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Abstract 

 

Global fish consumption is increasing per capita while marine fisheries approach the limit of what it can 

produce. In Sweden, the seafood consumption per capita is higher than the European and world average, 

but the current dietary advice is to increase the consumption further. Could native freshwater cyprinid 

species (carp fishes) be an environmentally viable option to increase production? In this study, elements 

of two different approaches to environmental assessment, life cycle assessment and ecological risk 

assessment, were used to provide a holistic picture of the environmental performance of cyprinids caught 

in reduction fisheries, as well as current and potential commercial pound net fisheries. It was found that 

current commercial lake fisheries for cyprinids have an average carbon footprint of 0.77 kg CO2e per kg 

of edible product. This makes it substantially smaller than that of most of the popular marine and terrestrial 

protein sources consumed in Sweden, and may be even lower if more cyprinids are utilized that today 

are discarded or caught in reduction fisheries. The ecological risk assessment indicated that no cyprinids 

were potentially more vulnerable than current freshwater target species in the commercial pound net 

fisheries, with the smallest cyprinid species being the least vulnerable. Larger species with relatively low 

vulnerability such as Rudd (Scardinius erythrophthalmus) and White bream (Blicca bjorkna) thus seem 

to be the most interesting future target species. The very small carbon footprint, yet potential vulnerability 

of some of the cyprinids, show that fishing could be expanded, but with caution. If the cyprinids can be 

harvested in a sustainable way, they could either replace food with higher climate impact or allow for an 

increase in seafood consumption. 

 

Sammanfattning 

Den globala fiskkonsumtionen ökar per capita medan de marina fiskena närmar sig gränsen för vad de 

kan producera. I Sverige är sjömatskonsumtionen per capita högre än både det globala och Europas 

genomsnitt, men kostråden är att öka konsumtionen ytterligare. Kan inhemska cyprinider (karpfiskar) från 

insjöfiske vara en miljömässigt hållbart alternativ? I denna studie användes element av två 

kompletterande varianter av miljösystemanalys, livscykelanalys och ekologisk riskanalys, för att skapa 

en holistisk bild av miljöprestandan av cyprinidprodukter från reduktionsfisken, nuvarande samt 

potentiella yrkesfisken med bottengarn. Livscykelanalysen visade på en genomsnittlig klimatpåverkan på 

0,77 kg CO2e per kg ätlig del. Detta är betydligt lägre än för de flesta populära marina och terrestra 

proteinkällorna som konsumeras i Sverige idag, och kan ytterligare minska vid ökat omhändertagande 

av cyprinider som idag kastas eller fångas i reduktionsfisken. Den ekologiska riskanalysen bedömde 

samtliga cyprinider som potentiellt mindre sårbara för bottengarnsfiske än dagens målarter, med de 

minsta cyprinid-arterna minst sårbara. Större arter med relativt låg sårbarhet som Sarv (Scardinius 

erythrophthalmus) och Björkna (Blicca bjorkna) framstår därmed som mest intressanta som framtida 

målarter. Cyprinidernas låga klimattal, men för vissa arter potentiella känslighet, visar att fisket skulle 

kunna utökas, men försiktigt. Om cypriniderna kan fiskas på ett uthålligt sätt så skulle de kunna ersätta 

mat med större klimatpåverkan, eller tillåta en utökad sjömatskonsumtion.          
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1. Introduction 

In this day of rapid climate change and population growth, a shift to more sustainable food 

production is a necessity (Foley et al., 2011). Seafood could play an important role in future 

sustainable food security (Godfray et al., 2010; Tacon and Metián, 2013). Today, the global 

average of seafood consumption per capita is around 20.3 kg fish/year in 2016, and seafood 

has been a steadily increasing source of animal protein, mainly through rapid growth of 

aquaculture (FAO, 2018). With only 7% of the marine fish stocks being less than maximally 

sustainably fished (FAO, 2018), and international goals of protecting at least 10 % of the global 

marine area as part of the Agenda 2030 (UN, 2018), the potential to further increase landings 

from marine capture fisheries is limited. Global inland fisheries reported landings of 11.5 

million tonnes of freshwater fish in 2015, representing 12.2 % of the total landings from capture 

fisheries (Funge-Smith, 2018).  

The Swedish consumption of seafood is higher than the global and European average, with 25 

kg per capita and year in 2017 (Borthwick et al., 2019). This translates into 12.5 kg edible 

seafood per capita and year, or just under two portions per week and person, which is below 

the dietary intake of two to three portions of seafood per week recommended by the National 

Food Agency (NFA) in Sweden (NFA Sweden, 2019). Swedish citizens would need to increase 

the seafood consumption with between 0.5 and 7 kg per person and year to reach two and three 

portions respectively, assuming a portion size of 125 g. Reaching the “average” recommended 

seafood intake of 2.5 portions a week would require an increase of 3.75 kg per person and year.  

 

Around 78% of the seafood consumed in Sweden today is imported, and the top five most 

consumed seafood species in Sweden are all to a very high extent caught or farmed in other 

countries (Borthwick et al., 2019). Herring dominates the total Swedish capture fishery 

landings (SwAM, 2018), and is not imported to the same extent as other fish species (Borthwick 

et al., 2019). The Swedish government has in its food strategy (prop. 2016/17:104) emphasized 

that a higher level of self-sufficiency through increased national food production is desirable 

to increase employment and sustainability. With the dietary advice to increase consumption 

from the many health benefits associated to Swedish seafood consumption (Hornborg et al., 

2019), while being dependent on imports on an increasingly competitive market (FAO, 2018) 

and the overall need to increase food production while decreasing pressures on the planet 

(Foley et al., 2011) – how may Swedish seafood production allow for a sustainable increase to 

meet demand? 

 

Over 40 000 km2, or almost 9 % of Sweden’s surface, is covered by freshwater (SCB, 2019a), 

Despite this, the national inland fisheries represented only 0.7 % of Sweden’s reported 

commercial catch in 2018 (SwAM 2018, SwAM 2019a). Some freshwater fishes are popular 

and caught both in commercial and recreational fisheries, such as salmonids (Salmonidae), 

Zander (Sander lucioperca), Perch (Perca fluviatilis) and Pike (Esox lucius). However, these 

waters also hold populations of virtually unutilized cyprinids (Cyprinidae). Cyprinids, or carp 

fishes, is family including over 3 000 species all over the world (Kullander, Nyman, Jilg & 
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Delling, 2012). Well known cyprinids are Common carp (Cyprinus carpio), Roach (Rutilus 

rutilus) and Goldfish (Carassius auratus). 

Cyprinids were consumed in Sweden up until the middle of the 20th century but have over time 

been more or less abandoned in the process of industrialization, urbanization and expansion of 

marine fisheries (Bonow & Svanberg, 2013). The agency responsible for management of 

Swedish lakes, Swedish Agency for Marine and Water Management (SwAM) are, based on the 

existing stock assessments, not recommending an increase in fishing of more popular 

freshwater fishes (such as Perch, Pike or Zander) today, but do recommend an increase in 

fishing for Bream (Abramis brama) which also is the only cyprinid mentioned among Swedish 

important fisheries resources (SwAM, 2019b). In 2017, 52 tonnes of cyprinids were available 

for consumption in Swedish retail (Borthwick et al., 2019), representing under 10 grams per 

person and year based on the Swedish population at 2018 (SCB, 2019b). Hence, cyprinids 

today can only be considered to make a marginal contribution to the Swedish diet. The report 

by Borthwick et al. (2019) does not state the production source of these cyprinids, but it is 

likely that the Swedish inland cyprinid fishery only represents a fraction of the 52 tonnes, and 

therefore an even more negligible part of the Swedish seafood consumption.    

In a recent report on nutritional and climate aspects of Swedish seafood consumption by 

Hornborg et al. (2019), cyprinids are not included as they are deemed irrelevant due to the 

currently negligible consumption. The nutrient composition for Bream (Abramis brama) has 

however been assessed by NFA Sweden (Sjömatsfrämjandet, 2019). Comparing some the most 

important nutrients between Bream and popular fish species presented in Hornborg et al. (2019) 

show that the cyprinid has a similar level of phosphorous, and higher concentration of vitamin 

B12, selenium, and niacin than both cod (Gadus morhua) and farmed salmon (Salmo salar). 

The concentration of polyunsaturated fatty acids in Bream is lower than in salmon, but on the 

other hand substantially higher than in cod. Therefore, an exclusion of cyprinids from the 

Swedish seafood diet cannot be motivated by the nutritional content of the fish. Furthermore, 

cyprinids are still an important source of fish protein in many other countries, and aquaculture 

of freshwater species such as many cyprinids can be important for the food security, especially 

in less developed regions (FAO, 2018). Globally, 55 % of the global seafood production in 

aquaculture consists of different cyprinid species, with larger species such as Grass carp 

(Ctenopharyngodon idellus) and Silver carp (Hypophthalmichthys molitrix) being the most 

common (FAO, 2018).  

Although rarely consumed in a Swedish context, there are several examples of cyprinids being 

fished in the country today for other reasons than human consumption. Being relatively 

abundant and simple to catch, they are often used at bait fish to catch more desirable predatory 

fish (Bonow & Svanberg, 2013). Cyprinids are also used to bait creels to catch freshwater 

crayfish. This contributes to commercial cyprinid fishing interest today, or at least generate 

some revenue for bycatches which otherwise would be difficult to sell. About 88% of the 

cyprinids landed by commercial fishermen in Sweden are caught using pound nets (SwAM, 

2019a). 
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A pound net (‘bottengarn’ in Swedish, see figure 1) is a fixed entrapment fishing gear used in 

both salt- and freshwater 

(Fiskeriverket, 2007). In 

the Swedish lakes it is 

primarily used to catch 

Perch, Pike and Zander. 

