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Joakim Thoresson 

 
Abstract  
The number of fish farms is increasing worldwide to meet the global demand for fish used as 
a food source for humans. The World Bank predicts that by 2030, 62 percent of all consumed 
fish globally will be produced in fish farms. Due to this increasing demand for fish, fish 
farming is a growing business and the numbers of fish farms are increasing. Today, there are 
fish farms situated in more than one hundred municipalities in rural parts of Sweden. Fish 
farms may be situated in hydropower plant reservoirs, which have been found to be suitable 
locations for cage fish farming. However, environmental concerns have been raised regarding 
excess dissolved nutrients from fish farms that might enrich downstream ecosystems. The 
source of this enrichment is primarily fish feces and uneaten fish feed, which contain both 
nitrogen and phosphorus. The overall objective of this study is to evaluate the effects of a 
large fish farm located in north-central Sweden on the downstream river ecosystem. To do 
this, I compared benthic macroinvertebrate diversity, functional feeding group 
representation, community composition, and indices of biotic integrity between a site 
downstream of a fish farm and a nearby (control) reach without an upstream fish farm. No 
significant difference between these sites was observed for any metric accept for the species 
richness, but due to the low replication results should be interpreted with caution. Further 
studies are needed to assess the possible impact of fish farms on the water quality and 
ecological health of rivers.  
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1. Background 
The number of fish farms is increasing globally in order to meet the world’s demand for fish 
as a food source for humans. The World Bank predicts that, by 2030, 62 percent of all 
consumed fish globally will be produced in fish farms (World Bank 2014). Sweden is no 
exception. Due to an increasing demand for fish, the trend is that fish farming is a growing 
business and the numbers of fish farms are increasing. Today, there are fish farms situated in 
more than one hundred municipalities in rural parts of Sweden. Together, these farms 
produced 11 152 tons of fish in 2014 for human consumption, an amount estimated to have a 
value of 370 million SEK. The two most commonly produced species are Rainbow trout 
(Oncorhynchus mykiss), which accounts for 85 percent of the total production, and Artic 
charr (Salvelinus alpinus), which accounts for 14 percent (Jordbruksverket 2014). In 
addition to meeting demands for fish, these farms also have societal importance because they 
provide jobs in areas where there often are few available for local citizens (Jordbruksverket 
2014). 

Fish farms are designed in different ways depending on different opportunities for capital 
investment, as well as the local geographical and geological conditions. Moreover, fish farms 
may be located in both marine and freshwater environments. In 2010, 62 % of the fish farms 
globally were located in freshwaters, with 30 % in marine ecosystems (FAO 2012). Usually, 
three types of farms are used in freshwater systems and each have their advantages and 
disadvantages. The first type is known as ‘land based fish farm’ where dams or ponds are 
located on land and water flows into them, which requires a steady upstream water source 
(Guilpart et al. 2012). Land based fish farms may also have recirculated water dams, which 
require less water for the fish production. A second type of fish farming system uses a design 
where fish are kept in closed ponds on land.  In these ponds, oxygen levels are often low and 
this approach often requires fish species suitable for such environments (Jamu and 
Piedrahita 2000). The third type of farm is ‘cage fish farming’. Here, fish are held in nets or 
pen cages in within lakes or rivers (Figure 1).   

 
Figure 1. An example of how a ‘cage fish farm’ may be positioned within a Swedish hydropower reservoir. A pier 
from the land makes it possible to access the cages for maintenance or feeding purposes. Based on a picture in 
Jordbruksverket (2014). 
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In Sweden, hydropower plant reservoirs have been found to be suitable locations for cage fish 
farming. These settings provide particularly good environmental conditions because the 
holding ponds are often poor in dissolved nutrients. Another reason is that the holding ponds 
already are experiencing considerable disturbance due to the hydropower plants regulation of 
river flows. Thus, fish farms associated with hydropower plants are not typically considered a 
major (additional) threat to the environments in and around the ponds (Alanärä and Strand 
2011). However, because cage fish farming is dependent on free flowing water that transports 
waste products downstream, these farms could generate a dispute between different 
stakeholders such as sports fishing organizations and local citizens who uses the water for 
sanitary purposes (Axler et al. 1996). 

