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Summary 
 
Phenotypic plasticity is defined as an organism’s ability to express different 
phenotypes depending on the environment. Predation is one of the key forces in 
ecology and can indirectly cause a change of the phenotype in fish populations. 
Pigmentation change in order to match the background is one type of camouflage used 
in fish and other organisms. Moreover, pigmentation might depend on environmental 
conditions such as turbidity and water colour that affect the light spectrum and thus 
the visibility in the water. The phenotypic variation in body pigmentation of perch 
(Perca fluviatilis L.) has rarely been studied to this date. In this study, I examined if 
body pigmentation of perch varied between different environments and between 
structurally different habitats (littoral/pelagic). I tested long-term (phenotypic 
plasticity) and short-term (physiological-behavioural) changes in pigmentation by 
using long-term pre-treatments and short-term aquarium experiments. Differences in 
structurally-diverse habitats were investigated in an extensive field study. 
Furthermore, experimental results were compared to data from the field. The results 
show that pigmentation is determined by environmental factors, such as water colour 
or turbidity, and by structural complexity. Since fishes adapted their pigmentation to 
their visual environment, pigmentation is likely used as predator avoidance 
mechanism in perch. Moreover, it was demonstrated that the environmentally-induced 
pigmentation pattern determines the magnitude of short-term pigmentation in perch. 
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Introduction 
 
Diversity works as a fuel to feed evolutionary change and it originates at the levels of 
both genotypes and phenotypes (Stearns, 1989). Phenotypic plasticity is defined as an 
organism’s ability to express different phenotypes depending on the environment 
(Agrawal, 2001) and may take the form of short-term flexible behavior 
(Ramachandran et al., 1996; Rodrigues et al., 2009), or long-term developmental 
changes that affects the adult form (Price, 2006). Predation is one of the key forces in 
ecology and can indirectly cause a change of the phenotype in fish populations (Eklöv 
& Svanbäck, 2005). Camouflage or the ability to avoid detection by matching the 
surrounding environment is one type of predator avoidance mechanism (Ryer et al., 
2008). Among other types, a change in pigmentation to match the background is one 
type of camouflage used in fish (Rodgers et al., 2010) and other organisms. 
Phenotypic plasticity in pigmentation pattern is therefore likely affected directly by 
predation. In the pelagic habitat, the lack of structural complexity has led to 
camouflage strategies such as countershading and dull colouration (Kekäläinen et al., 
2010). In contrast, benthic habitats are structurally complex and fishes might therefore 
express more pronounced and cryptic pigmentation patterns (Cox et al., 2009). 
Kekäläinen et al. (2010) showed that pigmentation of perch varied between the littoral 
and pelagic, likely as a result of differences in the demand of predator avoidance in 
these structurally varying habitats (Cox et al., 2009).  
 
Moreover, pigmentation might depend on environmental conditions such as turbidity 
and water colour that affect the light spectrum (Pavlidis et al., 2008) and therefore 
have an impact on water visibility. Water transparency is strongly dependent on 
turbidity and the concentration of dissolved organic carbon (DOC) (Wissel & 
Ramacharan, 2003). With decreasing visibility in the water, the water itself becomes a 
“camouflaging environment”, i.e. it reduces the likelihood of detecting prey by visual 
predators. Therefore, it is likely that fishes originating from clear, high visibility lakes 
should have more pronounced camouflage than fishes from lakes with low visibility 
such as turbid or highly coloured lakes. Adaptations in pigmentation patterns such as 
adaptations to habitat structure or other environmental conditions are likely to be of 
permanent nature, i.e. the changes are reversible, but are relatively permanent once 
induced (Cox et al., 2009). Such pigmentation changes are defined as occurring 
comparatively slow and happen within days or weeks, with a long-lasting impact on 
pigmentation (Leclerq et al., 2010). Rodgers et al. (2009) showed that changes in the 
visual background influences the pigmentation and shoaling behaviour of the western 
rainbowfish, Melanotaenia australis. Fishes exposed to dark backgrounds displayed a 
higher proportion of black pigmentation and preferred to associate with other 
darkened fishes. Furthermore, Pavlidis et al. (2008) demonstrated that body 
pigmentation of red porgy, Pagrus pagrus, were under multi-parametric control, i.e. 
under the influence of environmental factors such as background colour, differences 
in lightning spectrum and light intensity (example shown in Figure 1).  
 
Both small-scale and large-scale changes in ecosystems can promote pigmentation 
changes in fishes (Schwartz & Hendry, 2010). In contrast to the more permanent 
changes in pigmentation, there is also a behavioral-physiological pigmentation 
change, i.e. a “short-term” change, which is likely used for intraspecific 
communication, as a stress-response and/or as predator defense. However, the ability 
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and magnitude of changing pigmentation over a short-term perspective are likely 
determined by the long-term, more permanent pigmentation (Leclerq et al., 2010). 
  
