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Abstract 
 
Phenotypic plasticity often occurs in populations of perch where they adapt to their 
changing environment by changing their morphology. This is a strategy for the fish to 
better cope with their environment leading to a higher fitness. Trophic polymorphism, 
when the morphology differences are coupled to resource and habitat use, has been found 
to occur in several different species. Perch differ in morphology and diet depending on 
their habitat, and the deeper bodied perch usually occur in the littoral habitat and the 
fusiform perch in the pelagic habitat.  This study investigated what effects the 
intraspecific competition had on perch’s diet and what effects this competition and diet 
had on their morphology.  4 lakes in Sweden were sampled in their pelagic and littoral 
habitats using standardised gillnets with 12 differing mesh sizes in June 2006.  The fish’s 
morphology and stomach contents were analysed. The results showed that the diet 
specialisation and the proportion of perch in the pelagic habitat increased at high perch 
biomass.  This suggested that the perch had to choose a niche to efficiently use due to 
high competition, and this phenomenon is called a foraging efficiency trade-off. 
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Introduction 
 
It often occurs that two related species, or two populations of one species, that have 
overlapping ranges differ in morphology, behaviour or physiology (Brown & Wilson, 
1956). When these organisms occur allopatrically in similar habitats they may resemble 
each other morphologically, whereas they diverge morphologically when they occur 
sympatrically.  This dynamic relationship of morphological characters has been termed 
character displacement (Brown & Wilson, 1956).  Alternatively, character release occurs 
when two taxa occur allopatrically and can therefore expand morphologically (Robinson 
& Wilson, 1994).  Both of these patterns are thought to be driven by competition 
(Robinson & Wilson, 1994).  
 
Many organisms have been found to trade-off between different foraging strategies 
(Bolnick et al., 2003).  Why such trade-offs occur could, for example, depend on 
preferences or resource use efficiencies related to morphologies, behaviours or 
physiological capacities to handle the different resources (Bolnick et al., 2003).  For 
example individuals of many different species seem to have a greater foraging success 
when they specialise on a single food item (Bolnick et al., 2003). 
 
Major groups of organisms are able to morphologically adapt to changing environmental 
conditions and this is generally called phenotypic plasticity (Olsson & Eklöv, 2005).  
Phenotypic plasticity was thought to be a strategy for organisms to be able to cope better 
with changing environments, leading to a higher fitness for the individuals that had the 
ability to change (West-Eberhard, 2003).  But if the environment is relatively stable over 
time, selection would favour a specific morphology which provides the best match with 
the environment and any change from this morph would potentially be costly to the 
individual (Robinson & Parsons, 2002).  Intraspecific morphological differences resulting 
from resource and habitat use by trophic polymorphisms occurs in several animal taxa 
(Olsson & Eklöv, 2005).  It is thought that resource polymorphisms may develop when a 
population encounters a vacant niche along with a relaxation of interspecific competition.  
When this occurs, these individuals would achieve a higher fitness than if they had 
continued to forage for the same prey type as the rest of the population (Andersson, 
2003). 
 
The Eurasian perch (Perca fluviatilis) differ in morphology within the same lake 
depending on their habitat use (Svanbäck & Eklöv, 2003).  Perch living in vegetative 
more complex littoral habitat were found to be deeper bodied compared to pelagic 
individuals, which were more fusiform in shape (Svanbäck & Eklöv, 2002).  This 
differing morphology was thought to be due to a foraging efficiency trade-off, since 
individuals that forage in open water need a streamlined body to be able to efficiently 
cruise in the water column (Webb, 1984).  This was comparable to littoral living perch 
which were deeper bodied, enabling them to manoeuvre more easily and with greater 
precision in the structurally more complex habitat (Webb, 1984).  Morphological 
differences in perch were also thought to be related to the attack behaviour and diet 
(Hjelm et al., 2000).  A deeper body is advantageous for foraging on attached prey in 
structured habitats since their enhanced manoeuvrability allows greater precision required 
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for suction feeding (Hjelm et al., 2000).  Whereas cruise-predating perch need a higher 
attack speed to enable them to catch their prey, and a fusiform morph provides this 
advantage (Svanbäck & Eklöv, 2004). 
 