With the ongoing global expansion of fish farms, concerns regarding their environmental 
consequences have emerged.  For land-based fish farms, unwanted nutrient enrichment is 
one of the three main environmental concerns discussed by Jones (1990). The other two 
concerns are the introduction of parasites and the drugs used to treat fish for these parasites 
and other diseases. The three main problems addressed by Jones (1990) can also be applied 
to fish farming in Sweden, even if the environmental effects caused by fish farms are far from 
established and accepted among the research society (Alanärä and Strand 2011). In addition 
to potential downstream ‘contaminating effects' (of nutrients, parasites, and drugs), there are 
also concerns that fish may escape from farms and thus disrupt the local fish population with 
a new genepool (Alanärä and Strand 2011). However, the nutrient problem is, according to 
Jones (1990), the most important of these concerns. The reasons for this has mainly to do 
with fish feces and uneaten fish feed which contains nitrogen-based nutrients and dissolved 
phosphorus (Guilpart et al. 2012). Cage fish farms situated in fresh water is estimated to 
produce around 240 to 318 kg waste material per 1000 kg produced fish, and this waste is 
released into the aquatic environment (Bureau et al. 2003). At the moment, there are no 
available solutions for removing the waste.  

1.1 Lotic ecosystems  
Because nutrients may be the top environmental concern regarding pollution from fish 
farms, it’s important to understand what changes of nutrients may do to downstream 
ecosystems. According to the River Continuum Concept (Vannote et al. 1980) headwater 
streams are influenced by riparian vegetation which limits the light and temperature and 
thereby reduce the autotrophic production. In larger/wider streams and rivers, canopy cover 
by riparian vegetation is a less important control over primary production. Instead, nutrient 
availability might be of more importance (Rosemond et al. 1993). In addition, while it has 
long been assumed that inorganic phosphorus is the key limiting nutrient in freshwaters 
(Schindler 1977), nitrogen availability can also limit for productivity, particularly in lakes and 
streams in northern Sweden (Bergström et al. 2008, Burrows et al. 2014). In fact, increased 
attention has been given to studies showing that in many cases shortages of nitrogen and 
phosphorus together may limit aquatic productivity (Harpole et al. 2011).  
Given the importance of nutrient supply to aquatic ecosystems, anthropogenic enrichment 
can result in a range of well-documented changes, including eutrophication (Smith and 
Schindler 2009). Elevated nutrients may increase the production of phytoplankton, benthic 
algae, and plants, which can result in a higher production for macroinvertebrates and fishes 
i.e. a bottom up effect (Thorp and Delong 2002).  An overall increase in production may also 
result changes in benthic communities, through the loss of sensitive taxa and greater 
dominance of and less sensitive taxa (Lemly 1982). Under severe nutrient enrichment, there 
is also a risk for toxic algal blooms which might be a threat for the aquatic ecosystem, but also 
for the humans and animals that are using the water for drinking purposes (Carmicheal 
1994).  Other problems that could occur are oxygen depletion and major losses of species 
(Conley et al. 2009). 
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1.2 Biological assessment 
When monitoring the environmental effects of fish farms, water chemical analyzes and 
biological assessments may both be used. For streams and rivers, biological assessment with 
macroinvertebrates is particularly useful as this may indicate the status of the biota in 
response to successive (long-term) additions of nutrients and pollutants. Such biological 
assessment may be based on the abundance, composition, and species richness in a given 
system (Camargo 1992; Barbour et al. 1999).  In addition, the consideration of ‘functional 
feeding groups’ might be an important complimentary approach if the aim is to characterize 
overall ecosystem condition and functioning (Cummins et al. 2005). The functional feeding 
group classification is based on known information related to how different 
macroinvertebrate groups obtain and consume food. An overview of the functional feeding 
groups of some selected macroinvertebrates can be viewed in (Table 1).   
 