The Eurasian Perch is a common freshwater fish in the Northern Hemisphere. Perch 
undergo three major diet and niche shifts over one lifetime; at first they feed on 
pelagic zooplankton. When the fishes reach a size of 30-80 mm they shift to 
macroinvertebrates and finally, they shift to piscivory when their size ranges from 
130-180 mm (Persson et al., 2000). Phenotypic variation in body morphology is well 
documented in perches (Svanbäck & Eklöv, 2002; 2003; Olsson et al., 2007). Perch 
morphology has been shown to be tightly related to the littoral and pelagic habitats of 
lakes (Svanbäck & Eklöv, 2002) and this is to a large extend a result of a plastic 
response to the environment (Olsson et al., 2007; Svanbäck & Eklöv, 2002; 2003). 
However, the phenotypic variation in body pigmentation is not well studied. 
Kekäläinen et al. (2010) showed that there were variations in pigmentation between 
habitats within lakes. Therefore, perch can act as a good model for studying the 
phenotypic plasticity of body pigmentation.  
 
 

 
 
 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
Figure 1. Differences in the body pigmentation of perch. Perch from the turbid Lake Valloxen (A), 
from the coloured Lake Oppsveten (B) and from the clear water Lake Erken (C). Fish were similar in 
size and were all caught in the littoral zone. Picture D-F shows a zoom-in of picture A-C. D turbid lake, 
E coloured lake and F clear lake. 
 

Purpose and aim 

The present study aimed to understand how visual conditions affect variation in body 
pigmentation in perches. Changes in pigmentation in perches have rarely been studied 
to this date. Pigmentation change is used as a type of predator avoidance mechanism, 
but also as a tool for communication between conspecifics and behaviour and is 
involved in stress related situations. We assumed that predator avoidance-related 
pigmentation should be related to specific environments such as habitat structure 
and/or water transparency, as a mechanism acting on a long-term basis, whereas 
behavioural and/or physiological related pigmentation is of short-term basis. We tried 
to distinguish between long-term (phenotypic plasticity) and short-term changes in 
pigmentation (physiological-behavioural change) by using long-term pre-treatments 
and short-term aquarium experiments. Field data were used to evaluate experimental 
results and furthermore investigate the effect of habitat structure on pigmentation.  

A B 

C D E F 
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Hypothesis and predictions 

In this study, three main questions are addressed: (1) How does body pigmentation of 
P. fluviatilis L. vary between different environments? Studies have shown 
(Kekäläinen et al., 2010; Rodgers et al., 2010) that this is an occurring phenomenon 
in fishes and we therefore wanted to examine this further. (2) Do pigmentation 
patterns differ between structurally different habitats (pelagic/benthic)? Cox et al. 
(2010) and furthermore Kekäläinen et al. (2010) have suggested that this might be the 
case when studying fish populations. (3) How does “long-term” environmental 
adaptation in pigmentation affect rapid body pigmentation changes in perch, i.e. how 
does environmental variation affect plasticity in pigmentation? 
 
The main hypotheses of the study were:  
i) environmental conditions determine body pigmentation in perch 
ii) the resulting pigmentation is consistent with the predator avoidance theory, i.e. fish 
try to match their environment in order to avoid predation 
iii) pigmentation differs between habitats, i.e. fish in the pelagic are dull and fish in 
the littoral are dark 
iv) perch are able to change their colour instantly in order to adapt to their 
environment. However, the rapid change is restricted by their “pre-defined”, i.e. 
permanent pigmentation  
 

Materials & Methods 

This study was conducted in the lab at the department of Limnology, Uppsala 
University during the spring of 2010. The perch used in the experiment were captured 
from Lake Erken (Table 1) in August 2009 by seine netting in the littoral zone. 

Laboratory study 

450 young-of-the-year perches in total were collected for the study. All fishes were 
kept in holding tanks with black walls (750 litres). The fishes were divided into three 
different pre-treatment groups; clear, coloured and turbid water, hereafter referred to 
as CL, CO and TU fishes. 146 perches were placed in each of the three holding tanks 
for five months before the first analysis. Turbidity and absorption were monitored 
over the whole duration of the experiment and turbidity was maintained by using a 
clay suspension. The turbid treatment measured 18.8 ± 4.8 NTU over the study 
duration, whereas turbidity in both coloured and clear treatments were low (1.23 ± 
0.29 and 0.74 ± 0.23 NTU respectively). The coloured treatment contained peat 
extract which gave the water a brown-red colour. Absorbance measured 0.15 ± 0.04 
for the turbid treatment, 0.37 ± 0.02 for the coloured treatment and 0.04 ± 0.001 for 
the clear treatment (measured at 250 nm). The fishes were fed daily with frozen 
chironomids (Chironomus sp.)  
 