In general many species use a broad range of prey types, but frequently individuals 
within a population may specialise on a certain diet (Svanbäck & Persson, 2004).  This 
difference in resource use within a population might allow individuals within that 
population to differ in fitness or be subjected to differences in selective pressure and 
competition (Bolnick et al., 2003).  Since the 1950s competition has been thought to be 
the main driving factor structuring natural communities (Persson, 1986).  For perch it has 
been shown that an increase in their biomass leads to a higher proportion of a population 
using the pelagic habitat.  This was thought to be because low levels of their preferred 
prey types, which were new youngs of the year and macroinvertebrates, led to perch 
including pelagic prey types in their diet (Svanbäck & Persson, 2004). 
  
The questions addressed in this study were: (i) what effect does the intraspecific 
competition have on individual perch diet variations? (ii) What effect does intraspecific 
competition have on the individual morphology variation mediated by individual diet 
specialisation in perch?  
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Methods 
 
Study Site 
All fish were caught in four different lakes (Table 1) in the beginning of June 2006 near 
Uppsala with standardised gill nets (30m*1.5m).  The gill nets were composed of 12 
different mesh sizes, ranging between 5 to 50mm knot to knot.  All the lakes were 
relatively small and shallow (Brunberg & Blomqvist, 1997). 
 
Table 1. The sampled lakes location, surface area, volume, maximum depth and mean depth, June 2006 
(Brunberg & Blomqvist, 1997).  
Lake Location Surface Area Maximum Depth Mean Depth Volume
Lake Funbosjön N 59° 52' 21.69" E 17° 51' 46.22" 2.07 km2 5.5 m 1.7 m 3.49 Mm3
Lake Stora Hållsjön N 60° 29' 24.3" E 18° 1' 17.88" 0.19 km2 3.2 m 1.9 m 0.37 Mm3
Lake Söderginingen N 59° 56' 59.82" E 18° 16' 0.34" 3.02 km2 2.8 m 1.5 m 4.56 Mm3
Lake Strandsjön N 59° 52' 16.22" E 17° 9' 54.19" 1.30 km2 4.0 m 1.7 m 2.20 Mm3
 
Field Sampling 
Two nets were placed in each of the 4 lake’s pelagic and littoral habitats at 8pm ± 1 hour.  
These nets were retrieved at 9 am ± 1 hour and transported to the BMC in Uppsala.  In 
the wet lab the length of each perch was measured to the nearest mm and weighted to the 
nearest 0.1g.  The total biomass of the bycatch was weighed and all fish were then frozen 
for later analysis. 
 
Morphological Analysis 
To analyse the morphology of the perch each individual was given a number.  They were 
defrosted then measured and weighed.  A digital photograph was taken of each individual 
on its left side.  The photos were then used to digitalise 16 landmarks on each individual 
using tps-Digit, version 2.05 (Rohlf, 2006) (Figure 1).  The relative position of the 
digitalised landmarks was analysed in a second program, TPSRW, version 1.42  
 (Rohlf, 2005).  Variation in shape was analysed by comparing one individual’s landmark 
coordinates to the rest of the individuals.  The program produced partial warps and 
uniform scores showing the small local changes in shape as well as the larger changes by 
giving 13 non-uniform x and y scores and 1 uniform x and y score.  These variables were 
then analysed in SPSS and a discriminant function analysis (DFA) was conducted to 
analyse the differences in body morphology between groups by using the morphological 
index (MI) from each individual.  To determine if the habitat or the length was the main 
driving factor for the MI an analysis of covariance (ANCOVA) was conducted for each 
lake.  All the morphology data were log+1 transformed to meet the assumption of 
normality of variance for the ANCOVA. 
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Figure 1. The position of the 16 landmarks used for morphological analyses, July 2006.  Picture adapted 
from Peter Eklöv. 
 
Diet analysis 
Each perch’s stomach contents were analysed and counted under a dissecting microscope.  
The prey were classified into 8 diet categories; (i) littoral macroinvertebrates, (ii) benthic 
cladocerans, (iii) chironomids, (iv) pelagic cladocerans, (v) copepods, (vi) pelagic 
macroinvertebrates, (vii) terrestrial fauna and (viii) fish.  The lengths of the first 10 prey 
of each diet group were measured to the nearest 0.1 mm.  If there were less than 10 prey 
in a diet group all the prey were measured.  The dry weight biomass of the prey items 
was estimated using a length-weight relationship (Svanbäck & Eklöv, 2002).  
 
