
 

Degree project in biology, 2006 
Examensarbete i biologi 20p, 2006 
Evolutionary Biology Centre and Department of Limnology 
Supervisor: Peter Eklöv 

 

 
 
 
 

Habitat induced polymorphism in brown trout (Salmo 
trutta) among three Swedish subalpine lakes. 

 
 

 
 

Daniel Rickström 
 
 
 



 

Summary 
 
1. Resource polymorphism has been found in various taxa, worldwide and depends on 
phenotypic plasticity, genetic differences between morphotypes or an influence of them both. 
Interspecific competition and specialisation in foraging is thought to be a primary cause to 
resource polymorphism. 
2. I have investigated if there were any differences in morphology between brown trout 
populations from three different lakes, and studied if the differences in morphological traits 
between the populations could be related to possible differences between the lakes. 
Second, I estimated lake specific morphological trait variation in relation to habitat and 
resource use of the trout to detect possible differences in the trout’s morphologic traits. 
3. Trout were caught from the littoral and the pelagic zone in each lake and to relate the 
occurring morphotypes to possible differences in resource and habitat use between and within 
the lakes I did a dietary analyze on all sampled trout. 
4. I found out that the lake, which were most shallow and geographically most separated from 
the other two lakes were inhabited of a trout population with less similarity in morphology 
compared to the trout from the other lakes. The results from the dietary analyze from this lake 
also showed less similarity to the other two lakes. The trout in this lake had been eating 
almost exclusively macroinvertebrates in both habitats while in the other two lakes the trout 
had larger proportions of terrestrial and pelagic prey items. Both the lake morphology traits 
and the interference of arctic char are suggested to be probable causes to that. Within each 
lake a correlation between the occurring morphotype and habitat also were found. Trout from 
littoral areas had a deeper body then the trout from the pelagic, which were more streamlined. 
A deeper body is suggested to be better for high manoeuvrability in the more vegetated 
littoral zone and a more streamlined body for efficient cruising and less drag in the open water 
of the pelagic. Differences in morphologic traits compared to habitat-specific resources within 
lakes were not possible to detect, probably due to a very low number of stomachs that 
contained any food items. 
5. This study reflects that morphological segregation seems to be a common pattern within 
trout populations, both between and within lakes, even though that the differences in habitat 
complexity are relatively small and the resources are poor. I suggest that more investigations 
how plasticity and trophic polymorphism appear in brown trout populations needs to be done 
to make our understanding greater. 
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Introduction 
 
Resource polymorphism has been found in various taxa, worldwide (Smith and Skúlason 
1996). Trophic or resource polymorphism is defined as the presence of individuals displaying 
different morphologies and utilizing different resources (Robinson and Wilson, 1994; 
Skúlason and Smith, 1995). The most primary cause of trophic polymorphism and adaptive 
radiations is often hypothesized to be the outcome of trade-offs in foraging on different food 
resources (Schluter 1993; Skulason & Smith 1995; Svanbäck & Eklöv 2003). Resource 
polymorphisms may also arise according to Smith and Skulason (1996) from species rich 
environments if resources are unique and require specialized traits to use. A trade-off usually 
refers to losing one quality or aspect of something in return for gaining another quality or 
aspect. The trade-off may result from either phentotypic plasticity or gentic differences or an 
influence of the both. Phenotypic plasticity is defined as the ability for one genotype to adapt 
to more then one alternative morphological form, as a response to changes in the 
environmental conditions.  

