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Summary 
The aim of this report is to contribute to the base of knowledge on environmental monitoring by 

increasing understanding of how eDNA, electrofishing and sampling fishing may be used to examine fish 

biodiversity. It also aims at understanding if fish indexes developed within the Water Framework 

Directive reflect biodiversity, as well as the potential of eDNA data to serve as input to these indexes. 

This was done by using three different approaches. 

Firstly, in order to establish which of the methods eDNA, electrofishing and sampling fishing is more 

suitable to measure the different dimensions of biodiversity (species richness, species evenness and 

genetic diversity), a literature review comparing the different methods was carried out. It was found that 

eDNA yields a more detailed results for species richness, electrofishing yields better results for species 

evenness and sampling fishing is outperformed by eDNA and electrofishing alike. Both electrofishing and 

sampling fishing may collect data for genetic diversity analysis, however electrofishing outperforms 

sampling fishing with regards to amount of species caught, making electrofishing a more suitable data 

collection method. 

Secondly, in order to gain insight on practical usage of eDNA, a case study of Spjutmo (Dalarna county) 

was reviewed. It was established that eDNA generated more detailed information of species richness in 

the case of Spjutmo (as compared to electrofishing). The relative abundance data generated by the 

eDNA study might be seen as a measure of species evenness. However, electrofishing yielded data which 

may serve as input to species evenness indices. To the best knowledge of the author, none of the 

methods generated data on genetic diversity in this specific case.  

Officials from the energy company Fortum and the county board of Dalarna were also interviewed in 

order to get insight on what potential they see for eDNA to contribute to environmental monitoring. 

Both officials point at the ability to estimate abundance as a desired feature, hence a better 

understanding of what the relative abundance results indicates is wanted. The two interviews indicate 

that this understanding is an important feature to develop in order to make metabarcoding studies 

effective in current environmental monitoring.  

Thirdly, in order to understand if fish indexes developed within the Water Framework Directive reflect 

biodiversity, a literature review was performed. It was found that, all but one of the compared indexes 

incorporates or somewhat incorporates species richness. However, only five indexes are indicative or 

somewhat indicative of species richness. Species evenness is incorporated or somewhat incorporated by 

two indexes, which are also indicative or somewhat indicative of species evenness. None of the indexes 

incorporate or indicate genetic diversity. 

Within the third literature review, the potential of eDNA data to serve as input to current fish-based 

indexes developed within the Water Framework Directive, was studied. It was found that eDNA data may 

serve as input to only one index in its present form. However, five indexes also use proportional 

information (e.g. proportion of tolerant species), which possibly could be provided by eDNA data. The 

index where usage of eDNA data is currently possible uses presence-absence information. 
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Sammanfattning 
Målet med denna rapport är att bidra till kunskapsläget kring miljöövervakning genom att öka 

förståelsen för hur eDNA, elfiske och provfiske kan användas för att undersöka fisk biodiversitet. Målet 

är också att förstå om fisk-index utvecklade inom ramen för det Europeiska vattendirektivet reflekterar 

biodiversitet samt om data från eDNA kan utgöra input till dessa index. För att uppfylla dessa mål 

användes tre metoder. 

För att etablera vilken av metoderna eDNA, elfiske och provfiske är mer lämpad att mäta de olika 

dimensionerna av biodiversitet (artrikedom, distribution av arter och genetisk diversitet), genomfördes 

en litteraturstudie. Slutsatsen kunde dras att eDNA mäter artrikedom med högst noggrannhet, elfiske 

mäter distribution av arter mer detaljerat och att provfiske överträffas av både eDNA och elfiske i alla 

dimensioner. Både elfiske och provfiske kan samla data för analys av genetisk diversitet, men elfiske 

överträffar provfiske gällande hur många arter som fångas, vilket gör elfiske mer lämpligt som metod att 

samla in data för genetisk analys.  

För att få praktisk insikt i ett fall där eDNA använts, granskades en fallstudie från Spjutmo (i Dalarnas 

län). eDNA genererade mer detaljerad information om artrikedom än elfiske i detta fall. Datan genererad 

av eDNA kring relativ abundans mellan arter skulle kunna tolkas som ett mått på distribution av arter. 

Data genererad av elfiske kan å andra sidan användas som input till olika index för distribution av arter. 

Författaren veterligen, genererade varken eDNA eller elfiske mått på genetisk diversitet i detta specifika 

fall. 

Två personer, en från Fortum och en från länsstyrelsen Dalarna intervjuades också för att få insikt i deras 

syn på potentialen av att använda eDNA som ett miljöövervakningsverktyg. Båda intervjupersonerna 

pekade på att en bättre förståelse av de relativa abundansvärdena indikerar är önskad. Båda 

intervjupersonerna pekade på att det är en viktig aspekt för att metabarcoding studier ska vara effektiva 

i nuvarande miljöövervakning.  

För att förstå om fisk-index utvecklade för EU’s vattendirektiv reflekterar biodiversitet, genomfördes en 

komparativ litteraturstudie av index. Alla index förutom ett inkorporerar eller delvis inkorporerar 

artrikedom. Bara fem indikerar eller delvis indikerar artrikedom. Distribution av arter inkorporeras eller 

delvis inkorporeras av två index som också indikerar eller delvis indikerar distribution av arter.  

Inom den komparativa litteraturstudien av index, studerades även potential att fungera som input av 

data genererad av eDNA till indexen. Data genererad av eDNA kan i dagsläget fungera som input till ett 

av indexen. Fem index använder någon form av proportionell data (t.ex. proportion av toleranta arter), 

som möjligen skulle kunna ges av eDNA. Indexet till vilket det är möjligt att använda eDNA data använder 

närvarande-ej närvarande information som input.   
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1. Introduction 
A desire to move in a sustainable direction has been proclaimed on many levels of society, for example 

within the United Nations, the European Union, the Swedish government as well as on municipal and 

regional level  (UN, 2015) (EU, 2001) (Regeringen, 2015) (SKL, 2017). However, sustainability is not a well 

defined goal, but does by nature (due to the three dimensions ecologic, economic and social) bring with 

it conflicts of interest. In the case of hydropower, this might be exemplified by the services the electricity 

generation provide to users, the comparative advantage of hydropower to other energy sources with 

regards to greenhouse gas efficiency and the impact on local environment (e.g. blockage of fish 

migration).  Questions of how to weight different parameters, e.g. social, economical and environmental, 

against each other to a holistic whole arises. In order to judge, there is a need for data.  

Preferably, the data should be able to answer multiple questions about the state of the environment, 

which often is done by implementing different monitoring schemes. When performing environmental 

monitoring, this may be done on different levels. Considering hydropower in Sweden, both the UN 

declaration of biodiversity as well as the EU Water Framework Directive (WFD) comes into play. They 

both require environmental monitoring on ecosystem level.  Within the WDF, indexes to measure the 

state of the ecosystems have been developed. One of the Swedish indexes is VIX, which uses fish as the 

main indicator of human pressures on the ecosystem. From a biodiversity perspective, two additional 

levels need to be surveyed, namely the species level and genetic level.  

During the last decade a method called environmental DNA (eDNA) has become widely used. eDNA 

utilizes the fact that DNA remnants are left by fish species present in bodies of water (Bohmann, et al., 

2014). By analyzing water samples it is possible to determine what fish species are present (Bohmann, et 

al., 2014). Currently, the method electrofishing1 and sampling fishing2 are used to investigate fish 

biodiversity. Given the need for data, both for regulatory and legislative purposes as well as for 

environmental monitoring in general, it is of importance to understand how the different methods may 

contribute, from using VIX (and its European counterparts) as an assessment tool on ecosystem level, to 

eDNA, electrofishing and sampling fishing on species and genetic level. Hence, this report investigates 

how the data may be used in order to measure biodiversity on the different levels. 

Having access to a relatively new method for data collection also opens up for new insights within 

environmental monitoring. An assessment of how eDNA may currently contribute to environmental 

monitoring within current frameworks was carried out. This was done in two parts; reviewing the case 

study of Spjutmo and interviewing officials at Fortum and the county board of Dalarna, as well as 

reviewing European fish-based indexes.  

This report aims at contributing to the base of knowledge on environmental monitoring by increasing the 

understanding of how eDNA, electrofishing and sampling fishing may be used to examine fish 

biodiversity. It also aims at understanding if fish indexes developed within the Water Framework 

Directive reflect biodiversity, as well as the potential of eDNA data to serve as input to these indexes. 

                                                           
1 Electrofishing signifies using an anode and cathode sunk under water (Bergquist, et al., 2014). A direct current 
flows between them, which effect fishes in the close by area, causing them to swim towards the anode (Bergquist, 
et al., 2014). 
2 Sampling fishing means laying out nets in accordance with a standardized procedure (e.g. with regards to depth, 
temperature, time of the year etc) in order to collect data on what species are caught  (Kinnerbäck, 2001). 



 

6 
 

2. Aim and objectives 
Aim 

This paper aims at contributing to the base of knowledge on environmental monitoring. It aims at giving 

environmental managers and policy makers the necessary base of knowledge to understand how the 

methods eDNA, electrofishing and sampling fishing may be used to examine fish biodiversity. It aims at 

assessing the potential of eDNA to contribute within current environmental monitoring schemes. It also 

aims at giving environmental managers and policy makers the necessary base of knowledge to 

understand if fish indexes developed within the Water Framework Directive reflect biodiversity, as well 

as the potential of eDNA data to serve as input to these indexes. Furthermore, this paper aims at 

discussing the role of indexes in environmental monitoring at large. 

Objectives 

• Investigate the ability of eDNA to monitor the different dimensions of biodiversity (species richness, 

species evenness and genetic biodiversity) as well as compare the ability of eDNA to monitor 

biodiversity to that of electrofishing and sampling fishing. Establish which method is more suitable to 

measure which dimension of biodiversity. 

• Investigate what may be said about the different dimensions of biodiversity based on the data from 

eDNA analysis and electrofishing in the case of Spjutmo in Dalarna county as well as explore what 

possibilities of enhanced environmental monitoring the county board in Dalarna and Fortum sees 

with regards to eDNA. 

• Investigate the potential of eDNA data to serve as input to current fish-based indexes developed 

within the Water Framework Directive. Investigate if indexes incorporate the different dimensions of 

biodiversity and their ability to indicate them. 
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3. Methodology and limitations 
 

Comparison of eDNA, electrofishing and sampling fishing  

In order to investigate the ability of eDNA to monitor the different dimensions of biodiversity and 

compare the ability of eDNA to monitor biodiversity to that of electrofishing and sampling fishing as well 

as establish which method is more suitable to measure which dimension of biodiversity, a literature 

review was carried out. The parameters examined in the comparison were; ability to detect presence-

absence, abundance (number of individuals) and total biomass. Different studies approached these 

parameters differently, but mainly by detection rate, probability, catch-per-unit-effort (CPUE), 

biodiversity indexes and correlation between DNA copies and CPUE as well as correlation to biomass-

per-unit-effort (BPUE).  

