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Abstract 
 

This study examines the costs in terms of lost revenues inflicted upon the vendace 
fishing industry by increased seal predation in the Bothnian Bay between the years 
of 2008 and 2017. A partial bioeconomic model is used to estimate the costs of 
predation, where a constant stock management type is assumed. The results show 
that the average predation cost is approximately 4500 SEK per ringed seal and 2300 
SEK per grey seal. A 10 percent increase in the ringed seal population is estimated 
to result in 7,1 million SEK in lost revenues on average, which would constitute 15 
percent of the total average revenue of the vendace fishing industry. A 10 percent 
increase in the grey seal population would on average result in 482 thousand SEK 
in lost revenues. The predation costs are considered to be economically large, but 
the actual estimates should be taken lightly due to uncertainty in the underlying 
data. 
 
Keywords: fishery economics, predator-prey, seal, vendace, predation cost, 
bioeconomic  
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1. Introduction  
In the fresh water of the Bothnian Bay, the fish species the vendace has been harvested for 

many decades for its valuable roe known as “Kalix Löjrom”, a delicacy in Sweden and around 

the world (NKFPO, 2019). Before the start of the harvesting season of 2018, the scientists from 

the Swedish University of Agricultural Sciences (SLU) advised for a reduction of harvest of 

almost 80 percent. This was explained by the increasing seal consumption vendace as well as 

changes in the vendace reproduction rate which relies heavily on environmental factors such as 

salinity and water temperature (HaV, 2019). According to the vice chairman of the local 

fishermen organization, such a decrease would have risked the availability of vendace roe on 

the market and the product as a whole to go under (Havet, 2018). The seal’s consumption of 

fish is evidently recognized as a negative externality from the perspective of the vendace fishing 

industry but the actual costs in terms of lost revenues are unknown. It is therefore of interest to 

try to estimate the predation costs from the perspective of the vendace fishing industry.  

 

This study has two main objectives. The first objective is to estimate the economic costs 

inflicted upon the vendace fishing industry by an increase in the seal population. The second 

objective is to compare these economic costs across time to understand trends. These objectives 

are interesting for many reasons, for instance, for management purposes, possible policy 

implications and to get an idea of how large the revenues lost to seal predation are relative to 

the fishing industry’s current revenues. To my knowledge, this sort of study has not been done 

for the Bothnian Bay before. Previous studies have instead looked at economic costs from 

damage to fishing gear and already caught fish (e..g. Holma, Lindroos and Oinonen, 2014; 

Waldo, Paulrud and Blomquist, 2019). This study will instead focus on the biological 

interaction between the predator, the seal, and the prey, the vendace.  

 

The study is limited to only estimating costs for the vendace fishery, while in reality there also 

are other fish species affected by seal predation. To not make the modelling too costly, only the 

most economically important species, the vendace is included. Biological interactions among 

prey species and bird versus prey interactions are neglected in the analysis. This study tries in 

firsthand to estimate the costs inflicted upon the vendace fishery by seal predation, while on the 

other hand, the fishing industry’s negative externalities upon the seal population could just as 

well be the main focus. Also, as pointed out by Flaaten (2011), non-consumptive values of 

sealing should also be included in a complete analysis, but due to lack of available information 
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about societies valuation of seals in the Bothnian Bay and the time required to survey societies 

valuation they are not included in this analysis. In further research, a complete analysis where 

costs and benefits are weighed against each other would be of interest.  

 

The result of this study shows that the average yearly predation cost per ringed seal for the 

vendace fishery in the Bothnian Bay is estimated to be around 4500 SEK. A 10 percent increase 

in the ringed seal population would on average result in approximately 7 million SEK in lost 

revenues, equal to approximately 15 percent of the average annual total revenue. The yearly 

predation cost per grey seal is estimated to be approximately 2300 SEK and due to a lower 

Bothnian Bay population, a 10 percent increase would imply nearly 485 thousand SEK in lost 

revenues.  

 

This study is organized as follows: in the next second section, a background on the Swedish 

vendace fishery is presented. The third section discusses previous literature and in the fourth 

section a theoretical framework will be laid out. In the fifth and sixth chapters, I present the 

methodology used and the data, respectively. The empirical results are presented and discussed 

in the seventh chapter. Finally, the eight chapter concludes this study.  

2. Background on the Swedish vendace fishery 

The vendace (in latin, coregonus albula) is fished for its valuable roe. The fishing season is 

short and only lasts for five weeks, between the 20th of September and the end of October every 

year. Almost the entire harvest, 97 percent, is caught with trawlers in a limited area with a 

limited number of vessels. The current number of vessel licenses are limited to 35 even though 

new fishers are applying to enter the fishery (Lassen and Ríos, 2017; NKFPO, 2019). The 

trawler vendace fishery is co-managed between the Coastal fishermen in Norrbotten Producers’ 

Organization (NKFPO) and public authorities, where the fishermen organization is required to 

establish a plan for the regulation of catches with the consultation from the Swedish University 

of Agricultural Sciences (SLU). Since 2015, SLU has been issuing an annual catch advice based 

on ICES guidelines for a sustainable fishery. Given a number of uncertainties such as predation 

by seals, the computed F"#$, usually regarded as the maximum allowable harvest, is not 

considered to be reliable enough as catch advice. Advices have instead recently been based 

on	F&'(, a more conservationist maximum recommended harvest, where the risk of a reduced 

vendace spawning stock biomass is significantly lower than in	F"#$. In the end, the fishermen 
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organization has the main responsibility for fulfilling the management plans and a harvest above 

the recommendation does not result in legal consequences (Lassen and Ríos, 2017). In 2015, 

the vendace fishery received the Marine Steward ship council certification as a classification of 

a sustainable fishery (Lassen and Ríos, 2017). In a report from 2019, it was however concluded 

that the stock is decreasing and is harvested beyond its maximum sustained yield as of 2018 

(Lassen and Ríos, 2018; HaV, 2019).   