Smith and Skulason (1996) describes that differences in morphs can affect several 
characteristic of the species, such as morphology, color, behavior, or life history traits. 
Resource polymorphisms in fishes are common in recently (10000-15000 years) glaciated 
areas of the northern hemisphere (Smith & Skulason 1996). Northern freshwater fishes that 
inhabit postglacial environments show remarkable amounts of phenotypic variability but 
unusually low amounts of genetic diversity among phenotypes (Bernatchez and Wilson 1998). 
The fish fauna in post-glacial lakes displays an intraspecific morphological divergence tightly 
coupled to the spatially variable environment found within the lakes (Robinson and Wilson 
1994). Polymorphism in fish is usually found in lakes with two distinct habitats, one 
vegetated shallow littoral zone and a deeper non-vegetated pelagic zone (Robinson and 
Wilson 1994; Svanbäck & Eklöv 2002,2003). Freshwater fish populations are often tropically 
polymorphic, with individuals in a single lake or stream appearing to be specialized for 
exploiting different niches (Schluter and McPhail 1993; Robinson and Wilson 1994). 
Adaptations in fish as a response to specific habitat or specific prey type use have long been 
known to be important factors for morphological plasticity (Webb 1984). The occurring 
phenotypic forms of morphology within these habitats often includes a limnetic form that 
feeds mainly on zooplankton, and a benthic/littoral form that feeds on invertebrates in the 
bottom sediments or being attached to stones and vegetation (Robinson, Wilson and O.Shea, 
1996). 

Different morphologies of fish are often related to different foraging mode or the 
complexity of the habitat. For example fish occupying the littoral zone, which in general are 
more vegetated and therefore more structurally complex, have a deeper body, which is better 
suited for maneuverability (Webb 1984). In contrast, pelagic fish are described as pursuit 
foragers with high search velocity and capture rate and a successful forager in the open water 
column on widely dispersed planktonic prey. 

Other morphological differences that distinguish littoral from pelagic foragers are larger 
head and mouth, blunt snout, a longer upper jaw are traits favorable in the littoral, while the 
pelagic zone inhabits more slender formed fish with better developed gill rakers, a smaller 
head with pointed snout and equally sized jaws (Svanbäck and Eklöv 2002, 2003 and 
Snorrason et al. 1994). Schluter (1993) showed that the optimal morphology to maximize the 
foraging intake rate for the stickleback was dependent on the structure of the habitat. The 
pelagic more slenderlike form was most efficient foraging in the pelagic prey and the deeper 
body littoral form were better eating benthos.  
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When the slenderlike form were offered benthos and the deeper form were offered pelagic 
prey, Schluter (1993) showed that foraging efficiency and growth rate of both forms 
decreased, indicating a trade-off in habitat-specific feeding at the expense of feeding 
efficiency in the other. 
Morphological plasticity and polymorphism among alpine freshwater salmonides has mainly 
been focusing on the arctic char (Salvelinus Alpinus). Normally 2 coexisisting forms can be 
found, one large form living in the pelagic as planktivore or piscivore, and one dwarf form 
found in the littoral feeding on macroinvertebrates. In lake Thingvallatn in Iceland as much as 
four different morphological forms of artic charr have been found (Sandlund et al. 1994). The 
four morphological different forms of coexisting char were classified as piscivores, 
planktivores, one small and one big benthivorous morph. The pelagic form had a larger eye, 
terminal mouth and more developed gill raker. The benthic form showed the opposite pattern 
(Skúlason and Smith 1995). 

In brown trout, the investigations have mainly been focusing on the genetics and have been 
less concerned above morphological plasticity.  
The brown trout is a very common fish in the north of Sweden, often coexisting with arctic 
char in subalpine lakes. Competition between these two species have been studied before 
mainly concerning the niche segregation due to resource competition and also less aggressive 
behavior between the species, without any correlations to the individual variation in 
morphotypes.  

The aim of this study was two-fold. First I investigated the differences in morphology 
between three brown trout populations from three different lakes, to see if differences in 
morphological traits between the populations could be related to possible differences between 
the lakes. 

Second, I estimated lake specific morphological trait variation in relation to habitat and 
resource use of the trout to detect possible differences in the trouts morphologic traits. 
 
 
Material and methods 
 
Field survey 
The field survey was carried out during the first week in August 2004 in three lakes in 
Lapland, Sweden. 
Two of the lakes were geographically close to each other, Västra and Östra Niusak. (Fig. 1) 
These lakes were also connected through an approximately 1 km long creek.  