To measure the within population variation in diet, the individual resource use was 
compared to that of its population by using a proportion similarity index (PS).  The diet 
overlap between individual i and the population was:  

 
Where pij is the frequency of the diet category j in the individual i’s diet.  qj is the 
frequency of the diet category j in the entire population.  Individuals that consume 
resources in direct proportion to the population as a whole will have a PSi = 1.  The 
individual specialisation (IS) as a whole in the population was expressed by the average 
PSi value: 

 
When IS was close to 1 all the individuals in that population have the same diet and there 
were no individual specialisations, whereas if IS was low this indicates a high degree of 
individual specialisation within the population (Svanbäck & Eklöv, 2002).  Regression 
analyses between the diet data (IS) and the MI, perch biomass and total fish biomass were 
conducted to see if there was a relationship between them. Regression analyses were also 
conducted between the proportion of littoral perch biomass and total perch biomass and 
total fish biomass to see if there were any differences in habitat choice with biomass. 
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Results 
 
The morphological results were based on 270 individuals caught in the 4 lakes (Table 2).  
Lake Funbosjön and Lake Söderginingen had the least fish caught, while the major 
proportion of perch were caught in Lake Strandsjön and Lake Stora Hållsjön.  The results 
for the diet were based on 211 individuals.  The low number of individuals in Lake 
Söderginingen and Lake Funbosjön may have affected reliability of the results. 
 
Table 2. Number of perch where the morphology and the diet was analysed in each lake, June 2006. 
Number of perch Morphology Diet 
Lake Funbosjön 23 10
Lake Söderginingen 24 17
Lake Stora Hållsjön 123 112
Lake Strandsjön 100 72
Total number of perch analysed 270 211  
 
Effect of habitat on perch morphological index 
Lake Funbosjön 
Perch were 100% correctly classified to littoral or pelagic habitats, and littoral and 
pelagic perch were significantly different in morphology from each other (Discriminant: 
Wilk’s λ = 0.008, df = 21, p < 0.001) (Figure 2).  ANCOVA of the perch in this lake 
showed a significant effect of habitat on MI (F = 422.879, df = 1, p < 0.001).  No 
significant effect of length on MI was seen (F = 0.005, df = 1, p = 0.946). 
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Figure 2. Distribution of Morphological Index (MI) from DFA of perch in Lake Funbosjön sampled from 
the littoral and pelagic habitats and expressed as a proportion in each habitat, June 2006. 
 
Lake Söderginingen 
Perch were 100% correctly classified to littoral or pelagic habitats, and littoral and 
pelagic perch were significantly different in morphology from each other (Discriminant: 
Wilks’ λ = 0.004, df = 22, p < 0.001) (Figure 3).  ANCOVA of the perch in this lake 
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showed a significant effect of habitat on MI (F = 938.931, df = 1, p < 0.001).  No 
significant effect of length on MI was seen (F = 1.032, df = 1, p = 0.321). 
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Figure 3. Distribution of Morphological Index (MI) from DFA of perch in Lake Söderginingen sampled 
from the littoral and pelagic habitats and expressed as a proportion in each habitat, June 2006. 
 
Lake Strandsjön  
Perch were 93% correctly classified to littoral or pelagic habitats, and littoral and pelagic 
perch were significantly different in morphology from each other (Discriminant: Wilks’ λ 
= 0.384, df = 28, p < 0.001) (Figure 4.).  ANCOVA of the perch in this lake showed a 
significant effect of habitat on MI (F = 99.413, df = 1, p < 0.001).  No significant effect 
of length on MI was seen (F = 0.573, df = 1, p = 0.451). 

 7



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Distribution of Morphological Index (MI) from DFA of perch in Lake Strandsjön sampled from 
the littoral and pelagic habitats and expressed as a proportion in each habitat, June 2006. 
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Lake Stora Hållsjön 
Perch were 78% correctly classified to littoral or pelagic habitats, and littoral and pelagic 
perch were significantly different in morphology from each other (Discriminant: Wilks’ λ 
= 0.603, df = 28, p < 0.002) (Figure 5.).  ANCOVA of the perch in this lake showed a 
significant effect of habitat on MI (F = 75.149, df = 1, p < 0.001).  No significant effect 
of length on MI was seen (F = 0.010, df = 1, p = 0.922). 
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Figure 5. Distribution of Morphological Index (MI) from DFA of perch in Lake Stora Hållsjön sampled 
from the littoral and pelagic habitats and expressed as a proportion in each habitat, June 2006. 
 