In order to achieve aforementioned objectives, searches were conducted in Web of Science, Scopus, 

Science direct, Nature and Science. The key words edna, electrofishing, sampling and fishing were used 

and were combined in the following constellations: 

• edna + electrofishing 

• electrofishing + sampling + fishing 

• sampling + fishing + edna. 

Articles were selected based on the following criteria: 

• including at least two of the methods eDNA, electrofishing and sampling fishing 

• being of comparative nature.  

The results are presented in table format. The parameters are lined up as bullet points and describe the 

comparative measures of the different methods (as mentioned above), as well as benefits and 

drawbacks of the methods.  

 

Spjutmo case study  

In 2017 Fortum commissioned a study by Aquabiota, investigating the composition of fish upstream and 

downstream of Spjutmo hydro power plant. The field work was conducted during June 2017. Samples 

were taken at 13 sites, whereof 10 upstream and 3 downstream of the hydro power plant. The work 

resulted in a report. The case of Spjutmo was evaluated in two ways; firstly by scrutinizing the report and 

secondly by conducting interviews with the affected parties (the county board of Dalarna and Fortum). 

The case study of Spjutmo is used in order to assess the usage of eDNA in an environmental monitoring 

context. 

In order to investigate what may be said about the different dimensions of biodiversity in the specific 

case of Spjutmo, a review of the report was conducted. This was done by answering the following 

questions: 

• What conclusions may be drawn from eDNA data and electrofishing data (in the specific case of 

Spjutmo) with regards to species richness?  

• What conclusions may be drawn from eDNA data and electrofishing data (in the specific case of 

Spjutmo) with regards to species evenness?  
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• What conclusions may be drawn from eDNA data and electrofishing data (in the specific case of 

Spjutmo) with regards to species genetic diversity? 

In order to explore what possibilities of enhanced environmental monitoring the county board in Dalarna 

and Fortum sees with regards to eDNA, semi-structured interviews were conducted with officials from 

the county board of Dalarna and Fortum (one at each institution). The interviews were conducted by 

phone. Notes were taken during the phone calls and then sent to the interviewees for approval. At the 

county board of Dalarna Mr. David Lundvall, environmental civil servant, was interviewed. At Fortum Ms. 

Birgitta Adell, environmental manager, was interviewed. Questions about current environmental 

monitoring programs were asked, as well as the about benefits and drawbacks of eDNA and future 

potential of eDNA to contribute in environmental monitoring programs. The interview guide may be 

found in appendix 1.  

 

Review of indexes 

In order to review indexes across Europe a literature review was carried out. Searches were conducted in 

Primo, Scopus, Web of Science and ScienceDirect. The key words ecologic, status, fish and index were 

used. Articles were chosen based on the following criteria: 

• papers investigating the relationship between different biotic and abiotic parameters, developing an 

index to assess ecologic status 

• using fish as main indicator for index 

In order to compare the different indexes, investigative questions were formulated: 

• Does the index incorporate and/or indicate species richness? 

• Does the index incorporate and/or indicate species evenness? 

• Does the index incorporate and/or indicate genetic diversity? 

• May eDNA data serve as input to the index? 

These points of comparison were then used in order to analyze the aggregated state of fish indexes in 

Europe as well as the current potential of eDNA to provide data for different indexes. The results are 

presented in table format. The parameters are lined up as bullet points.  
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4. Background 
The background is meant to give the reader a deeper understanding of the results by providing context 

and insight to underlying concepts. The following topics will be included; measuring biodiversity, 

descriptions of eDNA, electrofishing and sampling fishing methodology, as well as a description of VIX, 

the current Swedish environmental monitoring tool for fish biodiversity. 

4.1 Measuring biodiversity 
Biodiversity is a complex concept with many dimensions. When United Nations agreed on the United 

Nations Convention on Biological Diversity in Rio de Janeiro 1992, they stipulated what biodiversity 

meant within the context:  

“ ‘Biological diversity’ means the variability among living organisms from all sources including, 

inter alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which 

they are part: this includes diversity within species, between species and of ecosystems” (United 

Nations, 1992). 

Hence establishing 3 levels of biodiversity, namely ecosystem diversity, species diversity and genetic 

diversity.  

Different measurements have been constructed in order to measure the diversity within these levels. 

Since this thesis focuses on how eDNA may be used in order to measure biodiversity within bodies of 

water, the measurements for genetic diversity and species diversity will be explored.  

Species diversity 

Measuring species diversity may mainly be done in two ways; by measuring species richness and species 

evenness. Species richness measures how many species are present in a given area (e.g. by a list of 

species) and species evenness measures the distribution of species within an area, for example by the 

likelihood of finding different species (Purvis & Hector, 2000). In order to illustrate this, think about the 

figure below.  

 

Figure 1: Illustration of species richness and species evenness. Own collection. Concept from: Getting the measure of biodiversity 
by Purvis A. & Hector A. (2000). NATURE, 405, 212 - 219. Clip art source: Classroomclipart, 2018. 
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Sample A contains three species, whereas sample B contains two species. On the other hand, the 

likelihood that one will randomly pick two different species is higher in sample B. Hence, species richness 

is higher in sample A, but species evenness is greater in sample B. 

In order to measure species evenness and species richness, different indices have been created. Some 

indices also combine both species richness and species evenness. A table of some of the most commonly 

used may be found in appendix 1.  

Genetic diversity  

In order to provide context to the genetic measurements, an appendix explaining fundamental genetics 

was created. Please see appendix 2 for further explanation of genetic concepts.  

Measuring genetic diversity may be done by targeting genetic diversity within a population, or by 

measuring genetic diversity between populations. However, there are primarily three differences in 

genetic structures that are quantified:  

• Proportion of polymorphic loci 

• Allelic richness 

• Heterozygosity 

 (Goulletquer, Gros, Boeuf, & Weber, 2014). 

Proportion of polymorphic loci measures the percentage of loci that display more than one allele 

(Goulletquer, Gros, Boeuf, & Weber, 2014). This is done by calculating: 

𝑡𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑎𝑙𝑙𝑒𝑙𝑒𝑠 𝑓𝑜𝑢𝑛𝑑 

𝑡𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑙𝑜𝑐𝑖 𝑠𝑡𝑢𝑑𝑖𝑒𝑑
  

This measure is heavily affected by how many samples are taken (e.g. accuracy increases when more 

samples are taken) (Goulletquer, Gros, Boeuf, & Weber, 2014). In order to handle the uncertainty, a cut 

of criterion at either 99 or 95 % may be used. For instance, if the cut of criterion is set to 95 % and the 

studied loci is the same for 96 % of the studied samples, the studied loci will not count towards the total 

percentage (Goulletquer, Gros, Boeuf, & Weber, 2014).  

Allelic richness uses the same principle as the proportion of polymorphic loci (total amount of alleles 

found/total amount of loci studied), but no cut off criterion is applied (Goulletquer, Gros, Boeuf, & 

Weber, 2014).  

Heterozygosity may be broken down into 3 main measurements: 

• “mean proportion of individuals heterozygous across loci 

• the mean proportion of loci for which an individual is heterozygous 

• expected heterozygosity (He), which is the proportion expected from allele frequencies in the sample 

assuming the population is in Hardy-Weinberg equilibrium.” 

(Goulletquer, Gros, Boeuf, & Weber, 2014).  
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4.2 Description of eDNA, electrofishing and sampling fishing methodology 

4.2.1 eDNA 
Simplified, environmental DNA (eDNA) analysis may be explained as the method of taking a water 

sample and then analyzing what DNA residues are present in the water. By doing so, it is possible to 

establish what species have left traces in the water sample. eDNA may synoptically be divided into 6 

steps; selection of markers, collection of water samples, preparation of samples, extraction of DNA, 

amplifying of target DNA and lastly screening for species (Evans & Lamberti, 2018).  

Selection of markers 

When analyzing the genetic material, one aims at identifying a series of base pairs that is specific to given 

species (Evans & Lamberti, 2018). In order to mark the specific sequence, so called primers are designed 

(Evans & Lamberti, 2018). Primers are nucleotide sequences that bind to the DNA molecules (Evans & 

Lamberti, 2018). Later on, when performing Polymer Chain Reactions (PCR), these primers will help 

amplifying the species-specific nucleotide sequence s (Evans & Lamberti, 2018).  

Collection of water samples 

Collection of water samples may be done in various ways, for instance by dipping a container into the 

water, using a limnological water sampler or by pumping up water (Evans & Lamberti, 2018). However, 

regardless of what method is used, it is of great importance to avoid contamination from sources other 

than the targeted body of water. Chlorine bleach is commonly used in order to sterilize equipment 

(Evans & Lamberti, 2018). According to Evans & Lamber (2018), water sample sizes range from 15 mL to 

5 L, where 1 – 2 L is the most commonly reported volume. 

Preparation of samples, extraction of DNA  

After the water is sampled, filtration is needed in order to extract the DNA. This can be done by vacuum 

filtration or ethanol precipitation (Evans & Lamberti, 2018). It is advisable to filtrate or precipitate as 

soon as possible after sampling in order to avoid further decay of the DNA residue (Evans & Lamberti, 

2018).  

Amplifying of target DNA 

The target DNA is amplified in order to later run DNA sequencing (determining the order of nucleotides), 

(Evans & Lamberti, 2018). This is done by performing PCR (Evans & Lamberti, 2018). The figure below 

provides a schematic overview of the PCR process.  
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Figure 2: Schematic overview of PCR. Source: Enzoklop/WikimediaCC, 2014. 

PCR has 3 steps; denaturation, annealing and elongation. During denaturation, the mixture with primers, 

nucleotides and DNA is heated in order to allow the DNA to separate (Garibyan & Avashia, 2013). During 

annealing, the temperature is lowered in order to let the primers bind to the separated DNA chains 

(Garibyan & Avashia, 2013). Lastly, the temperature is increased in order to let the nucleotides build 

onto the primers (Garibyan & Avashia, 2013). Every time these three steps are repeated, the amount of 

copies of DNA doubles (Garibyan & Avashia, 2013).   

Screening for species 

After having amplified the target DNA, it is desirable to investigate what species are present. This is done 

by DNA sequencing, which are methods for examining the order of nucleotides (Saraswathy & 

Ramalingam, 2011). There are different methods available for DNA sequencing, for instance chemical 

degradation sequencing and chain termination sequencing (Saraswathy & Ramalingam, 2011). 

