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Abstract 
With increasing levels of greenhouse gases in our atmosphere, the need to understand the 

sources of these emissions is of importance. It has been demonstrated in recent studies that 

macroinvertebrates in freshwater can influence the flux of greenhouse gases (GHG), mainly 

as a result of bioturbation. In this study I have performed a survey of macroinvertebrates 

using kick samples (n = 40), collected from Krondiket, a stream outside of Vänersborg, 

Sweden, and compared this data with recent measurements on greenhouse gas fluxes in the 

same stream. The aim was to examine the correlation between GHG fluxes and 

macroinvertebrates, and to provide a baseline survey of invertebrates for future studies. The 

results from the statistical analysis examining the correlation between GHG emissions and 

macroinvertebrates did not prove to be significant, however there was a correlation 

between GHG emissions and substrate, as well as macroinvertebrates and substrate. The 

main driving factor for GHG emissions is turbulent water, as stated in recent studies, but for 

the generation and persistence of GHG in streams, several factors are involved. This of 

course complicate things when trying to discern the amount of GHG generation and 

emissions that can be attributed to macroinvertebrates, as generation of GHG can occur in 

all parts of the stream but are primarily emitted in parts that exhibit turbulent water. 

Furthermore, the bioturbation activities of macroinvertebrates can in some cases both 

promote and hinder the generation of GHG. To further investigate the correlation between 

macroinvertebrates and GHG emissions I would propose to set up experiments in a 

controlled laboratory environment.  

Med stigande halter av växthusgaser i vår atmosfär är behovet av att förstå källorna till 

dessa utsläpp av stor vikt. Nyligen publicerade studier har demonstrerat hur 

makroevertebrater i sötvatten kan påverka flödet av växthusgaser till vår atmosfär, främst 

som en konsekvens av bioturbation. I den här uppsatsen har jag med sparkprover (n = 40) 

utfört en bottenfaunainventering i Krondiket, en bäck väst om Vänersborg, Sverige. Data 

från inventeringen har jag sedan använt i tester tillsammans med data på 

växthusgasemissioner från samma bäck. Målet med studien var att undersöka korrelationen 

mellan växthusgasemissioner och makroevertebrater samt att tillhandahålla en 

basinventering av evertebrater för framtida studier i området. Resultaten från de statistiska 

analyserna som undersökte korrelationen mellan växthusgasemissioner och 

makroevertebrater visade sig inte vara signifikanta men andra tester visade på en 

korrelation mellan växthusgasemissioner och bottensubstrat, samt makroevertebrater och 

bottensubstrat. Tidigare studier har visat på att den drivande faktorn för 

växthusgasemissioner är vattnets karaktär, lugnflytande eller turbulent, men för bildandet 

och kvarvarandet av växthusgaser i vattendragen är flera faktorer involverade. Detta är en 

försvårande omständighet när man undersöker mängden växthusgaser som genereras och 

släpps ut som en konsekvens av makroevertebraters aktiviteter, särskilt då bildandet av 

växthusgaser ofta sker i hela vattendraget men till stor del transporteras nedströms och 

diffunderar ut till atmosfären i partier med turbulent vatten. Makroevertebrater kan genom 
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bioturbation, både hindra och främja bildandet av växthusgaser. För att vidare utforska 

korrelationen mellan makroevertebrater och växthusgasemissioner föreslår jag att utföra 

kontrollerade experiment, då det kan vara komplicerat i en fältstudie att fastställa 

evertebraters påverkan på grund av alla inblandade faktorer.     
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Introduction 
As the climate is changing due to an increase in greenhouse gases it is important to 

understand the sources of these emissions. We have entered an era where the Earth’s 

carbon cycle is rapidly changing, and we are beginning to understand our streams and rivers, 

and their role as processors of organic carbon in the ecosystem (Stanley, E.H. et al., 2016). In 

this study I have performed a survey of stream invertebrates and examined how 

macroinvertebrates can influence the flux of GHG between streams and the atmosphere. 