 
Fig 1. Map over the sampled lakes. 
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Table 1. Lake data 
Lake X-coord Y-coord Area (ha) Altitude (m) Max. depth (m)

Västra Niusak 152902 734958 16 668 8 
Östra Niusak  153062 734894 43 670 9 
Tjelkesjaure 154532 734118 86 657 8 
 
All lakes were different in size (Table 1), and morfometric features. Västra Niusak had 
slightly sloping shores that were classified as littoral to about 5 meters from the shoreline. 
Östra Niusak had a very small littoral zone, due to very steep shores to the deeper zone (depth 
classified to the pelagic> 3 m, appeared already after a couple of meters) and Tjelkesjaure 
consisted in majority of areas classified as littoral zone, depth <1,5 meters. This study was 
combined with another purpose; test fishing initiated by the County Administrative Board in 
Norrbotten, and therefore sampling was done according to the standardized fish sampling 
procedure (Appelberg et al. 1995). An ecosounder was used to determine the topography, to 
identify the deep zones for the test fishing. All nets used in this study were benthic-
standardized test fishing-nets, Norden 12, which are 30 meters long, 1,5 meters deep and 
consists of 12 sections, each 2.5 meter, with mesh sizes between 5 and 55 mm. All nets were 
set at random with a given number in each deep zone (Appelberg et al. 1995). The nets were 
set in the evening at 7 p.m.and lifted in the morning at 8 a.m. Of the total catch of brown trout 
a sample between 38 and 65 individuals from each lake were used for morphological and 
dietary analyses (Table 2). The sampled fish were placed with left side up on a light blue (for 
best contrasts) styrofoam piece. The fins were fixed with needles, and a photo was taken with 
a digital camera. The fish was then measured and weighted and the stomach of each fish was 
removed and put in 98% ethanol for later dietary analyzes. In the laboratory, the diet was 
analyzed under a dissection microscope and the content was identified to the lowest possible 
taxonomic level. All organisms was counted and measured. The dry weight of biomasses of 
different prey categories were calculated using available a length/weight relationship (Eklöv 
and Svanbäck, unpublished data). 
 
Table 2. Depth between the sampled zones, and number of individuals sampled from each 
habitat.  

Lake Habitat
Depth 
(m) 

 Number of 
ind. 

Västra Niusak Littoral 1,5-3,5 20 
 Pelagic 3,5-8 18 
    

Östra Niusak Littoral 1,5-3 21 
 Pelagic 3.0-8 44 
    

Tjelkesjaure Littoral 0,8-1,4 31 
 Pelagic 1,5-4,3 32 

 
Morphological analysis 
The morphological variation of the sampled fish was analyzed using 15 landmarks digitized 
on each specimen with TPS-digit (Rohlf 2003a) (Fig. 2) 
Each landmark gives a X- and a Y-coordinate and the variation in body shape was estimated 
analyzing relative position of each landmark in TPSRELW (Thin-plate Spline Relative Warp, 
Rolf 2003b).  
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The components describing this shape variation are then decomposed into uniform and 
non-uniform scores, and the latter scores can further be decomposed into partial warps. The 
non-uniform scores (in this case 12 x and 12 y) as well as the uniform scores (one x and one 
y) can then be used as parameters for statistical analyses of variation in whole body 
morphology between the groups. The non-uniform scores and the uniform scores were then 
analyzed further with a multivariate discriminate function analysis (DFA), first to compare 
the variation in morphology between the lakes, and secondly to compare the morphological 
variation between the habitats within each lake. 

DFA combines all the partial warp and uniform scores into one morphological index for 
each individual. This morphological index is the value that describes the variance in 
morphology between the fish sampled. This index was then entered into TPSREGR (Rohlf 
2004) together with the x and y coordinates from TPSDIG. The result from the regression 
made in TPSDIG is a visualization of the morfological variation among the sampled fish. 

 
Fig.2. Positions of the 15 landmarks used for the morphological analyses. 
 
Statistics 
All statistic analyses were performed using SPSS 11.0 for Windows. 
Morphology was tested by using a two-way ANOVA with the variance (DFA-value) from the 
habitats/lakes as grouping factor and the length of the fish as covariate, to explore the 
significance between the grouped habitats and the influence of length according to the 
differences in morphology. In Västra Niusak the sampled trout were not normally distributed 
so therefore I transformed the DFA-values before analysis with square root + 5. In Östra 
Niusak it was a size differences between the samples from two set habitats and therefore I 
linearly regressed each shape measurement (discriminate function scores) against total length 
and tested the residuals to remove the effect of size on morphology. 
 