Synoptically these methods involve preparation of DNA, separation of DNA molecules in a gel, examining 

the gel with e.g. UV light and lastly analyzing the results to establish the order of nucleotides 

(Saraswathy & Ramalingam, 2011). There are other methods available too, e.g. fluorescent dye-labelled 

terminator, cycle sequencing and capillary electrophoresis (Sharma, Tripathi, & Sharma, 2002). What 

method is chosen depends on what means are available and the purpose of the study. When the 

nucleotide sequences are decoded, the results are compared and matched to a global species database 

of DNA (Trivedi, Ansari, Ghosh, & Rehman, 2016). 

4.2.2 Electrofishing 
Simplified, electrofishing signifies using an anode and cathode that are sunk under water (Bergquist, et 

al., 2014). A direct current flows between them creating an electric field. This effect fishes in the close by 

area, causing them to swim towards the anode (Bergquist, et al., 2014). At the anode they may then be 

trapped and examined.  
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s 

 

Electrofishing may be performed with different equipment. Figure 4 shows handheld equipment 

generally used in smaller streams. A battery is carried as a backpack and a cable exits the battery. The 

cable is trailed on the seabed behind the person carrying it. This is the cathode. The handheld white stick 

is the anode. Lastly, the second person has a net, with which the fishes are caught. Figure 3 shows an 

electrofishing boat. The principle is the same, the cathode trails in the water behind and the anode is in 

the front of the boat.  

Electrofishing has been performed since the 19th century (Bergquist, et al., 2014), but it was not until 

1989 when the national register for electrofishing results was created that the method started to be 

standardized in Sweden (Bergquist, et al., 2014). Bergquist et al. published an update of the latest 

standardized methodology in 2014. Hereby follows an account of some of the most crucial aspects of the 

methodology. 

Standardization   

Since electrofishing is very dependent on the execution/performance at the specific occasion, it is not 

uncomplicated to standardize the method so that it is possible to compare results. However, the 

following points are streamlined: 

• equipment 

• strategy (e.g. how many times, single-pass/multi-pass)  

• usage of the standardized reporting protocol 

• usage of uniform methodology for describing sampling area  

• performing electrofishing at the same time every year 

• electrofishing being performed by the same person at each sampling area as far as possible 

• evaluating effectiveness  

(Bergquist, et al., 2014). It is also suggested that the voltage effect used should be standardized, however 

it is currently not done in Sweden (Bergquist, et al., 2014). By streamlining these points, it is easier to 

compare results from different years as well as from different locations.  

 

Figure 4: Electrofishing in a small stream, using carried 
equipment. Source: NOAA Fisheries West Coast/FlickrCC, 

(2004). 

       

Figure 3: Electrofishing in a bigger stream using an  
electrofishing boat. Source: California Department of Fish & 

Wildlife/FlickrCC, (2013). 
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Electrical fields in water and fish in electrical fields  

In order for the method to be successful, the electric field both needs to attract and daze the fish. This is 

achieved by calibrating the field to certain parameters, for instance the conductivity of the water. 

Conductivity means the waters ability to conduct electricity from one source to another. Water with low 

conductivity needs higher voltage than water with high conductivity, in order to create the desired 

electric field. Another important parameter is the potential gradient within the electrical field. If two 

electrodes are close to each other, the electric field will be homogenous between them. However, as 

they are separated, the field changes. The field will be strongest close to the electrodes and in most 

cases when electrofishing, it will be about half the strength just in the middle of the two electrodes 

(Bergquist, et al., 2014). This creates what is called an “effective capture zone”.   

The fish is effected by the electrical field due to it’s influence on their nervous system. However, it is not 

yet well established what mechanisms within the nervous system that cause the reaction of the fish 

(Bergquist, et al., 2014). The reaction of the fish may be divided into 5 different types: 

1. Flight 

2. Vibration (the fish aligns itself with the electric field and vibrates) 

3. Electrotaxis/attraction (the fish swims towards the anode) 

4. Daze 

5. Cramp (after some exposure close to the anode the fish dies due to cramp) 

(Bergquist, et al., 2014). The reaction of the fish depends on multiple factors, but is greatly correlated to 

the potential gradient. When the potential gradient is high and close to the anode, number 5 will 

generally be the reaction and as the potential gradient decreases, so will the type of reaction (from 5 – 1) 

(Bergquist, et al., 2014). It is hence of great importance to spot fishes before they reach zone 5 or as 

quickly as possible once they have entered.  

The reaction of the fish is also dependent on the species. Some fish have a greater tendency to be 

attracted to the anode than others, trout and salmon for example, whereas carp bream may roll over on 

one side and become dazed much quicker (Bergquist, et al., 2014). 

Fishes ability to react to stressors and feel pain  

The ability of fish to biologically react to stressors (e.g. by increased levels of cortisol in the blood) is well 

documented (Winberg, Höglund, & Øverli, 2016). However, it is not fully understood how fish experience 

pain (Bergquist, et al., 2014). Regardless of the fish experience, conducting electrofishing exposes the 

fish to stressors as well as a risk of death if not handled with care or discovered in time when reaching 

zone 5 (Bergquist, et al., 2014). In order to perform electrofishing in Sweden today, one needs permits 

from the county board as well as a certificate of education and training in electrofishing (Bergquist, et al., 

2014). This might help in decreasing the risks, but it does not remove the fact that the fish is exposed to 

stressors, something that should be taken into account when considering ethical aspects.  

4.2.3 Sampling fishing 
Simplified, sampling fishing means laying out nets in accordance with a standardized procedure (e.g. with 

regards to depth, temperature, time of the year etc) in order to collect data on what species are caught  

(Kinnerbäck, 2001). Schematically, the method has 3 steps: 
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1. planning of how many nets should be used and where they should be placed 

2. placing nets in the body of water, ands 

3. collecting nets and going through catchment. 

Since fish is not evenly distributed within bodies of water, the plan for placement of nets needs to take 

this into consideration (Kinnerbäck, 2001). In order to judge how to place nets some background 

research needs to be conducted. Information (e.g. chemical, geological and geographical data) should be 

collected about the body of water (Kinnerbäck, 2001). If available, maps specifying the depth of the body 

of water should be studied (Kinnerbäck, 2001). If such information is not available, it is advisable to 

probe the area beforehand (Kinnerbäck, 2001). In bodies of water with high fish density, there is a risk 

that the nets become saturated (Kinnerbäck, 2001). In this case, it is recommended that 4-6 nets are 

used in order to be able to handle the amount of fish caught (Kinnerbäck, 2001).  

It is recommended that nets are placed between 17.00 and 19.00 and then recovered between 7.00 and 

9.00 the following day, in the same order they were originally placed out (Kinnerbäck, 2001). This is due 

to the fact that many species are especially active around both dusk and dawn (Kinnerbäck, 2001). When 

placing out the nets and collecting them again, the water temperature, the transparency of the water, 

wind direction, wind speed, air temperature and cloudiness should be recorded (Kinnerbäck, 2001).  

When going through the nets, at least the species and length of the fish is recorded. However, it might 

also be beneficial to record, weight, age (or take sufficient samples in order to establish age) and sex in 

order to establish structures within a population.  
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4.3 Description of the environmental monitoring tool VIX 
VIX index is a Swedish index using fish as the main indicator of the environmental status of bodies of 

water. The methodology uses electrofishing for collection of data. Since VIX is one of the more important 

indexes in Swedish water quality monitoring, it is of importance to understand how it works and what 

results it yields. Understanding VIX also gives a good background to understanding VIX’s European 

counterparts. In order to provide context, a short introduction the jurisdictional framework of water 

quality monitoring is provided. 

4.3.1 Jurisdictional context of VIX index 
The EU water quality directive inflict on the member states to monitor and classify their water resources 

(European Union, 2000). In Sweden, the legislation is interpreted into a handbook published by the 

Environmental Protection Agency (2007). It is laid out by the directive and the handbook that it is the 

biological factors that should determine the status of the water. The status should then lay the 

groundwork for what measures should be taken for the specific body of water. The classification should 

be set in accordance to a few biological elements, namely: 

• phytoplankton 

• macrophytes and phytobenthos 

• benthic invertebrate fauna and 

• fish fauna 

(European Union, 2000). If all elements indicate a good status, also physico-chemical quality elements 

should be taken into consideration, these are: 

• general conditions 

• specific synthetic pollutants 

• specific non-synthetic pollutants 

(European Union, 2000). Lastly, if also the physico-chemical quality elements indicate a good status, 

hydromorphological quality elements should be taken into account, these are: 

• hydrological regime 

• river continuity 

• morphological conditions 

(European Union, 2000).  

For these different elements, indexes have been developed. VIX asses the quality of the water with 

regards to fish fauna. However, in order to get a holistic understanding of the water quality, the other 

biological elements need to be investigated too.  

4.3.2 Methodology of VIX 
Parameters and development 

In short, VIX methodology signifies modelling expected results for a certain area (given the natural 

conditions) and then comparing the expected and actual result. The modeling takes the following 

parameters into account: 
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• area of drainage basin 

• quota between drainage basing and lake upstreams 

• shortest distance to a lake (either upstream or downstream) 

• altitude  

• inclination 

• yearly average air temperature (average value from SMHI 1961-1990) 

• average air temperature in July (average value from SMHI 1961-1990) 

• the width of the body of water 

• the area where electrofishing was conducted 

• type of trout present in the body of water  

(Beier, Degerman, Sers, Bergquist, & Dahlberg, 2007). Currently the modelling is performed at the 

Swedish University of Agricultural science. The modeling establishes expected results for: 

• density of salmon and trout 

• proportion of Salmonidae that reproduce 

• proportion of tolerate species 

• proportion of intolerant species  

• proportion of lithophile species 

• proportion of tolerate individuals  

(Beier, Degerman, Sers, Bergquist, & Dahlberg, 2007). The actual and expected results are then 

compared. For each of the parameters, a probability of the examined body of water having a good status 

is calculated. For example, expected result X for density of salmon and trout is compared to actual result 

Y for density of salmon and trout. This yields a probability of the examined body of water having a good 

status of Z. The average value for all the probabilities is then used to classify the water. The limit values 

are as follows; high > 0.749, good > 0.467, medium > 0.274, unsatisfactory > 0,081 and bad < 0.081.  

The index was constructed in order to indicate the state of the fish community in the investigated body 

of water (Beier, Degerman, Sers, Bergquist, & Dahlberg, 2007). When developing the methodology, an 

emphasis was placed on being able to distinguish between the states medium and good (Beier, 

Degerman, Sers, Bergquist, & Dahlberg, 2007). Hence, VIX is at its’ best when one is examining a body of 

water which is likely to have a medium or good status. 