 

The recruitment of vendace depends largely on temperature and salinity but is also conditional 

on the spawning stock biomass and harvest. The vendace is a short-lived species and rarely gets 

older than 8 years, as a results stock size varies significantly from year to year and hence also 

the fishable biomass. The management of the fishery therefore requires flexibility with short 

downtimes to adjust for changes. Since 2009 the fishery has been evaluated with hydro 

acoustics and the results show a decrease in the biomass for the last three years. The data is 

however uncertain, partly because of uncertainties in the Bothnian Bay seal population and its 

dietary patterns, and also because of uncertainty regarding the vendace natural mortality. (HaV, 

2019) 

3. Literature review  

The interactions between seals and commercial fisheries can be divided into two categories: 

there are direct interactions, which occur close to passive fishing activities and may include 

damages to fishing gear and damage to fish that already have been caught, and indirect 

interactions where seals and fisheries compete for a common resource (Harwood and Walton, 

2002). The vendace fishery is almost completely carried out with trawling, which means that 

direct interactions such as damage to fishing gear is not an issue, instead indirect interactions 

is the problem as the vendace is a popular “food” for the seal in the Bothnian Bay (Strömberg, 

Svärd and Karlsson, 2012; Lundström et al., 2014).  When reviewing previous studies 

concerning seal fish interactions in Swedish waters it is evident that studies with direct 

interactions are most common (e.g. Rafferty, Brazer and Reina, 2012; Holma, Lindroos and 

Oinonen, 2014; Waldo, Paulrud and Blomquist, 2019).  

 

To my knowledge there is no study concerning the indirect economic costs of predator and prey 

interaction inflicted upon the fishing industry in the Bothnian Bay or Baltic Sea, while outside 

Swedish waters there are a few. Flaaten and Stollery (1996) developed a partial bioeconomic 
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model to analyze the cost of predation (e.g., forgone revenues because of seal predation) when 

the complete ecological interactions are unknown. The data required is data on revenues and 

costs of the fishing vessels, information about the predator’s prey consumption as well as the 

estimated predator stock population. They apply their model to the case of the Northeast 

Atlantic Minke whale’s consumption of herring, capelin and cod, where they estimate the cost 

for the fishing industry of a 10 percent increase in the Minke whale stock to be nearly $US 19 

million, at 1996 price level. In their article, they discuss the predation costs under three types 

of management, which are to either keep a constant effort, a constant catch or a constant stock, 

where the latter is maintained by adjusting the catch quota in response to increased predation. 

They assume a constant stock management type in their empirical example to calculate the costs 

of predation. 

 

In a more recent study by Trijoulet et al. (2018) an age-structured mixed species multifleet 

model to evaluate potential impacts of seal predation on the West of Scotland’s demersal 

fisheries’ revenues and net profits is developed. For fish species with no age-structured data 

available, a Schaefer surplus production function is used. The aim of the study is to estimate 

the economic impacts of a change in the resource dynamics driven by seal predation. They state 

that the impacts of grey seal predation on fisheries never have been fully examined. The model 

developed is tested in three different equilibrium scenarios, which are a “status quo in fishing 

mortality equilibrium” where fleet effort is assumed to be constant, the “bioeconomic 

equilibrium” where open access to the fishery is assumed where vessels will enter the fishery 

until profits are equal to zero, and a “maximum economic yield” equilibrium where the fishery 

is closed to new entrants and the fleets work together to obtain a sustainable fishery and the 

summed net profit is maximized. In the model, prices are assumed to be constant, explained by 

the fact that the price is dictated by the European market and a change in quantity of local 

landings would have a small effect on fish prices. Trijoulet et al. (2018) find that the largest 

fishing vessels are the most affected by a change in the grey seal population in all three 

scenarios. The percentage change in revenues for the largest vessels is much larger than the 

change in the seal population. However, the results show that for the fishery as a whole, a 

change of ± 30 percent in seal predation only results in approximately a 5 percent change in 

revenues. This is explained by the fact that the commercially valuable Nephrops is unaffected 

by seal predation. The “maximum economic yield” scenario is the only scenario where profits 

also are affected by seal predation. But overall as concluded in the report, seal predation effects 

on revenues are small when considering the whole fishery. (Trijoulet et al., 2018) 
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Trijoulet et al. (2018) as well as Flaaten and Stollery (1996) conclude that an increase in the 

seal stock population has a negative effect on fishing revenues. A distinction between Flaaten 

and Stollery’s article in 1996 and Trijoulet et al.’s in 2018 is the complexity of their models - 

a multi-species model versus an age-structured multifleet multispecies model. Both studies only 

look at a few years when estimating the economic impacts of predation. Trijoulet et al. (2018) 

estimate the predation costs based on average fishing revenues and fishing costs between 2007 

and 2011, while Flaaten and Stollery (1996) estimate the costs for the year of 1991 but with the 

average fish price of 1991-1992. To put my own study in the context of Trijoulet’s and 

Flaaten’s, what distinguishes mine is the inclusion of 10 years of continuous economic data on 

the vendace fishery which will allow for a wider analysis of aspects of costs related to different 

seal populations. The model being used to estimate predation costs in my study is the one by 

Flaaten and Stollery (1996).  

