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Abstract 

Climate change and human land use leads to browning of waters with decreased visual 

conditions. This impacts the fish community via changes in foraging ability and food chain 

efficiency. There are indications that brownification leads to decreased body size of the 

Eurasian perch (Perca fluviatilis) and that roach (Rutilus rutilus) are favoured over perch in 

brown lakes since roach is less dependent on its eyesight when foraging. The aim with this 

project is to examine how browning impacts the fish community in lakes in the south of Sweden 

and if browning reduces the size of perch in relation to their age. Data on water colour and 

length-at-age for 1+ and 5+ perch as well as the number of perch and roach captured was 

collected from 20 lakes. The data was examined using linear regression and paired samples T-

test in SPSS. The results show that browning does reduce the body size of perch. Perch is 

smaller in relation to their age in brown lakes. There was however no evidence indicating that 

roach is favoured over perch in brown lakes, but there was a difference between the number of 

1+ and 5+ perch caught in relation to roach. The perch: roach ration decreased for older fish 

(from 1+ to 5+) indicating that there is a difference in survival rate. Survival rate of perch was 

however not dependent on water colour or TOC. This shows that climate change and increased 

browning could result in changes of the fish community and size structure of fish.  

Introduction 

Browning of waters is caused by an increase of dissolved organic carbon (DOC). Climate 

change with rising temperatures is part of the cause, but browning is also supressed by water 

acidity and thus browning has increased as a result of declining sulphur deposition during the 

last 30 years (Evans et al., 2006).  In addition to increasing DOC concentrations, a factor 

affecting browning is the total iron (Fe) concentration. Fe concentration correlates with water 

colour in Swedish waters (Kritzberg & Ekström, 2012). Climate change increases temperatures, 

humic content and brown colour of boreal lakes and rivers. These changes have different 

impacts on the fish fauna. Browning can reduce fish production (Kritzberg et al., 2019) and can 

change fish species community composition (e.g. Hayden et al., 2017; Ranåker et al., 2014). 

There are two different pathways through which browning may affect fish growth and the fish 

community: 

First pathway: Brownification promotes bacterial production which leads to a food web shift in 

humic ecosystems, from a more autotrophic to a more heterotrophic food web. The increased 

bacterial production is due to the increased DOM in humic lakes (Jansson et al., 2000). Due to 

the small size of the organisms at the base of a heterotrophic food web, the bacteria, an extra 

trophic transfer step is needed before energy can reach fish. This added trophic level makes the 

food chain less efficient at providing energy for higher consumers (Jansson et al., 2000).  
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In addition, decreased light availability with browning, can also reduce photosynthesis and this 

can limit algal production and thus food availability for higher trophic levels (Ask et al. 2009). 

Browning therefore have impacts on the trophic energy transfer and brownification can affect 

the community composition via bottom-up processes (van Dorst et al., 2020).  

Second pathway: Increased browning leads to declining underwater visibility which may have 

big impacts on the foraging success of visual hunters like piscivorous fish (Ranåker et al., 2014). 

Browning has impacts on foraging behaviour, prey selectivity, anti-predatory behaviour and 

reaction- and escape distance in fish (Ranåker et al., 2014; Ranåker et al., 2012). Since 

browning disfavours fish that are visual hunters and favours fish that are not as dependent on 

good visuals, there might also be changes in the food web and trophic levels as well as changes 

in ecosystem functions and structure (Ranåker et al., 2014).  

The Eurasian perch (Perca fluviatilis) is the most common species of fish in Swedish lakes 

(Artdatabanken, 2020a) and it feeds on different organisms throughout its lifetime. It starts with 

feeding on zooplanktons and then switches to benthic macroinvertebrates and later to fish 

(Estlander et al., 2012). Roach (Rutilus rutilus) is a generalist feeder feeding on plankton, 

benthic invertebrates, algae and plant parts. Roach often dominates species poor lakes due to 

its generalist nature and ability to switch between food resources (Artdatabanken, 2020b). 

