorphs 

are not only separated by habitat choice but also by spawning sites/time (Schluter 1996).  

 

There is however little known about what causes the occurrence of multiple whitefish 

ecotypes in some systems but not in others. A recent study addressing this question (Öhlund 

2012), showed that the presence of northern pike (Esox lucius) appears to be the key to 

polymorphic divergence of European whitefish in many cases. Using 76 lakes with known 

whitefish introductions, he found that 20 out of the 32 lakes that held pike had polymorphic 

whitefish populations, whereas of the 44 lakes without pike, only 2 displayed whitefish 

polymorphism. The timeframe in which recognizable ecomorphs were visible from the time 

of introduction was unexpectedly short. 72 years after introduction, 50% of the whitefish 

populations in pike lakes had diverged.  

 

Pike stands out as a freshwater predator by having a large enough gape size to catch even 

large mature whitefish (Mittelbach and Persson 1998, Nilsson and Brönmark 2000) and by 

being mainly littoral (Vollestad et al. 1986). These seems to be the traits required to have 

such a profound effect on the divergence of whitefish, and no such pattern was shown for 

other predator species such as brown trout, burbot, arctic char and perch (Öhlund 2012). A 

model presented in the Öhlund (2012) paper demonstrates how size selective predation by 

pike explains the evolution of polymorphism. In this model it is assumed that predation risk 

from pike increases with decreasing body size, and that pike restricts its feeding to littoral 
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habitats. This means that while in the presence of pike, whitefish generally tend to either 

remain in the pelagic where resources are few and competition high, and mature at a small 

size, or to mature late at a larger body size by utilizing more abundant littoral resources 

(Öhlund 2012). Although this model provides an explanation for how disruptive selection can 

arise, it does not explain how reproductive isolation in the form of different spawning 

sites/times can evolve. Another problem with answering the question of the role of pike in 

whitefish divergence is that we lack in situ studies of how pike predation on whitefish differ 

between habitats and to what degree pike is size selective when feeding on whitefish. 

 

1.1 Aim 

This thesis is an attempt to test assumptions made in the model of Öhlund (2012) and to 

further investigate the role of pike predation on the divergence of whitefish ecotypes. The 

study is based around two main hypotheses: 

 

1. Pike are size selective predators, making smaller fish more vulnerable to predation. 

2. This prey size selection would be mostly visible in the littoral spawning site, where 

predation pressure on smaller whitefish over larger would be significant. 

The two hypotheses would, if proven valid, bring support to the theory by Öhlund (2012) that 

pike has an influence in the divergence of whitefish ecotypes. This through driving smaller 

fish to spawn in refuge locations and thus cause reproductive isolation between 

smaller/larger whitefish, eventually driving natural selection towards larger sized 

individuals, since a small body size cause a greater risk of predation.  

 

To answer these questions I set hooks baited with whitefish of different size in different 

natural habitats. This was meant to estimate the predation risk of different morphs of 

whitefish on spawning sites in different habitats. My theory is that the predation pressure 

mainly occurs in the littoral zone, where the spawning of giant whitefish occurs. The pelagic 

and stream spawning sites should be relatively safe from pike predation since these are the 

refuge sites for smaller whitefish. 
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2 Materials and Methods 
 

2.1 Study sites 

The study was conducted at three sites in northern Sweden, one lake and one bay of the Baltic 

sea in Västerbotten County, as well as one lake in Jämtland County (Figure 1).  

 

 
Figure 1: The location of the three study sites in Sweden. Maps are not to scale (Source: Digitala Kartbiblioteket) 

 

Lake Revsundssjön (N 62° 45.311', E 15° 23.701'), including stream Märlån (N 62° 46.780', E 

15° 17.204') holds a natural population of whitefish that has likely been present since the last 

Ice Age. The lake and the stream were chosen as there is local knowledge of the spawning 

sites of different morphs of whitefish in these systems. Märlån is a well-known spawning site 

for stream-spawning whitefish from Revsundssjön. This morph is a planktivore of 

intermediate size. The lake itself holds spawning sites for large benthic and small pelagic 

whitefish. One spawning site for each of the described morphs was fished during the 

spawning time of the particular morph. Stream-spawners in mid-November, giants in early 

January and dwarves in early-mid January. The exact spots (1, 2 and 3) fished where chosen 

based on information from local fishermen (Figure 2). 
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Figure 2: The location of the spawning sites fished in Lake Revsundssjön. Site 1 is the stream spawning site, site 

2 the giant spawning site and site 3 the dwarf spawning site. (Source: Digitala Kartbiblioteket) 