Prior to the aquarium experiments (after five months), all fishes were photographed 
(Canon Powershot G9), measured and weighted. Photographs were taken using 
standardized light settings and including a standard colour scale to standardize 
photographical settings of the image in the analyses (TIFFEN GrayScale). The images 
were later on analysed in Photoshop (CS4 extended, version 11.0) by measuring 
luminosity for the whole body, the dorsal side and the ventral side of the fishes 
(Figure 2). Luminosity is a measure of brightness in the picture, i.e. it gives a value 
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for the amount of light coming from a colour. The Polygonal Lasso Tool was used to 
select the defined areas for the analyses (Figure 2). The results from the Photoshop 
analysis were converted to a scale of 0 to 1, where 0 represents white (no 
pigmentation) and 1 represents black (dark pigmentation). 
 
Photographs of fishes were taken before being placed in the pre-treatments. The 
photos were used as a starting reference for body pigmentation and compared later 
with the pigmentation of the fishes after five months in the pre-treatment.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Whole body (A), dorsal side (B) and ventral side (C) measurements of luminosity in 
Photoshop.   
 
 
The experiments were carried out in small aquaria, each holding about 20 liters of 
water (40x40x15 cm). Each aquarium contained a standard colour scale submerged in 
the water, an air pump and a layer of gravel at the bottom. The aquaria were all 
visually isolated from each other with dark textiles and standardized lighting from 
above was used (Figure 3). The experiment was a 3x3 factorial design, testing all 
groups of pre-treated fishes (CO, CL and TU) in coloured, clear and turbid water. 
Each treatment was replicated 11 times. Each trial contained 3 fishes originating from 
the same pre-treatment, all randomly selected from the holding tanks. The fishes were 
acclimatized in the aquaria for at least three hours prior to the experimental start to 
assure that fish were minimally stressed. When the fishes were moving freely without 
any sign of stress, each trial fish was video-recorded for 5 minutes. Video sequences 
were analyzed for images where fishes were clearly visible from the lateral side. 
Mean aquarium values were calculated on fish pigmentation as described earlier as 
well as the first black and white stripe on the dorsal side as shown in Figure 4. 
 
 
 

A 

B

A 

C

A 
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Figure 3. Aquarium treatments used in the experiment; turbid (A), colour (B) and clear (C). Each and 
aquarium contained three fish together with a standard scale, air pump and some gravel at the bottom. 
Picture D shows the experimental setup with dark textiles visually isolating the aquariums from each 
other. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Areas analyzed for black and white stripes (A). Each photograph was standardized using the 
white and black on the standard scale (B). 

Field study 

A lake survey was carried out in 10 Swedish lakes in 2007 and 2008 (Table 1). 
Standardized multimesh gill nets were used to catch fishes from littoral and pelagic 
habitats in each lake. The fishes were measured to the nearest 1 mm (total length), 
weighed to the nearest 0.1 g and stored frozen at -20°C until further analyzed. They 
were photographed and pictures were later on analysed with Photoshop as shown in 
Figure 2. 
 
The fishes were grouped into three different size classes for the analyses (<100 mm, 
100-200 mm, >200 mm). Perches larger than 200 mm were excluded from further 
analyses due to their rare occurrence. 
 
 

A B 

C 
D 

A B
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Table 1. Abiotic factors for the 10 studied lakes.  

  Area Max 
depth 

Average 
depth Total-P DOC   Secci 

depth Turbidity Absorption 
(at 250 nm) 

Lake Location  km2  m  m  µg/L mg/L  m  NTU   

Långsjön N60°03’, E17°35’ 2.5 12.5 6.3 17.0 6.2 5.6 7.3 0.2 

Erken N59°50', E18°33' 23.7 21.0 9.0 27.0 10.3 5.4 1.2 0.1 

Fälaren N60°20’, E17°47’ 2.05 2.6 1.5 20.5 34.3 1.5 NA 1.0 

Lilla Sångaren N59°54’, E15°23’  0.24  17 NA 11.4 6.5 5.0 NA 0.2 

Ljustjärn N59°55’, E15°26’   0.12  11 NA 12.1 5.9 5.7 NA 0.1 

Lötsjön N59°52’, E17°57’ 0.63 11.2 6.0 28.1 12.1 1.1 NA 0.18 

Oppsveten N60°01’, E15°28’  0.65  10 NA 15.4 19.1 1.8 NA 0.8 

Stora Hållsjön N60°10’, E18°18 NA NA NA NA NA 3 NA NA 

Strandsjön N59°53’, E17°10’ 1.3 4.0 1.7 41.3 20.8 1.6 6.7 0.6 

Valloxen N59°43', E17°50’ 2.9 9.0 3.8 46.7 18.9 1.1 15.1 0.3 

 

Statistical analysis 

Statistical analyses were performed in R 2.11.1 and Minitab 16.1.0. The results were 
analysed using analysis of variance (ANOVA) with the treatment as a factor. If 
ANOVA effects were significant, comparisons among the different means were made 
using post hoc tests (Tukey HSD). Linear regression models were performed in order 
to test the effect of absorbance and secchi depth on pigmentation for the fish sampled 
in 2007-2008. T-tests were used to test the differences between habitats. A complete 
table holding all statistical results can be found in the Appendix. 