Roach and perch in the same lake are usually competing for the same food resources during the 

small planktivorous phase (Persson, 1990). This competition results in a niche shift in perch in 

brown lakes, causing it to switch from planktivory to benthic prey during an earlier age, and 

this can result in reduced growth rate from increased intraspecific competition (Persson & 

Greenberg, 1990). Browning of water can also result in a decreased feeding efficiency in perch, 

because of the decreased visual conditions. The dark waters limit the perch’s ability of 

searching for prey as well as hunting (Estlander et al., 2012). The body size of perch can also 

be negatively affected by the less efficient elongated food chains that occur in dark waters 

(Kankaala et al., 2019). Several studies also show that the population of perch shifts to a higher 

percentage of young and small individuals in brown waters (Rask et al., 2014; van Dorst et al., 

2019). Overall, browning of waters are a drawback for visual hunters such as perch but may be 

less harmful to roach who is not as dependent on good underwater visual conditions (Estlander 

et al., 2012).  

The aim with this project is to examine how brownification impacts the fish community in lakes 

in the south of Sweden. There are indications that suggest that there might be a shift in the fish 

community with roach favoured over perch in browner waters. There are also indications of 

reduced body growth of perch in brown lakes compared to clear lakes. The following research 

questions will be answered: 

- Does increased browning lead to reduced perch size in relation to their age in southern 

Swedish lakes? 
 

- Is roach more competitive under conditions of increased browning than perch in 

southern Swedish lakes?  
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Materials and methods 

Study design 

I selected perch as the focus species for this thesis since it is the most common fish in Swedish 

lakes (Artdatabanken, 2020). Perch is also a vision-oriented predator and reliant on good visual 

conditions and light penetration for foraging and hunting (e.g. Helfman, 1979; van Dorst et al., 

2020) and it might therefore be negatively affected by brownification. For this analysis I 

selected data on mean length-at-age of perch (in mm) and number of captured individuals for 

age 1+ and 5+ perch as well as data on water colour (absorbance420) and TOC (total organic 

carbon) for all lakes. I also selected data on the number of captured individuals of 1+ and 5+ 

roach. 1 Age of fish is determined by calculating the age rings on hard tissues (otoliths, gill 

covers, bones etc.) (SLU, 2018). 

Study lakes 

20 lakes located in the south of Sweden (Götaland) were selected based on available test fishing 

data, environmental data and the presence of perch (figure 1, table 1). I wanted to focus on the 

south of Sweden since most available literature mentions the northern Sweden or Finland. Data 

was collected from SLUs (Swedish University of Agricultural Sciences) databases on 

environmental monitoring and test-fishing. There is a long-term monitoring programme for 

Swedish surface water quality and this data is available online (Fölster et al., 2014).  Data on 

water colour (absorbance measured at 420 nm and TOC) was collected from this database on 

environmental monitoring (http://miljodata.slu.se/) and data on fish community composition 

and length-at-age data for captured perch was collected from NORS (National Register of 

Survey test-fishing) (http://dvfisk.slu.se/). 

 

Figure 1. Map over the selected lakes 

 
1 1+ is referring to 1-year old individuals and 5+ is referring to 5-year old individuals. 
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Table 1. Selected lakes and locations 

Lake Location Coordinates (WGS 84) 