 
Results 
 
Catch result 
Only brown trout and arctic char were caught, with the trout as the clearly most abundant 
species (Fig. 3). In the littoral of Västra Niusak the abundance of trout was high and the size 
of the fish were small and in Östra Niusak the same pattern was shown in the pelagic; higher 
abundance, and smaller size. 
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Fig. 3. Mean values ± S.E. are shown from the total catch between the grouped habitats, 
littoral (white bars) and pelagic (grey bars).a) length b) the number of individuals caught/net 
(CPUE).  
                                                                     
Morphology 
 
Between lake comparisons  
The morphology of  brown trout differed between the three lakes. The two-way ANOVA on 
the two morphological functions with lake as fixed factor, total length as covariate and an 
interaction habitat×length showed: Function 1, lake: F2,631=14.009, P<0.001; length: 
F1,631=0.006, P = 0.936; lake×length: F2,631=0.239, P=0.787;  Function 2, lake: F2,441=4.011, 
P=0.020; length: F1,441= 0.097, P=0.787; lake×length: F2,441=0.214, P=0.808 
The trout from Västra and Östra Niusak were more similar in morphology compared to the 
trout from Tjelkesjaure (Fig. 4)   

The DFA correctly classified 89% of the individuals to their respective lake and the first 
function alone explained the majority of the total variation (68,1%) and therefore the 
visualization of the results is based on this function alone. The visualization of the occurring 
morphs indicated that fish from Tjelkesjaure had a deeper body, larger head and wider base of 
the pectoral fins then the morph from Östra Niusak, which were more slender, with smaller 
head and shorter base of the pectoral fins. 
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Fig. 4. Distribution of the canonical morphological scores for all three lakes (from the 
discriminate function 1 analysis) of all brown trout (1= Västra Niusak, 2= Östra Niusak and 
3= Tjelkesjaure).  
 
 
Habitat comparisons 
 
Västra Niusak 
The trout from Västra Niusak showed significant differences between littoral and pelagic 
habitats in the two-way ANOVA for the morphological function with habitat as fixed factor 
length as covariate and habitat×length as interaction: habitat: F1,774=4.05, P=0.05; length: 
F1,774= 0.868, P=0.358; habitat×length: F1,774=0.013, P=0.910. The DFA correctly classified 
100% of the individuals to their respective habitat and the visualization between the two 
extreme morphs show differences in the littoral and pelagic forms (Fig. 5) The pelagic ones 
tended to be more slender, streamlined with shorter base of the pectoral fins, larger caudal fin 
and a more neutral position of the mouth. The littoral morph had deeper body with longer 
base of the pectoral fins and a shorter snout. 
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Figur 5. Distribution of the canonical morphological scores for trout in Västra Niusak. The 
morphological scores vary between –3.86 and 3.90 (The visualizations of the two extreme 
morphs for each habitat are extrapolated 10 x the actual values to make visualization easier). 
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Östra Niusak 
The 2-way ANOVA with habitat as fixed factor, length as covariate and an interaction with 
habitat×length showed a correlation between morph and size of the fish between the two 
habitats (Fig.7), habitat: F1,344=0.103, P=0.749; length: F1,344=9.593, P=0.003; habitat×length: 
F1,344=2.051, P=0.157. 

The residual test (to take away the effect of size on morphology) showed significant 
difference between the habitat occurring morphs, t-test, F1,188  = 15.787,  P < 0.001. The 
analyses for the morphological function correctly classified 73,8% of the individuals to their 
respective habitat. The visualizations of the extreme morphs showed a pelagic form with 
slender body, long snout and larger caudal fin. The littoral morph was represented by a deeper 
body, with a blunt snout and wider base of the pectoral fins (Fig. 6).  
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Fig. 6. Distribution of the canonical morphology scores for trout in Östra Niusak. The 
morphological scores vary between –2.86 and 2.35 between trout from the two habitats. The 
visualizations of the two extreme morphs for each habitat are 3 x the actual difference 
between the individuals, to make the visualization easier).  
 