Ethical note 

The experiments were approved by permission C231/10 (Uppsala Djuretiska Nämnd). 
During the experiments we observed no mortality at the video recording procedures. 
Tanks were monitored daily to check the physical condition of the fish. Fishes larger 
than the average were removed from the tanks to minimize the risk of predation on the 
smaller fishes.   
 

Results 

Pre-treatment effects 

Pre-treated fish groups compared with each other all showed significant variations for 
whole body pigmentation (ANOVA: F3, 403 = 498.11). It is obvious that CO fishes 
were the darkest followed by CL, while TU fishes showed pale body pigmentation. 
Compared to the starting values, all pre-treatments differed in pigmentation, i.e. TU 
fishes were paler than at the start and CL and CO were darker. The dorsal and the 
ventral side furthermore showed significant differences in between pre-treatments and 
starting point (ANOVA: dorsal: F3, 403 = 304.86, p = <0.001; ventral: F3, 403 = 273.52, 
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p = <0.001), except for the dorsal CL compared with that of CO (Figure 5). A full 
table of statistical results including the p-values for the post-hoc tests can be found in 
the Appendix. 
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Figure 5. Whole Body, dorsal side and ventral side pigmentation (mean ± SE) of pre-treated perch 
(April, 2010) compared to the starting point (August, 2009). The y-axis display a standard scale where 
0 represent white (dull pigmentation) and 1 represent black (dark pigmentation). 
 
 
Body length differed among pre-treatment groups. CO fishes were larger than the 
fishes from the other groups after five months. CL fishes were the smallest (Figure 6). 
During the daily feeding, we observed differences in behaviour between the pre-
treated fish; CO and TU fishes showed a bolder behaviour then the CL fishes. 
However, we did not evaluate this observation further. 
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Figure 6. Length differences of fish from pre-treatments (mean ± SE).   
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Aquarium experiments  

CL fishes were always darkest in pigmentation and TU fishes were always palest. 
Overall, the fishes showed darker pigmentation in coloured and turbid treatments than 
in clear. In the clear treatment, CL fishes showed darker pigmentation than TU and 
CO fishes (ANOVA: F2, 30 = 9.4485, p = <0.001) (Figure 7). However, whole body 
pigmentation did only differ significantly between CL and TU fishes. There were also 
significant differences in ventral pigmentation (ANOVA: F2, 30 = 7.6603, p = <0.001) 
between CO and TU fishes. The differences between CO and TU were more 
prominent on the dorsal side (ANOVA: F2, 30 = 10.825, p = <0.001). The dorsal side 
showed a significant difference between both CL-CO and CL-TU. There was a clear 
difference between the black and white stripes of fishes that were maintained in the 
clear treatment (ANOVA: F2, 30 = 6.7385, p = 0.004). CL-CO and CL-TU fishes 
indicated a significant difference between the groups (Figure 7). Pigmentation 
differences were most pronounced in the clear treatment and then diminished in the 
coloured and turbid treatments although, the pattern still remained. This pattern was 
consistent over all body parts and for all treatments. 
 
In the coloured treatment, the fishes showed a significant difference for whole body 
pigmentation comparing between pre-treatment groups (ANOVA: F2, 30 = 5.3009, p = 
0.011). However, insignificant results were shown comparing CL and CO pre-treated 
fishes with each other. TU fish tended to have a considerable brighter body then the 
other fishes. The difference between black and white stripes were significant for CL-
TU and CO-TU (ANOVA: F2, 30 = 13.964, p = <0.001), the same was for the dorsal 
pigmentation (ANOVA: F2, 30 = 5.8858, p = 0.007). The ventral side showed only 
significant results when comparing CO and TU fishes (ANOVA: F2, 30 = 4.3406, p = 
0.022). Overall, the differences between pigmentation of body parts were smaller for 
the fishes being held in the coloured treatment then for the fishes held in the clear 
treatment (Figure 7).  

 
When located in the turbid treatment the fishes showed no differences between pre-
treatment groups. The differences between the black and white stripes were minor and 
so was the difference between dorsal and ventral sides (Figure 7). A full table 
presenting both ANOVA and post-hoc test results can be found in the Appendix.  
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Figure 7. Pigmentation differences between perch originating from various pre-treatments held in clear, 
coloured and turbid treatment respectively. Pigmentation was measured for black stripe (B. stripe), 
white stripe (W. stripe), whole body (Body), dorsal and ventral side (mean ± SE). The y-axis display a 
standard scale where 0 represent white (dull pigmentation) and 1 represent black (dark pigmentation). 
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Field data - variation across lakes 

Perches caught in different lakes all showed a trend of increasing pigmentation with 
increasing absorbance, i.e. water colour. By using secchi disc depth as a factor, one 
could see that pigmentation decreased with increasing secchi depth. However, the 
results were not significant (Figure 8-9).  