Table 1. The macroinvertebrate orders and selected families are listed on their representative functional feeding 
group. The last row of the table lists the different food sources, coarse particulate organic matter (CPOM), fine 
particulate organic matter (FPOM), periphyton and prey.  

Order Shredder Collector-

gatherer 

Filter- feeder Scraper or 

Grazer 

Predator 

Ephemeroptera  Ephemerellidae  Beatidae; 

Heptageniidae 

 

Plecoptra Capniidae; 

Lecutridae 

   Perlodidae 

Trichoptra Limnephilidae; 

Polycentropodia 

 Hydropsychidae Hydroptiidae Rhyacophilidae 

Coleoptera  Elmidae    

Diptera   Simuliidae   

Food resource CPOM FPOM; 

Periphyton 

FPOM Periphyton Prey 

 
The four common classes of ‘food resources’ stream and river macroinvertebrates consume 
are also provided in Table 1. Coarse particulate organic matter (CPOM), fine particulate 
organic matter (FPOM), periphyton (benthic algae), and vertebrate and invertebrate prey are 
considered to be the most important food items in streams (Cummins and Klug 1979; Merritt 
and Cummins 2006). Importantly, shifts in the relative abundance of these different food 
types in response to disturbance or nutrient loading can lead to major changes in the 
functional attributes of local communities (Cushing and Allan 2001).  
 
For decades, macroinvertebrates have been used in biological assessment programs for 
streams and rivers in Europe. In addition to the basic community metrics described above, 
many nations have their own indexes where information is weighted together from families, 
taxa or species to make classification simpler. ASPT (average score per taxon) is an index 
used in Sweden to classify the ecological status of lakes or streams. Families with a high 
tolerance for pollutants gets a low score and families with a low tolerance conversely get a 
higher score (Dahl, Johnson and Sandin 2004; Naturvårdsverket 2007a). Another useful 
index is ‘%EPT’ (i.e. the percentage of the macroinvertebrate orders Ephemeroptera, 
Plecoptra and Trichoptra), which tend to include species that are sensitive to range of 
stressors and disturbances (Camargo et al. 2004). These insect orders are considered as good 
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indicators for freshwater quality and have in general been used in studies of environmental 
impact of cage fish farms, land based fish farms, and nutrient enrichment (Camargo et al. 
2011; Camargo et al. 2004; Lalonde et al. 2016).   
 

1.3 Purpose 
The overall objective of this study is to evaluate the downstream effects of a large fish farm 
located in north-central Sweden.  In the lake Landösjön, which belongs to Långans water 
system, a ‘cage fish’ farm is situated with an annual production of 550 tons of Artic charr 
(Salvelinus alpinus) (Länsstyrelsen 2012). In the same county, the lake Hotagen which is a 
part of Hårkans water system is situated nearby but does not have any large scale fish farms. 
These lakes do both eventually feed into the Indalsälven, with a couple of kilometers 
separating their outlets.   
 
I assessed the potential environmental effects of the fish farm by comparing the 
macroinvertebrate communities in these two outlet river systems.  I sampled both lake 
outlets in June 2016, and used multiple diversity metrics, functional feeding group 
assessment, analysis of community composition, and indices of biotic integrity (ASPT) to 
characterize both sites.  If the fish farm is acting to enrich the outlet stream with nutrients, 
then I predicted multiple changes in the downstream composition of communities. While 
excessive nutrient enrichment may lead to large increases in abundance and losses in 
diversity, more subtle enrichment effects may result in altered community composition 
and/or changes in the dominant functional feeding groups. 
 

