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Summary 
 

Lake Skärsjön is a dimictic, oligotrophic, clear water lake with bottom plant communities including the 

rare Nostoc zetterstedtii. The lake is located in western Sweden, south of Gothenburg. During the late 

1970s to mid-1980s, there was fish cage farming located near the outlet of the lake. When the fish 

farming was first introduced, there was concern over the health of the late which prompted a 

monitoring study which was conducted from 1980 to 1990 by the County Administration Board 

(regional governing body of Sweden). Starting in 1983, another National Monitoring study commenced 

simultaneously with the 10 year study. This monitoring study had one site taking measurements from 

0.2-2m and collected the same data as the 10 year study.  

 

There were notable changes starting in 1985, the year the fish farming was closed down. After these 

changes, there are patterns indicating the lake returning to similar conditions before 1985. The pH of 

the lake is increasing and the acidity decreasing which reflects the ongoing decrease in atmospheric 

sulphur deposition and concentration in the lake. 

 

Overall, the impacts from the fish farming may have been more intense if it was located farther from 

the lake outlet. This would have allowed nutrient emissions from the fish cages to influence the lake 

more severely before exiting through the outlet. The lake is slowly recovering from this anthropogenic 

event and the current monitoring program, the National Monitoring study, should remain intact.  
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Introduction 
 

The protection and management of water systems is important to maintain healthy ecosystems. 

Anthropogenic and natural events can influence and cause adverse effects to the state of water 

systems. Understanding how these events can change a water system allows for better management. 

Fresh water systems such as lakes can be influenced in many different ways particularly by human 

activities. These activities include (but not limited to) land development, fishing practices, and climate 

changes (Routh et al., 2009).  

 

Individual countries and regions implement their own environmental management practices. 

Different countries have various water issues they need to deal with. Clean drinking water, 

maintaining water ecosystem biodiversity, development encroachment, and sewage disposal are just 

a few of these issues. Because of the variation between countries and issues it is difficult to determine 

the best management strategies to implement.  

 

For this project, the management and regulations of lakes will focus on Sweden with particular interest 

on the health of the oligotrophic Lake Skärsjön, located on the west coast of Sweden. The lake was 

exposed to fish cage farming in the late 1970s to mid-1980s prompting a water health study. Fish cage 

farming is known to increase nutrient loading, with the possibility of causing eutrophication (Håkanson 

and Carlsson, 1998). This data collection study was soon mirrored by a regional data collection 

program collecting information from six lakes in the area. The following is intended not only for 

specialists but also for those, including decision makers, who will take part in the discussion on fresh 

water degradation, and describes assessing lake health, water protection and regulations and the 

characteristics of Lake Skärsjön and its collection study. 

 

Background 
 

Assessing the Health of Lakes 

 

The ecosystem of a lake is very complex. There are many components which make every lake unique. 

These components can be size, depth, nutrient loading, climate, lake formation (glacier, post glacier), 

size and use of catchment area and flora and fauna. The trophic status or trophic state index (TSI) uses 

biomass of phytoplankton or other biological measurements to describe lakes (Wetzel, 2001). Lake 

trophic status can range from oligotrophic (low level nutrient, low productivity), mesotrophic (medium 

level nutrient), eutrophic (high level nutrient, high productivity) and hyper-eutrophic (extremely high 

nutrient level), often with deterioration of the water. Influences from human and natural events can 

cause changes in the trophic status of lakes affecting the organisms living in the lake (IVL; Routh et al., 

2009). These changes can lead to eutrophication which is when nutrient loading increases causing 

surface phytoplankton population blooms. When the phytoplankton dies it sinks to the bottom of the 

lake and is then broken down, which reduces the oxygen content of the water causing anaerobic 

conditions which results in release of phosphorus from the sediments (Wetzel, 2001). During these 

extreme conditions fish cannot survive in the bottom waters. 