Field data - variation within lakes 

Small sized fishes (<100mm) were darker in pelagic than in littoral habitats in most 
lakes. However in Lake Fälaren and Lake Ljustjärn, small fishes did not differ in 
pigmentation between habitats. Furthermore, we observed the opposite pattern in 
Lake Oppsveten, i.e. fishes from littoral habitats were darker than pelagic fish (Figure 
10). See Appendix for statistical results of comparisons between habitats.  
 
Medium-sized fishes (100-200mm) showed patterns similar to those of small fishes. 
However, differences between habitats became less pronounced or diminished (Figure 
11). See the Appendix for statistical results.  
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Figure 8. Relationship between pigmentation of body, dorsal and ventral side and absorbance/secchi 
depth for fishes smaller than 100 mm (mean ± SE). Absorbance measurements for Lake Stora Hållsjön 
were not available, therefore is it excluded in this analysis. Lake Lötsjön was excluded since it 
contained too few fishes in this size class.   
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Figure 9. Relationship between pigmentation of body, dorsal and ventral side and absorbance/secchi 
depth for fishes between 100-200 mm (mean ± SE). Absorbance measurements for Lake Stora Hållsjön 
were not available, therefore is it excluded in this analysis.  

Body vs ABS

R2 = 0,0541

0,0

0,2

0,4

0,6

0,8

1,0

1,2

0 0,2 0,4 0,6 0,8 1 1,2

Body vs secci

R2 = 0,2001

0,0

0,2

0,4

0,6

0,8

1,0

1,2

0 1 2 3 4 5 6

Dorsal vs ABS

R2 = 0,0792

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

0 0,2 0,4 0,6 0,8 1 1,2

Ventral vs ABS

R2 = 0,0165

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

0 0,2 0,4 0,6 0,8 1 1,2

Ventral vs secci

R2 = 0,0966

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

0 1 2 3 4 5 6

Dorsal vs secci

R2 = 0,0771

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

0 1 2 3 4 5 6

B
o

d
y

 p
ig

m
e

n
ta

ti
o

n
 

Absorbance  Secchi depth (m) 



 13 

ValloxenStrandsjönOppsvetenLångsjönLjustjärnFälarenErken

PelLitPelLitPelLitPelLitPelLitPelLitPelLit

1,0

0,9

0,8

0,7

0,6

0,5

B
od

y 
Pi

gm
en

ta
ti

on

 
 
Figure 10. Body pigmentation of small sized (<100mm) fishes in littoral and pelagic habitats 
originating from seven different lakes that differ in abiotic factors. Solid points show mean values for 
pigmentation in each lake and habitat respectively. Open points show outliers. Lake Lötsjön, Lilla 
Sångaren and Stora Hållsjön were excluded since data from only one habitat were available.   
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Figure 11. Body pigmentation of medium sized (100-200mm) fishes in littoral and pelagic habitats 
originating from seven different lakes that differed in abiotic factors. Solid points show mean values for 
pigmentation in each lake and habitat respectively.  Open points show outliers. Lake Lötsjön and Stora 
Hållsjön were excluded since data from only one habitat were available. 
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Discussion 
 
This study showed that environmental variations strongly influence phenotypic 
plasticity in terms of body pigmentation in perch. Body pigmentation appears to play 
an important role in camouflage. Background colour has been shown to be a strong 
environmental factor controlling body pigmentation in some fish species (Van der 
Salm et al., 2004).  In the present study we showed that water transparency itself can 
affect pigmentation in perches. We observed that perches originating from dark 
environments (coloured water) showed dark body pigmentation, whereas perches 
originating from turbid water were dull. Furthermore, it was demonstrated that 
pigmentation differed with structural complexity, i.e. fishes from structural complex 
habitats (littoral) were generally duller than fishes from pelagic habitats, although this 
pattern diminished with greater size.  
 
Studies on guppies made by Endler (1980) showed that no single body pigmentation 
pattern is necessarily the best in one particular environment. Several patterns can be 
equally good matches to the environment. Therefore, the selection for body 
pigmentation allows a lot of variation within a fish population. Furthermore, Endler 
(1980) showed that in the absence of predation the effect of background colour on fish 
pigmentation, i.e. matching the background, disappeared. In contrast, at high 
predation, guppies became less conspicuous (reduced patch size and pale colours), 
likely to reduce the risk of predation.  
 