 

Lake Stöcksjön (N 63° 46.000', E 20° 12.298') and Tavlefjärden Bay (N 63° 44.654', E 20° 

25.095') in Västerbotten County were chosen as reference sites for testing of the method and 

for a rough estimate of pike prey size selection. These sites were chosen as pike is known to 

be present in these systems at the time of the field study, as well as for their proximity to 

Umeå. The sites were fished during early February, and the placement of baits here were 

aimed towards places were pike was expected to be present based on previous pike-fishing 

experiences at these sites (Figure 3). 
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Figure 3: The location of the reference sites fished in Lake Stöcksjön and Tavlefjärden Bay. Maps are not to scale 

(Source: Digitala Kartbiblioteket) 

 

2.2 Field methods 

Fishing of the spawning sites was performed during approximately one week (spawning sites) 

or three days (reference sites) through angling. Holes (250 mm) were drilled using a 

motorized ice auger, except when fishing in stream Märlån which was open at the time. 

Hooks (n = 30 for spawning sites and n = 21 for reference sites) baited with dead whitefish of 

different size were placed randomly within each site and placed approximately 20-30 cm 

above the lake/stream bottom. The baits were fastened on two triple hooks in the dorsal fin 

and mouth of the fish respectively. The hooks were attached to a piece nylon coated steel wire 

followed by 0.40 mm nylon line.  

 

2.3 Bait setting 

The baits were divided into three categories to represent the different morphs of whitefish 

present in the system (Öhlund 2014, Umeå Univ., unpublished data). Fish of approximately 

150 mm (dwarves), 265 mm (stream spawners) and 340 mm (giants) were used. Actual 

lengths of baits were dependent on the length of available whitefish. Figure 4 displays the 

distribution of bait sizes on all sites, showing the three bait classes (~150, ~265 and ~340 

mm, see Table 1). The baits were checked continuously during the study periods except 

during nighttime when the lines were secured and left until next morning. Length of baitfish, 

depth (for spawning site fishing) and length of caught fish were recorded. 



 
 

6 
 

 

   
Figure 4: Bait size distribution for all sites with 5 mm interval. 

 

In figure 5, the depth for every individual bait on each spawning site is presented. Together 

with table 1, which displays mean depth for each spawning site, figure 5 illustrates how bait 

depth were dependent on depth of each spawning site. Increasing mean depth as well as 

depth variation is visible when moving from the stream spawning site to the giant spawning 

site and finally to the dwarf spawning site. 

 

Figure 5: Bait depth distribution for all spawning sites. 

 

Table 1: Average bait size and depth for all spawning sites as well as average bait depth for both reference sites. 

 

Spawning sites Reference sites
Bait class Ø length (mm) ± SD Bait class Ø length (mm) ± SD

Dwarves 146,9±20 Dwarves 151,4±18

Stream-Sp. 265,1±16 Stream-Sp. 269,2±13

Giants 340,8±22 Giants 341,9±19

Spawning site Ø bait depth (m) ± SD

Dwarves 6,1±2,4

Stream-Sp. 0,5

Giants 1,5±1,1
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3 Results 

 

3.1 Spawning site fishing 

The spawning site fishing yielded no catch, except for one contact while fishing the giant 

spawning site (Appendix 1).  

 

3.2 Reference fishing 

The data from the reference fishing is presented below in Figure 6. The data shows that 

medium sized fish appears to be preferred over larger or smaller sized prey, with an average 

length of ~245 mm. A Chi2-test showed that the size distribution of the catches differ 

significantly from an even distribution, which indicates a size dependent predation (p < 

0.05).  

 
 

Figure 6: Results from the reference fishing in Tavlefjärden Bay and Lake Stöcksjön with 5 mm interval.  

 

 

4 Discussion 
Since the reference fishing shows that medium sized fish is more exposed to predation than 

large/small fish, my first hypothesis was disproved. The spawning site fishing generated 

virtually no catch, meaning that the littoral is, according to my results, not more prone to 

predation than the other sites. This means that also my second hypothesis was disproved. 

The results from the spawning site- and reference site fishing will be discussed below. 

4.1 Spawning site fishing 

It is surprising to see a total lack of pike predation in habitats with such a high prey density 

during a limited period of time. There are numerous accounts of predator switching during 

similar events, such as bears foraging during the North American salmon run (Bean 1891) 

and lions during the Serengeti wildebeest migration (Sinclar and Arcese 1996). One would 

expect pike to utilizie such a rich resource;  there are however a number of possible reasons 

as to why that might not be the case. 
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Pike is an ectoterm, highly temperature dependent predator that experiences very low 

metabolic rates during winter (Diana 1979, US FAO 1988), with an optimal temperature of 

approximately 23-24O C (US FAO 1988). This suggest that pike activity is generally low 

during winter, and might have the biggest predation impact on whitefish during the summer 

months. This could be a part of the story but does not explain the total lack of results. 