4. Theoretical framework 

In the 1950s, the Canadian economist H. Scott Gordon published his article “The economic 

theory of a common property resource: the fishery” (Gordon, 1954) which addressed a key 

economic problem in fisheries management. The problem was the inevitable consequence of 

dissipation of economic rents (profits) due to the common property characteristics of the 

fishery. Explained as that new vessels will begin to fish as long as there is still some profits/rent 

to be made, this could be illustrated as either 𝐸*+ or 𝑋*+ in Figure 1 below, where E is the 

fishing effort and X the stock level.  By assuming constant prices for fish and constant unit cost 

of effort, the total (sustained) revenue curve in Figure 1 is obtained. The total (sustained) 

revenue curve is based on the yield-stock curve, where the maximum of the yield stock curve 

is the most a fishery can harvest without decreasing the fish population. The maximum is 

commonly referred to as MSY and is short for “maximum sustained yield” (Munro, 1992). 
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Figure 1. Bioeconomic equilibrium (BE), optimal effort (MEY) and biological equilibrium (MSY) in effort (E) and 
stock level (X). The direction of the arrow indicates the most likely direction of a change of optimal X or E if the 
species is a predator or prey. Figure from Flaaten (2011).   

MSY has received critique from Gordon among other economists for ignoring economic factors 

but is implemented as policy in many fisheries around the world today. Gordon argued that 

when fishing revenues and harvesting costs were taken into consideration, it could be shown 

that optimal economic management, MEY, would be more conservationist than a management 

strategy based on MSY which is illustrated in Figure 1 above. (Munro, 1992) The MEY 

(maximum economic yield) will lead to lower fishing effort and higher resource rent than in 

MSY, where resource rent is the gross catch value minus the harvest costs. The bioeconomic 

equilibrium (BE) is a result of open access to the fishery resource, i.e. vessels will enter the 

fishery until the resource rent is dissipated. The results shown in figure 1 are valid for a single 

species fishery whenever the optimum is derived by maximizing the present value of rent or 

the annual economic rent (Flaaten, 2011).  

 

In a two species model, the MSY is replaced by the maximum sustainable yield frontier (MSF), 

which is derived by maximizing the yield for one species keeping the yield for the other species 

constant. The maximum sustainable yield frontier is not the most common management type 

within the biology field, neither does it take economic benefits and costs of fisheries into 

account. Most species are still managed according to MSY or some related concept (Flaaten, 

2011). If the two fisheries in Figure 2 are maximizing their yields separately, the combined 

yields will give the allocation S*, which is above the MSF.  
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If the predator has a low market value and the prey a high market value, the optimal combined 

harvest is in the proximity of X in Figure 2, here the predator stock has been fished down to 

leave more prey behind. Illustrating this in Figure 1 would mean an increased effort in the 

predator fishery. Depending on the fish species or sea-mammal, harvesting a certain species 

can be seen as controversial as described by Yodzis (1994). The vendace fishery in the Bothnian 

Bay is one of the fisheries based on MSY concepts, worth to mention is that the scientists has 

started to take the seal consumption of vendace into account when calculating MSY (HaV, 

2019). 

 

I continue by introducing a biomass model of the prey described by Flaaten and Stollery (1996). 

This model will lay the foundation of this study.     

The variables included in the model are the following:  

X= Stock level of vendace 

𝐵3= Stock level of seal (i=1 for ringed seal and i=2 for grey seal) 

C = Seal’s yearly consumption of vendace 

H = Fisher’s yearly harvest of vendace 

E = Fishing effort in the vendace fishery. (Effort: number of fishing days)  

𝐺 = Growth of the vendace stock  
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Figure 2. MSF gives the maximum possible yield of the predator given 
the yield for the prey and vice versa.  
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The seal’s consumption is a function of the vendace stock level as well as the stock level of the 

seal, C = C(X,𝐵3), where 

 
67
68
≥ 0, 67

60<
≥ 0. 

Both an increase in the vendace stock level and an increase in the seal population is assumed to 

increase the seal’s consumption of vendace. The vendace stock dynamics can be described by 

the following equation:  
68
6=
= 𝐺(𝑋) − 𝐶(𝑋, 𝐵3) − 𝐻, 

 

where 6C
68
≥ (≤)0			for	𝑋 ≤ (≥)	𝑋-1/. 

G(X) > H and X is somewhere between 0 and K where K is the carrying capacity of the prey. 

Carrying capacity is the population size of a species below which its numbers tend to increase 

and above which its numbers tend to decrease, in other words, the population size the ecosystem 

can manage to hold (Britannica, 2018). 

 

The fisher’s annual harvest is a function of the stock level and the fishing effort:  

H = H(X, E), 

𝑑𝐻
𝑑𝐸 > 0,					

𝑑𝐻
𝑑𝑋 > 0,					

𝑑K𝐻
𝑑𝐸K ≤ 0				

𝑑K𝐻
𝑑𝑋K ≤ 0. 

 

Increased fishing effort as well as an increasement in the vendace stock is assumed to increase 

harvest. Equation (1)-(3) will be used to analyze the economic costs of an increased predator 

stock on the prey fishery.  

 

Whether the vendace fishery is in the bioeconomic equilibrium, MSY equilibrium or MEY 

equilibrium or somewhere in between is of great importance. For instance, if the prey fishery 

is in the bioeconomic equilibrium, there can be no loss in rent because it has already been 

dissipated as described by Flaaten (1996). To be sure the model described in the method section 

is applicable for the vendace fishery it is crucial to understand what kind of management type 

in this fishery is used. Based on the previous section on the background of the vendace fishery, 

I will assume that the management goal is to keep a constant spawning stock biomass, this is 

motivated on the grounds of the MSY management type of fishery. The next section will hold 

a detailed description of the assumption of a constant level of the prey stock.  

(1) 

(2) 

(3) 
) 
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4.1 Effects for a constant level of the prey stock 
Let’s assume a constant stock level of the prey, denoted as 𝑋. This is done by adjusting 

harvesting to compensate for predator consumption. Equilibrium from (2) implies:  

𝐻 = 𝐺L𝑋,	𝐵3M − 𝐶(𝑋, 𝐵3). 