2. Material and methods  
2.1 Study area 
The Långan River originates from the mountains in the western parts of northern Sweden 
(Figure 3). This river eventually feeds the river Indalsälven, which in turn flows directly to the 
Baltic Sea. The section of the river that is located between the outlet of Landösjön and the 
confluence with the Indalsälven is usually referred to as “Nedre Långan” and is the focus of 
this study. This part of the river is protected under the Natura 2000 legislation. The purpose 
of the protection is to maintain a favorable conservation of the Fennoscandian rivers in the 
boreal region. At the dam where the outlet from Landösjön is located, the annual average 
velocity of the river is 33 m3/s. In Landösjön, there is a fish farm with an annual production 
of 500 tons of Artic charr in 2015 (Länsstyrelsen 2006a). The location of the fish farm is 
shown in figure 3.  
 
Hårkan is the second study-river, which I used as a control in this study. Hårkan is located 
within the same county in Sweden as Långan and also has its outlet into Indalsälven. Hårkan 
River is the biggest tributary to Indalsälven, with an annual average velocity 82 m3/s.  There 
are no large-scale fish farming projects within the Hårkan drainage network, but small-scale 
fish farms may occur. Hårkan is also protected under the Natura 2000 legislation with the 
same grounds for protection as Långan. Both rivers have been used and altered for timber 
rafting. Nowadays these rivers are also affected by hydropower plants and dams. The bedrock 
of both Hårkan and Långan are of calcareous materials (Länsstyrelsen 2006a; Länsstyrelsen 
2006b).  
 

2.2 Sampling 
Given the time constraints of the study, I used a rapid bioassessment (RPB) approach to 
collect and analyze macroinvertebrates communities at both sites. RBPs are less time 
consuming and thus beneficial to monitoring programs from logistical and economic 
perspectives (Meltzing et al. 2003). In this study, the RBP approach means less overall 
replication and less refined taxonomic identification of the macroinvertebrates compared to 
other methods.   
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The initial aim was to collect samples 200-300 meters downstream from the outlets to get as 
much lake influence as possible. However, during the time of sampling, river flows were too 
strong and the water too deep, which made it impossible to sample directly at the outlets.  

 

Figure 2. The river to the left is Långan and to the right Hårkan. Photographer: Joakim Thoresson 

Downstream of both lakes, the river became wider, shallower, and were thus possible to 
sample. A total of 18 samples were collected in the two different rivers Långan and Hårkan 
1,6 -1,9 km and 1,3-1,6 km respectively from where the lakes have their outlets. The overall 
width of the rivers was approximately 50-60 meters for Långan and 70-100 meters for 
Hårkan. A systematic approach was used in the decision of where to collect samples at both 
sites. Because the EPA handbook (Naturvårdsverket 2010) recommends not collecting 
samples too close to the shore, and because water depth and velocity made sampling 
prohibitive beyond 8 meters from the shore of the river, I collected all samples between 3-8 
meters from the shore. These locations corresponded to water depths ranging between 35 
and 65cm. The bottom substrate of both rivers consisted of gravel, sand and larger boulders. 
The riparian vegetation was a mixture of deciduous and coniferous forest, but in Långan the 
canopy cover was thicker and had a relatively higher representation of deciduous trees. The 
rivers can be viewed in figure 2.  

The day when the samples were collected the discharge in Långan was 22 m3/s and in Hårkan 
62 m3/s according to measurement stations upstream at the dams. Macroinvertebrates were 
sampled using the ‘kick sampling method' that consisted of a dip net with 0,5 mm mesh and a 
kicking duration of 1 minute. To do this, the dip net was placed on the river bottom with the 
opening facing upstream into the current. 3 transects, spanning a length of 10 meters along 
each river, were used to help organize the survey. Accordingly, 3 samples were collected along 
each of these transects resulting in a total of 9 samples per river. The collected material was 
placed into plastic bags with water from the river. 75% alcohol was added as a preservative. 
Bags were then put in a cooler in the field and later refrigerated. More alcohol was added 
when the samples arrived to Umeå University in order to prevent decay.  
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Figure 3. A map of the study area where number 1 is the Långan study sight, Hårkan (control) number 2 and 
number 3 is where the fish farm is located. Source: Lantmäteriet. 