 

Another possible reason for the lack of results could be that present whitefish spawning 

grounds are chosen as a response to predation pressure of the past, i.e the “ghost of predation 

past”. This type of inhereted behaviour or traits acquired in response to predation or 

competitor of the past have been observed in many other organisms (Connell 1980, Byers 

1997). This might be the case of the whitefish in Revsundssjön, a population which was 

probably establised approximately 10.000 years ago after the last Ice Age (Alan Hudson, 

Umeå Univ., unpublished data). At that time, the whitefish population is expected to have 

been in the early stage of divergence with intense predation from pike. As divergence 

proceeded to divide the population into ecotypes that establised different solution to avoid 

predation, refuge spawning locations could have been a part in this adaptation, especially for 

the predation prone non-giant whitefish. This theory does however not explain the lack of 

predation on giant whitefish.  

 

4.2 Reference fishing 

The results from the spawning site fishing show a significant difference in pike bait size 

preference from what would be an even selection in bait sizes. Contrary to expectations, I 

found that medium-sized prey (~245 mm) was preferred over larger and smaller prey (Figure 

6). A possible reason for this could be that larger prey increases handling time and puts the 

predator at a risk. This type of behavior was observed by Nilsson and Brönmark (1999) in a 

study on pike foraging. It was discovered that pike tend to choose smaller prey then expected 

when in presence of conspecifics, since smaller prey decreases handling time (Nilsson and 

Brönmark 2000) and reduces the risk of cannibalism and kleptoparasitism. This relates to 

the fact that the average pike length was very high (88 cm, Appendix 1), and would easily 

have been able to consume even the largest whitefish (Nilsson and Brönmark 2000), but 

chose not to. According to a review by the Food and Agriculture Organization of the United 

States (1988), combining data from several studies, average pike length in many systems 

appears to be in the range of 40-50 cm. This means that in a normally distributed pike 

population, average prey size should be smaller, perhaps closer to my hypothesized results. 

 

The option that medium-sized whitefish actually would be exposed to higher littoral 

predation than smaller whitefish in pike/whitefish systems is of course possible, although 

unlikely. This would mean that the littoral habitat is relatively safe for both giants and 

dwarves, and would thus enable dwarves to utilize the richer, benthic resources in this area 

and thus inhibit the resource polymorphism theory (Kahilainen and Østbye 2006). Since the 

pattern of a small, pelagic ecotype that endures high intraspecific competition and a giant, 

littoral ecotype is rather well established (Skúlason and Smith 1995, Schulter 1996, 

Kahilainen and Østbye 2006) it would seem rather unlikely that a preference for medium-

sized whitefish is a general phenomenon in pike/whitefish systems. This supports the idea 

that it is actually the very high, unrepresentative, size of caught pikes that causes the 

preference to be for medium-sized and not small whitefish. 
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4.3 Methodology 

Since the method used yielded basically no results during fishing of the spawning sites, but 

did yield results when fishing reference sites with known pike presence, it can only be 

assumed that it is not the method that is causing the lack of results. This leaves us with two 

options, either the information regarding spawning sites/time for the different morphs of 

whitefish is incorrect, and/or that there simply is little to no predation present on the 

spawning sites in question, at least at the time of the study.  

 

For stream spawners, we can confirm that place and time is correct since large amounts of 

spawning whitefish was observed during the field work. For dwarves and giants, information 

is not as clear. An underwater camera was used for filming at the giant spawning site, and a 

few fish were caught on film before the camera unfortunately stopped working. There is also 

no information on whether the giants and dwarves spawn at nighttime, same as the stream 

spawners were observed to do, and since the camera was unable to film in the dark this 

question can neither be confirmed nor rejected. 

 

4.4 Conclusions 

Finally, it can be concluded that my results are inconclusive, and that further studies will be 

required to fully answer the question of the effect of pike predation on the divergence of 

whitefish. As far as methodology goes, there is a lot of refinement available for a follow-up 

study. Since traditional angling proved less than effective, both in total catch and number of 

predators actually landed for data collection.  