The derivative with respect to the predator stock holding the prey stock constant is: 
6N
60<

= − 67
60<

< 0; 		𝑋 = 𝑋. 

Information about the 67
68
	, the seals increased consumption of vendace by an increase in the 

vendace stock, is not needed in the model because of the assumption of a constant stock level 

of the prey. 

 

The derivative of (4) shows that the harvest decreases by an increase in predator consumption, 

the change is unequivocally negative. The loss ratio with a constant prey stock is:  

𝐿R = −

𝑑𝐻
𝑑𝐵3
𝑑𝐶
𝑑𝐵3

= 1	 

The interpretation is that an increase in the predator’s consumption following an increase in its 

stock level is matched by the loss of harvest in the prey fishery. Keeping the stock at a constant 

level, it can be seen as a transfer of harvest from the prey fishery to the predator by reducing 

fishing effort. The sustainable rent for a given stock level would be given by:  

𝜋 = 𝑁L𝑋M ∙ (𝐺L𝑋M − 𝐶L𝑋, 𝐵3M) 

Where N(X) is the net value per unit of catch. The marginal cost of predation is:  
𝑑𝜋
𝑑𝐵3

= −𝑁L𝑋M ∙
𝑑𝐶
𝑑𝐵3

< 0				when		𝑋 = 𝑋	 

For a constant level of the prey stock, the cost of an increase in the predator population is 

negative. Information about 67
60<

 is usually not available but denoting the average predator 

consumption as 𝑐(𝑋, 𝐵3) and hence total consumption 𝐶(𝑋, 𝐵3) = 𝑐(𝑋, 𝐵3) ∙ 𝐵3	the predator 

stock’s effect on its consumption can be expressed as 
𝑑𝐶
𝑑𝐵3

= 𝑐 + 𝐵3 ∙ 	
𝑑𝑐
𝑑𝐵3

 

where 6]
60<

≤ 0.	 If we neglect the last term of (8), that the predator’s per capita consumption of 

the prey decreases with an increase in the predator population, the predator’s functional 

(4) 
 

(5) 
 

(6) 
 

(7) 

(8) 
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response is independent of the predator stock level, it becomes easy to calculate equation (8) 

above.  

 

Other than keeping a constant stock level, constant effort and constant catch is other possible 

management types. If interested, Flaaten and Stollery (1996) review these other management 

types in their article. They show that, given initially equal prey stocks and a zero social discount 

rate and where the fishery is managed as to maximize resource rent all different management 

types give the same loss to predation.   

5. Methodology  
The predation cost per seal depending on species i, is estimated by multiplying the net value 

per unit of catch in the fishery N(X) with the seal’s yearly consumption of vendace in kilos 

𝐶(𝐴3, 𝑆3) : 

𝑃𝑟𝑒𝑑𝑎𝑡𝑖𝑜𝑛	𝑐𝑜𝑠𝑡3 = 𝑁(𝑋) ∙ 𝐶(𝐴3, 𝑆3) 

where 

𝑁(𝑋) = 𝑃8 ∙ 𝑚 

𝑃8	= Price/kg of vendace 

𝑚 = (1 −
𝑉𝐶
𝑇𝑅	) 

VC are total variable costs compromised of labor and other variable costs. TR is the total 

revenue for the entire fleet as described and illustrated in the data section, m is interpreted as 

the profit to total revenue ratio, and will be assumed to be 0 < m < 1.  

 

𝐶(𝐴3, 𝑆3) = 𝐴3 ∙ 𝑆3, and is seen as little c in equation (8). 𝐴3 is the estimated energy requirement 

in kilos per seal and year. The subscript i takes value 1 if ringed seal and value 2 if grey seal. 

𝑆3 is the proportion of the seal’s fish consumption constituting of vendace. So multiplying 𝐴3 

and 𝑆3 gives the yearly consumption of the vendace in kilos.  

 

The economic impacts of an increase or a decrease in the predator populations will be calculated 

according to the following:  

𝐵3 ∙ ∆𝐵3 ∙ 𝑁(𝑋) ∙ 𝐶(𝐴3, 𝑆3)	 

Where 𝐵3 is the total biomass of the predator population, ∆𝐵3 is the percentage change in the 

predator population, (i=1 is the subscript for ringed seal and the subscript for grey seal is i=2).   
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The model assumes that the vendace fish population is homogenous and equally available to all 

seal and fishermen which in reality it probably is not. If 𝐶(𝐴3, 𝑆3) is a good estimation for the 

average proportion of vendace consumed in Bothnian bay as a whole, this will necessarily not 

be a problem when estimating predation costs per seal. The model is also deterministic, a 

stochastic model could be of advantage due to all the uncertainty in the underlying data but 

because of such a small dataset and the information available, a deterministic model is used. 

 

Further on, the vendace is a short-lived species with a highly volatile yearly spawning 

depending on water temperature, salinity etc. The strength as well as the weakness of the model 

is that such variables are not included. An age structured biological model would be of 

advantage for short run analysis, and management of fish stocks compared to simpler biomass 

models. The biomass-based bioeconomic model used in this study is still useful for illustrating 

the economics part of biologically interdependent species. (Flaaten, 1998) 

 

Given the data available, I still believe I use an appropriate model to describe the costs of 

biological predation on the fishery. A model will always be a simplification of reality, but the 

model will still accomplish the goal of estimating the costs of predation on the fishing industry 

in a satisfying way by including the biological interaction between predator and prey and the 

net value of catch of the fishery along with predator population estimates. One of the greatest 

drawbacks is however the assumption of a linear functional response. Another functional form 

that takes the decrease in consumption of vendace in respect when the predator population 

increases would be ideal. Information regarding changes in prey consumption of a change in 

the predator population is unfortunately unavailable.   