Points of consideration 

Since the method is not peer-reviewed, no external parties have reviewed the method. However, 

Degerman and Lundvall (two of the creators of the VIX methodology) carried out a report commissioned 

by the county board in Dalarna in 2014, where they discussed factors that strongly effect VIX as well as 

commissioned a minor sensitivity analysis (Degerman & Lundvall, 2014). Factors that strongly effect the 

outcome of VIX are: 

• choice of sampling area 

• total area samples 

• number of sampling areas 

• the execution of electrofishing 

• connectivity 
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• historic connectivity  

(Degerman & Lundvall, 2014).  

Choice of sampling area should be done considering the representativeness of the area. It is for instance 

possible to achieve a high VIX status in a small creek downstream from a hydropower plant (which 

normally is drained) even though 90 % of the original habitat is gone (Degerman & Lundvall, 2014). The 

total area sampled is of importance since too small areas increase the risk of too few species being 

detected. It is recommended that no less than 10 species should be caught in order to make the result 

valid (Degerman & Lundvall, 2014). Number of sampling areas is of importance since it is recommended 

that at least 3 different areas should be used or that electrofishing should be performed at least 3 times 

(Degerman & Lundvall, 2014). The execution of electrofishing is of importance since time, place and 

usage of equipment all effect the calculations (Degerman & Lundvall, 2014). Connectivity is the ability of 

fish to move freely from one place to another. VIX does not capture lack of connectivity to a satisfactory 

degree (Degerman & Lundvall, 2014). Historic connectivity is of importance since the method requires 

information on whether the trout is migratory or not. If the trout is migratory and a manmade hinder is 

present the VIX status will decrease (Degerman & Lundvall, 2014).  

Degerman & Lundvall also performed a small sensitivity analysis. A case from Dalarna was used to show 

that finding a single species effected the overall result. For instance, finding perch would have changed 

the status from good to medium in their example (Degerman & Lundvall, 2014). This is due to the fact 

that perch is considered a tolerant species. The same is true for eel, however, eel is an endangered 

species.  

Lastly, the authors points at the importance of using multiple electrofishing measurements since using 

only one has a 27 % risk assigning the wrong VIX status (Degerman & Lundvall, 2014). It is recommended 

to use at least 3, since 0.27 ^ 3 = 0.012 (Degerman & Lundvall, 2014).  
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5. Results 
Herby follows the comparison of eDNA, electrofishing and sampling fishing, as well as the case study of 

Spjutmo and the reviews of indexes. Interpretation of results is done directly after the presentation of 

results. A broader discussion of the results may be found in chapter 6. 

5.1 Comparison of eDNA, electrofishing and sampling fishing 

5.1.1 Results of literature review 
As mentioned in the methodology, a literature review of articles comparing eDNA, electrofishing and 

sampling fishing was carried out. The articles all investigate the efficacy of the methods in various ways, 

mainly the methods’ abilities to measure species richness or species evenness by means of measuring 

catch-per-unit-effort (CPUE). Some articles also investigate the relationship between copies of DNA and 

CPUE as well as biomass-per-unit-effort (BPUE) in an effort to survey the possibility to estimate absolute 

abundance with eDNA. Table 1 presents the results from the literature review.   
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Table 1: Comparative literature review of fish monitoring methods. 

Article / Main 
conclusion about 
methodology 
 

eDNA Electrofishing Sampling fishing 

Comparison of American 
Fisheries Society (AFS) Standard 
Fish Sampling Techniques and 
Environmental DNA for 
Characterizing Fish Communities 
in a Large Reservoir 
 
Comparative study of eDNA, 
electrofishing and gillnetting*. 
Investigating correlation 
between catch-per-unit-effort 
(CPUE) and biomass-per-unit-
effort (BPUE) as well as copy 
numbers of DNA for the species 
Gizzard Shad and Largemouth 
Bass. 
 
Perez et al., 2017 
 

• eDNA had a higher 
detection rate for Gizzard 
Shad than electrofishing 
and gillnetting. 

• No correlation found 
between copy numbers of 
DNA per species (when 
performing eDNA analysis) 
and amount of individuals 
found (when electrofishing 
and gillnetting).  

• eDNA useful for synoptically 
characterizing relative 
abundance as well as 
relative biomass 

• Concludes that 
electrofishing had a higher 
detection rate for 
Largemouth Bass than 
eDNA, possibly since it is 
present in the littoral zone. 

• Points out that 
electrofishing has a species 
bias (more prone to find 
certain species over others) 

• Both Largemouth Bass and 
Gizzard Shad were detected 
at most sites by 
electrofishing.  

• Gillnetting detected 
Largemouth Bass at more 
sites than eDNA, except for 
samples taken during fall, 
when eDNA and gillnetting 
detected Largemouth Bass 
at an equal number of sites. 

 
 

Comparison of nine different 
methods to assess fish 
communities in lentic flood-
plain habitats 
 
Comparative study of 
electrofishing, snorkelling, 
seining**, baited lift netting, 

 ● Electrofishing demonstrated 
the highest CPUE as well as 
species richness and species trait 
representation for all the 
methods.  

● However, for certain species 
(European ruffe Gymnocephalus 
cernua, Leuciscus leuciscus, silver 
bream Blicca bjoerkna and 
common bream Abramis brama) 
seining had a higher CPUE. 
● Following seining, snorkelling, 
gillnetting and baited lift netting 
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multi-mesh gillnetting*, baited 
fish traps, fyke netting**, angling 
and longline fishing. Comparing 
CPUE for the different methods. 
 
Muller et al., 2017 

were the most effective methods. 
For gillnetting, effectiveness was 
highly influenced by the sizes of 
the meshes.  

Efficacy of Environmental DNA 
to Detect and Quantify Brook 
Trout Populations in Headwater 
Streams of the Adirondack 
Mountains, New York 
 
Comparative study of eDNA and 
electrofishing. Investigating if 
eDNA results and electrofishing 
results corresponded for brook 
trout.  
 
Baldigo et al., 2017 
 

• eDNA detected brook trout 
presence at 27 of the 30 sites  

• eDNA samples and 
electrofishing results 
corresponded in 85-92.5 % of 
the cases. 

• Electrofishing detected brook 
trout at low densities (<100 
fish/0.1 ha) at 9 sites, at 
moderate densities (100–300 
fish/0.1 ha) at 11 sites and 
high densities (>300 fish/0.1 
ha) at 10 sites.  

 

Environmental DNA 
metabarcoding of lake fish 
communities reflects long-term 
data from established survey 
methods 
 
Comparative study of eDNA and 
gillnetting*. Investigating how 
many species each technique 
detected.  
 
Hänfling et al., 2016 
 
 

• eDNA detected 14 species of 
the 16 historically recorded.  

 • Gillnetting detected 4 species 
of the 16 historically 
recorded. 
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Environmental DNA monitoring 
and management of invasive 
fish: comparison of eDNA and 
fyke netting 
 
Comparative study of eDNA and 
fyke netting**. Investigating 
detection rates for eDNA and 
fyke netting as well as 
correlation between CPUE and 
copy numbers of DNA for the 
species common carp, redfin 
perch and Oriental 
weatherloach. 
 
Hinlo et al., 2016 
 

• Common carp was detected 
by both eDNA and fyke 
netting at all sampling sites 
except one. Oriental 
weatherloach was 
consistently detected by 
eDNA, but only at two sites 
by fyke netting. Redfin perch 
was detected at six sites by 
eDNA and one for by fyke 
netting.  

• A strong correlation between 
CPUE and number of copies 
of DNA was found for 
Oriental weatherloach and 
redfin perch for spring 
results. Correlation between 
CPUE and number of copies 
of DNA for Common carp was 
insignificant.  

 • Common carp was detected 
by both eDNA and fyke 
netting at all sampling sites 
except one. Oriental 
weatherloach was 
consistently detected by 
eDNA, but only at two sites 
by fyke netting. Redfin perch 
was detected at six sites by 
eDNA and one for by fyke 
netting.  

Estimating species richness 
using environmental DNA 
 
Comparative study of eDNA and 
electrofishing. Comparing the 
effectiveness of the different 
methods to asses species 
richness. 
 
Olds et al., 2016 
 

• 16 species were detected by 
eDNA and a mean species 
richness of 16.6 (according to 
Chao 2 methodology).  

• 12 species were detected by 
electrofishing and a mean 
species richness of 16.6 
(according to Chao 2 
methodology). The 
confidence interval was 95% 
between 12.8 and 42.2.  
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Quantifying relative fish 
abundance with eDNA: a 
promising tool for fisheries 
management 
 
Comparative study of eDNA data 
and gillnetting* data. Assessing 
correlation of DNA copies with 
CPUE and BPUE and comparing it 
to gillnetting data.    
 
Lacoursière-Roussel et al., 2016 

• Copies of DNA significantly 
correlated with CPUE.  

• Copies of DNA and BPUE had 
no significant correlation. 

• Concentration of DNA in the 
water did not vary 
significantly with turbidity, 
pH, dissolved oxygen and 
water temperature.  

 Gillnetting provided comparative 
data.  

Sampling large geographic areas 
for rare species using 
environmental DNA: a study of 
bull trout Salvelinus confluentus 
occupancy in western Montana 
 
Comparative study of eDNA data 
and electrofishing data for 
Salvelinus confluentus.  
 
McKelvey et al., 2015 
 

• Both methods detected 
Salvelinus confluentus at 16 
sites 

• Neither method detected 
Salvelinus confluentus at 24 
sites 

• eDNA detected Salvelinus 
confluentus at 7 sites where 
electrofishing did not.  

• Electrofishing data was 
constituted by data from the 
last 15 years.  

 

The gain of additional sampling 
methods for the fish-based 
assessment of large rivers 
 
Comparative study of 
electrofishing, drift netting*, 
seining** and trawling. 
Investigating which method 
yields most reliable biodiversity 

 • Electrofishing yielded the 
highest results in all 
categories (total number of 
species, Shannon Index, 
Simpson Index and species 
evenness as well as species 
found by the specific 
method).  

• Drift netting scored the 
lowest at Shannon Index, 
Simpson Index and species 
evenness. However, this 
might be due to the small 
sample size as opposed to the 
other methods.  

• Seining performed third best 
at Shannon Index, Simpson 
Index and species evenness.  
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metrics (Shannon Index, 
Evenness, Simpson Index).  
 
Zajicek and Wolter, 2017 

Understanding environmental 
DNA detection probabilities: A 
case study using a stream-
dwelling char Salvelinus 
fontinalis 
 
Comparing sensitivity of 
detection between eDNA and 
electrofishing for brook trout 
(Salvelinus fontinalis). 
 