Differences in pigmentation across ecosystems are shown to be consistent with a 
predator avoidance mechanism (Ryer et al., 2008). Countershading and cryptic 
pigmentation are known phenomena in fishes (Ruxton et al., 2004; Kekäläinen et al., 
2010). The combination of stripes and dorsal/ventral pigmentation variances is 
strongly associated with a way of staying unnoticed (Rodrigues et al., 2009). The 
bright ventral surface is similar to the down-dwelling light and obscures the organism 
when observed from below (Cox et al., 2009). The gradation of colour from dark on 
the dorsal side to light on the ventral side is generally considered to have the effect of 
making organisms difficult to detect (Ruxton et al., 2004). In this study, it was 
demonstrated that perches possess dark dorsal sides and dull ventral sides. However, 
the pre-defined pigmentation differences between body parts evens out when fish are 
exposed to darkly coloured or turbid environments as in the laboratory experiments, 
i.e. stripes become less distinct and dorsal and ventral sides become more similar in 
pigmentation. This phenomenon can partially be explained by that the fish adapt to 
the bright environment through phenotypic plasticity and partially that the turbidity 
scatters the light, constraining the visual conditions. Therefore, perches will not focus 
on cryptic colouration since the optical properties of the water makes the crypsis less 
necessary in those circumstances. 
 
Phenotypic plasticity can be extremely rapid and fishes can change their colour over a 
few seconds (Ramachandran et al., 1996; Rodrigues et al., 2009; Healey, 1999). This 
short-term transformation of a phenotype in order to match the environment can 
however be contradicting in terms of intra-specific communication, i.e. intra-specific 
communication and predation have often an opposite effect on trait evolution 
(Kekäläinen et al., 2010). Both long-term, i.e. more permanent pigmentation change 
(Cox et al., 2009), and short-term, i.e. behavioral-physiological pigmentation change 
(Rodrigues et al., 2009) adaptations of body pigmentation are dependent on 
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environmental conditions (Schwartz & Hendry, 2010) as well as the optical properties 
of the water (Pavlidis et al., 2008). Long-term pigmentation adaptations may be 
disadvantageous if the fishes move between different environments faster than they 
can adapt in body colour. Furthermore, the light environment i.e. diurnal fluctuations 
will alter the optical properties of fish and its matching to the background (Ruxton et 

al., 2004; Rodgers et al., 2010). In situations like these, fishes may need to adapt to 
the environment in a short-term sense or choosing a background substrate that is 
similar to their own colouration (Rodgers et al., 2010). We conclude that the pre-
defined pigmentation of a fish determines the degree of pigmentation change over a 
short-term perspective. Pigmentation differed across experimental treatments to some 
extent. However, patterns of pre-treated fishes remained. This suggests that fishes are 
able to change their pigmentation rapidly, but only within the range of their pre-
defined and more “constant” pigmentation. The range is furthermore determined by 
skin pigment concentrations and in the morphology, density and distribution of 
chromatophores (Leclercq et al. 2010).  
 
Pigmentation can furthermore act as a tool for communication or as a stress indicator 
(Rodrigues et al., 2009; Leclercq et al., 2010). In the experiment, we found that fishes 
from the coloured pre-treatment were brighter in the aquaria than the clear pre-treated 
fishes. Pigmentation changes in fishes are often related to stress (Van der Salm et al., 
2004). Fishes originating from dark environments could suffer a larger amount of 
stress when transferred to very bright environments compared to fishes originating 
from brighter environments. As an example, studies on clownfish, Amphiprion 

ocellaris, by Yasir & Qin (2009) showed that background colour affected the colour 
expression of clownfish after a short term exposure to different backgrounds. The 
clownfishes tended to be more stressed in less suitable/more unfamiliar light 
environments than in environments more appropriate for matching their body 
pigmentation.         
 
Besides the effect on pigmentation, the pre-treatments might have had an effect on the 
behaviour of the fishes. Boldness is a personality trait of fishes that take risks (Millot 
et al., 2009). In this study, the fishes from the colour and turbid pre-treatments tended 
to show a bolder behaviour than the fishes originating from the clear pre-treatment. 
This trend was recorded when monitoring the fishes daily and moving around the 
holding tanks. Perches held in the turbid tank were always more bold when feeding. 
Different behaviours might explain the length differences at the end of the 
experiment. Fish that were bolder could have monopolized the food, thereby 
increasing feeding volume and outgrowing smaller individuals. However, this was not 
evaluated experimentally in this study, and further investigations, such as e.g. bold-
shy experiments, are needed. 
 
We found clear differences in body pigmentation between fishes in different habitats 
within lakes. However, contradicting our hypothesis (dark fish in the littoral, dull in 
the pelagic), fishes was mostly darker in the pelagic habitat than in littoral. Selection 
for crypsis should be stronger in the pelagic habitat since the littoral provides a 
structurally more complex environment for the fishes to hide in (Kekäläinen et al., 
2010). Moreover, fishes in the pelagic can use pigmentation as a protection against 
UV radiation, which is stronger in the pelagic than in the littoral habitat. Pavlidis et al. 
(2010) showed that skin darkening can occur due to an increase in skin melanin 
concentration in order to protect the fish from being harmed by solar radiation. This 



 16 

has also been shown for other aquatic organisms such as zooplankton which increase 
their pigmentation as UV-radiation increased (Tollrian & Heibl, 2004). However, the 
importance of pigmentation as a protection against radiation should decrease with 
increasing water colour and/or turbidity since light scattering increases with the 
increasing amount of particles in the water (Swan et al., 2007).  
 