Figure 1 show the three 

main components making 

up the pound net: a pound 

were the fish is trapped, a 

“heart” designed to funnel 

the fish into the pound, 

and a leader which the fish 

follows from the shore 

into the pound net 

(Maryland Departure of Natural Resources, 2019). The fish can then be netted out of the pound 

and sorted. In the Swedish context, the pounds are generally equipped with a pouch (strut) 

where the fish can be collected (Fiskeriverket, 2007). The gear is often placed in relatively 

shallow areas, and it is the commercial fishing method catching cyprinids to the highest degree 

(SwAM, 2019a) 

Cyprinids, typically large breams, are also caught and disposed of as a remedy against 

eutrophication in smaller lakes – so called reduction fishing. Reduction fishing is partly a way 

to remove nutrients from the water, but often primarily a kind of biomanipulation with the 

objective to change the fish composition and abundance (Hansson, 1998). Lakes with a larger 

ratio of predatory fish are generally showing less symptoms of eutrophication, such as poor 

water clarity, due to trophic cascade effects resulting in less phytoplankton and consequential 

reductions in algae blooms (Eriksson, 2009). This kind of fishing is therefore designed to 

remove a very large portion of the cyprinid population in a short time, often combined with 

introduction/release of caught predators. Purse seines and trawls are used in reduction fisheries 

beside pound nets. A purse seine is a large net which is placed around the fish, and then pulled 

up, catching entire schools at once. A trawl is a cone-shaped net which is actively dragged 

through the water behind one or several boats to catch fish or shellfish (WWF, 2019). Trawling 

is the least selective of the reduction fishery methods considered in this study since the catch, 

and bycatch such as zander, is often damaged after being caught, leading to poor post-release 

survival rates (Nyström & Stenberg, 2018) compared to the other fishing methods. Commercial 

fisheries using both seines and trawls are forbidden (FIFS 2004:37), while the methods are 

used in reduction fisheries. The reduction-fished cyprinids are at best used to produce biogas 

today 

From an environmental perspective, small-scale fisheries with passive gears, such as in 

Swedish freshwaters, are in general understudied in terms of energy use and exhibit large 

variability between fisheries in energy use per kilo landing (Parker & Tyedmers, 2015). This 

makes it difficult to include them in discussions on healthy and sustainable seafood diets, such 

Figure 1. Pound net. Image: Freshwater and Marine Image Bank 

Image: Freshwater and Marine Image Bank 
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as Hornborg et al. (2019). Furthermore, many national fish resources in Sweden, such as 

freshwater fish, have also limited data available to inform on stock status and sensitivity to 

fishing pressure (Östman et al. 2016). The aim of this study is therefore to evaluate cyprinids 

as a food resource from an environmentally holistic point of view and compare to other more 

popular food items consumed in Sweden today. This is done by collecting information on 

current cyprinid fisheries and assess impacts both from the product (carbon footprint), as well 

as the risks posed for the different species based on vulnerability to fishing pressure. The 

overall aim is to provide a picture of the environmental performance a potential future fishing 

of cyprinids in Sweden on larger scale for human consumption.  The specific research questions 

are: 

 

1. What is the carbon footprint of current and potential cyprinid fishing in Sweden today 

and how do they compare to other food items consumed in Sweden?  

 

2. What are the risks associated to the cyprinid community from fishing in Sweden – are 

any species particularly suitable or unsuitable for future fisheries? 

 

2. Material and methods 

2.1 Mapping of Swedish cyprinids and fisheries  

To be able to evaluate cyprinids as a current and future food source, an initial literature mapping 

of which cyprinid species are found in Swedish waters, their biological traits, current status, 

existing fisheries and fishery methods was made. Only freshwater cyprinid species listed in the 

Encyclopedia of the Swedish Flora and Fauna (Kullander et al., 2012), and categorized as 

indigenous to Sweden were included. This led to the exclusion of five species known from 

Swedish waters including Common carp (Cyprinus carpio) and Prussian carp (Carassius 

gibelio). From the Encyclopedia of Swedish Flora and Fauna (Kullander et al., 2012), 

information regarding each cyprinid’s life history parameters (lifespan, max size, maturity age 

and size, reproductive strategy and fecundity) was gathered. If data for a parameter was missing 

it was supplemented using information found on Fishbase (2019), from where data on the 

species’ trophic level, and current global commercial use was also collected. Information 

regarding each of the included cyprinid species threat status according to the 2015 Swedish 

IUCN Red List was acquired from Artportalen (Artdatabanken, 2017). 

 

The commercial fishing method with largest catches of cyprinids was identified using 

freshwater catch statistics obtained from the Swedish Agency for Marine and Water 

Management (SwAM, 2019a). Further information on the fisheries, such as additional methods 

utilized only in reduction fisheries, was collected from interviews with fishermen. 
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2.2 Assessing impacts of cyprinids as products 

Life Cycle Assessment (LCA) is a tool commonly used to quantify the environmental pressures 

and resource use of different products throughout its lifecycle (Ness et al. 2007). LCAs can 

highlight hotspots where the environmental impact is high within a production process as well 

as enable comparison between environmental performance of different production systems. 

LCA includes a multitude of impacts such as resource depletion, climate change, 

eutrophication and acidification, and has been applied on production of different food items 

since at least the 1990s. Through the broad assessment of different environmental pressures, it 

can provide decision-support to avoid shift of burdens between different environmental 

pressures and/or production phases. After year 2000, LCAs on seafood production, both in 

aquaculture and in fisheries, started to appear (Avadí & Fréon, 2013). Today, seafood products, 

both wild-caught and farmed, has been assessed using the method on numerous occasions (e.g. 

Ziegler et al., 2013; Mungkung et al., 2013; Silvenius et al., 2017; Abdou et al., 2018). 

The LCA methodology is standardized through ISO14040 and 14044 (ISO 2006a; ISO 2006b). 

The assessment is made in four steps: goal and scope, life cycle inventory, impact assessment 

and interpretation. Ziegler et al. (2016) also identifies a fifth step, application, in which the 

results can be used to improve the examined production systems.    

Methodological choices in this study 

Goal and scope  

The purpose was to assess the environmental performance of the current and potential Swedish 

freshwater cyprinid fishing (coastal fisheries were not included). The goal was to enable 

comparison with other (sea)food items consumed in Sweden and determine how cyprinid 

products may be ranked. Potential freshwater cyprinid fishing was in this report defined as 

100% retainment of caught cyprinids, unless stated differently. It was assumed that landing the 

today discarded cyprinids would not require more fishing trips or more fuel per trip, that there 

are no re-catches of the released cyprinids and all are of sizes of commercial interest.  

The functional unit (FU) of this study, i.e. the unit to which all of the inputs and outputs are 

related to, was defined as 1 kg of edible cyprinid to be able to compare the outcome with the 

RISE climate database, which utilizes the same FU (RISE, 2018). The edible yield was 

collected from FAO (FAO, 2019) which states the same yield for all cyprinids based on that of 

Common carp (Cyprinus carpio). Although in reality this is likely not true, no other information 

was found and the utilization of one common edible yield factor allows the cyprinids to be 

handled as a group rather than several different species. Furthermore, the distinction between 

the often similar cyprinid species is rarely made by the commercial fishermen in the field, and 

hence data on species level was not obtainable for this study.  
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The system boundaries, i.e. the processes included in the study, covered the production and 

combustion of fuel for current commercial and recent reduction fisheries in Swedish lakes, up 

to the point of landing as well as the cleaning of the fish (see figure 2). This was considered 

corresponding to the system boundaries used in the RISE climate database to the highest degree 

achievable within the timeframe of this project (RISE, 2018). Cleaning and filleting of the fish 

were assumed to be done by hand due to the small scale of the freshwater fisheries, and hence 

no emissions were assigned to this stage. Instead, only emissions from fuel production and 

combustion during fishing were considered, while production of boats, fishing gear and 

packaging was excluded. This was motivated from that the fuel used during the fishing phase 

generally dominates the greenhouse gas (GHG) emissions from production of seafood products 

in capture fisheries (Ziegler et al., 2016). Therefore, comparing fuel consumptions provide a 

good picture of how different fisheries performs in terms of GHG-emissions, and only 

production and combustion of fuel was included as inputs.   

 

 

 

 

 

 

 

 

 

Figure 2. Flow chart showing the processes included in this study. Dashed lines indicate background data, solid 

lines indicate foreground data.  

Only climate change was included as impact category, making it an assessment of the carbon 

footprint and far from a complete assessment of all the environmental impacts. However, the 

combustion of fuels is also the main source of several other emissions, such as eutrophication 

and acidification, meaning that a fuel-efficiency can indicate if a fishery likely has low impacts 

in these categories as well.  

In the examined fisheries, cyprinids are both targeted species and bycatches. When they are 

caught in reduction-fisheries, other fish are usually released, meaning that all the impacts must 

be allocated to the cyprinids. In the commercial fisheries however, commercially more valuable 

species are also landed, meaning that an allocation between them must be made. In this study, 

allocation between species by mass was deemed most appropriate, and it is also recommended 

above economic allocation in the ISO standard. Furthermore, since the market for cyprinids to 

a large extent is potential rather than existing, obtaining a price for the cyprinids is difficult. 

By using mass allocation, the results will hopefully also be more relevant over time. 

Furthermore, all the environmental burden is allocated to the edible part of the fish, since no 

utilizations of the by-products are known. Total edible yield (54%) was chosen over skinless 

fillet yield (36%) (FAO, 1989). This was motivated by the purpose to compare with other 

products in RISE climate database. Furthermore, this form is seen as the most relevant since 

CO2e CO2e 

Fuel consumption 

during fishing 

Processing Fuel production 

Cyprinid product 
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production of Swedish cyprinid products based on mince was perceived as a plausible new 

production likely to start within a near future (J. Fogel, Pers. Comm.). This is already being 

done in Finland (John Nurminen Foundation, 2019), and in similar projects being conducted 

previously (Hushållningssällskapet Gotland, 2014).  