Wilcox et al., 2015 

• Detection probability of 0.18 
at a fish density of 1 
fish/stream kilometres  

• Detection probability of > 
0.99 at a fish density of ≥ 3 
fish/100 stream meters 

• non-detection probability at 
0.130 1 fish/100 stream 
meters  

• Literature review suggests 
that high electrofishing 
detection probability is 
approximately 0.7.   

• non-detection probability at 
0.497 1 fish/100 stream 
meters 

 

 

* comparable to sampling fishing  

** somewhat comparable to sampling fishing 

Clarification: Sampling fishing means laying out nets in accordance with a standardized procedure (e.g. with regards to depth, temperature, time 

of the year etc) in order to collect data on what species are caught  (Kinnerbäck, 2001). Gillnetting and seining are very much like sampling 

fishing, but all studies do not necessarily follow the Swedish standard.
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Results from literature review – eDNA 

Out of the total seven studies comparing eDNA to electrofishing and/or sampling fishing, five studies 

found that eDNA either detected a greater amount of species or had a higher probability of detecting 

species than electrofishing and sampling fishing (Hänfling et al., 2016; Hinlo et al., 2016; Olds et al., 2016; 

McKelvey et al., 2015; Wilcox et al., 2015). Baldigo et al. (2017) concluded that eDNA and electrofishing 

results corresponded up to 92.5% of the time. Perez et al. (2017) detected a difference between the 

surveyed species, were eDNA had a higher detection rate for Gizzard Shad than electrofishing and 

gillnetting. However, electrofishing had a higher detection rate for Largemouth Bass than eDNA, possibly 

since it is present in the littoral zone. 

Of the three studies investigating the correlation between copies of DNA and CPUE/biomass, one found 

a correlation, one did not and the last one found that it depended on the species. Lacoursière-Roussel et 

al., 2016: Copies of DNA significantly correlated with CPUE. Hinlo et al. (2016) found a strong correlation 

between CPUE and number of copies of DNA for Oriental weatherloach and redfin perch for spring 

results. However, the correlation between CPUE and number of copies of DNA for Common carp was 

insignificant. Perez et al. (2017) found no correlation between copy numbers and amount of individuals 

caught by electrofishing and gillnetting respectively.  

Results from literature review – electrofishing 

As mentioned above, eDNA either detected a greater amount of species or had a higher probability of 

detecting species than electrofishing and sampling fishing in five out of seven studies. However, 

electrofishing demonstrated a higher CPUE than sampling fishing in studies specifically comparing 

electrofishing and sampling fishing (Muller et al., 2017; Zajicek and Wolter, 2017). Muller et al. (2017) 

found that electrofishing yielded the highest CPUE overall, however, for European ruffe Gymnocephalus 

cernua, Leuciscus leuciscus, silver bream Blicca bjoerkna and common bream Abramis brama) seining 

had a higher CPUE. Zajicek and Wolter (2017) found that electrofishing yielded the highest results in all 

categories (total number of species, Shannon Index, Simpson Index and species evenness as well as 

species found by the specific method). Drift netting (the method closest to strict sampling fishing) scored 

the lowest at Shannon Index, Simpson Index and species evenness. However, this might be due to the 

small sample size as opposed to the other methods. 

Results from literature review – sampling fishing 

As mentioned above, eDNA either detected a greater amount of species or had a higher probability of 

detecting species than electrofishing and sampling fishing in five out of seven studies, and electrofishing 

demonstrated a higher CPUE than sampling fishing in both studies specifically comparing electrofishing 

and sampling fishing. In the two studies specifically comparing eDNA and sampling fishing, eDNA found 

consistently performed better than sampling fishing. Hänfling et al. (2016) found that eDNA detected 14 

species of the 16 historically recorded, whereas gillnetting detected 4 species. Hinlo et al. (2016) found 

that eDNA had a higher detection rate for all species (common carp, redfin perch and Oriental 

weatherloach). However, Perez et al. (2017) found that gillnetting found Largemouth Bass at more sites 

than eDNA, except for samples taken during fall, when eDNA and gillnetting detected Largemouth Bass 

at an equal number of sites. 
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5.1.2 Interpretation of results from literature review 
For environmental monitoring purposes, it is of importance to understand how the data generated by 

the different methods may be used. The purpose of this paper is (among other things) to understand 

how the data may be used to monitor biodiversity. Recapping the theoretical background on measuring 

biodiversity, it may be concluded that it is of importance to judge the potential of the data to measure: 

• species richness and evenness, as well as 

• genetic diversity.   

Hereby follows an overview of the usefulness of the data generated by eDNA, electrofishing and 

sampling fishing. 

eDNA 

Species richness  

The results generated by the literature review indicate that eDNA detects more species than both 

electrofishing and sampling fishing, making the method better as a tool for measuring species richness. 

This conclusion is further validated by Evans & Lamberti (2018), who carried out a comprehensive review 

of state of the art regarding eDNA. They found considerable support for eDNA being capable to detect 

fishes in water environments as well as eDNA being more sensitive detecting hard-to-capture species 

than traditional capture based methods. Table 2 gives an overview of the scientific support. 

Table 2: Scientific support for features of eDNA  

Results from “Freshwater fisheries assessment using environmental DNA: A primer on the method, its potential, and 
shortcomings as a conservation tool” by Evans, N., & Lamberti, G. (2018).. Fisheries Research, p. 60-66. 

Feature Sources 

 
Detects fishes in ecosystems 
 

 
Takahara et al., 2013;  
Turner et al., 2014;  
Doi et al., 2015;  
Wilcox et al., 2016 
 

 
eDNA more sensitive detecting hard-to-capture 
species than traditional capture based methods 
 

 
Jerde et al., 2013;  
Takahara et al., 2013;  
Laramie et al., 2015 
 

Species evenness  

Regarding species evenness, the results of the literature review are inconclusive. Of the three studies 

investigating the correlation between copies of DNA and CPUE/biomass, one found a correlation, one did 

not and the last one found that it depended on the species. However, Evans & Lamberti (2018) found 

some support for eDNA being able to detect the relative abundance of species present in the water. 

Table 3 gives an overview of the scientific support.  
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Table 3: Scientific support for relative abundance measured by eDNA 
Results from “Freshwater fisheries assessment using environmental DNA: A primer on the method, its potential, and 
shortcomings as a conservation tool” by Evans, N., & Lamberti, G. (2018).. Fisheries Research, p. 60-66. 

 
Detection of relative abundance of species 
 

 
Takahara et al., 2012;  
Thomsen et al., 2012b;  
Pilliod et al., 2013;  
Klymus et al., 2015;  
Lacoursière- Roussel et al., 2016 
 

A challenge when drawing conclusions about relative abundance, is accounting for factors that affect the 

samples (for instance the movement of DNA residue in streaming water). This has been explored by 

Song, Small, & Casman (2017) and Shogren et al. (2017) among others. Song, Small, & Casman (2017) 

studied the movement of silver carp DNA in Chicago area waterway system. They concluded that the 

probability of finding DNA from silver carp in different sampling areas was affected by hydrology 

movement. Shogren et al. (2017) studied the effect of various flow parameters by conducting 

experiments in the University of Notre Dame Linked Experimental Ecosystem Facility. They concluded 

that the dispersion and movement is complex and is not captured by conservative tracers. However, 

Lacoursière-Roussel et al. (2016) found that concentration of DNA in the water did not vary significantly 

with turbidity, pH, dissolved oxygen and water temperature. If relative abundance is found to be 

proportional to the biomass, it might be taken as an indication of species evenness.  

Genetic diversity  

Even though nucleus DNA is preferred when mapping genetic diversity, it is possible to use mitochondrial 

DNA (Larson, Daly-Engel, & Phillips, 2017). This would theoretically open up for the possibility to use 

eDNA for genetic diversity studies (since eDNA analysis uses mitochondrial DNA as opposed to nucleus 

DNA). Bohman et al. (2014) speculated in how design of primers might be able to help identifying various 

genetic differences. However, to the best knowledge of the author, no such studies have been published 

in peer-reviewed journals yet. This may partly be explained by the fact that primers are currently 

designed, with as great accuracy as possible, to identify the sequences of DNA that are exactly the same 

or close to exactly the same for all individuals within a species.  

Conclusively, it might be established that eDNA has the potential to measure all dimensions of 

biodiversity, but at present investigating species richness is the most developed feature.  

Electrofishing 

Species richness and species evenness  

The literature review indicates that electrofishing is the second best method for measuring species 

richness. However, since the literature review on eDNA’s ability to estimate relative abundance was 

inconclusive as well as electrofishing generating data suitable as input to species evenness calculations, it 

must be concluded that at present electrofishing is the most suitable method (of the three) to estimate 

species evenness. The challenges when performing both species richness and species evenness 

calculations (based on electrofishing) are largely the same. Hereby follows an account of some of the 

most important challenges.  
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When estimating the absolute abundance of populations based on electrofishing one needs to account 

for the caption probability. The methodology relies on some assumptions, which were summarized by 

Hedger et al. (2013):  

“(i) that the population remains closed during sampling;  

(ii) that capture probability (defined as the proportion of the site abundance that is captured in the pass) 

does not vary in each pass /…/;  

and (iii) that capture probability does not vary according to individual.“ 

This might create uncertainty as to if the datasets are complete. However, there are statistical 

approaches towards dealing with incomplete or insufficient data. Hedger et al. (2013) also concluded 

that one of the best approaches for improving abundance estimations is using the Carle & Strub method. 

Another challenge when estimating the absolute abundance of populations based on electrofishing is the 

fact that different species react differently to the electric field. As already mentioned, some fish have a 

greater tendency to be attracted to the anode than others, trout and salmon for example, whereas carp 

bream may roll over on one side and become dazed much quicker (Bergquist, et al., 2014). Furthermore, 

the European bullhead does not have a swim-bladder, which means it sinks to the bottom once dazed, 

hence making it harder to spot and catch (Bergquist, et al., 2014).  

Genetic diversity  

Since individuals are trapped when conducting electrofishing, the possibility to collect DNA samples are 

good. It is additionally possible to get individual specific data on:  

• Length 

• Weight 

• Age 

• Sex 

The accuracy estimations of the total genetic diversity are connected to the same challenges when 

estimating absolute and relative abundance (e.g. completeness of datasets and species bias of method), 

which needs to be taken into account when drawing conclusions.  

Conclusively, it might be established that electrofishing is the second best method for evaluating species 

richness, the best method for evaluating species evenness and has the possibility to survey genetic 

diversity if DNA samples are collected. 