 
Fig. 7 Length and morphological index relationship (habitat 1= littoral, habitat 2= pelagic). 
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Tjelkesjaure 
The trout from Tjelkesjaure showed significant morphological differences between the 
habitats. The 2-way ANOVA with habitat as fixed factor, length as covariate and 
habitat×length as interaction showed; habitat: F1,456=9.939,  P=0.003, length: F1,456=0.135, 
P=0.715; habitat×length: F1,456=1.103, P=0.715. The DFA correctly classified 79,4% of the 
individuals to their respective habitat. Visualization between the two extreme morphs showed 
that both forms are relative deep bodied but the littoral morph had a more distinct high ventral 
side whereas the pelagic one had a more streamlined ventral side with a deeper dorsal side. 
Other characteristic traits are the larger head and wider pectoral fin base for the littoral morph 
(Fig. 8).  
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Figur 8. Distribution of the canonical morphology scores in Tjelkesjaure. The morphology 
scores vary between –2.66 and 3.43. (The scores are extrapolar 3 x the actual difference 
between the actual values, to make visualization easier). 
 
 
Diet 
A low abundance of food resources was indicated by that around 50 % of the sampled trout 
had empty stomachs. The major food items consumed were macroinvertebrates mainly 
Trichoptera, Gammarus and Gastropoda. 

The low sample size did not allow for comparisons among habitats within lakes but 
comparisons across lakes show that in Västra and Östra Niusak the proportion of the stomach 
content consisted of about 70-80 % of macroinvertbrates whereas in Tjelkesjaure almost only 
food items the trout had in their stomachs was macroinvertebrates (Table 3). 
The zooplankton found in the diet mainly consisted of Daphnia and Bytrotrephes and 
terresterial insects, mainly Trichoptera. 
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Tabel 3. Number of indivduals with food in the stomachs (%) and average proportional of 
trout diet over the two grouped habitats. 

Lake Habitat  % Macroinv. % Pel clad %Terrestert
Västra Niusak Littoral, 8, (40%) 75 12.5 12.5 

 Pelagic, 9, 50% 80.3 0.1 19.6 
     

Östra Niusak Littoral, 9, (43%) 72.7 6.1 18.5 
 Pelagic, 22, (50%) 74.9 10.8 14.3 
     

Tjelkesjaure Littoral, 12, (39%) 96.2 0.9 2.8 
 Pelagic, 20, (63%) 99.9 0.1 0.0 

 
 