Life Cycle Inventory 

The next step in the LCA is to make a life cycle inventory (LCI). This is the most time-

consuming phase and implies collection of data on the inputs (materials, energy) and outputs 

(product, emissions, waste). Fuel use intensities were collected both for the current fishing (i.e. 

total fuel consumption/total landed catch today) and potential increased utilization of discarded 

cyprinids (total fuel consumption/total landed catch + discarded cyprinids). A first suggestion 

of a few fishermen to interview was obtained from Mats Ingemarsson at the Swedish Lake 

Fishery Association (Pers. Comm.). After that, further commercial pound net fishermen to 

interview were identified using the “snow-balling technique”, where respondents were asked 

to suggest others who conducted fisheries of interest to the survey. Commercial fishermen from 

Vänern were included as it is the lake with largest cyprinid landings (SwAM, 2019a), while 

fishermen from Mälaren were included as they already were the subject of another survey. The 

lake Bolmen was also included. In the two larger lakes (Mälaren and Vänern), efforts were 

made to obtain answers from fishermen distributed throughout the lakes’ areas. Several large 

lakes were excluded from the study, namely Vättern and Hjälmaren. Vättern was originally 

considered as a potential candidate but was excluded since the nutrient poor lake holds a 

relatively small cyprinid population, with all the commercial catches already being used in the 

lakes’ crayfish fishery (J. Fogel, Pers. Comm.). The limited time frame ultimately led to the 

exclusion of any commercial fisheries outside of Bolmen, Mälaren and Vänern. The following 

information was requested from each respondent:  

❖ Fishing location 

❖ Target species 

❖ Gear type 

❖ Effort (number of gears, days) 

❖ Engine power 

❖ Fuel type 

❖ Fuel consumption 

❖ Total landed fish 

❖ Total landed cyprinids 

▪ Species composition 

❖ Total released cyprinids 

▪ Species composition 

The answers received from commercial fishermen was for one year, 2018. Only commercial 

fishermen using pound nets were interviewed in this study, since 88% of the landed cyprinids 

are caught using the method (SwAM, 2019a). Data on reduction fisheries was received from a 

number of different years between 2010 and 2018, and included lakes in Skåne (Finjasjön, 
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Häckebergasjön, Oppmannsjön, Ringsjön and Sövdesjön), Småland (Södra bergundasjön, 

Trummen and Växjösjön) and Uppland (Vallentunasjön and Östhammarfjärdarna).  

No specific selection method was used to choose which reduction fisheries to include in the 

study. Instead, contact was sought using the contact information included in the reduction 

fishery reports found online, and any responding fishery was included. The representativity of 

the commercial sample group was examined through comparing the data on landings acquired 

from interviews with available records from the entire freshwater fishing fleet from 2018 

received from SwAM (2019a). The representativity of the reduction fisheries was assessed 

based on how large percentage the sample group made up of the biomanipulation projects 

granted funds from SwAM (2019c). 

Impact assessment  

After the LCI is completed the third step, impact assessment, is undertaken. At this stage, the 

emissions are characterized into equivalents and summed up in different impact categories, e.g. 

all GHG emissions are translated into a common unit through using CO2-equivalentes (CO2e).  

In this study, global warming potential was the only impact category considered. Aggregated 

GHG emissions from combustion of fuel was collected from Swedish fuel and biofuel institute 

(SPBI, 2010). It is assumed that all motors fueled by petrol use “Engine petrol without ethanol” 

and by diesel “Diesel – Mk1” respectively, giving the two emission factors of 2.36 kg CO2e/L 

petrol and 2.54 kg CO2e/L diesel. The GHG emissions from the upstream production of the 

fuel was retrieved from the Ecoinvent database in the LCA software tool SimaPro (0.32 kg 

CO2e/L petrol, and 0.64 kg CO2e/L diesel). This background data accounts for emissions from 

production of fuel, such as oil field exploration, crude oil production, long distance 

transportation, oil refining and regional distribution. Emissions were converted to liters using 

densities corresponding to the previously mentioned fuels found at SPBI (2010).   

Interpretation  

Determining if there are any significant differences between the carbon footprint of fish from 

different lakes or fishing methods can help illustrating which conditions would generate the 

cyprinid products with the lowest climate impact, and if one carbon footprint for Swedish 

cyprinids can be communicated or if lake- or gear-specific estimates are needed. In this study 

a Kruskal-Wallis one-way analysis of variance (Kruskal & Wallis, 1952) was used to analyze 

the differences in carbon footprint between the commercial fisheries in the different lakes. The 

same analysis was used to examine if the carbon footprints of the gear types used in reduction 

fisheries differed significantly. All analyses in this study were performed using Excel 365.   

To further investigate which factors may be responsible for the potential differences in carbon 

footprint, two regressions analyses with CO2e/kg cyprinid as dependent variable, and the 

engine power and cyprinid abundancy as the explanatory variables were performed. To 

eliminate the variation caused by the different gear types, only data from commercial and 

reduction fisheries using pound nets were included in the regressions. The cyprinid abundance 
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was estimated using data from the Swedish lake monitory fishing database (NORS, 2019), and 

expressed as g of cyprinids per m2 of net. The largest nets, Bss (‘översiktsnät typ Stora 

Sjöarna’), were excluded from the estimate, since these were only used in lake Vänern, and 

deemed disproportionally ineffective in catching cyprinids compared to smaller nets. The 

abundance from the geographically closest monitoring fishery site was assumed to be the same 

as on the stated fishing location. For the commercial fisheries, abundance data from 2015-2017 

was used. For reduction fisheries, data from the year before the reduction fishing took place 

was used when available. When not available, the data from the year closest to the fishing 

occasion was used (two cases dating back to 1997). Lakes where monitoring data was 

completely lacking were excluded from the regression.  

A Kruskal-Wallis ANOVA was also used to see if any differences in carbon footprint could be 

detected between waters of different ecological status, as assessed by the Swedish water 

authorities (2nd cycle). This was done to examine if there was a significant correlation between 

the ecological status of lakes and the carbon footprint, which could potentially help identify 

were future cyprinid fisheries would be most effective, using the status as an indicator. The 

ecological status of the lakes was downloaded from the Water Information Systems of Sweden-

map (VISS, 2019). As with the abundance, the ecological status closest was assumed to be 

valid for the fishing location as well. If several different ecological statuses were available 

within the stated fishing location, the lowest one was used.  

The calculated carbon footprints of the cyprinids were compared to those of other protein 

sources, which were found in the open RISE Climate Database (RISE, 2018). To ensure a 

relevant comparison, only seafood protein sources on the top ten list of fish and shellfish 

species consumed in Sweden according to Borthwick et al. (2019) were included. Furthermore, 

carbon footprints for Swedish beef, pork, chicken and brown beans were included to achieve a 

broad base for comparison, which were also found in the RISE Climate Database (RISE, 2018). 

Comparisons within this category of food items was perceived as the most relevant but was not 

weighted by the protein content of food items. 

To be able to place the Swedish cyprinid fisheries in an international fisheries context, the 

carbon footprints were compared to global fisheries presented by Parker et al. (2018). To be 

comparable, the basis for comparison had to be redefined as 1 kg of live weight fish at landing, 

and the system boundaries expanded to also include the production of other inputs to the fishing 

phase besides the fuel use, such as production of boats and gear. Following the method used 

by Parker et al. (2018), non-fuel related inputs were assumed to represent 25 % of the total 

GHG-emissions up to landing of the fish. The fuel related GHG-emissions were thus multiplied 

by 1.33 to calculate the total emissions of the fishery per FU. By not accounting for the specific 

edible yield of the cyprinid group and just consider live weight, the carbon footprint calculated 

corresponds to all fishes landed using the evaluated fishing method. Hence, the carbon 

footprints in this comparison are labelled Swedish commercial freshwater pound net fisheries, 

and Swedish reduction fisheries when compared to the data presented by Parker et al. (2018). 



   
 

10 
 

2.3 Assessing ecological risks of fishing  

Methods for data-limited fisheries 

While an LCA may be good at mapping the inputs and emissions from the production of edible 

fish products, it is not as strong in evaluating the ecological risks the fishing may pose (Ziegler 

et al. 2016). Fisheries impact the targeted species, but can also impact bycaught species as well 

as the integrity of the sea- or lake bottoms (Hobday et al. 2011). In this study, only direct effects 

on the fish are considered. There is limited information on the status of cyprinids in Sweden 

since they lack formal stock assessments. Only Bream is included in the yearly overview of 

fish resources in Sweden, with recommendations being based solely on trends in landings 

(SwAM, 2019b).  

Östman et al. (2016) presents the data requirements for several methods to estimate stock status 

for fishery management purposes and recommends Productivity-Susceptibility Analysis (PSA) 

as one method when only data on landings of the species is available and there is not enough 

data or time to produce traditional stock assessments. PSA a form of environmental risk 

assessment, or more specifically, a screening analysis to assess the potential and relative 

vulnerability of a species based on its productivity and susceptibility to impacts from fishing 

activities. PSA was originally developed to determine the risk for bycatch species (Stobutzki, 

Miller, Heales & Brewer, 2002). In data-limited circumstances, it has been used to evaluate the 

targeted fish stocks as well (Ormseth & Spencer 2011). The assessment is performed by giving 

a number of productivity- and susceptibility attributes a score from 1 (high productivity/low 

susceptibility/low risk) to 3 (low productivity/high susceptibility/high risk). The PSA utilizes 

a precautionary approach in the scoring of attributes; if data on an attribute is lacking or of poor 

quality, it is given a score of 3. In cases where PSA is used to manage fisheries, this could work 

as an incentive to collect the data needed to provide a more accurate score of an attribute, since 

it could potentially lower the outcome for vulnerability of the species.  