 



2 

 

When managing nitrogen (N) and/or phosphorus (P) in lakes, loads are assessed and controlled 

(Özkundakcia et al., 2010). P is usually the limiting nutrient and when its presence in lakes increases 

phytoplankton populations’ increase. In Oligotrophic lakes, there is even less available P  which means  

if it is increased in these lakes the phytoplankton communities can increase even more dramatically 

than other trophic status lakes, in some cases it can multiply the amount of phytoplankton (Malmaeus 

et al., 2006).  

 

There are different ways to assess and monitor the health of lakes. Any limnology based article search 

will provide a vast array of different topics from broad spectrum management to detailed analysis 

such as infrared geographic surveys. Understanding what the best methods are changes with each 

lake system, as they can vary dramatically. Studies have been conducted on short and long term scales. 

Many describe the importance of long term data collection (Larson et al., 2007; Hannson et al. 2010; 

Ghumman, 2011). Studies also place high importance on the time of the year that sampling should be 

conducted (Yu et al, 2010; Azevedo et al., 2011). Timing of measurement is important because there 

can be a large difference in data from seasons because of spring melt, thermal mixing and other 

physical factors affecting the lake. Some studies measuring the impacts of fish cages on P loading 

indicate that actual P added to the lake cannot be measured because of the form the P is in. It may 

already be taken up by organisms or in a form not measureable such as faeces (Azevedo et al., 2011). 

This is because the available P is readily taken up by phytoplankton or the faeces drops to the bottom 

and becomes part of the substrate (Azevedo et al., 2011). During seasonal mixing, the P added to the 

substrate is then mixed throughout the water profile (Azevedo et al., 2011).  

 

Most studies do not focus on one particular nutrient or species to assess the health of lakes, but a 

range to better show the true status of the lake. Ulén and Weyhenmeyer (2007) propose a model 

using water temperature, nitrate–nitrogen and total P concentrations to set regional eutrophication 

targets. Again, it is difficult to determine whether one model can be used for all lakes to make 

management and lake health decisions. 

 

Regulations for Lake Protection 

 

In 2000, the European Union Water Framework Directive (WTD) was implemented (European 

Commission, 2012). The WTD requires union members to achieve a good water standard by 2015. This 

includes all bodies of water, surface and ground water. A review of the WTD by Moss (2008) says the 

overall improvements to water ecosystems have fallen short of what it intended. This is apparently 

possible through the government process of “redefinition and limitation of characteristics measured" 

(Moss, 2008).  

 

Sweden, being a member of the EU, follows the WTD and Swedish National Environmental Quality 

Objectives (Ulén and Weyhenmeyer. 2007). The Swedish objectives are to remove pressure from 

ecosystems which should be implemented by 2020 (Regeringsskansliet, 2012).  Sweden is divided into 

21 counties, each manages its water resources by following the country’s and EU’s guidelines. Lake 

Skärsjön is located in the county of Halland and is managed through the County Administrative Board. 
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Almost all lake monitoring programs use the same system for a group of lakes because of the difficulty 

from time and money (Soranno et al., 2000). This means lakes are not generally looked at individually 

which, in some cases, can lead to improper management because the processes which affect one lake 

could be very different from the rest in its study group (Soranno et al., 2000). 

 

Description of Lake Skärsjön 

 

Starting in the late 1970s, fish farming using cages was introduced into the lake. The development of 

fish farming created a concern over the long-term health of this clear water lake. This concern led to 

a data collection study starting in 1980 to 1990 conducted by Siegfried Fleischer and Lars Stibe of the 

County Administration Board (the regional adminitration in Sweden). Water samples were collected 

to determine the possible changes in concentrations of various chemical components, especially 

phosphorus loading. In the mid-1980s, the fish farming was closed down following pressure from the 

regional administration.  

 

Starting in 1983, the National Monitoring program in Sweden also started collecting water samples 

from Lake Skärsjön and other lakes in the region.  During the study by the County Administration Board 

(CAB), there was also observed a large population of Canadian Geese on and around the lake especially 

overnight. Up to a thousand individuals were roughly estimated by local people. This increase in 

population caused increasing concern over nutrient loading and eutrophication.  