 

Because of uncertainty in relative prey consumption and seal stock level estimates, different 

scenarios will be estimated. For ringed seal, the predation costs per seal will be calculated for 

six different scenarios. They are the minimum, mean and maximum values of the confidence 

interval for the relative consumption of vendace together with the two different assumptions of 

the cost share of the vendace fishery as described in the next section. The predation costs per 

grey seal will only have two different scenarios calculated based on the different cost shares 

due to unknown confidence intervals.  

 

When estimating the total costs of 10 percent increases in the predator populations, values will 

be calculated on the most likely minimum/maximum value based on the lowest/highest 
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consumption of vendace along with the highest/lowest haul out shares. A mean value will be 

calculated based on all mean values. 

6. Data and descriptive statistics  
The data gathered stretches for 10 years between 2008 and 2017 and comes from a few sources 

(Lundström, 2012; Strömberg, Svärd and Karlsson, 2012; Lundström et al., 2014; HELCOM, 

2015, 2018; Swedish Agency for Marine and Water Management and SCB, 2019).  The 

variables needed to estimate the model described in the previous section are the following:  

 
𝐵3 = 	𝑡𝑜𝑡𝑎𝑙	𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛	𝑜𝑓	𝑡ℎ𝑒	𝑝𝑟𝑒𝑑𝑎𝑡𝑜𝑟	 

𝐶(𝐴3, 𝑆3) = 𝑡ℎ𝑒	𝑎𝑚𝑜𝑢𝑛𝑡	𝑜𝑓	𝑝𝑟𝑒𝑦	𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑	𝑏𝑦	𝑝𝑒𝑟	𝑦𝑒𝑎𝑟	𝑝𝑒𝑟	𝑢𝑛𝑖𝑡	𝑝𝑟𝑒𝑑𝑎𝑡𝑜𝑟 

𝐴3 = 	𝑌𝑒𝑎𝑟𝑙𝑦	𝑒𝑛𝑒𝑟𝑔𝑦	𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡	𝑝𝑒𝑟	𝑠𝑒𝑎𝑙	𝑖𝑛	𝑘𝑖𝑙𝑜𝑔𝑟𝑎𝑚𝑠 

𝑆3 = 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒	𝑝𝑟𝑒𝑦	𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛	 

𝑃R = 𝑒𝑥	𝑣𝑒𝑠𝑠𝑒𝑙	𝑝𝑟𝑖𝑐𝑒/𝑘𝑔	𝑜𝑓	𝑝𝑟𝑒𝑦  

𝑉𝐶 = 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒	𝑐𝑜𝑠𝑡𝑠	𝑓𝑜𝑟	𝑎𝑙𝑙	𝑣𝑒𝑠𝑠𝑒𝑙𝑠	 

𝐿 = 𝐿𝑎𝑏𝑜𝑢𝑟	𝑐𝑜𝑠𝑡𝑠	𝑓𝑜𝑟	𝑎𝑙𝑙	𝑣𝑒𝑠𝑠𝑒𝑙𝑠 

𝑇𝑅 = 𝑇𝑜𝑡𝑎𝑙	𝑟𝑒𝑣𝑒𝑛𝑢𝑒	𝑓𝑜𝑟	𝑎𝑙𝑙	𝑣𝑒𝑠𝑠𝑒𝑙𝑠 

 
6.1 Biological data 

Data for the total ringed seal population between the years of 2009 and 2016 and data for the 

grey seal population between 2008 and 2014 was gathered from the Baltic Marine Environment 

Protection Commission - Helsinki Commission (HELCOM, 2015, 2018). The methods used to 

estimate grey seal and ringed seal populations differs. When the ringed seal haul out on the 

Bothnian sea ice in spring for the molting period a fraction of them is counted and a haul out 

number is calculated. To get an estimation of the total population of ringed seals in the Bothnian 

Bay one has to know how large share is observed on the sea ice. In one study concerning the 

ringed seal’s diet consumption, the author Lundström (2014) assumes two different scenarios, 

in the first scenario, the assumption is that 50 percent is observed on ice and in the second 70 

percent. Based on these shares, a likely minimum and maximum value of the ringed seal 

population is estimated, the estimates are represented in Table 2 below. According to HELCOM 

(2018), estimates for the years 2013, 2014 and 2015 are considered statistical outliers because 

of abnormal ice conditions during the survey periods. The haul out during 2013 to 2015 led to 

the conclusion that the ringed seal population most likely exceeds 20 000 animals. Estimates 

for these years cannot be used to estimate population trends together with previous years, a haul 



 

 
  

13 

out of just 50 percent or even 70 percent is unlikely during these years, but the exact proportions 

seen during the survey periods remain unknown. Data on the biomass in 2008 and 2017 for 

ringed seal is not available and has therefore been estimated in this study using the average 

growth rate of the ringed seal provided by HELCOM (2018).  

 

Stocktaking for the grey seal is coordinated among the Baltic countries and carried out in core 

coastal areas for grey seals. The share of observable grey seals are not known but can be close 

to 80 percent of the total stock according to Harding et al. (2013). An interval between 60 to 

80 percent has therefore been constructed to estimate different seal population scenarios, this 

is illustrated in Table 2 below. Available population data on grey seals only extends to 2014. 

Grey seal populations have therefore been estimated for 2015, 2016 and 2017 based on the 

estimated growth rate according to HELCOM (2018).   

 

An important point to make is that the seal population is measured in the spring and the fishing 

takes places in the fall. In the optimal scenario, the populations should be estimated during the 

harvesting season.   