Using the average values for productivity and susceptibility, the overall vulnerability for the 

species is calculated as the Euclidean distance from the origin of the two numbers. The method 

does not provide insights on the actual stock status of a species, but gives an idea of how 

potentially vulnerable it is to fishing relative to other species based on its biological properties. 

The rather simple model allows a screening of large amounts of fisheries and/or species to 

determine which ones seems most sensitive and should be investigated further. The simplicity 

of the model and the availability of relevant data (life history parameters), made the PSA an 

interesting method for evaluating and comparing the ecological risk of the cyprinid fishing 

Methodological choices in this study 

PSA was used to assess all native Swedish cyprinid species, both in the current commercial 

fishery, where cyprinids are considered bycatch (i.e. mainly discarded), in a potential 

commercial fishery where cyprinids can be considered a target species (i.e. landed) and in 

reduction fisheries. Three target species of the current commercial pound net fisheries were 
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also included in the analysis to put the cyprinids into perspective: Pike (Esox lucius), Perch 

(Perca fluviatilis) and Zander (Sander lucioperca). The PSA used in this study follows the 

methodology used in the ERAEF framework as described in Hobday et al. 2011 and 2007. 

Productivity 

The same cut-off values for productivity was used as in Hobday et al. (2011) (see table 1), as 

an adaptation of the values to better suit the lake fish assembly would not fit within the time 

frame of this project. The productivity attributes were mainly collected from the Encyclopedia 

of the Swedish Flora and Fauna, and when data was lacking (on for example trophic level, 

maturity size), from Fishbase (2019). When ranges were provided, the end resulting the lowest 

productivity score (i.e. highest risk) was used. For example, the lower end of the range was 

used for fecundity, while the higher end was used for maturity age. If data is lacking the score 

is by default set to 3 (high risk) following Hobday et al. (2011). However, there is a possibility 

to override this rule and lowering the score using expert judgement despite the lack of data. 

This ‘expert override’ was used on two occasions in this study when data on maturity size was 

missing, but the maximum size of the cyprinid was well below the threshold of high risk in the 

maturity size cut-off. The total productivity score for each cyprinid was obtained by calculating 

the average risk value for all attributes. 

 

Table 1. Productivity cut-off scores for high-medium-low risk based on species attributes of over 3 

000 species and used in the PSA method (Hobday et al. 2011) 

Attribute Low productivity 

(high risk, score = 3) 

Medium 

productivity 

(medium risk, score 

= 2) 

High productivity 

(low risk, score = 1)  

Average age at 

maturity 

>15 years 5-15 years <5 years 

Average maximum 

age 

>25 years 10-25 years <10 years 

Fecundity <100 eggs per year 100-20 000 eggs per 

year 

>20 000 eggs per 

year 

Average maximum 

size 

>300 cm 100-300 cm <100 cm 

Average size at 

maturity 

>200 cm 40-200 cm <40 cm 

Reproductive 

strategy 

Live bearer (and 

birds) 

Demersal egg layer Broadcast spawners 

Trophic level > 3.25 2.75-3.25 <2.75 
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Susceptibility 

The same values for cut-offs as in Hobday et al. (2011) were used for low-medium-high risk 

(see table 2). However, a few details had to be modified to make the model applicable to 

freshwater conditions and the specific fishing methods studied in this report.  

Considering the freshwater fish as restricted by geographic barriers, leading to a high chance 

of occurrence of local stocks, the use of a stock structure proxy as presented by Hobday (2007)   

was deemed most appropriate. This interpretation means that the Availability score is 3 (high 

risk) for all cyprinids regardless of the geographical distribution of the entire species. 

Selectivity cut-offs was not available for fishing with pound nets, but instead the cut-off values 

based on gillnet mesh size was used. The mesh size of the pound nets is generally very small, 

but passive entrapment gear is by law required to have escape openings with a diameter of 60 

mm (HVMFS, 2014:22). This diameter was considered the mesh size of the commercial pound 

nets. It was assumed that none of the commercial fishermen had exemption permits to fish 

without the escape openings. 

Table 2. Susceptibility cut-off scores for high-medium-low risk based on species and fisheries attributes 

used in the PSA (Hobday et al. 2011). Although the Selectivity cut-off is adapted for gillnets, it was 

used for the pound net fisheries of this study. If data are available, availability 1 is preferred over 

availability 2, while for encounterability, the maximum score of the two attribute choices is used. 

Attribute Low susceptibility 

(low risk, score = 1) 

Medium 

susceptibility 

(medium risk, score 

= 2) 

High susceptibility 

(high risk, score = 3) 

Availability 1. 

Overlap of species 

range with fishery 

<10% overlap 10-30% overlap >30% overlap 

Availability 2. 

Global distribution, 

also need to consider 

stock proxies 

Globally distributed Restricted to same 

hemisphere/ocean 

basin as fishery 

Restricted to same 

country as fishery 

Encounterability 1 - 

Habitat  

Low overlap with 

fishing gear 

Medium overlap 

with fishing gear 

High overlap with 

fishing gear 

Encounterability 2 - 

Depth check  

Low overlap with 

fishing gear 

Medium overlap 

with fishing gear 

High overlap with 

fishing gear 

Selectivity (gillnets) Species < mesh size, 

or > 5 m in length 

Species 1-2 times 

mesh size, 4-5 m in 

length 

Species > 2 times 

mesh size, < 4 m in 

length 

Post-capture 

mortality  

Evidence of post-

capture release and 

survival 

Released alive Retained species, or 

majority dead when 

released 
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The Post capture mortality cut-off attribute was set to 3 (high risk) in the current fisheries if the 

species represented a considerable part (more than 10%) of the total pound net landings 

according to SwAM freshwater landings report (2018). Other species were considered bycatch 

discarded alive and given a score of 2 (medium risk). The risk score for post capture mortality 

was adjusted to 3 (high risk) for all species in the PSA on the potential future fishery, assuming 

retainment of all caught cyprinids.  

Susceptibility scores were based on the data collected from fishermen during the interviews 

described under Life Cycle Inventory (fishing depths, post capture mortality), together with 

information found on Fishbase (2019) on species depth range, and for mesh size fishing 

regulations from the regulations by SwAM (HVMFS 2014:22). In a few cases data was 

extracted from reports published after finished reduction fishery efforts (Sandström, 2011; 

Annadotter, Forssblad & Hagenrud, 2013).  

The susceptibility score for each species is a product of independent aspects: if a species has a 

high risk for all susceptibility attributes but low for one (e.g. released alive) it reduces the 

overall risk considerably. This is why a multiplicative approach is more appropriate than 

average (as for productivity) and used for calculating the susceptibility score for a species for 

a specific fishery (Hobday et al. 2011).  

In reduction fisheries (biomanipulation), the overall susceptibility score for the cyprinids was 

assumed to be 3 (high) since the fishing aims at removing as much cyprinid biomass as possible 

in the most efficient way possible, and the gear is not required to be adapted to avoid catches 

of small fish. Furthermore, these eutrophicated lakes are generally of limited size and depth, 

allowing the reduction fisheries considered in this study to reach the fish using pound nets and 

seines at all locations. Differences in potential risk between species were thus based on 

differences in productivity attributes.  
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3. Results 

3.1 Mapping of Swedish cyprinids and fisheries 

Based on the literature mapping, 16 cyprinid species were identified as native in Swedish 

freshwater systems (see Table 3). According to Kullander et al. (2012), Cyprinidae is one of 

the most diverse fish families, which is noticeable even in the group of just 16 Swedish species, 

with max sizes ranging from 12 to 120 cm. All but two of them are categorized as belonging 

to the National IUCN Red List category Least concern (LC) (Artdatabanken, 2017). Asp 

(Aspius aspius) and Vimba bream (Vimba vimba) are red-listed (Near threatened, NT). All 

Swedish cyprinid species are categorized as LC on the global IUCN Red List (IUCN, 2019).  

The global commercial use of the cyprinid species varies considerably, with Bream (Abramis 

brama) and Crucian carp (Carassius carassius) being highly commercial, while Belica 

(Leucaspius delineatus), Common dace (Leuciscus leuciscus) and Gudgeon (Gobio gobio) are 

of no commercial interest (Fishbase, 2019). Furthermore, in Sweden, fishing for Belica 

(Leucaspius delineates) is banned (FIFS 2004:37), and hence, the species is not interesting for 

a future commercial fishery.  