I identified invertebrates from these samples in a lab at Umeå University using a stereo 
microscope with 3,5x zoom. Literature for identification consisted of Aquatic insects of 
Northern Europe vol1 and vol2 (Nilsson 1996). To identify the insects, the first step was to 
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pick the all individuals from the samples. This was done in a tray and the insects were placed 
into petri dishes according to taxonomic Order. Once all samples where picked, identification 
of most of the insects were done to family level. The only group that was not identified to the 
family was the Colembola.  In cases where the insects were damaged or there was uncertainty 
about the family identification, individuals were marked as “unspecified”.  
 

2.3 Analyze and statistical methods 
Due to limited replication (i.e., only two sites) and low sample size, non-parametric statistical 
methods were used to compare indices between these sites using the individual kick-net 
samples as replicates. The diversity of the macroinvertebrate families was analyzed using the 
Shannon Wiener diversity index compared between sites with a Mann -Whitney rank sum 
test. The same test was used to compare median values of %EPT, %Shredders, %Filter 
feeders, %Collector-Gatherer, %Scraper/Grazer, %Predators and the overall family richness. 
All of the statistical test was performed with Excel 2016 and with the plugin “XLSTAT”. 
Finally, ASPT was calculated with the scores from the EPA handbook (Naturvårdsverket 
2007a). I calculated the ecological quality ratio (EQR) by dividing the ASPT score by a 
reference values based on this ecoregion. The reference value for this region was 6,53. 
 

3. Results   
A total of 960 macroinvertebrates individuals were identified belonging to 7 orders and 15 
different families. 526 macroinvertebrates were identified in Långan and 434 at Hårkan.  

The overall family diversity (based on Shannon Wiener) was marginally higher in Långan 
compared to Hårkan, but the difference was not significant (p=0,063, U=62). Similar results 
were observed in analyzes of family richness. Långan had a relatively overall higher richness 
compared to Hårkan and the difference was significant (p=0,042 U=58,5). Family/Order 
richness and Family diversity is shown below in figure 4.  

    

Figure 4. The mean Family/order richness is the graph to the right and the mean diversity value (H) to the left.  
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There was no significant difference (p=0,489, U=32) between the mean %EPT for the two 
rivers. The average %EPT for Långans was 64,4% and at Hårkan 67,7%.  

 

Figure 5. The two rivers EPT communities mean percentage with S.E.    

 

The mean %Scrapers was 13,3 and 5 at Långan and Hårkan, respectively, and this did not 
differ between the sites (p=0,266, U=53,5). Mean %Collector-Gatherer was 29,6 and 30 at 
Långan and Hårkan, respectively, and this also did not differ between sites (p=0,536, U=48). 
Similarly, mean value of %Shredders was 35,7 and 51,2 at Långan and Hårkan, respectively 
and this did not differ between sites (p=0,16, U=24).  

 

Figure 6. The mean percentage of the different functional feeding groups with S.E included.  
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Relative abundance of predators was not significantly different between the two rivers with 
the mean percentage of 2,1 at Långan and 0,75 at Hårkan (p=0,113, U=56). And finally, 
%Filter feeders were not significantly different (p=0,118) with a mean percentage of 10,8 and 
Långan and 4,4 at Hårkan. 

 

                         

      Figure 7. The mean percentage of the different functional feeding groups with S.E included 

 

The overall composition of the different orders are seen in  figure 8. The most abundent order 
(53%) in Hårkan was Trichoptra, while Plecoptra (23%) was the most abundent order in 
Långan.  

  

Figure 8. The order composition of Långan in the left figure and the order composition for Hårkan in the right.  
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Due to too little data, no statistical test was done on the EQR, but Långan had a slightly 
higher value (1,05) than Hårkan 0,98. According to the EPA handbook (Naturvårdsverket 
2007a), both of the rivers have a EQR above 0,9 and are their by classified as rivers with 
“Good ecological status” which is the highest classification on the scale.  