Harasjön Hylte kommun  57.01402°N 13.59363°Ö 

Gyltigesjön Halmstad kommun  56.75925°N 13.17654°Ö 

Gyslättasjön Alvesta kommun 57.11140°N 14.47890°Ö 

Havgårdssjön Svedala kommun  55.48314°N 13.35780°Ö 

Blanksjön Ronneby kommun  56.21468°N 15.18023°Ö 

Härbillingen Falkenbergs kommun  56.96660°N 12.73510°Ö 

Stengårdshultasjön Gislaved kommun  57.54132°N 13.81781°Ö 

Hjärtsjön Uppvidinge kommun 57.05350°N 15.24298°Ö 

Fräcksjön Lilla Edets kommun  58.15533°N 12.18080°Ö 

Bäen Kristianstad kommun 56.23643°N 14.38062°Ö 

Tängersjö Hultsfreds kommun  57.46330°N 16.03482°Ö 

Granvattnet Stenungssunds kommun 58.12956°N 11.88136°Ö 

Allgjutten Västerviks kommun  57.95039°N 16.08790°Ö 

Fiolen Alvesta kommun  57.08374°N 14.53085°Ö 

Humsjön Karlsborg kommun  58.61875°N 14.48090°Ö 

Rotehogstjärnen Tanums kommun 58.81400°N 11.61743°Ö 

Västra Solsjön Bengtsfors kommun 59.08687°N 12.28105°Ö 

Hagasjön Gnosjö kommun  57.33474°N 13.71190°Ö 

Ejgdesjön Tanums kommun  58.87743°N 11.47521°Ö 

Stora silevatten Lilla Edets kommun  58.11560°N 12.08363°Ö 

 

Data handling and statistical analyses 

Mean length of perch was calculated by taking the mean from the 10 most recent data points, 

usually collected during several years. If no 10 datapoints were available for a given lake, all 

available data was used to calculate the mean. Mean values of TOC and absorbance was 

calculated in the same manner. The relationship between TOC or absorbance420 (high 

absorbance = dark water colour) and mean length-at-age (in mm) for perch age 1+ and 5+ could 

be analysed in SPSS using a linear regression test to see if body size is negatively affected by 

water colour. A p-value of < 0.05 was considered significant. 

To examine effects on community composition from increased browning I calculated quotas of 

the number of 1+ perch captured in relation to 1+ roach and I did the same for 5+ perch in 

relation to 5+ roach. The reason for this was to examine if roach is favoured over perch in brown 

waters from being a stronger competitor and not as reliant on good optical conditions. The data 

was examined in SPSS using a linear regression test to see if the perch: roach ration is dependent 

on absorbance or TOC. I also wanted to examine if there was a significant difference between 

the perch: roach rations for year 1 and 5, and since the data was normally distributed, I 

performed a paired samples T-test in SPSS. The last thing to examine was if survival rate of 

perch is negatively affected by browning. The survival rate was calculated by collecting data 

from 9 lakes on the number of 1-year old perch caught one year and the number of 5-year-old 

perch caught five years later. This could then be divided to calculate the percentage of survival 

for the cohort group. The survival rate could then be correlated with absorbance and TOC in a 

linear regression test in SPSS.   
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Results 

Perch size 

Perch are in fact smaller in relation to their age in browner lakes in the south of Sweden. There 

is a significant negative relationship between the length-at-age for 1+ and 5+ in perch and 

absorbance (water colour). Length-at-age for age 1 is dependent on absorbance420 (linear 

regression: p= 0.033; r2= 0.23; F= 5.3; figure 2) and the relationship is significant for age 5 as 

well (p= 0.035; r2=0.22; F= 5.2; figure 3). The p-values are significant, and the r2-values shows 

that almost one fourth of the variation in size at age 1 and 5 is explained by lake colour. 

However, there is no significant relationship between the variables of TOC and length-at-age 

for perch for age 1 (figure 4; p=0.087) or age 5 (figure 5; p=0.169).  

 
Figure 2. Scatterplot of the linear regression and relationship between 1+ length-at-age of perch (in 

mm) and absorbance420 (/5cm) in the study lakes.  

 

 
Figure 3. Scatterplot of the linear regression and relationship between 5+ length-at-age of perch (in 

mm) and absorbance420 (/5cm) in the study lakes.  
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Figure 4. Scatterplot of the regression and relationship between 1+ length-at-age of perch (in mm) and 

TOC (mg/l C) in the study lakes. 

 

 
Figure 5. Scatterplot of the regression and relationship between 5+ length-at-age of perch (in mm) and 

TOC (mg/l C) in the study lakes. 