Table 3. Literature survey of Swedish cyprinids and their biological traits, threat level according to the 

2015 IUCN Red List, and the level of commercial use. 

Species Asp (Aspius aspius) Belica (Leucaspius delineatus) 

Swedish name Asp Groplöja 

 

 
Photo: Karelj, 2011 

 
Photo: Viridiflavus, 2007 

Maximum age 20 years 8 years 

Maturity age 5 years 1 year 

Maximum size 120 cm 12 cm 

Maturity size 55 cm - 

Fecundity 80 000 eggs 2 000 eggs 

Trophic level 4.5 3.2 

Red List status Near Threatened (NT) Least Concern (LC) 

Human uses Commercial Of no interest 
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Species Bleak (Alburnus alburnus) Bream (Abramis brama) 

Swedish name Löja Braxen 

 

 
Image: Spaans, 2006 

 
Image: Harka, 2011 

Maximum age 9 years 30 years 

Maturity age 3 years 6 years 

Maximum size 16 cm 80 cm 

Maturity size 10 cm 20 cm 

Fecundity 10 000 eggs 300 000 eggs 

Trophic level 2.7 3.1 

Red List status Least Concern (LC) Least Concern (LC) 

Human uses Minor commercial Highly commercial 

 

 

 

 

 

Species Chub (Squalius cephalus) Common dace (Leuciscus 

leuciscus) 

Swedish name Färna Stäm 

 

Image: Karelj, 2011 
 

Image. Harka, 2010 

Maximum age 22 years 12 years 

Maturity age 6 years 3 years 

Maximum size 45 cm 35 cm 

Maturity size 30 cm 17.9 cm 

Fecundity 200 000 eggs 30 000 eggs 

Trophic level 2.7 2.9 

Red List status Least Concern (LC) Least Concern (LC) 

Human uses Minor commercial Of no interest 
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Species Crucian carp (Carassius 

carassius) 

Eurasian minnow (Phoxinus 

phoxinus) 

Swedish name Ruda Elritsa 

 

 
Image: Karelj, 2011 

 

 
Image: Pinot, 2009 

Maximum age 30 years 13 years 

Maturity age 4 years 1 year 

Maximum size 64 cm 12 cm 

Maturity size - 5.1 cm 

Fecundity 100 000 eggs 1 000 eggs 

Trophic level 3.1 3.2 

Red List status Least Concern (LC) Least Concern (LC) 

Human uses Highly commercial Minor commercial 

 

 

 

 

 

Species Gudgeon (Gobio gobio) Ide (Leuciscus idus) 

Swedish name Sandkrypare Id 

 

 
Image: Wissink, 2018  

 
Image: Viridiflavus, 2009 

 

Maximum age 8 years 23 years 

Maturity age 3 years 7 years 

Maximum size 13 cm 100 cm 

Maturity size 9.3 cm 24 cm 

Fecundity 8 000 eggs 190 000 eggs 

Trophic level 3.1 3.8 

Red List status Least Concern (LC) Least Concern (LC) 

Human uses Of no interest Commercial 
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Species Roach (Rutilus rutilus) Rudd (Scardinius erythrophtalmus) 

Swedish name Mört Sarv 

 

 
Image: Institute of Inland Waters, Hellenic 

Center for Marine Research, 2010 

 
Image: Nies, 2006 

Maximum age 20 years 20 years 

Maturity age 5 years 3 years 

Maximum size 50 cm 35 cm 

Maturity size 14 cm 8.1 cm 

Fecundity 200 000 eggs 200 000 eggs 

Trophic level 3 2.9 

Red List status Least Concern (LC) Least Concern (LC) 

Human uses Commercial Minor commercial 

 

 

 

 

 

Species Tench (Tinca tinca) Vimba bream (Vimba vimba) 

Swedish name Sutare Vimma 

 

 
Image: Karelj, 2011 

 
Image: Tokic, 2006 

Maximum age 20 years 20 years 

Maturity age 3 years 6 years 

Maximum size 60 cm 50 cm 

Maturity size 20 cm 25 cm 

Fecundity 300 000 eggs 300 000 eggs 

Trophic level 3.7 3.3 

Red List status Least Concern (LC) Near Threatened (NT) 

Human uses Commercial Minor commercial 
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Species White bream (Blicca bjoerkna) Zope (Ballerus ballerus) 

Swedish name Björkna Faren 

 

 
Image: Algirdas, 2006 

 
Image: Harka, 2011 

Maximum age 20 years 20 years 

Maturity age 4 years 5 years 

Maximum size 45 cm 45 cm 

Maturity size 12 cm 27 cm 

Fecundity 100 000 eggs 25 000 eggs 

Trophic level 3.2 3.2 

Red List status Least Concern (LC) Least Concern (LC) 

Human uses Minor commercial Minor commercial 

 

 

 

In 2018, over 127 tonnes of 

cyprinids were landed from 

Swedish lakes and reported 

to SwAM by commercial 

fishermen (SwAM, 2019a). 

Bream (Abramis brama) 

dominates landings with 110 

tonnes, followed by roach 

(Rutilus rutilus) with 13 

tonnes (see figure 3). This 

can be compared to 560 

tonnes of landed Zander 

(Sander lucioperca) during 

the same period (SwAM, 

2019a). The reported numbers 

do not include the bycatches 

that are caught and returned to the water, and no recreational fishery landings. Hence the 

magnitude of the actual total cyprinid catches cannot be derived from the reported data.  

 

In the commercial fisheries examined through interviews in this study, to what degree caught 

cyprinids are landed varies considerably between the three lakes: 72% of the caught cyprinids 

are landed in Bolmen, 18% in Vänern, and only 2% of the cyprinids caught in Mälaren 

respectively. The commercial fisheries included were all performed using pound nets, while 

the reduction fisheries utilized three types of fishing gears: pound net, seine and trawl. 

  

1795

110286

13296
179 1879

Asp Bream Roach Crucian carp Tench

Figure 3. Pie chart showing the reported landings of freshwater 

cyprinid species in 2018 (SwAM, 2019a) 

Official landings 2018 (kg) 
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3.2 Life Cycle Assessment  

Inventory 

A total of 14 commercial fishermen provided data from Bolmen, Mälaren and Vänern, and 

three reduction fishermen provided data from 20 fishing occasions in eight different lakes. Data 

from five reduction fishing occasions in two lakes was extracted from published reports 

(Sandström, 2011, Annadotter et al., 2013).  

Sample representativity 

The variation between the 

three lakes in percentage of 

cyprinids in landings seems 

to follow the same pattern in 

both the sample and the 

whole fleet, with cyprinids 

making up the largest 

portion of the landings in 

Bolmen, and smallest in in 

Mälaren. Based on the 

similarities shown in figure 

4, the sample is at large 

representative for the 

population. The data on 

reduction fisheries was 

recovered from some of the most well-known Swedish reduction fishery projects such as in 

Ringsjön and Finjasjön and covered 40% of all the recent reduction fisheries granted funds 

from SwAM as Local Water Management Projects (SwAM, 2019c). Based on this percentage, 

the sample was considered representative for Swedish reduction fisheries. 

The cyprinid percentage in the landings vary considerably between fisheries in the different 

lakes (see table 4): from 0.8 % in Mälaren to 57.5 % in Bolmen, but also within the lakes. The 

total yearly landings of all fish and total fuel consumption does however not vary as 

dramatically between lakes. This leads to a relatively homogenous average fuel consumption 

per kg cyprinid, between 0.06 and 0.18 L of fuel per kg live weight. The majority of the 

commercial fisheries utilized petrol fueled engines, while only two uses diesel. The cyprinid 

landings have the potential to increase substantially based on the information on the today 

discarded bycatches, which in turn would lead to a higher fuel efficiency from higher landing 

volumes.  

  

Figure 4. Graph showing the percentage of cyprinids in the total 

landings of the commercial fishermen in the sample group and 

the entire fishing fleet, for different lakes 
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Table 4. Inventory data on landings, potential landings and fuel use from year 2018 with standard 

deviations for the commercial pound net fisheries in the three lakes included in this study. 

Lake % 

Cyprinids 

in 

landings 

Total landing 

per fisher 

(tonnes) 

Cyprinid 

landing 

per fisher 

(tonnes) 

Potential 

cyprinid 

landing 

per 

fisher 

(tonnes) 

Fuel 

use per 

fisher 

(m3) 

Fuel 

efficiency 

(l/live-

weight) 

Vänern 19.0 18.2 ± 12.6 3.5 ± 6.0 18.8 ± 

14.6 

2.2 ± 

1.2 

0.13 ± 

0.07 

Mälaren 0.8 20.7 ± 6.7 0.2 ± 0.4 8.0 ± 6.2 3.5 ± 1. 

4 

0.18 ± 

0.06 

Bolmen 57.5 40  23 32 2.2 0.06 

Average 14.1 21.2 ± 10.2 3.0 ± 6.9 13.5 ± 

11.9 

3.0 ± 1. 

4 

0.15 ± 

0.07 

 

 

The reduction fisheries all target primarily cyprinids, leading to a very homogenous landing 

composition (see table 5). Small perches (Perca fluviatilis) were on occasion included in the 

landings from pound nets and seines, making up the missing few percent. However, the fuel 

efficiency per kg live weight fish differed considerably between the different gear types, with 

seines being on average 24 times more efficient than the trawl. The seine and pound net 

reduction fisheries were all conducted with petrol driven engines, but the trawlers utilized 

diesel. 
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Table 5. Inventory of landings and fuel use of the reduction fisheries with standard deviations, divided 

into groups based on gear type.  

Gear % 

Cyprinids 

in landings 

Total landing 

per lake 

(tonnes) 

Cyprinid 

landing per 

lake (tonnes) 

Fuel use 

per lake 

(m3) 

Fuel 

efficiency 

(l/live-

weight) 

Pound nets 98% 16.3 ± 15.6 15.9 ± 15.4 0.22 ± 

0.14 

0.02 ± 0.01 

Seine 99% 23.7 ± 19.1 23.4 ± 19.2  0.10 ± 

0.06 

0.005 ± 

0.004  

Trawl 100% 65.5 ± 22.3 65.5 ± 22.3 7.58 ± 

3.01 

0.12 ± 0.05 

Average 99% 28.8 ± 25.9 28.5 ± 25.9 1.65 ± 

3.27 

0.04 ± 0.05 

 

Impact assessment 

The relative proportions of the carbon footprints for the different fisheries are very similar to 

the fuel use intensities (compare table 5 and 6), but are slightly affected by the different fuels 

utilized. As a result, the relative difference between trawl and seine is even larger than if only 

fuel use intensity was considered (see figure 5), since the trawlers used in the reduction fisheries 

runs on diesel and not petrol. The Kruskal-Wallis test showed no statistically significant 

difference in the carbon footprint between cyprinids caught commercially in Bolmen, Mälaren 

or Vänern (H = 3.51, p = 0.17, df = 2). The second Kruskal-Wallis test, comparing the effect 

of reduction fishery gear type on the carbon footprint in pound net, seine and trawl, showed a 

significant difference between the fishing methods (H = 18.28, p = 0.0001, df = 2).  
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Table 6. Carbon footprint per FU (kg edible) of the fisheries included in this study, including average, 

minimum and maximum values. 