Turbid lakes with a low secchi depth are rather unstable in respect to their 
environmental factors, meaning that they are turbid in summers (usually caused by 
algal blooms) and less turbid during the rest of the year (Järvenpää & Lindström, 
2010). Perches living in turbid lakes should therefore adapt to a constantly changing 
environment and be better suited for phenotypic change in the short-term. On the 
other hand, coloured lakes are stable in terms of their colour, i.e. colour may fluctuate 
minimally with run-off and lakes stay coloured over the whole year. Since fish 
respond adaptively it should correlate with a stable factor such as absorption. 
However, the results from the field study show that neither water colour nor turbidity 
(secchi depth) correlates significantly with body pigmentation, although one can see a 
trend of increasing pigmentation along with increasing water colour/turbidity. In the 
laboratory study we found that turbid fishes were more dull/pale then other fishes, i.e. 
a contradicting result compared to the field study. However, this can be explained by 
the factor causing turbidity. In lakes, turbidity is commonly caused by algal blooms 
(dark environment) (Järvenpää & Lindström, 2010) while in the laboratory 
experiments turbidity was maintained using clay (bright environment).       
 
In conclusion, pigmentation patterns are affected by environmental factors, such as 
turbidity and water colour and by structural complexity over long-term periods. The 
results suggest that the pigmentation pattern acts as a predator avoidance mechanism, 
i.e. fishes try to match their environment. When fishes encounter novel environments, 
such as varying water transparencies and resulting differences in light intensities, this 
can contribute to fish stress which may affect their behavior and phenotypic 
appearance (Rodrigues et al., 2009; Leclercq et al. 2010) in the short term. However, 
this rapid pigmentation change is restricted by their pre-defined body pigmentation. 
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Appendix – Statistical results 

Table 2. Pre-treated fish (April, 2010) compared to starting point (August, 2009) (ANOVA, Tukey HSD). 
     Start-Clear Start-Color Start-Turbid Clear-Color Clear-Turbid Color-Turbid 
 df Residuals F P P P P P P P 

Body 3 403 498.11 <0.001 *** <0.001 *** <0.001 *** <0.001 *** 0.021 * <0.001 *** <0.001 *** 
Dorsal 3 403 304.86 <0.001 *** <0.001 *** <0.001 *** <0.001 *** 0.133 <0.001 *** <0.001 *** 
Ventral 3 403 273.52 <0.001 *** <0.001 *** <0.001 *** <0.001 *** 0.015 * <0.001 *** <0.001 *** 

 
Table 3. Clear treatment in the laboratory experiment (ANOVA, Tukey HSD). 

     Clear-Color Clear-Turbid Color-Turbid 
 df Residuals F P P P P 

Body 2 30 9.4485 <0.001 *** 0.127 <0.001 *** 0.066 
Dorsal 2 30 10.825 <0.001 *** 0.038 * <0.001 *** 0.116 
Ventral 2 30 7.6603 0.002 ** 0.651 0.002 ** 0.02 * 
Dif. stripe 2 30 6.7385 0.004 ** 0.008 ** 0.011 * 0.987 

 
Table 4. Colour treatment in the laboratory experiment (ANOVA, Tukey HSD). 

     Clear-Color Clear-Turbid Color-Turbid 
 df Residuals F P P P P 

Body 2 30 5.3009 0.011 * 0.993 0.026 * 0.02 * 
Dorsal 2 30 5.8858 0.007 ** 0.994 0.014 * 0.018 * 
Ventral 2 30 4.3406 0.022 * 0.912 0.068 0.027 * 
Dif. stripe 2 30 13.964 <0.001 *** 0.857 <0.001 *** <0.001 *** 

 
 
 
 



  

Table 5. Turbid treatment in the laboratory experiment (ANOVA). 
     Clear-Color Clear-Turbid Color-Turbid 
 df Residuals F P P P P 

Body 2 30 1.4173 0.2581 - - - 
Dorsal 2 30 1.2954 0.2887 - - - 
Ventral 2 30 1.2429 0.303 - - - 
Dif. stripe 2 30 0.3006 0.743 - - - 

 
Table 6. Comparison between and across treatments/pre-treatments for laboratory experiment (ANOVA, Tukey HSD). 