 

 

Fish species composition 

The1+ perch: roach ration is not dependent on water colour (absorbance420) (figure 6a; 

p=0.558) or TOC (figure 7a; p=0.167). Roach is not favoured over perch in lakes with darker 

water colour. The 5+ perch: roach ration is not dependent on absorbance (figure 6b; p=0.335) 

or TOC either (figure 7b; p=0.335). There was however a big difference between the perch: 

roach rations between year 1 and 5 (table 2; paired samples T-test; p=0.001; t=4.13; df=13). 

The number of perch in relation to roach was lower for older fish. This shows that the survival 

rates might be different between perch and roach. However, I did not detect a relationship 

between survival rate of perch and absorbance (figure 8a; linear regression; p=0.727) or TOC 

(figure 8b; p=0.891) in this study.  
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Figure 6. Scatterplots of the regression and the relationships between absorbance420 (/5cm) and the 

perch: roach rations captured in the study lakes, a) is the 1+ ration and b) is the 5+ ration.  

 

 
Figure 7. Scatterplots of the regression and the relationships between TOC (mg/l C) and the perch: 

roach rations captured in the study lakes, a) is the 1+ rations and b) is the 5+ rations.  
 

 
Figure 8. Scatterplots of the regression and the relationship between survival rate of perch and a) 

absorbance420 (/5cm) and b) TOC (mg/l C).  
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Table 2. The 1+ and 5+ perch: roach ratios in 14 lakes  

Nr Lake Perch: roach 1+ Perch: roach 5+ 

1 Gyltigesjön 2.55 0.68 

2 Gyslättasjön 1.19 0.81 

3 Havgårdssjön 1.29 0.35 

4 Blanksjön 2.86 0.34 

5 Stengårdshultasjön 4.33 1.85 

6 Fräcksjön 3.28 1.08 

7 Tängersjö 0.64 2.25 

8 Granvattnet 4.7 0.25 

9 Allgjutten 1.55 0.49 

10 Fiolen 2.57 0.73 

11 Humsjön 4.87 1.03 

12 Rotehogstjärnen 1.33 1.82 

13 Västra solsjön 3.48 0.62 

14 Hagasjön 4.33 1 

 

Discussion 

Overview 

In this study I found a relationship between the length-at-age for 1+ and 5+ perch and 

absorbance in lakes in the southern Sweden. The body size was reduced in waters with high 

absorbance. There was no relationship between TOC and body size of perch. There was no 

evidence of perch being disfavoured under roach in brown lakes. There was however a 

difference in the perch: roach ration between 1+ and 5+ fish, with less 5+ perch caught in 

relation to roach, indicating that there might be differences in survival rate. I did however not 

find a correlation between survival rate of perch and water colour. 

Water colour can be measured in different ways and there does not seem to be any standardized 

method. Absorbance if often used but can be measured at different wavelengths and different 

methods can lead to different results (The American Society of Limnology and Oceanography, 

1992). In this study I looked at absorbance420 and TOC and I might have gotten different 

results if I had used other variables. DOC (dissolved organic carbon) is often used, but I did not 

find this data for all lakes in my study and therefore could not use this variable. TOC (total 

organic carbon) is the sum of all dissolved organic carbon and particulate carbon in a lake 

(Naturvårdsverket, 2019) and TOC concentration can vary for different seasons (Temnerud et 

al., 2014).  