 

Lake Skärsjön is of special interest to study because of its water characteristics (location shown in 

Figure 1). It is nutrient poor (oligotrophic) with high summer water transparency allowing deep 

bottom area colonization of characteristic plant communities. In particular, the P concentration is the 

limiting nutrient.  

 

Prior to the two data collection studies, a study was carried out from 1957 to 1961 and surveyed the 

physico-chemical, bacteriological and biological characteristics of several lakes including Lake 

Skärsjön. The surveys showed Lake Skärsjön to have extremely low values of total P (5μg/l).  As 

indicated by Fleischer (1982) the data may not be as reliable today because of the time of year the 

samples were taken as well as the advances in methods are now more sensitive and could register 

different levels of P. 

 

Lake Skärsjön is oligotrophic meaning is has low nutrient content. It is a relatively deep lake with 

depths to 22m and has very clear waters indicating low amounts of phytoplankton and other 

suspended particles. When P is increasing, plankton populations grow, increasing the turbidity of the 

water (from clear to less clear water). The turn over period for the lake is quite long (5-7 years). 
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Figure 1: Location of Lake Skärsjön. The lake is located south of Gothenburg, east of Varberg. It is 

highlighted with a red square in the inset map. 

 

Another significant characteristic of Lake Skärsjön is the presence of Nostoc zetterstedtii. This is a 

cyanobacteria which is quite rare and limited to low nutrient lakes. It is only found in Sweden, 

Denmark, Germany, Finland and Spain (Sand-Jensen et al., 2009). This species is showing a decline in 

population. It is a bottom plant living at the sediment-water interface and is easily shaded from the 

sun when phytoplankton populations increase with higher than normal nutrient loading (Sand-Jensen 

et al., 2009). Because of its presence in Lake Skärsjön, protecting this lake from nutrient loading is 

important in order to protect the bottom plant communities where Nostoc zetterstedtii is a key 

species. 

 

Data Collection and Monitoring 

 

The 10 Year Study (10YS) was conducted from 1980 to 1990. There were 13 stations located 

throughout the lake (Figure 2). Measurements were carried out in June and August (periods with 

temperature stratification) with some variation in the timing of the late summer measurements being 

conducted between July and October. Water samples were collected and set to a laboratory for 

analysis and the other measurements including temperature, Secchi depth and pH were collected 

using monitoring equipment directly in the field. The National Monitoring (NM) study started in 1983 

and is ongoing. There is one monitoring site which is located near Station 8 from the 10YS (Figure 2). 

The NM measures the same variable as the 10YS except it only measures to a depth of 2m. The 10YS 

measures to the lake bottom. The difference between the two data sets are shown in Table 1. 
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Figure 2: Station Locations in Lake Skärsjön. Station 8 is the location where the NM samples are 
collected. Station 9 is the closest station to where the fish farming was located. Stations 11 and 13 are 
at the east end of the lake where the outlet is located. (Source: Google Maps) 
 

Table 1: Comparing Data Sets. Both data sets measure the same chemical characteristics but there are 
differences in the time frame, number of stations and measuring depths. 

 10 Year Study National Monitoring 

Temperature √ √ 

Phosphorus and secchi depth √ √ 

pH √ √ 

Dissolved Oxygen √ √ 

Time frame 1980 – 1990 1983 - current 

Stations 13 1 

Depth To bottom Top 2m 

 

Purpose 
 

The purpose of this project was to use long-term data collected and analysed with limited resources, 

from Lake Skärsjön and compare the changes from two different data study sets. These changes 

include water chemistry, phytoplankton and benthic communities. The changes to the lake and the 

subsequent changes in legal regulation over monitoring and protection will be reviewed and 

Sampling Location of National Monitoring  Location of Fish Farming 
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compared. The intention is to show if fish farming or other anthropogenic events impacted this 

oligotrophic lake and whether government regulation (often with small resources) adequately 

protects the lakes. It will also indicate if the current monitoring system is efficient in showing lake 

changes and in the long run can be used as a management tool for its continued protection. 