Sampling fishing 

Species richness and species evenness 

The literature review indicates that sampling fishing is the least effective method to measure species 

richness and species evenness. This might partially be explained by the fact that sampling fishing is a 

passive method, meaning it depends on the movement of the fish and not the researcher. Kinnerbäck 

(2001) concluded this makes the method sensitive towards factors like water temperature, weather, 

transparency of water etc. Kinnerbäck (2001) also concluded that some species are harder to detect than 

others, e.g. due to their habitat (close to the seabed or the shores for instance). Furthermore, larger 

fishes are more commonly caught than smaller fishes (Kinnerbäck, 2001). This might be due to the mesh 

size of the net.    
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Genetic diversity 

Since individuals are caught when conducting electrofishing, the possibility to collect DNA samples are 

good. It is additionally possible to get individual specific data on:  

• Length 

• Weight 

• Age 

• Sex 

However, due to the selectiveness of the method with regards to what species are caught and how large 

they are, it effects the methods credibility to reliably predict the total fish communities genetic variation. 
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5.2 Case study of Spjutmo 
In order to gain knowledge about practical applications of eDNA and electrofishing, a case study was 

reviewed. In order to explore how different organisations view the possibilities of eDNA, officials from 

Fortum and the county board of Dalarna were interviewed. Herby follows the results.  

5.2.1 Review of report on eDNA in Spjutmo 
In 2017 Fortum commissioned a study by Aquabiota, investigating the composition of fish upstream and 

downstream of Spjutmo hydro power plant. The field work was conducted during June 2017. Samples 

were taken at 13 sites, whereof 10 upstream and 3 downstream of the hydro power plant. 3 litres of 

water were taken at each sampling site. Handling of samples followed the protocol of Spens et al. (2017). 

The results from the eDNA study was then compared to previous electrofishing studies.  

What conclusions may be drawn from eDNA data and electrofishing data (in the specific 

case of Spjutmo) with regards to species richness?  

The eDNA study generated a species list of 20 species. Compiled electrofishing data generated a species 

list of 10 species. Hence eDNA detected twice as many species as electrofishing in the specific case of 

Spjutmo. The data from electrofishing was compiled from 28 surveys between 1987 and 2015, whereas 

the eDNA data was generated by one study. Furthermore, electrofishing detected 3,4 species per 

assement on average, whereas eDNA detected 10,3 species per sample on average. Hence, eDNA 

achieved a significantly higher catch-per-unit-effort than electrofishing in the case of Spjutmo. Both 

methods generated a list of species which allows for conclusions of species richness, however when 

comparing the results, eDNA generated a more detailed picture of the species richness around Spjutmo.  

What conclusions may be drawn from eDNA data and electrofishing data (in the specific 

case of Spjutmo) with regards to species evenness?  

The eDNA study generated measures of relative abundance within 3 areas, upstream Spjutmo lake, 

Spjutmo lake and downstream Spjutmo lake. Upstream Spjutmo lake consisted of data from 2 sampling 

sites, Spjutmo lake consisted of data from 8 sampling sites and downstream Spjutmo lake of 3 sampling 

sites. The relative abundance of species varied between the different areas, however at all areas the 

European bullhead was present and constituted almost 1/3 of all DNA matches.  

Electrofishing studies generated results on amount of individual per species. Hence making it possible to 

use evenness indexes such as Simpson (since amount of individuals are required as input). Specific data 

on the different species are not available in the case study report. 

Since species evenness indices requires numbers of individuals per species, the data generated by 

electrofishing is more suitable for calculating and drawing conclusions about species evenness in the 

specific case of Spjutmo. However, as mentioned above it might be possible use the relative abundance 

as indication of species evenness.  

What conclusions may be drawn from eDNA data and electrofishing data (in the specific 

case of Spjutmo) with regards to species genetic diversity?  

To the knowledge of the author, no data on genetic diversity was generated by either method.  
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5.2.2 Interview with Fortum and the County Board in Dalarna 
Officials from Fortum and the county board of Dalarna was interviewed with regards to what possibilities 

for data collection and enhanced knowledge they see when using eDNA analysis. In order to provide 

context, their previous experience of eDNA is touched upon. 

Fortum 

Ms. Birgitta Adell, environmental manager at Fortum, was interviewed. Previous experience of eDNA 

data includes the report on Spjutmo described above. Ms. Adell points at metabarcoding studies giving a 

good overview of the species present in the water, which in turn gives a better understanding/indication 

of what measures might be impactful. Ms. Adell hopes that the method will develop further in order to 

incorporate abundance and genetic diversity. She also mentions that a benefit of eDNA is that it is non-

invasive, meaning no harm is done to individuals or the fish population. Another benefit mentioned is 

that it is effective in terms of time. 

County board of Dalarna 

Mr. David Lundvall, environmental civil servant within the county board Dalarna, was interviewed. 

Previous experience of eDNA data includes a presence-absence study of asp within the water system 

Kolbäcksån. 14 sites were sampled during spawning season, and asp was detected at 4 sites in total. Asp 

was previously thought to be gone from the water system. 

Mr. Lundvall mainly sees two possible uses; presence-absence investigations (e.g. when searching for 

certain species) and metabarcoding surveys investigating the composition of the fish population. Mr. 

Lundvall mentions that current prices of metabarcoding surveys are too high in comparison to the 

research questions that they would want to investigate. He points at the importance of being able to 

follow the development of a fish population over time.  

Mr. Lundvall further mentions that eDNA gives a good overview of the composition of the population. He 

also mentions monitoring population development by metabarcoding as a future possibility. He puts 

forward that one drawback with eDNA surveying is that it gives less hands on experience in the different 

environments. This is of importance since there are so many unique environments that require 

knowledge about the specific site. Lastly Mr. Lundvall sees the risk of sample contamination as an 

uncertainty factor. 

Comparison 

Both parties points at the ability to estimate abundance as a desired feature, hence a better 

understanding of what the relative abundance results indicates is wished for. These two interviews 

indicate that this understanding is an important feature to develop in order to make metabarcoding 

studies effective in current environmental monitoring.  
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5.3 Review of indexes 
For environmental monitoring purposes, it is of importance to understand how the different indexes 

represent the three dimensions of biodiversity. In order to establish this, a review of fish-based indexes 

was conducted. Furthermore, an assessment of the current potential to use eDNA data as input to the 

different indexes was carried out.  

5.3.1 Literature study of indexes 
In order to compare the different indexes, the same investigative questions as for VIX were used, 

namely: 

• Does the index incorporate and/or indicate species richness? 

• Does the index incorporate and/or indicate species evenness? 

• Does the index incorporate and/or indicate genetic diversity? 

Hereby follows the results.  



 

33 
 

 

Table 4: Results from review of European indexes. 

Index and article Short description of 
index 

Does index incorporate 
and/or indicate fish 
biodiversity?  

Potential to use data 
from eDNA as input to 
index 

Environmental quality 
criteria to determine the 
status of fish in running 
waters – development and 
application of VIX 
 
A report commissioned by 
the Swedish Environmental 
Protection Agency 
 
Beier et al., 2007 
 

“A new index for classification of 
ecological status based on fish data 
from running waters was 
developed in Sweden in 2006. To 
apply VIX (VattendragsIndeX = 
running water index) standardized 
data from electric fishing are 
needed. /…/ To apply the index, 
theoretical expected values for 
each metric are calculated using 
multivariate regression 
incorporating relevant 
environmental variables 
(transformed values). /…/ The 
index consists of the mean of these 
P-values.” 

● VIX incorporates by creating a list of 
species from the electrofishing results. 
However, it is not indicative of species 
richness since high species richness 
does not necessarily yield a high status. 
● VIX does not incorporate species 
evenness. When the VIX methodology 
was developed, Simpsons diversity 
index was first included, however, since 
the results when testing the 
methodology indicated that including 
Simpsons index was more indicative of 
hydrological effects it was excluded 
(Beier, Degerman, Sers, Bergquist, & 
Dahlberg, 2007). For the same reason 
VIX is not indicative of species 
evenness. 
● VIX does not incorporate or indicate 
genetic diversity 

● Since VIX requires a 
measurement of density of salmon 
and trout, eDNA data may not 
serve as input to all parameters in 
the index.  
● Index uses some proportional 
data which could be provided from 
eDNA data. 

Manual for Application 
of the European Fish Index 
(EFI) 
 
A research project 
supported by the European 
Commission (not published 
in journal). 

“The European Fish Index (EFI) is 
based on a predictive model that 
derives reference conditions for 
individual sites and quantifies the 
deviation between predicted and 
observed conditions of the fish 
fauna. The ecological status is 
expressed as an index ranging from 

• EFI incorporates species richness by 
creating a list of species from the 
electrofishing results. However, it is 
not indicative of species richness 
since high species richness does not 
necessarily yield a high status.  

• Since the method is heavily 
reliant on catch data from 
individuals, eDNA data may not 
serve as input to the index. 
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FAME consortium, 2004.  
 

1 (high ecological status) to 0 (bad 
ecological status).” 

• EFI does not incorporate or indicate 
species evenness. 

• EFI does not incorporate or indicate 
genetic diversity.  

A fish-based index for 
assessing the ecological 
status of Polish 
transitional and coastal 
waters 
 
Marine Pollution Bulletin 
 
Smoliński and Całkiewicz, 
2015. 
 

“Based on how fish communities 
respond to anthropogenic 
pressures, we developed a 
multimeric fish index for evaluating 
the health of both coastal and 
transitional waters. /…/ Responses 
to anthropogenic disturbances of 
20 candidate metrics were tested 
by generalized linear models, 
taking into account salinity, 
sampling protocol and the proxy of 
human pressures described by the 
Baltic Sea Impact Index (BSII). Five 
selected metrics were combined in 
a Multimetric Index, which showed 
negative significant correlation 
with BSII.” 

• Species richness is incorporated. 
The method is somewhat indicative 
of species richness. 

• Species evenness is incorporated. 
The method is somewhat indicative 
of species evenness. 

• Genetic diversity is not 
incorporated or indicated. 

• Since the method is heavily 
reliant on catch data from 
individuals, eDNA data may not 
serve as input to the index. 

Development of Fish 
Based Index for Assessing 
Ecological Status of 
Bulgarian Rivers (BRI) 
 
Biotechnology & 
Biotechnological 
Equipment 
 
Mihov, 2010 

“The index is based on classical 
approach for biological integrity, 
employing nine biotic variables and 
more than 70 freshwater fish 
species. The main purpose is 
intended to determine ecological 
status of Bulgarian rivers according 
the requirements of the EU Water 
Framework Directive.” 

• Species richness is incorporated. 

The method is somewhat indicative 

of species richness. 

• Species evenness is not 

incorporated or indicated. 