Inland freshwater systems such as lakes and streams transport and emit a significant amount 

of the greenhouse gases CO2 and CH4 (Crawford, J.T. et al., 2014). Even though lakes have a 

greater areal coverage than streams, global aquatic CO2 emissions from streams and rivers 

exceeds the estimated global CO2 emissions from lakes. This is part due to the high 

concentration of CO2 in streams and the water being more turbulent than in lakes, which 

contributes to the release of CO2 to the atmosphere (Natchimuthu et al., 2017). Emissions of 

CH4 to the atmosphere has also increased, although most of the emissions are caused by 

human activity, a significant amount is being emitted from natural sources as well (Stanley, 

E.H. et al., 2016). Emissions of CH4 from streams and rivers have long been poorly 

understood, the idea being that streams are well aerated which would hinder the generation 

and persistence of CH4. Studies has shown this to be false, and streams and rivers exhibit 

high concentrations of CH4, and with increasing global temperatures, we might see an even 

greater amount of CO2 and CH4 being released into the atmosphere due to organic matter 

breakdown at higher rates (Stanley, E.H. et al., 2016). 

There may also be other factors to consider when looking at biogeochemical dynamics and 

the flux of CO2 and CH4. Benthic invertebrates can also influence the flux of greenhouse 

gases in aquatic freshwater ecosystems. These organisms play many important roles in the 

ecosystem and are often diverse and abundant in freshwater sediments (Covich, et al., 

1999). They inhabit many different functional feeding groups such as grazers, shredders, 

gatherers, filterers, and predators. Grazers scrape material such as periphyton and 

microbiota off organic substrate and minerals. Shredders process organic material into 

smaller pieces of organic matter. Gatherers gather deposited particulate matter, and 

filterers feed on suspended particulate matter, while predators feed on other organisms 

which in turn regulate the numbers of herbivorous and omnivorous invertebrates (Wallace, 

J.B. & Webster, J.R., 1996, Covich, et al., 1999). All these functional feeding groups together 

form an intricate and important web in the stream ecosystem. Regarding the faunal 

influence on greenhouse gas fluxes, recent studies have been made looking at 

macroinvertebrates and their role in urban freshwater wetlands acting as sinks or sources of 

greenhouse gases. One such study looked at pollution-tolerant Oligochaetes and midge 

species in laboratory experiments and demonstrated how they through bioturbation 

facilitated the transportation of particles in the sediment layers, thus influencing the flux of 

greenhouse gases (Lagauzère, S. et al., 2009).  
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Bioturbation is the reworking and mixing of sediment by benthic organisms at the sediment-

water interface. In streams this interface works as the connection between the bottom 

sediment and the overlying water column (Gerino et al., 2007), here oxygenated water may 

come into contact with anoxic, or anaerobic conditions in the sediment layers. The gradient 

where this takes place can be as small as a few millimetres which means that it can easily be 

disturbed by small organisms involved in the process of bioturbation (Adámek, Z. & 

Maršálek, B., 2013). Through bioturbation the properties and structure of the sediment is 

altered which is achieved by burrowing, feeding, secretion, excretion and transportation of 

particles (Haas, E.M. et al., 2005). There are different modes of bioturbation, some species 

burrow deep into the anoxic sediment layers and keep their head above the sediment for 

feeding. This results in a downward movement of particles as they are feeding at the 

sediment surface and leaving faecal pellets below the sediment surface. Other species 

instead feed at depth and thus convey an upward movement of particles from the sediment 

layers to the sediment surface. These modes of bioturbation are referred to as “conveyor-

belt feeders” and mainly polychaetes, oligochaetes and some species of diptera (e.g species 

of chironomidae) use this type of feeding strategy (Gerino et al., 2007). All types of 

burrowing activities by organisms also facilitates the movement of oxygenated water into 

the sediment, potentially aerating anaerobic environments and increasing the porosity of 

the sediment (Krantzberg, G., 1985). 

As the benthic macroinvertebrates transforms organic detritus and mix the sediment, they 

directly and indirectly influence the flux of CO2 and CH4 (Wallace, J.B. & Webster, J.R., 1996). 