Fishery type Lake Average CO2e 

(kg) 

Min CO2e 

(kg) 

Max CO2e 

(kg) 

Commercial 

 

 

 

 

Bolmen 0.28 - - 

Mälaren 0.90 0.40 1.29 

Vänern 0.67 0.36 1.16 

TOTAL 0.77 0.28 1.29 

Potential 0.53 0.20 1.09 

Reduction  

 

 

 

Pound nets  0.10 0.03 0.27 

Seine 0.03 0.01 0.07 

Trawl 0.71 0.32 1.07 

TOTAL 0.20 0.01 1.07 

 

 

 

Figure 5. Stacked column chart showing the contributions of fuel combustion and production to the 

total calculated average carbon footprint of one FU for commercially fished lakes and different gears 

used in reduction fisheries.  

Interpretation 

The linear regression analyzes showed a significant positive correlation between carbon 

footprint and engine power (p=1.52E-5, N=24, R2=0.58, t=5.52, see figure 6) as well as a 

significant negative correlation between carbon footprint and cyprinid abundance (p=0.0007, 

N=21, R2=0.46, t=-4.04, see figure 7). In other words, the fishermen using larger motors, and 

possibly larger boats, generally emit more GHG-emissions per kg of fish, and fishing in areas 

with higher densities of cyprinids generally results in less emissions than fishing in areas of 

low cyprinid abundance.  
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Figure 6. Scatterplot of the relationship between carbon footprint for one FU and engine horsepower 

in fisheries using pound nets 

 

 

Figure 7. Scatterplot of the relationship between carbon footprint of one FU and cyprinid abundance 

assessed from monitory fishing (NORS, 2019) in fisheries using pound nets 

 

A significant difference between carbon footprints in areas of different ecological status were 

also detected using a Kruskal-Wallis test (H = 18.46, p = 0.0004, df = 3). Fishing in waters 

with poorer ecological status generally lead to lower carbon footprint (see figure 8), possibly 

as a result of higher cyprinid abundancy.  
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Figure 8. Column chart showing the average carbon footprint with standard deviation for one FU of 

cyprinids caught in pound nets depending on the ecological status of the fishing location.  

 

The carbon footprint of the cyprinids examined in this study is substantially lower than that of 

most popular seafoods of today (see figure 9), with the equivalent unit of cyprinids caught in 

current commercial fisheries representing only about a third of the climate impact compared to 

popular fishes like Cod (Gadus morhua), Saithe (Pollachius virens), and Salmon (Salmo salar). 

Herring (Clupea harengus) is the only species with a smaller carbon footprint then the current 

cyprinid fishery but emits three times more GHG emission per kg edible yield than the average 

reduction fishery examined. All terrestrial animal protein sources in this comparison have 

considerably higher emissions per edible yield than the cyprinid fisheries, with Swedish beef 

having a carbon footprint 35 times higher than commercially caught cyprinids today (RISE, 

2018). The only vegetable protein source included in the comparison, brown beans produced 

in Sweden, has a slightly smaller climate impact than even the potential commercial cyprinid 

fisheries, but is still considerably higher than that of cyprinids caught in reduction fisheries. 
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Figure 9. Column chart showing average carbon footprints for one FU of the cyprinids based on this 

study in relation to other more popular protein sources (based on data from RISE Climate Database). 

The comparison with other fisheries presented by Parker (2018) places freshwater pound net 

and reduction fisheries amongst the most fuel-efficient fishery types, with the carbon footprint 

only matched by the fisheries of pelagic fisheries smaller than 30 cm (see figure 10). The 

reduction fishery does however have the smallest carbon footprint of all fishery groups 

according to the data acquired in this study. 
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Figure 10.  Column chart showing the average carbon footprints for one kg of live weight fish, including 

theoretical estimations for upstream production of boats, gear etc, for the Swedish freshwater fisheries 

examined in this study, relative to marine seafood categories presented by Parker et al. (2018).   

3.3 Productivity-Susceptibility Analysis (PSA) 

A total of 19 freshwater fish species were included in the PSA: the 16 cyprinids and the three 

target species Perch (Perca fluviatilis), Pike (Esox lucius) and Zander (Sander lucioperca).   

Risk scores for productivity 

The available data (presented in table 3) was found to be sufficient to calculate productivity 

risk scores as defined in Hobday et al. (2011). In only two cases could the information not be 

found (see Appendix 1). The cut-off values showed a difference in productivity between 

cyprinid species without being adapted to regional circumstances. As a group, the cyprinids 

had an average productivity score of 1.57 (SD 0.18). The target species had an average 

productivity score of 1.90 (SD 0.07), which is higher than any of the individual cyprinid 

species.  

Risk scores for susceptibility  

The available data was not enough to provide values for all susceptibility attributes, and as a 

result, several were given a 3 (high risk) based on data deficiency. None of the two 

encounterability attributes could use existing data. A definition of “habitat overlap with 
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fishery” (table 2) suitable for pound nets could not be found, setting the score of 

encounterability 1 to 3.  The fishing depth was defined as 0-30 m based on data acquired during 

the interviews, but information regarding depth ranges of the cyprinids could not be found. 

Thus, lacking the possibility to score any of the two categories with data, the overall 

encounterability score was set to 3.  

 

Bream was the only cyprinid species making a considerable contribution to the total catches in 

todays’ Swedish freshwater pound net fisheries (SwAM, 2019a) and was together with the 

current target species given a 3 (high risk) in the post-capture mortality cut-off. All other 

cyprinids were considered bycatch discarded alive and given a score of 2 (medium risk). The 

risk score for post capture mortality was adjusted to 3 (high risk) for all species in the PSA on 

the potential future fishery, where retainment of all caught cyprinids was assumed. The 

cyprinids had an average susceptibility score of 2.17 (SD 0.34) in the commercial fishery. The 

average score for the current target species was 3.00 (SD 0.00), and for cyprinids as a potential 

future retained group 2.70 (SD 0.41). In reduction fisheries, the total susceptibility was 

assumed to be 3 for all cyprinids. 

Vulnerability scores and PSA-plots 

The cyprinids had an average vulnerability score of 2.69 (SD 0.34) in the current fisheries, and 

3.13 (SD 0.40) in a potential future fishery landing all cyprinids, as a result of the increased 

susceptibility score (post-capture mortality). Both of these vulnerabilities are surpassed by the 

current target species Perch, Pike and Zander on 3.55 (SD 0.04).  

Out of the 16 considered cyprinid species, six species are considered having low, ten medium 

and one high vulnerability respectively to the current freshwater pound net fishery using this 

PSA method (table 7). In a future fishery with 100 % retainment of cyprinids, the vulnerability 

scores increase for all species in the family (see figure 11). Only one species (Eurasian minnow) 

can be considered having low vulnerability even in a future increased fishery, while five have 

medium and the rest high vulnerability.   
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Table 7. Productivity, Susceptibility and Vulnerability scores of the 16 Swedish cyprinids and 3 target 

species in the commercial fishery. The vulnerability score for a potential land-all scenario, and 

corresponding risk categories are also seen 
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Asp 2.00 2.33 3.07 Med 3.61 High 

Belica 1.43 1.88 2.36 Low 2.73  Med 

Bleak 1.29 1.88 2.27 Low 2.66 Med 

Bream 1.71 3.00 3.46 High 3.46 High 

Chub 1.43 2.33 2.73 Med 3.32 High 

Common dace 1.43 2.33 2.73 Med 3.32 High 

Crucian carp 1.71 2.33 2.89 Med 3.46 High 

Eurasian minnow 1.57 1.43 2.12 Low 2.28 Low 

Gudgeon 1.43 1.88 2.36 Low 2.73 Med 

Ide 1.86 2.33 2.98 Med 3.53 High 

Roach 1.57 2.33 2.81 Med 3.39 High 

Rudd 1.43 1.88 2.36 Low 2.73 Med 

Tench 1.57 2.33 2.81 Med 3.39 High 

Vimba bream 1.71 2.33 2.89 Med 3.46 High 

White bream 1.43 1.88 2.36 Low 2.73 Med 

Zope 1.57 2.33 2.81 Med 3.39 High 

Perch 1.86 3.00 3.53 High 3.53 High 

Pike 2.00 3.00 3.61 High 3.61 High 

Zander 1.86 3.00 3.53 High 3.53 High 
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Figure 11. PSA-plots showing the vulnerability scores for cyprinids in current pound net fisheries 

on the left side, and in potential future pound net fisheries on the right.  

In the land-all scenario, the only Susceptibility cut-off category resulting in different scores for 

different cyprinid species was selectivity, giving smaller species a lower score than larger. This 

led to the smallest species, Eurasian minnow (Phoxinus phoxinus) being the only species with 

low vulnerability even to a potential land-all fishery. The different productivities of the cyprinid 

species do however generate differences in total vulnerability scores as well, with the cyprinid 

with the highest productivity risk score, asp (Aspius aspius), also having the highest 

vulnerability score at 3.61. Other relatively high-risk species include Ide (Leuciscus idus), 

Bream (Abramis brama) and Vimba bream (Vimba vimba), while Bleak (Alburnus alburnus), 

Rudd (Scardinius erythrophthalmus) and White bream (Blicca bjorkna) are less vulnerable 

even as target species. In reduction fisheries, where the susceptibility score of all cyprinids 

were set to 3 due to the reduction fishery method, the average vulnerability score for cyprinids 

were 3.39 (SD 0.09) placing them all in the high vulnerability category. 