• Genetic diversity is not 

incorporated or indicated. 

 

• Since input data requires age 
structure, eDNA data may not 
serve as input to the index. 

• Index uses some proportional 
data which could be provided 
from eDNA data. 

Assessing the ecological 
status in species-poor 
systems: A fish-based 

“We follow a site-specific approach 
to develop an adaptation of the 
multimetric procedure usually used 

• Species richness is incorporated. 
The index is somewhat indicative of 
species richness.  

• The index uses presence-
absence data of species (as 
well as variables describing the 
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index for Mediterranean 
Rivers (Guadiana River, 
SW Spain) 
 
Ecological Indicators 
 
Hermoso et al., 2010 

in Indices of Biotic Integrity (IBI), 
resulting in the Index of Community 
Integrity (ICI). We modeled the 
presence–absence of 10 native 
freshwater fish species from the 
Guadiana River basin using the 
Assessment of Nearest Neighbor 
Analyses (ANNA) model, to assess 
the deviation of the observed and 
expected community composition 
at reference condition.” 

• Species evenness is not 
incorporated or indicated. 

• Genetic diversity is not 
incorporated or indicated. 

local environment), hence 
eDNA data may be used as 
input to the model.  

The Ecological and 
Conservation Status of The 
Guadalquivir River Basin (s 
Spain) Through The 
Application Of A Fish-
based Multimetric Index 
 
Ecological Indicators 
 
Ramos-Merchante and 
Prenda 
 

“An index of biotic integrity (IBI) 
based on fish health, population 
age-structure, abundance and 
community richness of native and 
alien fish, originally developed for 
the Júcar basin (E Spain) (IBI-J), was 
adapted and validated here for 
another Mediterranean basin– the 
Guadalquivir (IBI-G).” 

• Species richness is incorporated. 
The index is somewhat indicative of 
species richness.  

• Species evenness is not 
incorporated or indicated. 

• Genetic diversity is not 
incorporated or indicated. 

• Since data on percentage of 
individuals with anomalies and 
age structure of native fishes 
population is required, eDNA 
data may not serve as input to 
the index.  

• Index uses some proportional 
data which could be provided 
from eDNA data. 

A model-based fish 
bioassessment index for 
Eastern Mediterranean 
rivers: Application in a 
biogeographically diverse 
area 
 
Science of the Total 
Environment 
 
Zogaris et al., 2018 

“We present the first model-based 
fish index for the Eastern 
Mediterranean (the Hellenic Fish 
Index, HeFI) in an effort to 
overcome biogeographic 
differences among the area's 
biotically heterogeneous rivers. The 
index is based on modelled 
reference conditions and employs 
site-specific electrofished fish 
samples from an extensive dataset 

• Species richness is not 
incorporated. The index is not 
indicative of species richness. 

• Species evenness is not 
incorporated. The index is not 
indicative of species evenness.  

• Genetic diversity is not 
incorporated or indicated. 

• Since the input data requires 
individual specific data (e.g. 
weight class), eDNA data may 
not serve as input to the index. 
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from Greece that covers six 
freshwater ecoregions, including 
five transboundary river basins 
flowing through six countries.” 

Composition of fish 
communities and fish-
based method for 
assessment of ecological 
status of lakes in Lithuania 
 
Fisheries Research  
 
Virbickas & Stakenas, 2016 
 
 
 
 
 
 

“Multiyear data collected in 
Lithuanian lakes /…/ using 
standardized methods formed the 
basis for an analysis to determine 
interrelations between lake fish 
community composition and 
environmental variables. /…/ In 
different types of lakes only seven 
non-redundant candidate fish 
metrics showed a significant 
correlation with variables 
describing human pressure. Those 
metrics were used to develop fish 
based method for the assessment 
of the ecological status of lakes.” 

• Species richness is somewhat 
incorporated. The index is not 
indicative of species richness. 

• Species evenness is not 
incorporated. The index is not 
indicative of species evenness. 

• Genetic diversity is not 
incorporated or indicated. 

• Since the input data require 
numbers on biomass as well as 
mean weight, eDNA data may 
not serve as input to the index. 

Development and 
application of an 
ecological classification 
tool for fish in lakes in 
Ireland 
 
Ecological Indicators 
 
Kelly et al., 2012 
 

“A classification tool suitable for 
establishing the ecological status of 
lakes based on fish population 
parameters has been developed for 
the Republic of Ireland and 
Northern Ireland. /…/ FIL2 
qualitatively defines a lake’s 
ecological status based on fish 
metrics using discriminant 
classification rules and, using a 
generalized linear model, 
quantitatively derives an Ecological 
Quality Ratio (EQR, 0 < EQR < 1), 
along with associated confidence 
intervals. It is recommended that 

● Species richness is somewhat 
included. The index is not indicative of 
species richness. 
● Species evenness is incorporated. The 
index is somewhat indicative of species 
evenness.  
● Genetic diversity is not incorporated 
or indicated. 

● Since both weight and length are 
required for some parameters, 
eDNA data may not serve as input 
to the index. 
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both methods are used to validate 
output and cross-check and 
highlight potential 
misclassification.” 

Development of a fish-
based index to assess the 
ecological quality 
of transitional waters: The 
case of French estuaries 
 
Marine Pollution Bulletin 
 
Delpech et al., 2010 
 
 
 
 

“An original methodology, based 
on a pressure-impact approach, 
was established to develop a 
multimetric fish-based index to 
characterize the ecological quality 
of French estuaries. /../ The fish 
metric selection was based on their 
response to disturbances tested via 
statistical models (generalized 
linear models) taking into account 
sampling strategy and estuarine 
features.” 

• Species richness is somewhat 
incorporated. The index is not 
indicative of species richness. 

• Species evenness is not 
incorporated. The index is not 
indicative of species evenness. 

• Genetic diversity is not 
incorporated or indicated. 

• Since data on density is 
required, eDNA data may not 
serve as input to the index. 

Development of a fish 
based multimetric index to 
assess the ecological 
quality of marine habitats: 
the Marine Fish 
Community Index 
 
Marine Pollution Bulletin 
 
Henriques et al., 2008 
 
 

“In this paper the Marine Fish 
Community Index (MFCI) for the 
assessment of ecological status of 
marine environment is proposed. 
The MFCI was divided into 4 
typologies: Rocky subtidal; shallow, 
intermediate and deep soft 
bottoms. Based on the typical 
community associated to each 
typology and the DPSIR analysis 
performed, a set of metrics were 
selected and tested through a 
multiple correlation matrix 
(Pearson’s coefficient) and the core 
ones included in the index.” 

• All typology indexes incorporate 
species richness and are somewhat 
indicative of species richness. 

• Species evenness is not 
incorporated in any of the typology 
indexes. The indexes are not 
indicative of species evenness. 

• Genetic diversity is not 
incorporated or indicated. 

• Since individual specific data 
(e.g. amount of individuals and 
proportion of juveniles), eDNA 
data may not serve as input to 
the index.  

• All typology indexes uses some 
proportional data which could 
be provided from eDNA data. 
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Fish-based River Integrity 
Index: A first attempt in 
developing a water quality 
index for the assessment 
of the Greek rivers 
 
Ecohydrology & 
Hydrobiology 
 
Sapounidis et al., 2016 
 
 

“The proposed index consists of 
multiple metrics, which attempt to 
describe the biological and 
demographical traits of the fish 
fauna. More specific the FRII is 
composed by seven metrics, of 
which three metrics were 
describing ‘Fish fauna composition 
and abundance’, three were 
describing the Reproduction 
strategies of the species, while the 
remaining one metric related to the 
‘Habitat preferences’.” 

• Species richness is somewhat 
incorporated. The index is not 
indicative of species richness. 

• Species evenness is not 
incorporated. The index is not 
indicative of species evenness. 

• Genetic diversity is not 
incorporated or indicated. 

• Since individual specific data 
(e.g. age and length), eDNA 
data may not serve as input to 
the index.  

• Index uses some proportional 
data which could be provided 
from eDNA data. 
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5.3.2 Interpretation of results from literature study 
 

Incorporation and indication of biodiversity by indexes  

It may be concluded from the index review that species richness is incorporated or somewhat 

incorporated by all but one index. However, only five indexes are indicative or somewhat indicative of 

species richness. Species evenness is incorporated or somewhat incorporated by two indexes, which are 

also indicative or somewhat indicative of species evenness. None of the indexes incorporate or indicate 

genetic diversity.  

Given these results, it might be discussed whether the indexes are good tools to monitor biodiversity. On 

the one hand, the indexes aim at describing the pressures associated with anthropogenic influence and 

the effect on the ecosystem at large (where biodiversity is an important part), but on the other hand, 

achieving good species richness and evenness does not necessarily yield a higher status according to the 

indexes’ schemes. Hence a possible interpretation of the literature review is that current indexes do not 

capture biodiversity and/or steer actions towards efforts for enhancing biodiversity. 

On the other hand, it might be argued that the indexes are constructed aiming at quantifying the 

anthropogenic pressures on ecosystems, not to give guidance of what actions needs to be taken in order 

to improve. Following this line of argument, another possible interpretation of the results is that the 

indexes perform the job they were designed to do; quantification. This gives rise to questions of 

meaningful data mentioned in the introduction and will be discussed in chapter 6.  

Potential use of eDNA data as input to indexes  

It may be concluded from the literature review that eDNA data may serve as input to only one index in 

its present form. However, 5 indexes also use proportional information (e.g. proportion of tolerant 

species), which possibly could be provided by eDNA data. The index where usage of eDNA data is 

currently possible uses presence-absence information in order to classify the water (Hermoso, Clavero, 

Blanco-Garrido, & Prenda, 2010). The reason for excluding abundance data (which generally is 

demanded by the Water Framework Directive) was to avoid uncertainties associated with estimation of 

abundance (Hermoso, Clavero, Blanco-Garrido, & Prenda, 2010). Hence, it may be concluded that eDNA 

data currently may contribute with proportional data to existing indexes, but in order to use eDNA data 

for classification of water on a broader scale, development of existing indexes has to be performed or 

new indexes needs to be researched.  

This conclusion is also verified by Hering et al. (2018), who compared the suitability of using eDNA data 

to evaluate ecological status within the present Water Framework Directive, by looking at different 

dimensions (e.g. uncertainty, abundance estimates, sensitivity to taxa). They found that eDNA data may 

partly be used (e.g. proportional data), but in order to solely rely on eDNA data there is a need to 

develop new indexes.  