 

 
Figure 9. The EQR calculated based on the ASPT value of  Långan to the left and the ASPT of Hårkan to the right.  
 

4. Discussion 
Fish are considered an important source of protein that can satisfy large parts of the world's 
population. Farming fish could thus be one solution to dealing with the world's food problem. 
However, it is important to raise awareness and understand the potential environmental 
impact of fish farming. This can raise awareness of whether fish farms can be considered a 
sustainable solution for the future. 
 
The overall objective of this study was to investigate potential effects of fish farming on the 
river quality in north-central Sweden. This was done by evaluating the effects on the 
macroinvertebrate community downstream a large-scale fish farm and to compare benthic 
macroinvertebrate diversity, functional feeding group representation, community 
composition, and indices of biotic integrity between a site downstream of a fish farm and a 
nearby (control) reach without an upstream fish farm.  
 
A main finding of this study is that the different metrics did not show any significant 
difference except for the famo richness metric. However, this result could indicate a subtle 
effect of fish farming that cannot be ruled out because potential enrichment could increase or 
decrease macroinvertebrate diversity (Niyogi et al. 2006; Lemly 1982). Below I will review 
and discuss the various effects evaluated in this study.  
  

4.1 Diversity, Richness, and Abundance 
Measuring diversity can tell us how species relate to each other which gives a deeper insight 
into how the community is composed. In this study, diversity was measured with the 
Shannon Weiner index, which takes both richness and the number the number of individuals 
within each family into consideration. Shannon Weiner index H value were fairly similar for 
both streams with H=1,7 at Långan and H= 1,4 at Hårkan (p=0,063, U=62).  
 
Overall richness describes how many families that are present and gives another good 
overview of community composition. In this case, the family richness was significantly higher 
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at Långan compared to Hårkan (p=0,042, U=58,5). This might be an effect that can be traced 
to the fish farm, but it might also reflect natural differences between the two rivers. 
 
Macroinvertebrate abundance did not differ between sites. This results is in contrast with 
other studies regarding nutrient input which show macroinvertebrate densities can increase 
with higher nutrients from land where active agriculture is present compared to “natural” 
streams (Niyogi et al. 2006). However, what needs to be considered is that the same study 
also showed macroinvertebrate abundance decreased with greater sedimentation. Moreover, 
other studies of macroinvertebrates downstream inland fish farms have shown loss of taxa 
and lower diversity (Lalonde et al. 2016). This can reflect the emergence of 
macroinvertebrates specialized for habitats with a higher stress and their greater dominance 
can adversely affect diversity (Cummins et al. 2005). In my study, anoxic environments and 
sedimentation caused by the fish farm probably is not a concern since the retention time of 
the lake and the dilution and distance from the fish farm is likely too high to cause these 
kinds of habitat changes.   
    

4.2 EPT 
EPT stands for the sum of mayflies (Ephemeroptera), stoneflies, (Plecoptra) and caddisflies 
(Tricoptera) which often occur in large numbers in streams and rivers. EPT is also 
considered a good indicator of stream health, because many taxa within these families are 
sensitive to range of pollutants. Other studies have shown that the relative abundance of 
%EPT can be reduced by fish farms (Lalonde et al. 2016). This is probably due to the fact that 
taxa that are less sensitive to this type of stress (i.e. nutrients, sedimentation) get favored 
while the EPT orders suffer and decline. 

In this study, I did not find any significant differences in %EPT between the two study sites, 
with 64% at Långan and 67% at Hårkan. This finding is thus different from what has been 
observed in other studies. However, many studies of effects from fish farming have evaluated 
land-based fish farms where water from a stream or river is diverted into ponds or tanks and 
then returned to a river or stream. In such cases, losses of EPT taxa have been seen at the 
outlets from fish farms in association with high concentrations of dissolved nutrients 
(Lalonde et al. 2016). By contrast, the cage fish farm in this study is situated in a lake were 
the water body may dilute chemical effect and thus have less influence on these sensitive 
taxa, compared to land based fish farms with the setting described above.  