 

Questions to Be Answered 

1. Did the fish farming have any effects on the lake chemistry and to what extent? 

2. How has the lake recovered since the fish farming was shut down? 

3. How are Nostoc zetterstedtii effected from increased phosphorus and could the 

changes from anthropogenic influences impact the species? 

4. What other forces were present causing changes to the lake? 

5. How do the two different monitoring systems compare? 

 

Methods 
 

Literature 
 

The Halmstad University library website was used for literature search. The Web of Science was used 

as the main database. Search words for articles included oligotrophic, clear water lake, long term study, 

monitoring programs, Sweden lake management, water quality, limnology, lake characteristics 

(including phosphorus, secchi depth, dissolved oxygen, temperature gradient, SO4 deposition), inland 

fish farming, and Nostoc zetterstedtii.  

 

Data Synthesis and Graphing 
 

The data was most complete in Stations 1, 4 and 8 from the 10YS. Therefore most of the graphs and 

tables used the data just from these sites. Only one graph included data from all stations not 

dependant on the completeness of the data, which was the total weight of phosphorus. Using data 

from all stations best represented total lake phosphorus and was more easily interpreted. All graphs 

with comparisons with depth used the tradition limnology system by placing the depth on the vertical 

access. All the graphs use the values given and were created using Microsoft Excel. 

  

The only figure which had any manipulation was Figure 4 showing total phosphorus in tonnes. In order 

to calculate TP in tonnes, the surface area of each depth contour was measured and the total water 

volume calculated (Appendix A). The average TP (μg/l) was calculated using data from every station 

with any data available (stations 2, 3, 5, 7, 9, 10, 11, 12, and 13) all had large amounts of missing data 

but any data that was available was used to calculate average lake TP). There were 12 data points 

dismissed because the measured TP was over 50 μg/l, mostly likely caused by error (Appendix B).   
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Interpretation of Graphs 
 

In order to analyse and interpret the graphs accurately, previous studies conducted in limnology were 

used. Understanding why there were changes is just as important as recognizing any changes in the 

lake’s ecosystem. Generally each of the graphs cannot be interpreted individually but rely on changes 

from other lake characteristic. For example, changes in dissolved oxygen or Secchi depth are related 

to changes in phosphorus concentrations to support the interpretations.  

 

Results 
 

Temperature Gradient 

 

There are some variations in temperature profiles shown in Figure 3. The surface temperature is 

highest in 1994 and lowest in 1989. There is no pattern between these years; no indication of a long 

term change in the surface temperature pattern. 

 

 
Figure 3: Temperature Depth Profile at Station 8 (from 10YS). Except for 1987, the August 
temperature profiles from 1981 to 1989 are relatively normal comparable showing the most common 
situation 
 

Phosphorus 

The average Total Phosphorus content in the lake peaks in 1985 with subsequent peaks in 1991 and 

1994. The peaks are best represented in May (Figure 5). The total phosphorus volume also peaks in 

1985 with a smaller peak in 1987 (Figure 4). The greatest increase in phosphorus volume occurs at the 

2-5m and 0-2m depths. The most complete data collected is at the 0.2m depth mark at each site (Figure 

7). The surface area measurements show the highest peak in 1985 at stations 1, 6 and 8 (Figure 2). 

Also in 1985, there is a measured increase of Total P at the lake outlet at 0.2m (Figure 3). 
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Figure 4: Average Total Phosphorus in tonnes by Depth (data from 1OYS). The TP is greatest in 1985 
with the greatest increase in the 2-5m depth range. 
 

 

 

 

 
Figure 5: Comparing Total Phosphorus in May, August and October. This graph shows the 
difference between seasonal mixing and lake stratification. 
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Figure 6: Total Phosphorus at All Stations in Top 0.2m (data from 10YS). This graph is the best 
representation of changes to water compared to the NM study. 

 

 

 
Figure 7: Total Phosphorus at Lake Outlet (data from 10YS). Before 1985, the shape of the graph is 
unreliable as there are too few data points to interpret the sudden increase of TP in 1985. However, 
the data points from 1985, 1986 and 1989 show a consistent decrease in TP. 
 