Effect of habitat on diet  
The variation of stomach contents across habitats did not show large differences in prey 
types in any lake.  The precision of this analysis might have been compromised by the 
low numbers of individuals with food in their stomachs.  Pelagic perch in Lake Stora 
Hållsjön had a large proportion of pelagic prey types, while the littoral perches had a 
more diverse diet (Figure 6).  
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Figure 6. Percentage of prey types in the diet of perch in each of the 4 lakes and pelagic and littoral 
habitats, June 2006. 
 
Association between individual specialisation and morphology 
The IS was calculated for each habitat and for different size classes within the same 
habitat.  Perch were divided up into three groups; (i) ≤ 10 cm, (ii) 11 -14 cm and (iii) ≥ 15 
cm.  The pelagic data for Lake Söderginingen was removed due to its low numbers of 
individuals.  There was a very weak non-significant regression between mean MI value 
and IS (R2 = 0.0102, n = 9, p > 0.05) (Figure 7).  A moderately strong significant 
regression was present between IS and mean MI residual values (R2 = 0.268, n = 19, p < 
0.05) (Figure 8).  
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Figure 7. Mean Morphological Index (MI) plotted against Individual Specialisation (IS) showing weak and 
non-significant trendline (R2= 0.0102).   
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Figure 8. Individual Specialisation (IS) plotted against mean Morphological Index (MI) residuals showing a 
moderately strong significant trendline (R2= 0.2684).   
 
Association between individual specialisation and fish biomass 
The regression of IS with perch biomass was weakly significant (R2 = 0.5694, n = 19, p < 
0.05), meaning that the IS was decreasing with increasing perch biomass.  The diet 
specialisation was therefore decreasing with decreasing perch biomass (Figure 9).  The 
regression between total fish biomass and IS had a non-significant and very low 
correlation (R2 = 0.0003, n = 7, p > 0.05) (Figure 10).  
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Figure 9. Individual Specialisation (IS) plotted against Total perch biomass showing a moderately strong 
significant trendline (R2 = 0.5694), meaning that the diet specialisation was decreasing with decreasing 
perch biomass. 
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Figure 10. Individual Specialisation (IS) plotted against Total fish biomass showing weak very low 
correlation (R2 = 0.0003). 
 
Differences between fish biomass and habitat  
The biomass of fish differed greatly over the 4 lakes and over the different habitats 
(Figure 11).  The largest proportion of perch in the littoral habitat was found in Lake 
Söderginingen and Lake Funbosjön, while there was almost no perch in the pelagic 
habitats for these 2 lakes.  Lake Strandsjön and Lake Stora Hållsjön had almost the same 
amount of perch biomass in the littoral and pelagic habitats.  Lake Strandsjön and Lake 
Funbosjön had a higher biomass of fish in the littoral habitat, compared to Lake 
Söderginingen and Lake Stora Hållsjön where the larger proportion of fish was found in 
the pelagic habitat.  In Lake Funbosjön the total fish biomass was not separated into 
littoral and pelagic fish, resulting in just one value for the bycatch in the pelagic and 
littoral habitats.  A weak non-significant regression was present between the proportion 
of littoral perch and total fish biomass (R2 = 0.0262, n = 4, p > 0.05) (Figure 12).  A 
strong, but non-significant, regression between the proportion of littoral perch and perch 
biomass was seen (R2 = 0.7675, n = 4, p > 0.05) (Figure 13).  
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Figure 11. Showing the proportion of perch and total biomass in littoral and pelagic habitats in the 4 
sampled lakes, June 2006.  
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Figure 12. Plot of the proportion of littoral perch and total fish biomass showing the non-significant and 
very weak correlative relationship. 
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Figure 13. Plot of the proportion of littoral perch and total perch biomass showing the non-significant but 
strong correlative relationship. 
 
Discussion 
 
The results clearly showed a relationship between the intraspecific competition, diet, 
habitats and how that in turn affected the morphology of perch.  Clear trade-offs were 
observed since all perch chose to forage in the preferred littoral habitat where relatively 
high abundances of food were present with low perch densities, but when relatively high 
perch densities were present more perch chose to move out into the pelagic habitat.  This 
was thought to affect the diets of perch, which in turn altered their optimal morphology 
significantly.  
 