The “conveyor belt feeders” transport particles between the oxic and anoxic sediment layers 

which results in aerobic respiration by organisms of these particles, creating CO2 at the oxic 

sediment-water interface. Stimulation of CO2 flux is also enhanced through invertebrate 

burrows, aerating anoxic sediment, and increasing the porosity of the sediment, which 

augments the up-ward transport and diffusion of gases in these sediment layers (Mehring, 

A.S. et al., 2017). The generation of CH4 requires anoxic conditions, activities of 

macroinvertebrates in the sediment can both promote or hinder this generation depending 

on their feeding strategies (Mehring, A.S. et al., 2017). Deposition of faecal pellets depletes 

O2, this is caused by aerobic respiration and hence enhances CH4 production. Depending on 

the feeding strategy this can occur either in the sediment layers or at the sediment surface. 

In the presence of O2, CH4 oxidation occurs which reduces CH4. Even though bioirrigation 

aerates the sediment, facilitating the growth of methane oxidizing bacteria, it also increases 

the porosity of the sediment causing diffusion and an upward movement of CH4 into the 

overlying water column (Kajan, R. & Frenzel, P., 1999). Oxidation of CH4 in the sediment and 

later in the water column reduces the amount of CH4, although some Is still released into the 

atmosphere (Esteves, F.A. et al., 2009).      

For this thesis I have performed a field survey of macroinvertebrates in Krondiket, a stream 

in Västra Götaland, Sweden. The aim for this thesis was to determine if the variance of 

macroinvertebrate species composition can be explained by waterflow and substrate, 
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and/or greenhouse gas emissions (CO2 and CH4) in Krondiket, and how macroinvertebrates 

might affect the flux of GHG. Another part of this thesis was to provide a baseline survey to 

describe the invertebrate species composition in Krondiket, which can be used as a 

reference point in future studies. Because of the sensitivity towards environmental factors of 

certain macroinvertebrate species, this can be used to assess the impact of future forestry 

actions on the stream ecosystem.   

 

Method 
The field survey was carried out in Krondiket, a stream in Skogaryd situated west of 

Vänersborg (Figure 1). The location was provided by Skogaryd Research Catchment (SRC), a 

research station that started in 2013. SRC is a part of Swedish Infrastructure for Ecosystem 

Science (SITES), a nationally co-ordinated infrastructure for terrestrial and limnological field 

research. SITES can be found across Sweden with several research areas in different 

ecosystems and climatic zones, SRC being the youngest (www.fieldsites.se). The aim for SRC 

is to study processes at a landscape scale and acknowledge the interactions between 

systems, not only to study a specific ecosystem or habitat, but instead consider whole 

catchments, landscapes and regions (gvc.gu.se). 

The field survey was carried out in December 2018 and January 2019. First, a basic survey of 

the watercourse was conducted. In the survey, different parameters were noted such as 

dimensions of the watercourse, waterflow and substrate. The different classes of substrate 

were mud, sand, gravel and stone. Due to few samples with the substrate class gravel, only 

one, that sample was removed from the tests. For waterflow, the classes used were pool, 

glide and riffle. With the information from the survey the watercourse was divided into five 

homogenous sections.  

For the invertebrate survey, in each of the five sections along the watercourse, eight kick 

samples were performed, a total of 40 samples along the whole watercourse. This was 

conducted using a hand net and kicking in the substrate directly up streams from the hand 

net for 60 seconds. Due to the character of the sediment, being mostly mud, the whole 

samples were transported to the lab and the invertebrates was collected from the samples 

the day after. The locations for each sample within each section was randomly selected 

using a random numbers generator. If the randomly selected sample location was not 

feasible (due to depth) the sample was taken closer to the closest shore of the watercourse. 

The stored samples were searched for fauna and placed in a solution of ethanol (60%). All 

aquatic macroinvertebrates were then identified to the lowest taxonomic level possible.   