Overall, it may be difficult to compare results from this study to other studies of land-based 
fish farms where an upstream and downstream assessment is often used. In this case, it was 
not possible to sample in an effective way since the fish farm is situated in a lake and the inlet 
and the outlet may naturally have very different communities (Brunke 2004).  

4.3 ASPT 
The ASPT index tells us about the differences in tolerances against organic pollution between 
different macroinvertebrate families (Dahl, Johnson and Sandin, 2004).  The ASPT score is 
also divided by a reference value for that region of the country provided by the Swedish EPA 
in order to get an EQR (ecological quality ratio).    
 
I evaluated the ASPT index to measure the ecological quality of the stream, and this index is 
often used together with other indexes to make assessments. For example, the BQI index 
measures different Chironomidae species tolerance against oxygen depletion. ASPT has the 
advantage that it is a relatively fast way to assess tolerance based on family level 
identification, when compared to identifying Chironomidae to species level, which requires a 
specialist for using that method (Naturvårsverket 2007b).  
 
In this study, the ASPT values have been compared with reference values from the Swedish 
EPA for the region in this study. This resulted in EQR values of 1,05 at Långan and 0,98 at 
Hårkan. From this, it is possible to deduce that indices of biotic integrity did not show any 
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effects of the upstream fish farm on benthic communities and it can be concluded that the 
fish farm is not causing a water quality problem that is eliminating families sensitive to 
organic pollution.  
 

4.4 Functional feeding groups  
The functional feeding group classification is based on known information related to how 
different macroinvertebrate groups obtain and consume food (Cummins and Klug 1979).  
 
In this study, none of the functional feeding groups (FFG:s) showed any significant 
differences between the two study sites. Although, for the Scraper/Grazers, there was an 
indication of differences in relative abundance, with 13,3% at Långan and 5% at Hårkan, but 
this was not significant. Scraper-Grazers main food resource consists of periphyton (benthic 
algae), whose productivity is dependent upon abiotic factors such as substrata, light, water 
flow and nutrient availability (Bernhardt et al. 2017). In this case, dissolved nutrients from 
the fish farm could act as a driver for periphyton growth, which would benefit the 
development of Scraper/Grazers. This might especially be the case if background nutrient 
concentrations of are low.  A more robust test of this connection between fish farm-derived 
nutrients, stream productivity, and herbivores is needed to draw any strong conclusions here.   
 
Yet, despite the subtle differences observed for Scraper/Grazers between sites, the overall 
results from this study suggest that these two rivers have a similar composition of FFGs.  This 
indicates that the ‘functional roles’ of macroinvertebrates are also similar between these 
systems, despite fish farming in the Långan River. 
 

4.5 Enrichment effects on macroinvertebrates  
Anthropogenic enrichment can result in a range of well-documented changes, including 
eutrophication (Smith and Schindler 2009). Fish farms are, in general, associated with an 
increase of nutrients in downstream recipient systems and this is well documented in several 
studies (Jones, 1990; Camargo 1992; Barbour et al. 1999.).  
 
The aim of this study was to sample the river to see if the fish farms affect the lake outlet by 
evaluating macroinvertebrates a couple of kilometers from where the fish farm is situated. In 
numerus of studies, however, the distance of fish farms to the sampling site has been shown 
to be a factor. This means the fish farm effects can be high localized and then diminish with 
downstream distance.  I attempted to control for this effect by sampling at a similar distance 
downstream of both lakes. Regardless, while my results do not show any effects on the lake 
outlet communities, it possible that I sampled too far downstream to detect the influence of 
the fish farm.    
 