     Comparing between treatments Comparing pre-treatments across treatments 
     clear-color clear-turbid turbid-color clear-color clear-turbid turbid-color 
 df Residuals F P P P P P P P 

Body Pre-treat 2 90 15.3975 <0.001 *** <0.001 *** <0.001 *** 0.588 0.487 <0.001 *** <0.001 *** 
Body Treat 2 90 8.5095 <0.001 ***       
Body Pre-treat*Treat 4 90 1.1033 0.36       
Dorsal Pre-treat 2 90 11.2923 <0.001 *** <0.001 *** <0.001 *** 0.736 0.129 <0.001 *** 0.004 ** 
Dorsal Treat 2 90 10.4009 <0.001 ***       
Dorsal Pre-treat*Treat 4 90 1.6124 0.178       
Ventral Pre-treat 2 90 22.8098 <0.001 *** <0.001 *** <0.001 *** 0.083 1 <0.001 *** <0.001 *** 
Ventral Treat 2 90 4.536 0.013 *       
Ventral Pre-treat*Treat 4 90 0.5004 0.735       
Dif.stripe Pre-treat 2 90 17.305 <0.001 *** <0.001 *** <0.001 *** 0.133 0.987 <0.001 *** 0.001 * 
Dif. Stripe Treat 2 90 2.7041 0.072       
Dif. Stripe Pre-treat*Treat 4 90 3.072 0.02 *       

 
 
 
 
 
 



  

Table 7.Comparisons between habitats within lakes for 
the field survey (t-test). 
 

  Small sized fish  Medium sized fish  
   df T P df T P 

Erken Lit-Pel Body 34 5.73 <0.001*** 4 12.8 <0.001*** 
Erken Lit-Pel Dorsal 23 0.66 0.517 31 0.21 0.833 
Erken Lit-Pel Ventral 38 7.67 <0.001*** 3 13.43 <0.001*** 
Lötsjön Lit-Pel Body - - - - - - 
Lötsjön Lit-Pel Dorsal - - - - - - 
Lötsjön Lit-Pel Ventral - - - - - - 
Valloxen Lit- Pel Body 30 2.52 0.017* 32 2.48 0.018* 
Valloxen Lit- Pel Dorsal 34 3.43 0.002** 31 2.04 0.05 
Valloxen Lit- Pel Ventral 30 2.25 0.032* 31 0.54 0.591 
Fälaren Lit- Pel Body 41 1.32 0.194 15 1.06 0.308 
Fälaren Lit- Pel Dorsal 40 2.02 0.05 44 4.91 <0.001*** 
Fälaren Lit- Pel Ventral 34 0.07 0.946 15 0.87 0.397 
Stora Hållsjön Lit-Pel Body - - - - - - 
Stora Hållsjön Lit-Pel Dorsal - - - - - - 
Stora Hållsjön Lit-Pel Ventral - - - - - - 
Oppsveten Lit - Pel Body 6 6.8 <0.001*** 49 5.36 <0.001*** 
Oppsveten Lit - Pel Dorsal 5 1.83 0.127 56 0.94 0.351 
Oppsveten Lit - Pel Ventral 4 3.59 0.023* 68 11.36 <0.001*** 
Långsjön Lit-Pel Body 40 4.31 <0.001*** 44 0.23 0.818 
Långsjön Lit-Pel Dorsal 39 0.27 0.792 82 1.38 0.17 
Långsjön Lit-Pel Ventral 28 4.11 <0.001*** 42 0.16 0.872 
Strandsjön Lit - Pel Body 73 7.82 <0.001*** 68 5.29 <0.001*** 
Strandsjön Lit - Pel Dorsal 60 0.28 <0.001*** 63 4.11 <0.001*** 
Strandsjön Lit - Pel Ventral 74 6.75 <0.001*** 88 7.95 <0.001*** 
Lilla Sångaren Lit - Pel Body - - - 8 2.17 0.062 
Lilla Sångaren Lit - Pel Dorsal - - - 6 0.87 0.419 
Lilla Sångaren Lit - Pel Ventral - - - 19 2.81 0.011* 
Ljustjärn Lit - Pel Body 5 0.05 0.961 16 0.15 0.886 
Ljustjärn Lit - Pel Dorsal 5 2.51 0.054 15 0.01 0.996 
Ljustjärn Lit - Pel Ventral 4 0.96 0.389 16 1.31 0.208 



  

Table 8. The relationship between water colour and turbidity (secci depth) and body pigmentation (regression analysis).  
 Small sized fish   Medium sized fish   

  df R2 F P df R2 F P 

Abs-Body  7 0.3014 2.59 0.159 8 0.0541 0.4 0.547 
Abs-Dorsal  7 0.1956 1.46 0.273 8 0.0792 0.6 0.463 
Abs-Ventral 7 0.2517 2.02 0.205 8 0.0165 0.12 0.742 
Secci-Body 8 0.1246 1.0 0.351 9 0.2001 2.0 0.195 
Secci-Dorsal  8 0.1221 0.97 0.357 9 0.0771 0.67 0.437 
Secci-Ventral 8 0.0105 0.07 0.793 9 0.0966 0.86 0.382 

 
 
 
 
 
 