Discussion 
 
Morphologic differences between the lakes 
The results showed that trout morphology differed significantly among all three lakes. It also 
appeared that trout from Östra and Västra Niusak were more similar in morphology compared 
to Tjelkesjaure. The extreme morph from Tjelkesjaure had a slightly deeper body, wider 
pectoral fins, bigger head and a mouth more upwards bent. The extreme morph in the other 
direction was from Östra Niusak, which had more streamlined morphology with smaller head, 
more neutral mouth and smaller pectoral fins. 
These morphs have been explained in several studies before as characteristic morphs for 
littoral and pelagic for optimizing forage intake in the specific habitat-structure (see for 
example Webb 1984; Svanbäck & Eklöv 2002, 2003). Several hypotheses can be responsible 
to the differences between the morphologic types in Tjelkesjaure and the Niusak lakes: 
Tjelkesjaure is the largest lake of the three, but at the same time also the shallowest with large 
areas with less then 1 meter in depth. Maybe the abundance of macroinvertebrates is large 
enough for the trout to specialize in this resource alone and therefore to show morphological 
adaptations off for foraging on macroinvertebrates. A deep body form with wide pectoral fins 
for high maneuverability has been shown being characteristic adaptations for a littoral living 
fish (see for example Webb 1984; Snorrason et al 1994; Svanbäck & Eklöv 2002, 
2003;Olsson & Eklöv 2005). The dietary analyses from Tjelkesjaure supports this theory, 
showing that the trout almost exclusively had been eating macroinvertebrates, whereas in the 
other lakes, a larger proportion of pelagic and terrestrial prey were found in the diet. Västra 
and Östra Niusak are much, which could mean the influence of the border area would be 
stronger then in Tjelkesjaure, which might explain the relatively higher representation of 
terrestrial insects in the stomachs, also suggested by Cavalli (1998).  
Another difference between Tjelkesjaure and the other two lakes was that the population of 
arctic char was much larger. The arctic char are better suited for pelagic foraging then the 
trout with a more streamlined body for efficient cruising (Pakkasmaa et al. 1998) and better 
developed gill rakers (Skulason and Smith 1995). Arctic charr are also suggested by Cavalli 
(1998) to be better adapted than trout in shortage of food when it comes to eating small 
pelagic prey. The trout are instead better suited for a more complex habitat, with a deeper 
body, and larger pectoral fins (Pakkasmaa et al.1998). Jansen et al. (2002) also showed that 
when coexisting char and trout were exposed to gammarides and daphnia, trout almost 
exclusively preferred gammarides and the arctic char the daphnias. Malmquist et al. (2002) 
also showed from a morphological study within lakes of the Faeroe Islands that when trout 
coexisted with arctic char the brown trout had a more curved snout  which were correlated 
with a much higher proportional of benthic fauna than in the other investigated lakes without 
char present. All of these studies show that arctic char is superior to trout when it comes to 
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feeding on pelagic prey meaning that trout in Tjelksjaure might suffer more from interspecific 
competition with char than it does in the other two lakes due to the higher abundance of char, 
making the trout feed more exclusively on macroinvertebrates.  
The trout in Tjelkesjaure are both bigger and more abundant in the pelagic compared to the 
littoral zone. This fact could be due to that the most shallow areas in the littoral bottom 
freezes during the long and cold winters on this latitude, making the abundance of prey items 
lower then in deeper water. This condition is less likely in the other lakes because of the 
steeper littoral zone. This makes this habitat less rich in resources and forces the trout the 
deeper water. Saksgård and Hesthagen (2004), suggests that individuals should be specialized 
to a larger degree on different prey types when the competition is strong which is supported 
by the catch result, that Tjelkesjaure have clearly the highest abundance of fish in the pelagic 
compared to the other lakes.  
Another hypothesis is the difference in geographical distance between the lakes. Tjelkesjaure 
are located approximately 8 km south west of Västra and Östra Niusak, which also are 
connected to each other with one km creek. This could mean that it is more likely that the 
environmental conditions between Västra and Östra Niusak would be more similar then 
between these lakes and Tjelkesjaure. The environmental conditions are affecting the 
abundance of available resources, which in turn affects the adaptation in morphology of the 
fishes. 
 