I also believe that the correlation between length-at-age and absorbance would have been 

stronger if I had more data. There are three lakes that are darker than the rest (figure 2 and 3) 

and that contributes to the detection of a correlation and if these were missing then this 

relationship might not have been detected at all. Kritzberg & Ekström (2012) defines weakly 

coloured waters to have an absorbance of < 0.10 (Abs420 5 cm−1) and strongly coloured waters 

to have an absorbance of > 0.20 and the three lakes with the darkest colour in my study had an 

absorbance of  around 0.40-0.50 and might therefore have affected the result in a major way.  
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Perch size 

The results show that the length-at-age of perch was affected by browning in a negative way 

and that the body size of perch is smaller in relation to age in lakes with high absorbance for 

both age 1 and 5. The body size decreases as the water gets browner in lakes in the south of 

Sweden. Another study that supports this evidence is by van Dorst et al. (2020) where the 

authors found a significant negative relationship between length-at-age and absorbance in 

Swedish study lakes. The body growth was reduced due to browning. The effects of browning 

on body size were stronger for old perch in that study (van Dorst el al., 2020) but the effects on 

young and older perch in my study was very similar.  

It is important to consider the growth rate of juveniles since this is a factor that affects both 

recruitment and survival of a fish population. If the growth of juveniles is reduced, the fitness, 

competitive ability and chance of survival of these individuals will be reduced and they will 

also be exposed to predators for longer (e.g. Chick & Van den Avyle, 2000; Jönsson et al., 

2012).  Studies found that there is a decreasing trend for the growth of young planktivorous 

perch (1-2 years) presumably due to increased organic carbon and the following negative 

impacts on water colour and light conditions as well as the less efficient food chains in brown 

waters (Horppila et al., 2010; Kankaala et al., 2019; Rask et al., 2014).  I did however not find 

any significant relationship between TOC and length-at-age of perch which might indicate that 

visual conditions are more important than energy transfer efficiency in this case.   

The effects of brownification is species specific. The body growth of perch is reduced in brown 

lakes, but the same relationship is not observed in roach. The difference in response in fish 

growth between different species could be linked to a shift in zooplankton composition in 

combination with reduced light conditions (van Dorst el al., 2020). Estlander et al. (2015) also 

found that fish response to environmental factors can be gender dependent and that decreasing 

water transparency and increasing mean temperatures have higher impacts on the feeding rate 

of female perch compared to male perch. Decreasing water transparency negatively impacted 

both sexes in a significant way, but females were more negatively impacted. Since female size 

is important for the reproduction this could potentially impact the reproduction of this species 

in a negative way (Estlander et al., 2015).  

Fish species composition 

I did not find any evidence that TOC or enhanced water colour (absorbance) impacts the perch: 

roach ratios. The reason that I did not see a negative trend for the number of perch caught in 

brown lakes might be because of the small sample size of my study (only 14 lakes). I would 

expect to see a shift from percid (perch) to cyprinid (roach) species in lakes with dark water 

colour since that is a trend that have been observed in other studies (Hayden et al., 2017) and I 

would expect roach to be favoured over perch in brown lakes. There might be a negative trend, 

but it is not strong enough for me to discover using this small sample of lakes. Other studies 

have shown that there is a risk for interspecific competition in brown lakes that might change 

the species composition (van Dorst el al., 2020). Browning negatively affects the feeding ability 

of perch (Perca fluviatilis), but it did not have any significant effects on roach (Estlander et al., 

2012).  
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The foraging of planktivorous roach is not negatively affected by degraded visual conditions 

(Jönsson et al., 2012). This could imply that roach could be a better competitor than perch in 

brown lakes when they both compete over the same resources (Estlander et al., 2012). 

Populations of apex predators like pike (Esox lucius) might also be affected by browning since 

they feed on both roach and perch (van Dorst el al., 2020). While lakes get more productive 

perch often become more abundant in the beginning followed by a decrease of abundance. The 

abundance of roach however continues to increase. This pattern is thought to be because of 

competition between the two species in the younger planktivorous phase. Perch undergoes 

ontogenetic diet shifts, unlike roach. Perch also suffers from interspecific competition from 

other species in its other life stages, like ruffe (Gymnocephalus cernuus) at the older stage where 

perch feeds on benthic invertebrates (Bergman & Greenberg, 1994). Young perch do not only 

suffer from the interspecific competition from other species, but they also suffer from 

competition with other young perch (1+ and YOY-perch) resulting in a depression of food 