Secchi Depth 

 

Secchi Depth from stations 1, 4 and 8 (from 10YS) showed a decrease in water transparency in 1985 

and increased since then. Figure 4 shows the average Secchi depth using the 10YS data. The data from 

the NM study, also on this graph, is similar to the 10YS except for a difference in 1988 where it is 

measured at a lower depth. 
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Figure 8: Secchi Depth. The measured Secchi depths from Stations 1, 4, 8 and the NM study are 
represented with the average Secchi depth of all four data sets. The fish farming timeline is also 
included and shows it was closed down in 1985. 

 

Acidity and pH 

 

Lake acidity is represented in Figure 9 using measured pH, alkalinity and SO4 from the NM data. There 

is a marked increase in pH mirrored by decreasing SO4. The data for Figure 9 was taken from 0.2-2m 

sampling.  

 

 
Figure 9: Lake Acidity and Alkalinity. The data used in this graph is from the NM data set. 
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Dissolved Oxygen 
 

The graphs from Stations 1, 4 and 8 each show a common dissolved oxygen pattern throughout the 

profile (Figures 12, 13, 14). There is indication of anoxic conditions in the lower depths in 1986 and 

1987 (Figure 10). Station 4, the shallowest location of the three, shows decreasing O2 conditions at 

the 16 depth in 1987. 

 

 
Figure 10: Dissolved Oxygen at Station 8. The O2 in August from 1981 to 1990 shows anoxic conditions 
(~0% O2) in 1986 and 1987. In other years, either the O2 is low in deeper depths or does not appear to 
have anoxic conditions at all. 

 

 
Figure 11: Dissolved oxygen saturation measured in 1972, 1980 and 1981 from Fleischer, 1982. The 
horizontal axis is O2 measured in percentage. The vertical axis shows depth (m). Except for September 
5, 1972, the percentage of O2 does not fall below 10%. (Translation from Swedish to English: O2 
Mättnad is O2 saturation). 
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Figure 12: Station 1 Dissolved Oxygen (mg/l) (data from 10YS). Station 1 shows anoxic conditions in 
the deep water from 1984 to 1990 in August. 
 

 

 
Figure 13: Station 4 Dissolved Oxygen (mg/l) (data from 10YS). There is a decreasing pattern in O2 
from 1984 to 1987 in August. There was no data available after 1987.  
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Figure 14: Station 8 Dissolved Oxygen (mg/l) (data from 10YS). Station 8 had the most data available 
and shows anoxic conditions after the fish farm was closed down. 
 

Comparing National Monitoring Data and 10 Year Study Data 

 

There are differences between the two data sets. The total phosphorus (μg/l) in the upper 2m of water 

in the NM data shows a peak in 1986. The highest peak of Total P in the 10YS at station 8 is in 1985. 

Figure 14 shows these differences between the two data sets.  

 

 
Figure 15: Difference of Total Phosphorus between Two Data Sets. There are differences in TP in 1985 
and 1989. 
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Discussion 
 

Major Findings 
 

There are noticeable changes to the physical and chemical characteristics of Lake Skärsjön during both 

data studies. They occurred at the same time the fish farm was closed down. The fish farming was the 

probable cause of the increased phosphorus, decreased in Secchi depth and decreased lower depth 

dissolved oxygen. The total impacts of increased nutrients on the ecosystem are difficult to determine 

because collection of data on phytoplankton and benthic communities did not start until 1993. 

Therefore the changes before and after the fish farming cannot be compared except for dissolved 

oxygen. Table 2 shows a summary of these changes and probably causes. 

 

Table 2: Changes to lake characteristics and probably causes. 