For the statistical analysis different tests were performed in SPSS. Shannon’s diversity index 

was calculated for each sample and used in a general linear model univariate test as the 

dependent variable, waterflow and substrate as fixed factors, and GHG 
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(MedianCH4(mmol/m2/d), MedianCO2(mmol/m2/d)) as covariates. Within the variable 

substrate there were three classes (mud, sand and stone), and for the variable waterflow 

there were three classes (pool, glide and riffle). An ANOVA was also performed for the 

variable Shannon’s diversity index to see if there was a statistically significant difference of 

variance between each section. All other test variables did not exhibit normal distribution so 

non-parametric Kruskal-Wallis tests were performed looking at the variance of GHG 

between the classes of waterflow and the classes of substrate. The same test was made 

looking at Diptera abundance and waterflow and substrate. Diptera abundance was chosen 

as a biological variable since many species of that order are involved in the process of 

bioturbation. 
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Figure 1: Map of Krondiket in Skogaryd. The blue arrows in the stream shows the direction that the water flows. Each 
section is numbered 1-5. 
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Results 

Greenhouse gas emissions 

The flux of CO2 differed between the substrates (p=0.005) and according to figure 2, the flux 

of CO2 for stone is significantly higher than mud and sand. The same is true when looking at 

CH4 and substrates (p=0.011), again stone is the substrate exhibiting the largest flux of CH4 

(Figure 3). With waterflow class as independent variable the results did not prove significant 

for neither CO2 nor CH4 (p=0.215, p=0.248). However, of the three classes of waterflow, 

there were only one sample for riffle and looking at the data (Figure 4; Figure 5), that sample 

did exhibit a much greater flux than the other classes. 

 

 

Figure 2: Fluxes of CO2 per substrate class in Krondiket across all sections (n=40). Substrate class was noted during 

macroinvertebrate survey and then cross referenced with the GHG data. Blue bars represent the average GHG flux per 
substrate with error bars.  
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Figure 3: Fluxes of CH4 per substrate class in Krondiket across all sections (n=40). Substrate class was noted during 

macroinvertebrate survey and then cross referenced with the GHG data. Blue bars represent the average GHG flux per 
substrate with error bars. 

 

Figure 4: Fluxes of CO2 per waterflow class in Krondiket across all sections (n=40). Waterflow class was noted during 

macroinvertebrate survey and then cross referenced with the GHG data. Blue bars represent the average GHG flux per 
waterflow with error bars. For the waterflow class riffle there were only one sample. 
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Figure 5: Fluxes of CH4 per waterflow class in Krondiket across all sections (n=40). Waterflow class was noted during 

macroinvertebrate survey and then cross referenced with the GHG data. Blue bars represent the average GHG flux per 
waterflow with error bars. For the waterflow class riffle there were only one sample. 

 

Macroinvertebrates 

Overall macroinvertebrate variances were not significantly different between substrate 

types, or waterflow types. Using Shannon’s diversity index as dependent variable in a 

general linear model with substrate and waterflow as independent factors did not prove 

significant, nor was the analysis of variance of Shannon’s diversity index between the 

sections of the stream (Figure 6). This might be due to a high variance within each section 

and few samples per section, at most eight samples per section and only five in some 

sections. For the diptera abundance there were no significant difference between substrate 

types nor waterflow types, diptera abundance also showed high variance within each 

substrate class and within each waterflow class (Figure 7, Figure 8). As for the GHG tests, the 

tests for macroinvertebrate variances between waterflow classes, there were only one 

sample for the class riffle.  
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Figure 6: Graph over Shannon’s diversity index per section. Blue bars represent the average Shannon’s diversity index per 
section with error bars. 

 

Figure 7: Average Diptera abundance per substrate with error bars. There was a high variance of Diptera abundance within 
the substrate class stone and few samples (5 out of a total of 40 macroinvertebrate samples). 
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Figure 8: Average Diptera abundance per waterflow class with error bars. As for the GHG flux statistics, the waterflow class 
riffle consisted of only one sample.  

 

Stream survey 

Section1 

This part started at the outlet of Följesjön and ended at the clearcutting approximately 300 

meters further downstream. The surrounding area for this section was comprised of 

coniferous forest and the stream had been channelized. The dominating substrate in this 

section were mud and a fair amount of organic material such as leaves, sticks and dead 

wood in the stream were also noted. The stream velocity characteristic for this part of 

Krondiket were pool, with some glide elements. Invertebrate communities in this section 

were dominated by Trichoptera, accounting for more than 25% of the species found. 

Diptera, Isopoda and Plecoptera were also abundant. This section had the highest 

percentage of alderflies (Figure 9).  