 4. Discussion 

The objective of this study was to evaluate cyprinids as a food resource from an 

environmentally holistic point of view, by assessing both the climate impact and the ecological 

risks posed by current and potential Swedish freshwater fisheries for cyprinids. The results 

from the product-based assessment clearly indicate that cyprinids as fished today is already a 

seafood resource with considerably lower carbon footprint than most of the commonly 

consumed protein sources today. Furthermore, an even lower carbon footprint may be achieved 

simply by landing and utilizing cyprinids that are discarded today. However, the commercial 

utilization may potentially be smaller than estimated depending on the sizes of the discarded 

cyprinids, which is unknown, since small individuals may not be commercially interesting. The 

smallest cyprinids are on the other hand not caught in today’s commercial pound net fisheries, 

due to the 60 mm escape openings, which may limit this potential overestimation. Furthermore, 

potential variability in taste and quality of the different cyprinid species is not considered in 

this study, and therefore it is not possible to say whether a portion of the catches would be 

discarded due to some species being unsuitable for consumption. However, only 3 of the 16 
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cyprinid species are considered of no commercial interest (FAO, 2019), which indicates that 

most are potential target species.     

The statistical tests in this study detected no significant differences in carbon footprint between 

cyprinids from different lakes. This implies that even if the proportion of cyprinid in catches 

varied between lakes, a general carbon footprint can be communicated for commercially fished 

cyprinids in Sweden caught in pound nets, instead of each water individually. The significant 

difference between the gears used in reduction fisheries however indicates that gear-specific 

carbon footprints would have to be communicated. In commercial fisheries this may not be a 

big issue, since pound nets are the gear catching the absolute majority of the landed cyprinids. 

Since seine is the gear with lowest emissions in reduction fisheries, this could advocate for the 

exclusive use of seines. However, seine fishing is primarily utilized during the autumn, when 

the fish are inactive and can be caught in large quantities using the gear. Pound nets are used 

during spring, when the active cyprinids are more likely to swim into it. The two gear types 

complement each other, leading to a better effect of the reduction fishery.  

The carbon footprint does however not indicate ecological risks with the fishery, which today 

is associated to data deficiencies which is a common issue in freshwater fisheries (Arlinghaus 

et al., 2002). The cyprinids can with the methodological approach used here, which is a marine 

based assessment, and data available today generally be considered to have a low to medium 

vulnerability to the pound net fishery, with the exception of Bream (Abramis brama), reaching 

high vulnerability as it is already landed to an extent. However, since none of the cyprinids has 

a higher vulnerability than the current target species, even in a scenario where 100% of them 

are landed, it can be hypothesized that the regulations instated to protect Pike, Perch and Zander 

from overfishing may be sufficient to keep the cyprinids at safe levels as well. Monitoring the 

stock status of the cyprinids would nevertheless be preferable, as there are differences in 

vulnerability between the species which implies that it cannot be guaranteed that the different 

species would react the same to the fishing pressure.  

The outcome of the PSA model used in this report was highly influenced by the size of the fish, 

both to determine the productivity and partly the susceptibility to fishing of the species. As a 

consequence, the smaller species were generally found less vulnerable to the pound net 

fisheries than the larger. Pinsky et al. (2011) showed that this may not always be true, and that 

populations of small, short lived, fish species has been as prone to collapsing due to overfishing 

as populations of larger species with longer life cycles. Possible explanations for this include 

that fishery managements often permit higher exploitation rates for species with a faster life 

cycle and that the quick changes in population size of these species require an equally quick 

adaptation of the fishing pressure to avoid overfishing (Pinsky et al., 2011). Furthermore, 

freshwater and marine fish may in general have different vulnerability to life history parameters 

such as size (Reynolds et al., 2005; Olden et al., 2007). This implies that although the PSA 

used in this study show that the smaller species are less vulnerable, care should be taken to 

assure that these species are not fished beyond what the population can take if they are landed 

in the future. 
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Further investigations are needed to evaluate commercial interest of different species. The least 

vulnerable species was the Eurasian minnow (Phoxinus phoxinus). Using this species for future 

consumption would however require modifications of the pound nets, and the regulations for 

the pound net fishery. Therefore, Eurasian minnows does not appear to be one of the most 

interesting species for that purpose. Species that seems like better potential future target fishes 

include Rudd (Scardinius erythrophthalmus) and White bream (Blicca bjoerkna) due to their 

relatively low vulnerability combined with descent size for commercial interest. White bream 

is however easily confused with young specimens of its close relative, the Bream (Abramis 

brama), which is more vulnerable to the fishery according to the PSA. One solution to these 

types of issues could be to introduce legislation that require larger cyprinids to be released 

alive. Less interesting species for a future fishery include Asp (Aspius aspius) which is both 

red-listed and have the highest vulnerability, Zope (Ballerus ballerus) also red-listed, and 

Belica (Leucaspius delineatus) on which fishery is forbidden.  

4.1 Improvement potentials 

If cyprinids were to replace popular products consumed today, the commodity replaced has a 

large influence on how current GHG would be affected. Based on results in this study, the most 

dramatic change would come from replacing 1 kg of Swedish beef with 1 kg of Swedish 

cyprinids, which would lead to a reduction of over 26 kg CO2e for both current reduction- and 

commercial fisheries. In terms of replacing seafood, exchanging 1 kg cod with commercially 

caught cyprinids would result in a reduction of 1.5 kg CO2e, while the replacement of herring 

would lead to an increase by 0.1 kg of CO2e respectively. The cyprinids caught in reduction 

fisheries have even lower carbon footprints, and would from a strict GHG-emission point of 

view be a preferable food commodity even above the only vegetable protein source considered 

in this report, the brown beans. However, the quality of the fish caught in the eutrophicated 

lakes may not be acceptable for human consumption, and supply chains need to be developed 

to ensure high-quality products for human consumption. These cyprinids may on the other hand 

be suitable for other purposes, like animal feed. The carbon footprint of cyprinids caught in 

reduction fisheries included in this study are in fact even lower than that of marine pelagic fish 

(Parker et al., 2018), which are commonly used for such purposes. Therefore, the use of 

cyprinids for production of animal feed would still be positive from a climate point of view, 

contributing to feed ingredients to aquaculture much needed (Troell et al., 2014). 

As a fishery, also the commercial Swedish pound net fishing has a small carbon footprint, of 

less than half the size of any of the other fishery types described by Parker et al. (2018), except 

for the pelagic species smaller than 30 cm. The fishing method in itself can therefore be 

considered as a fuel-efficient fishery compared to the methods used to catch most other popular 

species today. Parker et al. (2018) also present the data by product type and by region, with the 

carbon footprint of the pound net fisheries examined in this study being smaller than the 

average of all continents, and for fish for both human consumption and non-food products. The 

average carbon footprint of fish used for meal and oil is on 0.4 kg CO2e smaller than for the 

current Swedish commercial pound net fishery, but larger than both the potential commercial 

and reduction fishery.  
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Carbon footprint for cyprinids caught in pound nets showed a significant positive correlation 

with engine horsepower. This implies that more powerful engines, and presumably larger boats, 

are not associated with a catch increase large enough to compensate for the higher fuel 

consumption. Limiting the engine horsepower is one way to reduce the climate impact in 

freshwater pound net fisheries. However, engine and boat size are to a large extent linked to 

the quality of the work environment of the fishermen, and hence a reduction in these may not 

always be desirable (J. Fogel, Pers. Comm.). The age and type of motor also affects the GHG-

emissions, regardless of horsepower (Ziegler & Hansson, 2003).  

The negative correlation between cyprinid abundance and carbon footprint is not surprising, as 

catching efficiencies of static gear types has previously been proven to be affected by the fish 

density (Angelsen & Olsen, 1987). This is in opposition to trawling, which can remain as 

effective even with declining fish abundances (Harley et al., 2001), since the gear can follow 

the fish. Nevertheless, the results suggest that the pound nets only become increasingly 

effective with the levels of cyprinid densities represented in this report, as opposed by for 

example baited hooks, for which the efficiency may level off at the abundance were all hooks 

are catching one fish (Angelsen & Olsen, 1987).   

4.2 Scaling up 

To realize an increase in consumption of Swedish cyprinids, a market for them would need to 

develop, as today’s consumer interest is low. Projects to develop products from cyprinids and 

establish supply chains are currently being conducted (e.g. at Stockholm county administrative 

board) and are necessary to achieve such a scenario. If it in the future is economically 

reasonable to land cyprinids, to what extent could they contribute to an increase in Swedish 

seafood volume available for consumption?  

To reach the average dietary intake of seafood goals set by the National Food Agency (NFA), 

Swedish citizens would need to increase the consumption by 3.75 kg per person and year, or 

over 38 000 tonnes as a nation (Borthwick et al., 2019; SCB, 2019b). Based on the data on 

released bycatches received from the fishermen, a future fishery when all cyprinids are retained 

in the commercial fishery and extrapolated to all active fishermen in their respective lake would 

tentatively yield almost 412 tonnes of live-weight cyprinids from Bolmen, Mälaren and 

Vänern, or 228 tonnes edible. This would still only represent 22 g fish per year and person in 

Sweden (based on Swedish population in 2018; SCB, 2019), and less than 1% of the increase 

in fish consumption recommended by NFA (Borthwick et al., 2019). If the average discarded 

bycatch (22%) was extrapolated to all additional freshwater pound net fishermen in other 

Swedish lakes, the total landing could be 632 tonnes (350 tonnes edible), or 32 g per Swedish 

citizen and year. While this is just a small contribution to the total Swedish consumption, it 

adds to the seafood availability. If used to replace imported cod, consuming these 350 tonnes 

could result in a decrease of over 500 tonnes of CO2e per year. The volume of cyprinids the 

Baltic sea could contribute with is not considered in this report. 