 

 

 



 

40 
 

6. Discussion 
Discussion on comparison of eDNA, electrofishing and sampling  fishing 

As the literature review shows, eDNA generates a more detailed list of fish species present in the water, 

hence being more capable of measuring species richness. This conclusion was validated by Evans & 

Lamberti (2018), who carried out a comprehensive review of state of the art regarding eDNA. They found 

support from Takahara et al. (2013), Turner et al. (2014), Doi et al. (2015) and Wilcox et al. (2016). 

However, due to uncertainties of the relationship between biomass and amount of DNA copies per 

species (see e.g. Hinlo et al., 2016 and Perez et al., 2017), it is not given that the relative abundance is 

representative of species evenness, especially not in streaming water (see e.g. Song, Small, & Casman, 

2017 and Shogren et al., 2017).  

Electrofishing yields data that is possible to insert to species evenness calculations (see e.g. Bergquist et 

al., 2014), hence making electrofishing the better option for species evenness calculations. However, 

since electrofishing does not have as high catch-per-unit-effort as eDNA (see e.g. Perez et al. 2017, Olds 

et al. 2016, McKelvey et al. 2015, Hellström and Spens 2017), a quite extensive number of electrofishing 

assays needs to be performed before finding an equivalent amount of species as when using eDNA, 

which adds a margin of error to the species evenness calculations by electrofishing data. 

For measuring the species evenness dimension, it might hence be hard to judge with method actually 

represents species evenness in the best way. Even though electrofishing data is more suitable for species 

evenness calculations, it is problematic that one risks missing so many species. On the other hand, if 

copies of DNA are not representative of the relative abundance (e.g. in streaming waters where an exact 

link to biomass is harder to establish), it might be problematic to draw conclusions from this data too. An 

awareness of the different sampling conditions (e.g. lake/not lake) is recommended. If used with caution, 

both methods may yield valuable results. 

It might be concluded that eDNA is currently unable to perform genetic diversity estimations. Bohman et 

al. (2014) speculated on how design of primers might be able to help identifying various genetic 

differences. However, to the best knowledge of the author, no such studies have been published in peer-

reviewed journals yet. Hence, electrofishing and sampling fishing are more suitable for genetic diversity 

measures. It might be argued that electrofishing is more suitable due to the greater species detection 

than sampling fishing. 

Discussion on the Spjutmo case 

The eDNA study in Spjutmo generated a species list of 20 species. Compiled electrofishing data 

generated a species list of 10 species. The data from electrofishing was compiled from 28 surveys 

between 1987 and 2015, whereas the eDNA data was generated by one study. Furthermore, 

electrofishing detected 3,4 species per assessment on average, whereas eDNA detected 10,3 species per 

sample on average. eDNA surveys outperformed electrofishing results by 10 species with regards to 

species richness (if all results from electrofishing over time are added up). However, when performing 

species evenness calculations, it is not appropriate to add results from such a long time series since fish 

populations might change. If performing species evenness calculations with electrofishing data, it would 

be more suitable to use results from one assay, or maybe a few close in time. In the case of Spjutmo, this 

would mean comparing individuals from (on average) 3,4 species, as compared to (on average) 10,3 

species by eDNA.  
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Furthermore, during the interviews, both parties pointed at the ability to estimate abundance as a 

desired feature, hence a better understanding of what the relative abundance results indicates would be 

valuable. The interviews indicate that this understanding is an important feature to develop in order to 

make metabarcoding studies effective in current environmental monitoring. 

Discussion on eDNA and indexes 

It may be concluded from the literature review that eDNA data may serve as input to only one index in 

its present form. However, 5 indexes also use proportional information (e.g. proportion of tolerant 

species), which possibly could be provided by eDNA data. It is clear that eDNA generates a more detailed 

result of species richness. In order to utilize this advantage, there is a need to adapt the current indexes 

and/or framework for evaluating the ecologic status. However, designing environmental monitoring 

tools is a great challenge. There is an extensive need to conduct environmental monitoring and parties 

doing so often face budget constraints. Hence, cost and time effective methods are of great value. As a 

presence absence tool, eDNA is already cost and time effective, hence one idea is to design indexes 

based on presence-absence data in line with Hermoso et al. (2010).  

It may be concluded from the index review that species richness is incorporated or somewhat 

incorporated by all but one index. However, only five indexes are indicative or somewhat indicative of 

species richness. Species evenness is incorporated or somewhat incorporated by two indexes, which are 

also indicative or somewhat indicative of species evenness. None of the indexes incorporate or indicate 

genetic diversity. Hence it might be concluded that few indexes are indicative of the biodiversity 

dimensions. As mentioned in the interpretation of results, it might be argued that this is due to the fact 

that the indexes are designed to quantify human pressure (not necessarily to measure biodiversity). 

However, the intention of the water framework directive is to protect ecology as well as steer towards 

clean drinking water (European Comission, 2016). The fact that few indexes are indicative of the 

biodiversity dimensions helps illustrate the disconnect between the intention of the directive and the 

tools used to implement them.  

Environmental monitoring in a broader picture  

This leads up to questions about environmental monitoring in general. It is a complex field with many 

purposes and applications. As mentioned in the introduction, sustainability brings with it conflicts of 

interest by nature (due to the three dimensions ecological, economical and social). There is a need to 

generate data that may help in decision making when considering trade-offs between the different 

dimensions. There is a need for the data to be meaningful. 

It might however be discussed what actually constitutes meaningful data? One simple answer might be 

that it all depends on what research question is investigated, that the meaningful data answers the 

research questions. However, from a broader perspective, it might be argued that it comes down to how 

society values nature and biodiversity. Within environmental science and management, the 

anthropogenic perspective is discussed, meaning that nature is valued according to what value it gives to 

human society. If few or no ecosystem services are provided by a certain area, the nature within has low 

or no value within the anthropogenic perspective. The opposite perspective is arguing that nature has an 

intrinsic value, meaning that it has a value regardless of what services are provided for human society.  

The different views might seem peripheral when discussing indexes and methods, but what perspective 

is applied has a great effect on the reasons for environmental monitoring and hence the design of 
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indexes and classification schemes. It must not be forgotten that the indexes are essentially tools 

designed by us to indicate factors we have judged important in order to generate guidance on what 

areas to prioritize. The indexes by themselves give little or no guidance as to what measures are actually 

effective with regards to either perspective (anthropogenic or intrinsic). In order to really steer towards 

sustainability, there is a need for the jurisdictional framework to consider these different perspectives so 

that, perhaps new indexes (or alternatively, more multidimensional classifications schemes), are 

designed in the context of what society values. 

One attempt to develop a scheme to allow for this was published by de Reynier, Levin and Shoji (2010). 

They developed a scheme to use during the public scoping step within Environmental Impact 

Assessments (EIA) to include both dissemination of science results and stakeholder participation. 

Furthermore, they suggest that indicators chosen within the EIA should fulfill the Rice and Rochet 

framework and take the public’s view into account if there were indications close in function.  

Johnston et al. (2017) developed a spatially explicit assessment tool for status of ecosystem services in 

riverine environment. They proposed a model based Integrated Ecological Modeling System (IEMS), 

meaning a combination of modelling tools and disciplines in order to describe the whole ecosystem. This 

approach both focuses on ecosystem services as well as broadens what is assessed and does not take a 

sole perspective of ecologic status (e.g. fish).  

These are just two examples of approaches that take more values into account and aims at describing 

the state of environment in a more holistic way. Designing indexes is hard, but it is clear that we need 

better tools in order to steer towards multidimensional sustainability.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

43 
 

7. Conclusions 
Between eDNA, electrofishing and sampling fishing, eDNA yields the more detailed results for species 

richness, electrofishing yields better results for species evenness and sampling fishing is outperformed 

by eDNA and electrofishing alike. Both electrofishing and sampling fishing may collect data for genetic 

diversity analysis, however electrofishing outperforms sampling fishing with regards to amount of 

species caught, making electrofishing a more suitable data collection method.  

In the case of Spjutmo, eDNA generated more detailed information of species richness. The relative 

abundance of species might be seen as a measure of species evenness. However, electrofishing yielded 

data which may serve as input to species evenness indices. To the best knowledge of the author, none of 

the methods generated data on genetic diversity.  

Officials from both Fortum and the county board in Dalarna points at the ability to estimate abundance 

as a desired feature, hence a better understanding of what the relative abundance results indicates is 

wished for. The two interviews indicate that this understanding is an important feature to develop in 

order to make metabarcoding studies effective in current environmental monitoring. 

It was found that, all but one of the compared indexes incorporates or somewhat incorporates species 

richness. However, only five indexes are indicative or somewhat indicative of species richness. Species 

evenness is incorporated or somewhat incorporated by two indexes, which are also indicative or 

somewhat indicative of species evenness. None of the indexes incorporate or indicate genetic diversity. 

It was found that eDNA data may serve as input to only one index in its present form. However, five 

indexes also use proportional information (e.g. proportion of tolerant species), which possibly could be 

provided by eDNA data. The index where usage of eDNA data is currently possible uses presence-

absence information. 
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Appendix 1 – interview guide 
The interviews were conducted in Swedish. 

Questions/Frågor Aim/Syfte 

What is important in Fortums/the county board of 
Dalarnas environmental monitoring? 
 
Vad är viktigt i Fortums/länsstyrelsen Dalarnas 
miljöövervakning? 

Identify surveillance areas/criteria.  
 
 
Identifiera övervakningspunkter 

How have you surveyed these focus areas before?  
 
Hur har ni övervakat dessa fokusområden tidigare? 

Identify previous methods 
 
Identifiera tidigare tillvägagångssätt 

Practically, how do you think eDNA may contribute 
to environmental monitoring?  
 
Rent praktiskt, hur tror du eDNA kan bidra i miljö-
övervakningen? 

Identify possible areas of contribution 
 
 
Identifiera bidragspunkter 

 

What pros and cons do you see with eDNA 
compared to other methods? 
 
Vilka fördelar/nackdelar ser du med eDNA jämfört 
med andra metoder? 

Identify pros and cons 
 
 
Identifiera fördelar och nackdelar 

Have you used VIX before? What are your 
experience of old and new VIX? 
 
Har ni använt VIX? Erfarenheter av gamla och nya 
VIX? 

Identify how VIX has been used 
 
 
Identifiera hur VIX använts 

How did VIX contribute to your environmental 
monitoring? Did using VIX give a good overview of 
what was investigated? 
 
Hur bidrog VIX till er miljöövervakning? Gav det en 
bra bild av det ni ville veta? 

Identify how VIX may contribute to environmental 
monitoring  
 
 
Identifiera hur VIX bidrar till miljöövervakning 

What do you think is missing from VIX as an index? 
 
Vad tycker du saknas i VIX som index? 

Identify potential drawbacks of VIX 
 
Identifiera eventuella nackdelar med VIX 

 

 