 Event Time Probable Event 

Phosphorus 10YS Peak 1985 Fish Farming 

Phosphorus NM  Peak 1986 May Fish Farming 

 Peak 1991 Fish Farming and 

Canadian Geese 

 Peak 1994 Fish Farming and 

Canadian Geese 

Secchi Depth Decrease 1985 Fish Farming 

Dissolved Oxygen Low or anoxic  1986, 1987 Fish Farming 

pH Gradual increase 1984 – now Sulphur Deposition 

 

 

Phosphorus 

 

The total phosphorus in the lake peaks in 1985. The concentration is highest in May. The difficulty with 

using total phosphorus in the surface water is that it doesn’t represent what is happening though out 

the entire water profile. Even if there are no measureable changes at the surface, there could be large 

changes at lower depths (Renberg et al., 1993). Surface TP data can be used to see patterns in long 

term changes but it is unreliable for year to year analysis (Håkanson and Carlsson, 1998).  

 

There are peaks of TP in 1991 and 1994. This could be caused from the fish farming. While these peaks 

appear in the data 10 years after the fish farming closed down, the long turn over period of the lake 

could account for the time difference. The other possibility is from the reported high bird populations 

in the 1990s. Studies have shown that bird populations ‘roosting’ on and around lakes can increase 

nutrient loading due to increased amount of faeces. There is some indication from these studies that 

the faeces accumulates at the bottom of the lake and is not readily available as nutrients for 
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phytoplankton. With the lack of bird data and no bottom sediment analysis, the impact of the Canadian 

Geese cannot be evaluated.  

 

Secchi Depth 

 

The Secchi depth is sometimes more reliable compared to total phosphorus concentration (when only 

a few measurements of TP are taken). The secchi depth shows the same patterns as TP. In 1985, the 

secchi depth is very low meaning there were more suspended particles in the water. This leads to less 

sunlight reaching lower depths which may have an impact on bottom vegetation and water oxygen. 

The 1985 low secchi depth could be from a number of causes including strong winds, high monthly 

average precipitation and from the fish farming.  

 

Dissolved Oxygen (O2) 

 

The graphs indicate there are changes in bottom O2 from 1972 to 1990, most notably from 1987-1990. 

In this time range, the O2 reached 0%. The effects on water O2 had a slight lag compared to TP and 

secchi depth. The lower depths of the lake did show an increase in anoxic conditions but this occurred 

one and two years after the noted increase in TP and shallower secchi depths. This delayed response 

is possible in this lake ecosystem with a water turnover time of more than 5 years, following gradual 

increased bottom vegetation decomposition. There was an irregular temperature depth profile in 1987 

showing a more even temperature throughout the profile. This may have caused the high anoxic 

conditions in 1987 because of lack of mixing. The 1987 spring mixing may have been less intense 

compared to other years due to lighter winds or decreased precipitation. 

 

The O2 of stagnant water bodies (water that does not mix) can reach these low percentages. Comparing 

the different seasons in the temperature graphs, Skärsjön is a dimictic lake meaning it mixes twice a 

year. Therefore the anoxic conditions are probably caused by some other source such as the fish 

farming introducing higher nutrient levels than normal (Håkanson and Carlsson, 1998).  

 

Acidity and pH 

 

The pH of the lake shows an increase starting around 1995. This is concurrent with the decrease in 

SO4
2-. Prevailing winds come from the west over Sweden. With decreases in atmospheric pollution 

from the UK, there has been a decreasing trend in sulphur deposition (Karlsson et al., 2011). The 

change in Lake Skärsjön follows the general trend connecting this decrease in acid deposition to 

increasing pH of the lake (Renberg et al., 1993). Figure 8 shows a decreasing concentration of SO4
2- in 

the lake. Simultaneously, the alkalinity and pH have increased. 

 

Comparison of National Monitoring and 10 Year Study Data Sets 

 

An accurate and reliable monitoring system is very important for continued management of a water 

ecosystem (Lindenmayer and Likens, 2009). The results show how there is some limitations to the 

current monitoring system compared to the 10YS system. The main difference between the two 

systems is the depth to which the monitoring occurs. The NM study only samples at one location and 
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from 0.2-2m. The 10YS sampled to the bottom of the lake and had 13 sampling stations around the 

lake. The place of the NM study is adequate as it is at the outlet of the lake so over all changes to the 

lake are best measured at the outlet. Many monitoring systems at different lakes use this outlet 

sampling approach as it is time and cost efficient.   