Section2 

This section started at the clearcutting where section 1 ended and continued for 

approximately 700 meters through the clearcutting area and then through an area of 

coniferous forest up until the first road crossing downstream of Följesjön. This part of the 

stream had also been channelized. In this section the dominating substrate where mud with 

some elements of gravel. The dominating stream velocity characteristic for section 2 was 

pool. The most dominant orders of invertebrates for this section were Isopoda and Diptera, 

followed by Trichoptera, Ephemeroptera and others (Figure 9). 

Section3 

Section 3 began after the first road crossing downstream of Följesjön, it continued for 

approximately 435 meters through coniferous forest and ended at the old pastures. Part of 

this section had been channelized. The dominating substrate was mud, but the character of 
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the substrate started to change in this part and there was a significant amount of sand also. 

In the lower part of this section towards the pastures a fair amount of dead wood in the 

stream was noted. The dominating stream velocity characteristic for section 3 was pool with 

elements of glide further downstream. Invertebrate communities in this section were 

dominated by Diptera, accounting for more than 30% of the organisms found in the samples. 

Isopoda was also abundant followed by Trichoptera (Figure 9).  

Section4 

This section continued for approximately 580 meters from the start of the pastures and 

ended at the second road crossing downstream of Följesjön. The surrounding area consisted 

of mainly coniferous forest and the dominating substrate for this section was sand with 

elements of silt and gravel. The dominating stream velocity characteristic for section 3 was 

pool with elements of glide further downstream. Invertebrate species composition in this 

section were dominated by Trichoptera and Diptera, followed by Isopoda (Figure 9).  

Section5 

Section 5 was the most natural part of Krondiket. It began at the second road crossing 

downstream of Följesjön and ended at the inlet to Skottenesjön, approximately 380 meters. 

The surrounding area consisted of coniferous forest and there was a small waterfall close to 

the inlet of Skottenesjön. In the first part of this section the sides of the stream had been 

reinforced with stonewalls. Stone was the dominating substrate with elements of gravel. The 

dominating stream velocity characteristic was glide with elements of riffle. Invertebrate 

communities in this section were dominated by Isopoda and Diptera (Figure 9).     

 

Figure 9: Graph over total macroinvertebrates found in Krondiket. The color of each bar corresponds to the different orders 
of macroinvertebrates. Each bar shows the total amount of invertebrates of that order found in each section of the stream. 
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Discussion  
The analysis of variance looking at GHG-emissions per substrate did confirm that there was a 

higher amount of CO2 as well as CH4 being emitted in parts of the stream with stone as the 

dominating substrate (Figure 2; Figure 3). Regarding the flux of GHG in streams and rivers 

the main driving factors seems to be stream slope, water velocities and discharge 

(Natchimuthu et al., 2017). Substrate does also play an important role in that larger types of 

substrate such as stones causes the water to be more turbulent, thus facilitating the 

diffusion of gases and enhancing the flux of GHG. However, if turbulent water is the main 

driving factor for the diffusion of gases into the atmosphere you would most likely always 

find higher emissions in stream sections with a steeper slope and the substrate consisting of 

stone. These factors (waterflow and substrate) are of course connected. In a section of a 

stream with a steeper slope we will see resuspension and transportation of particles which 

would result in the bedrock consisting of mainly larger types of substrate. And in sections 

with slow flowing water there will be deposition of particles and finer sediment. The 

statistical tests looking at variance of GHG between the different waterflow classes did not 

prove significant, however, would there have been more samples for riffle, the Kruskal-

Wallis tests would probably have shown a difference.   

The results were inconclusive in discerning whether the variance of macroinvertebrates was 

correlated with habitat (substrate and waterflow) and/or greenhouse gases. This was 

probably part due to a high variance within the biological variable but could also be 

attributed to the sample locations being randomly selected. This resulted in an uneven 

distribution within the dataset of the different classes of substrate and waterflow, with some 

classes being overrepresented and some classes barely represented. Unfortunately, adding 

the GHG emissions as covariates to the GLM univariate test collapsed the model, this was 

due to the sample size being too small. However, based on observations of the stream 

during the survey I felt that there was a much more diverse habitat in section 5 and parts of 

section 4. This is also reflected in the densities found during the survey (Figure 9), with those 

sections exhibiting the highest densities of fauna and the highest number of taxa (Appendix 

2).   