Species can often forage, and therefore compete, for the same prey types (Persson, 1986), 
but in this study the results showed that the interspecific competition did not significantly 
affect the perch’s diet.  Instead at high perch biomass the main driving factor of the 
perch’s diet seemed to be individual diet specialisation at high intraspecific competition.  
Robinson and Wilson’s (1994) review investigating competition showed that diet 
segregation between species, and morphs within a species, broke down during periods of 
high food abundance and reoccurs when food becomes scarce.  This suggests that 
competition was the main factor in these divergences.  Although, the reason why perch 
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did not get affected in the same way by increased interspecific biomass could be 
explained by that different species have altered diets at high fish densities (Kahl & 
Radke, 2006). 
 
The proportion of littoral perch decreased with perch biomass, and this suggested that 
more perch chose to move out to the pelagic habitat because of increased competition for 
the same food resource.  When the perch biomass was low there was a trend of all the 
perch to stay in the littoral habitat suggesting that the amount of resources was higher in 
the littoral habitat.   
 
The results also indicated that the perch in the littoral and the pelagic habitats had 
significantly different morphologies.  It has been shown that the morphology of perch 
differs between habitats (Svanbäck & Eklöv, 2003).  This was thought to occur because 
of trophic polymorphisms in which individuals strive to efficiently use resources in their 
environment (Smith & Skulason, 1996).  Streamlined morphs of perch grew faster in the 
pelagic habitat compared to the littoral habitat where the deeper bodied morphs grew 
faster (Svanbäck & Eklöv, 2003).  Earlier studies on the threespine sticklebacks 
(Gasterosteus aculeatus) have shown that different morphs have higher performance and 
feeding success, and hence growth, in their respective habitats (i.e. pelagic fish were 
fusiform and littoral were deep bodied).  But the hybrids were poor competitors (Smith & 
Skulason, 1996).  Since growth is an indirect measurement of fitness, perch should 
benefit by means of greater reproductive output, survival and competitive success if they 
lived in the pelagic habitat and had a streamlined body or they had a deeper body if they 
lived in the littoral habitat (Svanbäck & Eklöv, 2003).  Therefore the perch that first 
moved out to the pelagic habitat should be the more fusiform, because this morph has the 
advantage when they are foraging in the open water (Svanbäck & Persson, 2004).  Hence, 
perch should drop any food type that is not energetically viable to forage for (Svanbäck 
& Bolnick, 2005).  This could be what happened in the littoral habitat in this case, due to 
the higher levels of intraspecific competition. 
 
The perch’s individual diet specialisation changed with their morphological index, 
meaning that the diet affected individual morphology.  If the data for the pelagic perch 
from Lake Söderginingen was included the results were not statistically significant.  This 
could be because of the extreme morphological index values these individuals had and 
because of the low numbers of individuals collected.  
 
Conclusions 
Competition, and above all intraspecific competition, did affect the perch’s habitat 
choice.  This consequently affected the perch’s diet and morphology.  These results were 
most probably due to a foraging efficiency trade-off, where the deeper bodied perch had 
an advantage over fusiform perch when foraging for littoral prey and therefore they were 
the morph most frequently found in the littoral habitat.  
 
Unfortunately this study was based on small amounts of data.  More data would provide 
greater precision and accuracy to the fish’s morphology estimates and dietary habits.  
This would be especially the case for the individual diet specialisations, since very few 
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individuals were analysed.  Also, the bycatch was not measured separately for the littoral 
and pelagic habitats in Lake Funbosjön, meaning that the bycatch was divided into two 
which probably resulted in an inaccurate estimation of the biomass in the littoral and 
pelagic habitats in that lake.  Furthermore, due to the limited amounts of time for this 
study the ages of fish were not estimated.  This meant that the fish were put into size 
classes instead of year cohorts when the diet analysis was conducted, lowering the 
precision of the estimates. 
 
It would have been interesting to determine how the morphometry of the lakes affects the 
competitive interactions between species and within perch. Kahl and Radke (2006) 
suggested that it was not only the food resources that could affect intra and interspecific 
competition of fish, but also the morphometry of the lake, since lake morphometry may 
affect the interactions between and within fish species. These authors suggested that the 
effect of littoral resources was a more important factor driving the fish community in 
shallower and smaller lakes than in larger and deeper lakes.  Since all the lakes in this 
study were small and shallow this would mean, according to their theory, that 
competition would be the major driving factor of the fish community.  It would also be 
interesting to investigate how the morphology and individual diet specialisation within 
the same lake change over time, and how the morphology and individual diet 
specialisation change with fluctuations of perch biomass and total fish biomass. 
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