resources (zooplankton) and this leads to reduced growth rate of 1+ perch and possibly 

increased mortality. Smaller individuals of 1+ perch will also be exposed to this competition 

with YOY-fish for longer since they cannot perform the diet shift to benthic fauna until they 

are big enough (Persson et al., 2000). Older perch are also cannibalistic and eat younger perch 

which could impact the survival rates on both younger and older perch. In certain lakes, perch 

is the only species of fish and the older fish therefore eats the small fish which could also impact 

recruitment (Persson et al., 2000). Another factor that is worth considering when discussing 

mortality and growth is diet and resource availability. 1+ perch can have a diet consisting of 

both zooplankton and benthic invertebrates while 5+ perch are piscivores (Persson et al., 2000).  

I did find a significant difference between the perch: roach rations for year 1 and 5. There were 

less perch in relations to roach for year 5 than for year 1. This indicates that older perch is 

disfavoured over roach in southern Swedish lakes and that there might be a shift from perch to 

roach dominance as fish gets older. It could also be an indication of a shift in the perch 

population to more small and young individuals. This could of course be because of other 

factors than browning. It could be because of a higher fishing pressure on older perch and 

differences in mortality and survival rates for perch and roach. I did not detect a negative 

relationship between browning and survival rates of perch. This could indicate that the survival 

rate of perch is not affected by browning at all. The other possibility is that survival rate is 

affected by browning but I might not have detected the relationship due to the small sample 

size used in this study (9 lakes). I have not found any studies that examines mortality and 

survival rates of perch due to browning. There is one study from Hedström et al. (2017) that 

found increased mortality in three-spined stickleback (Gasterosteus aculeatus) during the 

winter months from bad light conditions. I believe that the impacts of browning on fish 

mortality should be further examined.    

The effects of browning are species-specific and can have different effects on roach and perch 

(van Dorst el al., 2020). The effects of global warming and land-use practices will result in less 

transparent, warmer freshwater ecosystems and this could result in a shifted fish community 

and smaller individual body size in certain species (Hayden et al., 2017).  



11 

 

I believe the results in this thesis can be used in fishing management since fish are important 

food resources for humans. According to one study browning also have negative impacts on the 

nutritional quality in the fish for human consumption due to less availability and transfer of 

essential fatty acids (Taipale et al., 2016). Fishing also have recreational value for people and 

browning would also impact the fish stocks and yield if fish production decreased due to 

browning. The Swedish environmental goals states that the Swedish lakes should have good 

ecological status and that the biodiversity should be preserved (Sveriges miljömål, 2020) and I 

believe that browning of lakes is a threat to this goal and that this problem should be managed 

and mitigated.  

This study found evidence of reduced length-at-age for perch in brown waters. Increased 

browning could have impacts on the community structure and size structure in fish and might 

impact these species in complex ways. The effects of brownification on the fish community 

need to be further examined, but this study contributes by adding information on the impacts of 

browning and also opens up for further studies about the impacts on mortality of fish species 

and shifts in community composition in humic boreal lakes.  
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Data som används i projektet/rapporten/etc. är hämtade från SLU:s miljödatabas för mark-

vatten-miljö. Data har tagits fram inom svensk samordnad miljöövervakning av 

Naturvårdsverket. 

 

Data som används i projektet/rapporten/etc. är hämtade från SLU:s miljödatabas för mark-

vatten-miljö. Data har tagits fram inom svensk samordnad miljöövervakning av Havs- och 

vattenmyndigheten. 

 

Data som används i projektet/rapporten/etc. är hämtade från SLU:s miljödatabas för mark-

vatten-miljö. Data har tagits fram inom svensk samordnad miljöövervakning av 

Nyköpingsåarnas vattenvårdsförbund, Länsstyrelsen i Västmanlands län & Länsstyrelsen i 

Hallands län.  

 

Data collected – 2020-03-31, 2020-04-02, 2020-04-07 & 2020-04-08 
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