Regarding the faunal activities enhancing GHG flux in Krondiket the results from this study 

may not be enough to draw a definitive conclusion. One could assume that it is in the slow 

flowing sections with finer sediment that most of the CH4 generation occurs, enhanced by 

different organism’s bioturbation activities. This would facilitate the upward movement of 

gases from the anoxic environments into the overlying water-column. In steeper sections 

with more turbulent water the activities of burrowing organisms might instead hinder the 

generation of CH4, allowing more oxygenated water to penetrate the sediment surface, 

aerating otherwise anoxic environments. However, it is in these steeper more turbulent 

sections that streams seem to exhibit the greatest amount of CH4 emissions (Figure 3; Figure 

5), presumably a large quantity of these gases are transported from other sections of the 

stream and emitted into the atmosphere upon reaching the more turbulent waters. 
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As for the faunal activities enhancing the flux of CO2 in Krondiket, this most likely occurs in 

all parts of the stream. Through bioturbation activities, cycling of organic particles takes 

place, transporting particles to the sediment surface, resulting in creation of CO2 through 

respiration by aquatic organisms. CO2 will be created through respiration if O2 and organic 

material is present. In Krondiket, organic material is transported from the lake Följesjön just 

upstream, as well as deposited from the surrounding area. O2 is most likely always present 

above the sediment surface because of the low retention time in a small and straight stream 

such as Krondiket (Figure 1). Creation of CO2 is also dependent on the densities of 

macroinvertebrates. This stream exhibited the highest densities in section 4 and 5 (Figure 9) 

so one would assume that the faunal influence on CO2 flux would be greatest in those parts 

of the stream. Although, as with CH4 emissions, a large part of the CO2 is probably created in 

other parts of the stream and emitted upon reaching more turbulent water. Contrary to CH4 

production however, CO2 production would also occur in steeper more turbulent parts. 

Besides the CO2 being generated through respiration there will also always be a diffusion of 

atmospheric CO2 back into the water, further complicating the matter of discerning the 

invertebrates influence on the flux of GHG. 

Suffice to say, the matter of faunal influence on GHG flux in streams is complex with many 

different factors. This study has only looked at one stream, Krondiket, so a general 

conclusion about the effects of invertebrates on GHG flux is not possible, only how it seems 

to be in this particular stream. To draw a general conclusion, one would have to incorporate 

several streams in the study and select the invertebrate sample locations based on substrate 

and waterflow, but this might not be the right way forward in this complex matter. The more 

interesting question in my opinion is rather how much the benthic invertebrates enhances 

the flux of GHG in rivers and streams. Because of all the different factors that influence the 

flux of GHG, a field study might fail to accurately estimate the proportions of the gases that 

can be attributed to invertebrate activities. To be able to discern and measure the faunal 

influence on GHG emissions I would propose to set up experiments in a controlled 

laboratory environment. This would allow one to eliminate different factors, for example 

diffusion of atmospheric CO2 into the water, hence being able to more accurately measure 

the amount that invertebrates contribute to the generation and flux of GHG.  

As part of this thesis I have provided a baseline survey of macroinvertebrates in Krondiket 

(Appendix 2). This can be used as a reference point in future studies examining the effects of 

forestry actions on the stream ecosystem. Studies have shown that logging can affect the 

species composition in streams because of debris flow disturbances and alter energy inputs 

due to removal of vegetation. This would modify the connections between the riparian zone 

and the stream, it could also affect the water temperature due to loss of shade (Kobayashi, 