 

Performing a similar study in a system with a younger, diverging whitefish population would 

give a stronger indication of pike size selectivity, since a younger population is less likely to 

have separated spatially. The issue here is that there is less information on whitefish 

spawning sites in introduced population, and extensive research on this would be required 

before initiating a similar study as this one. Relevant results would probably be achievable 

without fishing spawning sites however, although this would tell us less of the effects on 

reproductive isolation. 
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Appendix 1 

 
Table 1: Bait length of each site in mm. 

Bait ID Stream sp. Giants Dwarves Stöcksjön Tavlefjärden 
 1 270 325 325 272 - 
 2 410 152 249 - 329 
 3 180 149 264 - 133 
 4 254 247 376 245 - 
 5 119 329 329 322 330 
 6 263 249 321 167 268 
 7 312 141 170 - - 
 8 152 247 334 375 259 
 9 341 347 336 - 336 
 10 313 305 257 - 145 
 11 164 131 186 339 264 
 12 274 330 143 290 125 
 13 258 128 152 - 280 
 14 353 283 260 331 263 
 15 157 334 330 161 340 
 16 341 294 148 354 135 
 17 265 146 142 - - 
 18 360 332 367 174 - 
 19 134 155 130 251 141 
 20 269 286 247 144 - 
 21 249 363 258 271 348 
 22 155 263 271 164 130 
 23 355 168 284 284 - 
 24 266 342 142 277 260 
 25 310 126 245 337 285 
 26 265 254 140 178 148 
 27 364 343 313 - 314 
 28 153 95 137 350 - 
 29 126 368 321 174 382 
 30 286 293 259 - - 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

      



 
 

12 
 

 

Bait ID Stream sp. Giants Dwarves 
   1 0,5 0,60 10,6 
   2 0,5 0,40 5,1 
   3 0,5 1,70 7,1 
   4 0,5 0,70 6,3 
   5 0,5 2,70 3 
   6 0,5 1,70 6,7 
   7 0,5 0,80 2,2 
   8 0,5 1,10 6,8 
   9 0,5 2,80 5,2 
   10 0,5 0,40 7,6 
   11 0,5 0,30 5 
   12 0,5 2,90 6,4 
   13 0,5 0,60 7,9 
   14 0,5 0,40 4 
   15 0,5 0,40 4,6 
   16 0,5 1,00 8,4 
   17 0,5 0,60 2,5 
   18 0,5 0,50 4,3 
   19 0,5 3,70 4,5 
   20 0,5 0,60 11 
   21 0,5 2,60 4,6 
   22 0,5 0,70 5,6 
   23 0,5 3,50 6,4 
   24 0,5 2,90 4,3 
   25 0,5 1,90 9,5 
   26 0,5 2,90 8,4 
   27 0,5 2,80 9 
   28 0,5 2,20 2,6 
   29 0,5 1,50 9,2 
   30 0,5 1,10 3,2 
   

        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     

Table 2: Bait depth of each spawning site in m. 
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Site Fish-ID Species Contact type Bait-ID Bait length (mm) Catch length (cm) 

Giants 1 Unknown Lost 28 95 - 

Tavefjärden 2 Pike Lost 19 141 - 

Tavefjärden 3 Pike Lost 12 125 - 

Stöcksjön 4 Pike Lost 15 340 - 

Stöcksjön 5 Pike Lost 2 329 - 

Stöcksjön 6 Pike Landed 2 321 87 

Tavefjärden 7 Pike Landed 14 263 77 

Tavefjärden 8 Pike Landed 14 263 101 

Tavefjärden 9 Pike Landed 6 268 89 

Tavefjärden 10 Pike Lost 12 125 86 

Tavefjärden 11 Pike Lost 11 264 - 

Tavefjärden 12 Pike Lost 13 280 - 

Tavefjärden 13 Pike Lost 11 264 - 

Tavefjärden 14 Pike Landed 25 285 - 

Tavefjärden 15 Pike Lost 25 285 93 

Tavefjärden 16 Pike Landed 14 263 - 

Tavefjärden 17 Pike Landed 16 135 68 

Tavefjärden 18 Pike Lost 25 247 99 

Tavefjärden 19 Pike Lost 11 264 - 

Tavefjärden 20 Pike Lost 11 264 - 

Tavefjärden 21 Pike Lost 19 141 - 

Tavefjärden 22 Pike Lost 13 280 - 

Stöcksjön 23 Pike Lost 25 337 - 

Tavefjärden 24 Pike Lost 24 277 - 

Tavefjärden 25 Pike Lost 6 167 - 

Stöcksjön 26 Pike Landed 12 290 93 

Tavefjärden 27 Pike Lost 22 164 - 

 

Table 3: Fishing results 

 