          Grey seal      Ringed seal   

Year  Haul out 60% 70% 80% Haul out 50% 60% 70%  
2008 1 340 2 233 1 914 1 675 4 790* 9 580 7 983 6 843 

2009 1 154 1 923 1 649 1 443 6 083 12 166 10 138 8 690 

2010 642 1 070 917 803 6 541 13 082 10 902 9 344 

2011 1 667 2 778 2 381 2 084 5 902 11 804 9 837 8 431 

2012 1 042 1 737 1 489 1 303 6 092 12 184 10 153 8 703 

2013 659 1 098 941 824 10 338 20 676 17 230 14 769 

2014 1 911 3 185 2 730 2 389 16 053 32 106 26 755 22 933 

2015 2 012* 3 354 2 875 2 515 19 936 39 872 33 227 28 480 

2016 2 119* 3 532 3 027 2 649 7 437 14 874 12 395 10 624 

2017 2 231* 3 719 3 187 2 789 7 876* 15 752 13 126 11 251 

Table 1. Haul out are the number of seals observed in the Bothnian Bay. Different estimations depending on 
approximations of number of total seals present. Chosen percentage according to previous studies (Hårding, 2013, 
Lundström 2014). Numbers with * are estimated using previous year and growth rate from HELCOM (2018). 

Species Energy requirement  Proportion vendace 𝐶(𝐴3, 𝑆3)  
Ringed seal 876 KG  0,36 (CI: 0,25-0,48) 315 KG 

Grey seal 2336 KG 0,068   159 KG 

Table 2. Estimated yearly energy requirement per seal, KG=kilograms. Source: (Lundström, 2012; Strömberg, 
Svärd and Karlsson, 2012; Lundström et al., 2014) Grey seal energy requirement based on the average daily 
intake between males and females, dietary data from 2010, source: Lundström (2012). Ringed seal dietary data 
from, 2007-2009.  
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Unfortunately, information about dietary patterns and prey consumption is not available yearly, 

which would have yielded the best results. Broader studies are still required to get a better 

understanding of dietary patterns and prey consumption, the lack of this data will most certainly 

not alter the direction of the economic impacts but may alter its magnitude. Strömberg et al. 

(2012) explain that data on prey consumption gives an indication about the state of different 

fish stocks as the seal is regarded to be an opportunistic feeder. In a study by Lundström (2014) 

on the stomach content of ringed seal, the data on the proportion of vendace consumed was 

estimated to be 36 percent (CI:0,25-0,48). Strömberg et al. (2012) who estimated the grey seal 

consumption of vendace to be 6,8 percent, did however not include a confidence interval. 

Lundström (2012) estimated average energy requirement for male and female grey seals, an 

average of these two have been used to estimate the grey seal’s yearly energy requirement in 

kilos.  

 

6.2 Economic data  

Economic data for 2008 to 2017 from all vessels engaging in vendace fishery was kindly handed 

to me by the Swedish Agency for Marine and Water Management (Swedish Agency for Marine 

and Water Management and SCB, 2019). The economic data received is available on fleet 

segment level, which means that total revenues and costs are summed up from all vessels 

engaging in the vendace fishery. Vendace trawlers usually also engage in other fishing activities 

and as a result the economic data contains bias from other harvested fish species. Even though 

revenues and costs per species would have been optimal, there is luckily a variable in the dataset 

expressing the share of vendace of total value of fish harvested from the vessels, which means 

the value of harvested vendace can be calculated. The remaining problem is how to proceed to 

get an estimate for the costs of harvesting vendace only. Estimating costs of harvesting vendace 

is carried out in two ways: Firstly, it is done by taking the average of the ‘share of vendace in 

value of total value’ and the ‘share of vendace in weight of total weight’ and then multiplying 

the average with total vessel costs. In this scenario it is assumed that costs to some extent are 

related to the weight and to some extent to the value and therefore the average of the two is 

used. Secondly, the default cost share with other fish included will be used in the model, in this 

scenario it is assumed that the cost shares of total revenues from the vendace fishery and other 

fisheries are the same, which is the same as scaling costs with share of value of vendace of total 

value.  
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If deducting vendace revenue and vendace costs from total revenue and total costs for both 

scenarios mentioned above and analyzing the revenues and costs of what is left for other fishing 

activities, the first assumption yields large negative profits for all years except one while the 

second scenario give positive profits for all years. One could therefore suspect that scaling costs 

after averages is too generous. Table 3 shows the initial data with other fish species included 

while table 4 shows revenue for vendace only and estimated harvest costs for the vendace 

fishery. All values are adjusted for inflation, at 2017 price level.  

 

          Vessel level – Including other species     

Year  Total harvest 

KG 

Total value 

SEK 

Variable 

costs SEK 

Labor costs 

SEK 

Share 

Value 

Share  

Weight 

Cost 

share 
2008 1 013 846 28 938 341 9 469 473 4 947 149 89% 59% 0,50 

2009 1 157 821 24 266 868 8 140 119 5 385 875 87% 66% 0,56 

2010 1 413 996 39 451 230 19 245 951 7 810 102 92% 71% 0,69 

2011 1 425 558 40 895 412 17 862 737 9 213 557 93% 78% 0,66 

2012 1 630 573 51 379 773 21 014 395 13 094 693 93% 77% 0,66 

2013 1 865 163 58 293 572 24 578 757 15 424 246 93% 77% 0,69 

2014 2 280 130 57 694 398 23 808 025 20 094 579 92% 78% 0,76 

2015 2 367 507 70 982 850 26 622 358 18 607 775 93% 78% 0,64 

2016 2 195 653 64 928 713 23 344 406 18 601 259 91% 73% 0,65 

2017 1 484 466 63 186 748 27 116 064 19 261 159 94% 66% 0,73 

Table 3. Total harvest from vendace vessels including other fish species. Share value is share of vendace of total 
value of total harvest. Share weight is share of vendace of total weight of total harvest. Cost share is total costs as 
a share of total revenue, TC/TR. All values in Swedish kronor, SEK. (Adjusted for inflation, PPI, 2017 price level.) 