 

The greatest difficulty with the 10YS data set was missing data. There were 13 sampling station but 

only three of them had complete samples measures at intervals to the very bottom. Even some of the 

samples were missing from the three stations. Therefore average TP was taken from Stations 1, 4, and 

8 and integrated to represent overall lake TP. The pH of the 10YS and NM could not be compared 

because there were too few samples in the 10YS. 

 

Limitations of the Study 
 

There are always limitations when comparing research studies to monitoring studies (Lindenmayer 

and Likens, 2009). Monitoring programs tend to be limited by funding and time. If there was funding 

for research, the bottom communities including Nostoc zetterstedtii could be studied in more detail. 

Some of the data in both data sets are incomplete and some values of TP were removed because these 

outliers were considered to be inaccurate. Therefore, there may be some errors in the data because 

of accountability. Also, there was no sample replication, e.g. in the depth profiles, meaning no 

statistical analysis could be conducted. There was no hydrological study of the movement of water 

within the lake showing possible movements of nutrients from point and non-point sources, e.g. fish 

farming and precipitation, respectively. It would be interesting to study how the lake circulates, 

ultimately understanding how impacts to one location in the lake affects other locations. For example, 

the fish farming was closer to the outlet of the lake and with lack of water circulation data it was 

impossible to determine how much it affected the lake in other areas. 

 

Another consideration is the impacts the drainage basin has on the lake. Land use descriptions have 

been kept but to include actual run off values would be too extensive for this type of monitoring study 

with poor economic support.  

 

Local residences around the lake describe an increased population of Canada Geese in the 1990s. The 

exact dates have not been recorded and the percent increase in bird population was not available, but 

there has been an impact by these geese populations which most probably has delayed the recovery 

of the lake after the fish farming was closed down. 

 

Future Monitoring 
 

The limitations of this study helps to determine how future studies on this and other comparable lakes 

should be designed. A study with replicated sampling could help to determine the amount of total 

water mixing throughout the lake. The fish farming appears to have impacted the overall lake 

chemistry but it is difficult to determine whether locations in the lake furthest away from the fish 

farming were negatively impacted. Therefore, to unequivocally state that the fish farming was 

completely negative for the lake as a whole is difficult to state. In the long run a negative trend would 

most probably be noticed, but legal decisions must still relay on poor supported monitoring. 
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Conclusion 
 

The results show there was disturbance to Lake Skärsjön in the years immediately following the fish 

farming closure. The lake appears to have escaped most major negative impacts a fish farm could 

present and this is most likely due to the fact the fish farm was located so close to the lake outlet. 

There was evidence to suggest the fish farming did increase the TP which led to anoxic conditions in 

the lower depths of the lake. This could have impacted the bottom plant communities including Nostoc 

zetterstedtii, but this key species is still present there today. Other events, both anthropogenic (SO4
2- 

deposition) and natural (increased bird populations), have impacted the lake, but the fish farming 

appears to have caused the greatest impact. The two monitoring study sets showed these impacts and 

while there are limitations with the current system, it still indicates the changes to the lake ecosystem 

as basis for legal decisions. 
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Appendix B 
 

Table 3: Dismissed Data Points. These data points were not used for graphing or analysis because 

they were over 50 μg/l. Points over 50μg/l are most likely an error because concentrations at this 

level are not likely. 

Station Date Depth TP (μg/l) 

11 05/06/1985 0.5 53 

2 02/06/1988 0.2 56 

4 02/06/1988 5 73 

1 27/08/1985 0.5 74 

8 27/08/1985 15 88 

1 20/08/1987 17 108 

9 27/08/1985 0.2 118 

12 02/06/1988 0.2 159 

9 27/08/1985 10 167 

6 02/06/1988 0.2 171 

9 02/06/1988 0.2 220 

8 27/08/1985 5 450 
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