Morphologic differences between the habitats.   
The result showed significant differences between the habitat specific morphotypes in all 
three lakes. The littoral form from both Västra and Östra Niusak were deep-bodied characters, 
with both blunt snouts and in Västra Niusak also noticeable wider base of the pectoral fins, 
compared to the pelagic ones. Malmquist et al. (2002) also showed that when trout and arctic 
char coexisted the trout with more blunt snout were correlated with a much higher proportion 
of benthic fauna in the diet. Still the diet analysis of the trout from Västra and Östra Niusak 
did not support this correlation. Västra Niusak were the only lake that had the two habitat 
specific morphotypes totally segregated from each other, without any overlap. However the 
diet data did not show any differences between the habitats. 
In Östra Niusak there is a substantial overlap between existing morphotypes. An overlap 
between two existing groups of morphotypes usually is an indication of generalists that forage 
in both habitats (Smith and Skúlason 1996). So why are the difference in the segregation 
between the occurring morphotypes so big between the two lakes? 
Schluter (1993) suggested that the mechanism that creates and maintains the differences in 
morphology between the habitats probably relates to trade-offs in foraging efficiency between 
habitats, suggesting that that natural selection may favor divergent morphologies in these lake 
habitats. The fish occupy the habitat they are best morphologically adapted to.  
Phenotypic plasticity would then reinforce the habitat specific morphology making the fish 
gradually become more and more optimized foragers for that habitat-specific prey items.  
The most noticeable differences between Västra Niusak and Östra Niusak are the lake 
morfometrics and the distribution of trout within the lakes. In Västra Niusak the littoral are 
proportional much larger than the littoral in Östra Niusak. In the littoral zone of Västra Niusak 
the trout were both more abundant and smaller in size compared to the pelagic. The same 
pattern was found in Östra Niusak with the difference that the more abundant and smaller 
trout were occupying the pelagic. Saksgård and Hesthagen (2004) showed similar results 
between abundance and size in their 14-year study from the subalpine lake Atnsjön in 
Norway. Trout were largest in areas with lower fish density, indicating intraspecific 
competition for food and space. Saksgård and Hesthagen (2004) showed further that small 
brown trout stayed close to the shore line, while larger individuals occupied deeper areas,  
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a result which is in agreement with Persson`s (1985) hypothesis that smaller animals tend do 
be superior in exploitative competition. A suggestion that gives support to the catch from the 
littoral in both Västra Niusak and Tjelkesjaure. In Östra Niusak the limitation in space within 
the small littoral zone, could be responsible for the reversed mean size between the habitats. 
The trout are proposed being both aggressive and territorial (Nilsson 1955) which could mean 
that from a habitat with limited space, as the littoral in Östra Niusak, superior trout cause 
inferior trout to switch more to pelagic living, and this intraspecific competition between the 
habitats could be the cause to why there is an overlap between morphotypes in Östra Niusak 
In Västra Niusak the total segregation between the morphotypes indicated that there is less 
competition between habitats and specialization within each habitat are probably larger. 
Malmqvist et al.(2002) propose that divergence in morphology occur mainly in deeper and 
larger lakes inhabiting two or more different spatially distinct habitats. Västra Niusak is not 
large but is maybe the only lake of the three that have sufficient amount of space within two 
distinct habitats, and this is maybe why the segregation between morphotypes is larger than in 
the other two lakes. 
In Tjelkesjaure the difference in body depth between the two habitat-specific morphotypes 
was not so obivous. Both morphological extremes have quite deep body, and the largest 
difference in morphology was that the littoral had a bigger head and a wider base of the 
pectoral fins. At the same time the caudal region of the littoral morphotype seems to be longer 
and deeper, a trait which normally is suggested to be a favorable adaptation to the pelagic. 
Ojanguren and Brana (2003) showed that brown trout which had relatively longer caudal 
regions were much more endurant in swimming performance. The inversed correlation for 
Tjelkesjaure could be an effect of the relative large and shallow areas with open water, which 
perhaps favors active swimming and therefore the fish showed a relatively longer caudal 
region in the littoral of Tjelkesjaure, compared to the other lakes. The lower abundance and 
smaller size of littoral trout in Tjelkesjaure are also indications of that the resources are scarce 
and therefore forces the trout to search for food over wider areas. Malmqvist et al. (2002) 
proposes that a less obvious difference between morphotypes could be due to a less distinct 
habitat border, which could explain the less pronounced morphotypes within Tjelkesjaure, 
where the borderline between the habitats is less apparent than in the other two lakes. 
 
Morphology and diet 
I didn’t find any clear dietary differences between trout caught in the littoral and in the 
pelagic zones. Very few of the analyzed stomachs contained anything, which made the 
comparisons between possible habitat-specific resource and habitat-specific morph none 
detectable. Trout from both habitats in all three lakes fed mainly on macroinvertebrates. 
The dietary analysis showed that trout from Tjelkesjaure had a larger proportion of empty 
stomachs in the littoral than in the pelagic, indicating that the food resources in the littoral of 
Tjelkesjaure were poor. This relationship was weaker in the other two lakes. The trout from 
Tjelkesjaure had almost exclusively been eating macroinvertbrates in contrast to the other 
lakes, which showed an overall diet containing more of pelagic and terrestrial prey. This 
result is probably due to several factors such as interspecific competiton and the lake 
morfometrics of Tjelkesjuare as mentioned earlier. 
 
Conclusions 
In conclusions, this study reflects that morphological segregation seems to be a common 
pattern within trout populations, both between and within lakes, even though the differences 
in habitat complexity are relatively small and the resources are poor. Polymorphism is 
induced by genetic differences and/or phenotypic plasticity (Robinson and Wilson 1996), but 
their relative importance is still unknown. Several factors such as, intra- and interspecific 
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competition, habitat complexity, resource abundance and lake morfometri are all examples of 
factors that could effect the phenotypic plasticity and the outcome of the occurring 
morphotypes. To make the understanding larger in how trophic polymorphism and plasticity 
appears among brown trout, further investigations are required.  
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