The revenue is based on contract notes supplied by the harvest receivers to the Swedish Agency 

for Marine and Water Management. In other words, total value of harvest represents the value 

in the first stage of trading. In some cases the contract notes have been missing and every 

kilogram of harvest has not been assigned a value, in these cases, the Swedish Agency for 

Marine and Water Management has estimated these values based on contract notes that already 

were tied to a harvest. Labor costs consists of both salary paid to workers and owner operator 

income, which makes sense to include considering that vessels owners probably work on the 

vessels themselves.  
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                       Only vendace       Average of value & weight  

Year Total 

harvest KG 

Total value 

SEK 

Price/KG 

SEK 

Variable 

costs SEK 

Labor  

costs SEK 

Cost share 

of revenue 
2008 585 543 25 859 246 44,16 7 012 574 3 663 588 0,41 

2009 945 995 21 085 569 22,29 6 238 226 4 127 496 0,49 

2010 1 001 605 36 239 660 36,18 15 717 669 6 378 308 0,61 

2011 1 091 260 38 221 922 35,03 15 279 347 7 881 050 0,61 

2012 1 281 245 47 790 983 37,30 17 897 028 11 152 170 0,61 

2013 1 381 586 54 184 350 39,22 20 911 235 13 122 715 0,63 

2014 1 742 529 53 336 512 30,61 20 302 779 17 136 062 0,70 

2015 1 813 793 66 260 040 36,53 22 844 686 15 967 360 0,59 

2016 1 603 515 59 033 014 36,81 19 113 379 15 229 898 0,58 

2017 989 791 59 212 681 59,82 21 587 852 15 334 344 0,62 

Table 4. Shows total harvest of vendace with trawling. Total value is total value of vendace. Variable costs, labor 
costs  and cost shares are estimated with the average of share of total value and share of total weight. Price/KG 
is calculated from total harvest and total value. All values are reported in Swedish kronor, SEK. (Adjusted for 
inflation PPI, price level 2017)  

 

 
Figure 3. . Illustrates the relationship between price per kilo of vendace and total harvest in kilograms. 

Figure 3 shows price per kilo of vendace and total harvest of vendace. Except for the outliers 

of a per kilo price of 59,82 SEK in 2017 and 22,29 SEK in 2009, most of the observations seem 

to be within an interval of 30 to 40 SEK regardless of the quantity landed.  
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7. Empirical results and analysis  
 
              Scaled value (1)        Cost share for vessels (2)  
Year Min 26% Mean 36% Max 48% Min 26% Mean 36% Max 48% 

2008 5 906 8 177 10 903 5 048 6 989 9 319 

2009 2 581 3 574 4 765 2 247 3 111 4 148 

2010 3 216 4 453 5 938 2 589 3 585 4 780 

2011 3 144 4 353 5 803 2 696 3 732 4 977 

2012 3 332 4 613 6 151 2 856 3 954 5 272 

2013 3 322 4 600 6 133 2 803 3 881 5 174 

2014 2 078 2 877 3 836 1 667 2 307 3 077 

2015 3 447 4 772 6 363 3 019 4 180 5 573 

2016 3 507 4 856 6 474 2 968 4 110 5 479 

2017 5 129 7 102 9 469 3 625 5 019 6 692 

Average 3 566 4 938 6 584 2 952 4 087 5 449 
Table 5: Estimated predation costs per ringed seal in the Bothnian Bay based on prey consumption and energy      
requirement. All values in Swedish krona, SEK, price-level 2017. Min 26% and max 48% is the confidence interval 
for the proportion of vendace of seal’s consumption.    

Table 5 shows that the average predation cost (2008 – 2017) per ringed seal is 4 938 Swedish 

kronor in scenario (1) and 4 087 Swedish kronor in scenario (2). When using the cost share of 

revenue for the whole fishery (2), the results show lower predation costs explained by lower 

profits. Worth noticing is that the differences in predation costs between years are explained 

solely by changes in the fishing vessels’ economic performance, the calculations are based on 

the same energy requirement and prey consumption. An increase in predation cost one year 

means in other words that the fishery has been more profitable in that year and hence the 

opportunity cost lost to predation is larger. It is therefore important to consider what determines 

the economic performance of the vessels. There are numerous reasons to why the revenues and 

costs can differ from year to year, it could for instance be explained by increased real wages, 

higher fuel costs, less demand for vendace, increased maintenance costs or something else. 

Unfortunately this partial bioeconomic analysis cannot identify what is caused from such 

factors and what is caused from changed seal activity. An average predation cost based on 10 

years of economic data can therefore be seen as more appealing than an estimate based on a 

sole year to get a general idea of a seal’s predation cost and not let one year be representative 

due to the risk of an extreme value. It is however still interesting to look closer at separate years 

to try to identify some of the reasons of changed predations costs.   
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Figure 4: Plot of predation cost per ringed seal from (1) and total ringed seal population when haul out is 60 
percent. Red dots (marked with asterisks) are considered as statistical outliers according to HELCOM (2018), see 
data section.  