The potential maximum volume available to consumption from the reduction fisheries is more 

difficult to estimate, as no information regarding how many Swedish lakes are potential 
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candidates for reduction fisheries is available, and would require more research to be obtained. 

However, making the rather bold assumption that all Swedish lakes with poor or unsatisfying 

ecological status would benefit from reduction fishing of cyprinids, and the catch per hectare 

in the reduction fisheries included in this study can be extrapolated to all lakes of respective 

ecological status, a total catch of 3 050 tonnes (edible yield) may be possible. This would 

represent 8% of the increase in fish consumption recommended by the NFA. If all of these 

cyprinids would replace cod for direct consumption, GHG emissions could decrease with 6 200 

tonnes of CO2e according to the results presented in this study. This would however reasonably 

not be a stable yearly catch, as reduction fisheries are meant to reduce the cyprinid densities 

considerably, leading to lower catches following years. 

4.3 More research needed 

 

This study has found that cyprinids have a remarkably low carbon footprint in comparison to 

other more commonly consumed seafood products. However, while this study does not 

consider the transport of the caught fish, it is likely that this stands for a considerable relative 

contribution to the climate impact since the emissions from fishing is comparatively low. The 

emissions from the transportation itself may not be higher than that of other fish products, but 

if the supply chain is not optimized, which is likely due to the small-scale nature of today’s 

cyprinid fisheries, it is likely. It may on the other hand be lowered in a future with larger catches 

better logistics. On the other hand, the fishery in Bolmen has no addition from the supply chain 

since it is locally consumed (Tiraholms fisk, 2012). 

 

The PSA used in this study revealed differences in vulnerability between the different cyprinid 

species, but an adaptation of the model to freshwater circumstances, especially to detect any 

differences in the susceptibility category, would probably be desirable. Different versions of 

the PSA have been used as stand-alone assessments on numerous occasions, to evaluate both 

target and bycatch species, including mammals and birds (e.g. Micheli et al., 2011; Ormseth & 

Spencer, 2011; Arrizabalaga et al., 2011). There is however only one example of when PSA 

has been used to assess the vulnerability in a freshwater context. Roux et al. (2011) used the 

model to examine the vulnerability differences between populations of Arctic char (Salvelinus 

alpinus) in the Nunavut territory, Canada. Generally, cut-offs for productivity are adapted to 

the fish assembly on which the PSA is performed (Micheli et al., 2011). Departing from this 

practice, the study presented here may not be sufficiently effective in visualizing the differences 

that do exist between different freshwater species. However, the susceptibility cut-offs are the 

ones resulting in the smallest differences between species in this study, and an adaptation of 

the model to Swedish freshwater conditions would therefore probably also benefit from 

changes in those cut-offs.  

 

Whether the cyprinids are suitable for consumption from a health risk perspective is highly 

relevant if they are to be considered a future food source. While the fishes are consumed in 

other regions (e.g. Finland, Poland), a study by Lepom et al. (2012) revealed that the mercury 

levels in Bream (Abramis brama) of German rivers often exceeded the environmental quality 
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standard set by the European union for mercury levels in biota. It is unclear to what extent 

Swedish cyprinids also contain hazardous substances such as heavy metals or toxins, which 

would need to be examined before cyprinids could be fully recommended as a food source. 

This is especially true for the cyprinids caught in reduction fisheries, since lakes with a high 

inflow of nutrients also often can have a high inflow of other substances as well. Since the 

pollutants can differ between sources, it is likely that tests would need to be made in all 

individual lakes.    

4.4 Sources of error  

In general, the data from reduction fisheries had a higher resolution, since the removal of 

cyprinids from the eutrophicated lakes is monitored to enable later evaluation of the effects. 

This data could often be shared and used in this report. In the cases of commercial fisheries, 

the data was often assessed from estimations of catch sizes, fuel consumption per fishing trip 

and number of fishing trips per year, made by the fishermen over the phone. Furthermore, the 

amount of released bycaught cyprinids in commercial fisheries was inevitably a rough 

estimation, since no data is collected by the fishermen, while no cyprinids were released in 

reduction fisheries. No information was collected on the sizes of the landed or discarded 

individual cyprinids in any of the fisheries, making the assumption that all fishes were 

potentially commercially interesting, regardless of size. It is however possible that only larger 

cyprinids would be usable, in which case the carbon footprint of the potential future cyprinid 

fisheries may be underestimated. The use of the same yield in all cyprinid species is another 

source of error, since in reality the different shapes and sizes of Swedish cyprinids reasonably 

lead to different edible yields. Lastly, the assumption that none of the discarded cyprinids are 

caught again is possibly one of the larger sources of error in this study, leading to potential 

overestimations of the potential cyprinid landings, and an underestimation of the carbon 

footprint of a land-all fishery.   

5. Conclusions 

The carbon footprints of the cyprinids caught in the fisheries examined in this study varies from 

an average of 0.77 kg CO2e per kg edible for commercial pound net fisheries to as low as 0.03 

kg CO2e per kg edible for reduction fisheries with seine. The commercial fisheries could 

potentially decrease the carbon footprint further, down to 0.53 kg CO2e per kg, just by landing 

a larger proportion of the caught cyprinids. Even though the current commercial fisheries have 

a higher carbon footprint than reduction fisheries, they are still lower compared to most of the 

more popular protein sources. Compared with most other popular seafood products consumed 

in Sweden, the cyprinid fisheries considered in this study also have a small carbon footprint. 

Therefore, an increase of cyprinids on the Swedish dinner table is promising from a climate 

perspective.  

 

The 16 different native species of cyprinids were found to have different vulnerability to 

fishing. Based on how the pound net fishing looks today, the cyprinid with the potentially 
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highest vulnerability is Bream (Abramis brama), highly influenced by the higher post-capture 

mortality. In a future where all cyprinids are landed, more than half of the cyprinids are 

potentially highly vulnerable according to the PSA-model. No cyprinid species however 

reached higher vulnerability scores than the most vulnerable target species considered, Pike 

(Esox lucius) in today’s or the potential fishery. The two seemingly most interesting species 

for a future cyprinid fishery are Rudd (Scardinius erythrophtalmus) and White bream (Blicca 

bjoerkna) as they are amongst the least vulnerable while still being of descent size for 

commercial interest.  

 

To this end, the very low carbon footprint but potential vulnerability of the cyprinids show that 

fishing could be expanded but with caution. If the cyprinids can be harvested in a sustainable 

way, they could either replace a small portion of food with higher climate impact or allow for 

an increase in seafood consumption.  
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Appendix 1 

Table 1. Productivity scores for all cyprinid species and three target species of Swedish commercial 

pound net fisheries according to the cut-offs from Hobday et al. (2011), where a value of 1 equals to 

high productivity and 3 low productivity. 

 

Species Age at 

Maturity 

Max 

age 

Fecundity Size at 

Maturity 

Max 

size 

Reproductive 

Strategy 

Trophic 

level 

Productivity 

score 

Asp 2 2 1 2 2 2 3 2.00 

Belica 1 1 2 1* 1 2 2 1.43 

Bleak 1 1 2 1 1 2 1 1.29 

Bream 2 3 1 1 1 2 2 1.71 

Chub 2 2 1 1 1 2 1 1.43 

Common 

dace 

1 2 1 1 1 2 2 1.43 

Crucian carp 1 3 1 2* 1 2 2 1.71 

Eurasian 

minnow 

1 2 2 1 1 2 2 1.57 

Gudgeon 1 1 2 1 1 2 2 1.43 

Ide 2 2 1 1 2 2 3 1.86 

Roach 2 2 1 1 1 2 2 1.57 

Rudd 1 2 1 1 1 2 2 1.43 

Tench 1 2 1 1 1 2 3 1.57 

Vimba bream 2 2 1 1 1 2 3 1.71 

White bream 1 2 1 1 1 2 2 1.43 

Zope 2 2 1 1 1 2 2 1.57 

Perch 2 2 2 1 1 2 3 1.86 

Pike 2 3 1 1 2 2 3 2.00 

Zander 2 2 1 1 2 2 3 1.86 

* lacking maturity size data, maximum size was used.  
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Table 2. Susceptibility scores for all cyprinid species and three target species of Swedish commercial 

pound net fisheries according to the cut-offs from Hobday et al. (2011), where a value of 1 equals to 

high susceptibility and 3 low susceptibility. 

 

Species Availability 

1. 

Availability 

2. 

Encounterability 

1. 

Encounterability 

2. 

Selectivity Post-

capture 

mortality 

Susceptibility 

score 

Asp 3 3 3 3 3 2 2.33 

Belica 3 3 3 3 2 2 1.88 

Bleak 3 3 3 3 1 2 1.88 

Bream 3 3 3 3 3 3 3 

Chub 3 3 3 3 3 2 2.33 

Common 

dace 

3 3 3 3 3 2 2.33 

Crucian 

carp 

3 3 3 3 3 2 2.33 

Eurasian 

minnow 

3 3 3 3 1 2 1.43 

Gudgeon 3 3 3 3 2 2 1.88 

Ide 3 3 3 3 3 2 2.33 

Roach 3 3 3 3 3 2 2.33 

Rudd 3 3 3 3 2 2 1.88 

Tench 3 3 3 3 3 2 2.33 

Vimba 

bream 

3 3 3 3 3 2 2.33 

White 

bream 

3 3 3 3 2 2 1.88 

Zope 3 3 3 3 3 2 2.33 

Perch 3 3 3 3 3 3 3.00 

Pike 3 3 3 3 3 3 3.00 

Zander 3 3 3 3 3 3 3.00 

 