Consistent with this idea, previous studies have shown that clear measurable effects on 
macroinvertebrates occur rather close to the fish farming cages (Rooney and Podemski, 
2009). In this study, researchers made a whole lake experiment of a small lake with a fish 
farm with a commercial standard. They showed that the effect of the fish farm decreased after 
15 meters from the cages based on different macroinvertebrate metrics (Rooney and 
Podemski, 2009). In the same study, the researchers also suggested that because the lake was 
small with a low flow of water the effect of the fish farm were extremely localized. They 
predicted that, with a higher flow, the impacts of fish farming might be expressed over larger 
spatial extent. Finally, it is worth noting that that that fish farm studied by Rooney and 
Podemski (2009) produced 10 ton of fish, which would be considered rather small compared 
to the fish farm in this study. 
 
In this study, the overall volume of the lake and river system may be so large that waste 
products from the fish farm are diluted and thus result in only modest effects on nutrient 
concentrations downstream. This might be one reason why I found no clear differences in the 
macroinvertebrate communities downstream from the fish farm compared to the control site. 
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In addition, because a wide range of physical, chemical, and hydrological variables influence 
macroinvertebrates communities (Brooks et al. 2005), it is possible there some other, 
unmeasured factor differed between sites and influenced my results. Finally, because 
macroinvertebrate communities change throughout the year (Sporka et al. 2006), it might 
have been necessary to sample these sites repeatedly over time to detect any effects of the fish 
farm.   
 

4.6 Biomonitoring in the Swedish landscape 
Continued assessment of how humans influence river systems is important to ensure 
sustainable use of Sweden’s natural resources. Sweden has a history of changing its 
ecosystems and aquatic environments to adjust to emerging industries, and this history has 
had important consequences for aquatic habitats and organisms. For example, many of the 
streams and rivers in Sweden have, been physically altered due to the forest industry and the 
use of running waters for transporting timber to the coasts. Straightening channels and the 
removal of rocks and boulders were ways to facilitate the transportation of timber. Timber 
floating was not replaced with roads as the main way for timber transportation until the 
1950:s (Nilsson et al. 2005). In addition to this, Sweden’s rivers have also been exploited for 
hydropower plants and electricity production. Hydropower plants have well known impacts 
on macroinvertebrate communities in Sweden (Englund and Malmqvist 1996). Indeed, 
hydropower dams are also present in both the study area and the control sight, and this have 
influenced my results.  
 
Now when there is a rising discussion in Sweden regarding the need to increase the numbers 
and sizes of fish farms, it could mean further changes to aquatic environments. If the 
numbers of fish farms will increase in Sweden, it is important that we learn from history 
when it comes to industries that affect the aquatic environment in general. However, 
authorities in Sweden are also concerned about the uncertainties regarding the potential 
environmental impacts of fish farms, which is one reason why the expansion of fish farms has 
been relatively slow in Sweden (SOU 2009:26).  By using biomonitoring tool on current fish 
farms in Sweden, more knowledge could be gained on potential effects. This is needed to 
ensure that the aquatic environment is not unduly harmed by large-scale fish farming.  
 

4.7 Conclusion  
Findings from this study reveal that standard biomonitoring metrics did not show any 
significant difference between sites, except for a subtle effect on species richness. 
 
As stated above, assessments based on macroinvertebrates a few kilometers downstream a 
fish farm situated in a lake might not be the best way for detecting effects connected to large 
scale fish farms. To better test for these effects, several assessments might be required, and 
they need to be put in relation to each other.  For example, more robust chemical analyses 
would have helped directly test whether wastes from fish farms were enriching the 
downstream river. These types of assessments will be crucial in learning whether and how 
cage fish farms affect the aquatic environment. To conclude, more research on both how to 
manage fish farm in an effective way to prevent damage, and how fish farms may affect the 
surrounding environment is needed. This is crucial knowledge to take into consideration in 
governmental decisions and if public authorities want to support an expansion of cage fish 
farming in Sweden.   
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