Figure 4 above illustrates predation costs per ringed seal and the estimated ringed seal 

population given 60 percent haul out. The purpose of this figure is to attempt to identify a 

relationship between predation costs per seal and the total ringed seal population. Remember 

that a high predation cost implies a high profit and vice versa. The bioeconomic model assumes 

that an increasing prey consumption results in a reduced harvest as to keep a constant stock 

level. When there is less vendace left for the fishery, fishermen will have to reduce their harvest 

but increase their marginal effort per quantity landed which would imply increasing marginal 

costs. With this in mind, observing Figure 4, it seems like larger seal populations are related 

with lower predation cost, it cannot however be assured. The red dots are the statistical outliers 

for the seal population of 2013, 2014 and 2015, if they are removed a vaguely positive or 

ambiguous relationship between the two seems more likely. Removing the outliers is not 

instructed either, they are outliers because of a larger haul out than normal. Assuming a larger 

haul out of 80 percent for these years, will still leave the populations at 14 769, 20 066 and 

24 920 respectively and a similar relationship to the one above could be observed. In theory, an 

increased seal population should leave less room for the fishery to make profits, but as discussed 

before, factors such as increased real wages, less demand for vendace among many others also 

plays an important role.  
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Year Scaled value (3) Cost share (4) 

2008 4119 3520 

2009 1800 1567 

2010 2243 1806 

2011 2192 1880 

2012 2324 1992 

2013 2317 1955 

2014 1449 1162 

2015 2404 2105 

2016 2446 2070 

2017 3577 2528 

Average 2487 2059 
Table 6: Estimated predation costs per grey seal. Results in (1) is based on costs scaled according to average 
share of value and weight as described in data section. Cost share is cost share for entire fishery including other 
fish species.  Adjusted for inflation using PPI, price level 2017. 

In Table 6 above the estimated predation costs for grey seal is represented. The discussion 

following the results for the ringed seal also apply to the results of the grey seal. No clear 

relationship between predation costs and grey seal population is observed, see appendix A. 

 
Figure 5. Estimated foregone revenue of a 10 percent  increase in grey seal and ringed seal population.  Based 
on results from (1) and (2) with ringed seal haul out of 60 percent. Grey seal results based on results from (3) and 
(4) with haul out of 70 percent. 2015, 2016 and 2017 population for grey seal and 2008 and 2017 population for 
ringed seal is estimated using growth rates. Adjusted for inflation, price level 2017.   
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Figure 5 shows estimated costs to the fishing industry of a 10 percent increase in the seal 

populations. The cost is a cost in terms of lost revenues from seal predation. The values are 

rough estimations considering the assumptions made concerning constant prices, uncertainty in 

predator stock sizes, uncertainty in prey consumption and the linear functional form of the 

predator’s yearly prey consumption. 2013, 2014 and 2015 estimates should be treated with 

caution considering the possibility of a much larger haul out than normal during the stock 

survey period. The HELCOM (2018) report mentions that the ringed seal population most likely 

exceeds 20 000 animals between 2013 and 2015, the total predation costs for these years are 

based on populations of 17 230, 26 755 and 33 227 animals respectively. Other than altered 

populations, changed price per kilo and costs also contributes to different estimates. Under the 

assumption that 36 percent of the total consumption is vendace and a haul out of 60 percent, 

the total cost of a 10 percent increase in the ringed seal population can range from a few million 

SEK up to almost 14 million SEK based on results from (2). The average cost during the 10 

years of a 10 percent increase in the ringed seal population is 5,9 million SEK, this would 

constitute 12,8 percent of the average revenue for the same years.  If using the maximum 

estimated proportion of the ringed seal’s consumption of vendace and a lower haul out, the 

largest estimated total predation cost is 22,2 million SEK in 2015 (see Appendix B).  

 

The costs of a 10 percent increase in the grey seal population is lower and range somewhere 

between 200 000 SEK and 1,3 million SEK. Using (4), the average total predation cost of a 10 

percent increase in the grey seal population is 438 000 SEK and would constitute approximately 

0,9 percent of the average revenue.  

8. Conclusions 
The objectives of this study are to estimate the costs of seal predation and compare these costs 

across time to understand trends. The results shows that on average the loss to ringed seal 

predation of a 10 percent increase in the ringed seal population is roughly estimated to be 7,1 

million SEK which would constitute 15 percent of average total revenue, while the loss of a 10 

percent increase in the grey seal population would make up 0,9 percent of the average total 

revenue. The magnitude of the estimations should be taken lightly due to uncertainty in the 

underlying data. But based on the partial bioeconomic model, this study concludes that the costs 

of seal predation on the vendace fishing industry is large relative to the revenues. 
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It is hard to identify exactly why predation costs differ across time, it can be caused by 

exogenous factors such as increased real wages or less demand for vendace as well as changes 

in biological factors that the model does not take into account. A possible vague negative 

relationship between predation costs and the size of the seal population can be observed, but is 

not clear enough to be determined. When more information about the vendace fishery is 

available, a more developed multispecies bioeconomic model should be developed to increase 

the chance of achieving better estimates and to understand what causes changes in predation 

costs. 
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Appendices 
Appendix A 
 

 
Figure 6. Plot of predation cost per grey seal from (4) and total grey seal population when haul out is 80 percent. 

Appendix B  
 

 
Figure 7. Estimated costs of a 10 percent increase in the ringed seal population. 0,5 is for 50% haul out and 48% 
is the proportion vendace of total consumption. 0,6 – 36% is the most likely value. Based on cost share of vessels. 
Adjusted for inflation, price level 2017.  
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Figure 8. Estimated costs of a 10 percent increase in the grey seal population. Based on 6,8 percent consumption 
of vendace and a haul out between 60 and 80 percent. Based on cost share of vessels. Adjusted for inflation, price 
level 2017. 

 
Figure 9. Estimated costs of a 10 percent increase in the ringed seal population. 0,5 is for 50% haul out and 48% 
is the proportion vendace of total consumption. 0,6 – 36% is the most likely value. Based on costs scaled to vendace 
share of vessel activity. Adjusted for inflation, price level 2017. 
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Figure 10. Estimated costs of a 10 percent increase in the grey seal population. Based on 6,8 percent consumption 
of vendace and a haul out between 60 and 80 percent. Based on costs scaled to vendace share of vessel activity. 
Adjusted for inflation, price level 2017. 
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