S. et al., 2010). Another possible ecological response to logging is shifts in macroinvertebrate 

assemblages from one feeding guild to another (Haggerty, S.M. et al., 2004). A future study 

in Krondiket might look at the different feeding guilds, and compare with this baseline 
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survey, to see if there are changes to the feeding guild composition before and after logging 

actions. 
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Appendix 1 – Popular science summary 
With increasing levels of greenhouse gases in our atmosphere, the need to understand the 

sources of these emissions is of importance. Emissions of CO2 and CH4 is not solely caused 

by human activities, there are several natural sources as well. One such source is our 

streams and lakes which does contribute a significant amount of greenhouse gases to our 

atmosphere. In this thesis I have looked at a stream in Sweden, and more precisely I have 

investigated how aquatic insects in freshwater can influence the amount of greenhouse 

gases that are being emitted into the atmosphere from the stream. All aquatic insects 

contribute to the generation of CO2, which is a product of respiration, this will always occur 

if there are O2 and organic material present. CH4 on the other hand requires oxygen free, in 

other words anaerobic, environments both for its generation and persistence. In streams 

you will most likely only find anaerobic environments deep in the sediment on the bottom of 

the stream. These gases are in a way trapped in the sediment, but as certain species of 

insects burrow down and dig canals in the sediment they aid in the release of these gases 

into the overlying water. Because you have running water in streams most of the GHG will 

not be emitted into the atmosphere at the same place as they are generated. The main 

factor that causes the diffusion of gases into the atmosphere is turbulent water, which is 

why we see significantly higher levels of emissions in sections of the stream with turbulent 

water. In this study, statistically I did not find a connection between aquatic insects and 

GHG. However, I did find a connection between aquatic insects and substrate, which was 

also true for GHG and substrate. This could be relevant in future studies where you would 

incorporate several streams in the statistical analysis to compare between, which would give 

the tests more power and accuracy. Alternatively, if you want to measure the amount that 

aquatic insects might influence the flow of GHG more precisely, you could set up 

experiments in a controlled laboratory environment. This will allow one to have more or less 

full control of the outside effects that might affect the data in a field study. 
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Appendix 2 – Macroinvertebrate survey 
Table displaying the data from the macroinvertebrate survey, with the number of 

invertebrates found of each species for each section of Krondiket.   

Species 
Section 

1 
Section 

2 
Section 

3 
Section 

4 
Section 

5 

OLIGOCHAETA           

Oligochaeta 2 1 15 5 15 

ISOPODA, woodlice           

Asellus aquaticus 18 26 47 53 79 

ODONATA, dragonflies           

Aeshna cyanea  1    

Somatochlora metallica  1    

MEGALOPTERA, alderflies           

Sialis lutaria 10 6 6 1 2 

EPHEMEROPTERA, mayflies           

Baetis muticus     4 

Leptophlebia marginata    2 4 

Leptophlebia vespertina 3 14 12 6 3 

PLECOPTERA, stoneflies           

Nemoura sp. 14 2 4 3 4 

Taeniopteryx sp.     1 

TRICHOPTERA, caddisflies           

Chaetopteryx sp.    1  
Glyphotaelius pellucidus  1 1 1 2 

Hydatophylax infumatus     1 

Limnephilidae (case only) 21 10 16 34 5 

Limnephilus binotatus    4  
Limnephilus extricatus    5  
Limnephilus marmoratus     1 

Limnephilus rhombicus  1    

Limnephilus sp. 1 1 1 6 3 

Neuroclipsis bimaculata 1     

Plectronemia conspersa    1 2 

Polycentropus flavomaculatus     8 

Polycentropus sp.     1 

Potamophylax cingulatus    2 3 

Potamophylax latipennis     1 

Potamophylax rotundipennis   1 2 2 

Sericostoma personatum    2 6 

Stenophylax permistus   1 3  
Trichostegia minor 1     

HEMIPTERA, true bugs           

Callicorixa wollastoni    1  
Corixa punctata  1    

Hesperocorixa sahlbergi  1    
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Sigara fossarum  1  2  
DIPTERA, flies           

Chironomidae 1     

Chironomini sp. 7 7 52 42 12 

Diptera   9 10  
Simuliidae 1 1 1 3 45 

Tanypodinae 7 18 1 7 7 

Tanytarsini sp. 5     

Tipulidae 1  5   

Tipuloidea    3 5 

COLEOPTERA, beetles           

Agabus sp.  2    

BIVALVIA           

Pisidium sp.  6 3   

HIRUDINEA, leeches           

Glossiphonia complanata      

Helobdella stagnalis   1 1  
Herpobdella octoculata       1 4 

 

 

 


