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A B S T R A C T   

Fish stock assessment may be constrained by incomplete knowledge on all mortality sources. Seal and cormorant 
raiding fishing gear to access the catch has been asserted by fishers to be a considerable problem in the small- 
scale European eel fishery along the Swedish Baltic Sea coast. We analysed logbook data and found predator 
losses in fisheries at 13.6 ± 12.6% among catches landed in 16 Swedish harbours in subdivisions 25, 27 and 29 of 
the Baltic Sea in 2019–2021. These numbers were used to assess the total predator damage along this coast at 12 
± 10 tonnes of caught eel at a landings value (about 10% of the retail value) of 105,000 ± 97,000 euros in 2020. 
This may constrain prospects of the declining commercial small-scale coastal eel fishery. Moreover, this quan-
titative estimate may be useful in future assessments of the local stock component, with potentially important 
implications for ecological, economic and social sustainability.   

1. Introduction 

Quantifying all mortality components is essential for fish stock 
assessment (Trochta and Branch, 2021; Punt et al., 2021; Björnsson 
et al., 2022). In addition, damage by predators to the catch and gear may 
constrain the livelihood of fishers (Königson et al., 2006; Kindt-Larsen 
et al., 2023). European eel (Anguilla anguilla; henceforth eel) is a fish 
species, which spawns in the Sargasso Sea (W. Atlantic Ocean), but 
grows to its adult stage in or near Europe, northern Africa or western 
Asia (Moriarty and Dekker, 1997; Demirci et al., 2020). Natural eel 
reproduction has never been observed, but the species is regarded as 
semelparous (Tesch and Thorpe, 2003), and the one, vastly distributed, 
population is most likely also panmictic, which follows from an apparent 
absence of geographically connected genetic differences (Enbody et al., 
2021). The eel stock is affected by both natural and various kinds of 
anthropogenic mortality. In different parts of the world, a wide range of 
animals, such as sharks (Béguer-Pon et al., 2012), cormorants (Car-
pentier et al., 2009), herons (Feunteun and Marion, 1994), egrets 
(Carpentier et al., 2009), teleost fish (Miyake et al., 2018; Griffioen 
et al., 2022), otters, minks (Bonesi et al., 2004), seals (Königson et al., 
2006), and whales (Wahlberg et al., 2014; Westerberg et al., 2021), are 
known to predate on anguillid eels. Some of these predators also raid 
fishing gear to access their prey (Pardalou and Tsikliras, 2020; 
Kindt-Larsen et al., 2023; Mitchell et al., 2023). 

During the past centuries (Dekker and Beaulaton, 2016), and 

particularly since the 1980s, recruitment of eel to continental waters has 
decreased dramatically (ICES, 2022; Dekker et al., 2021). This has 
prompted measures for a sharply decreased eel fishery in Sweden and eel 
landings have diminished sharply concurrently with diminishing eel 
landings in other European countries (ICES, 2022). 

The small-scale coastal fisheries in the Baltic Sea consist of fishers 
fishing on their own with small vessels (below 12 m) that go out to sea 
over the day and then return to their home harbour. In the past, fishers 
targeted multiple species such as salmon, cod, and eel. However salmon 
and cod fisheries have been stopped or severely constrained, and the eel 
fishery is also heavily regulated. Small-scale coastal eel fisheries in 
Sweden use passive gears, which are deployed up to a few hundred 
metres from the shore, and at depths down to about 12 m Passive gears 
are classified as LIFE (low impact and fuel efficient) fishing gear due to 
their low energy use, effective species selectivity, and low gear con-
struction costs (Suuronen et al., 2012). Small-scale coastal fisheries are 
widely appreciated for their contribution to local economies and live-
lihoods (Swedish Environmental Protection Agency, 2012; Salmi et al., 
2022). Their role in cultural heritage and local ecological knowledge 
(Garavito-Bermúdez, 2016; Salmi et al., 2022) is also acknowledged. 

In addition, small-scale coastal fisheries are promoted for being 
ecologically sustainable including low carbon dioxide emissions, using 
selective gears, having low impact on bottom sediments, and being 
geographically bound, and this together will expect small-scale coastal 
fishers to have the potential to sustain viable fish stocks in the long-term 
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(Swedish Board of Fisheries, 2010; Pascual-Fernandez et al., 2020). 
Small-scale coastal fisheries are therefore recognised to improve sus-
tainability of Swedish fisheries (Björkvik et al., 2020a). 

The remaining and decreasing eel fishery in coastal parts of the Baltic 
Sea (ICES, 2022) also competes with a number of eel predator species. 
Along the Swedish west coast, harbour seal (Phoca vitulina) used to be a 
fierce competitor for eel with the fishery while attacking fyke nets 
(Königson et al., 2006, 2007) and harbour seals are also present in the 
Baltic Sea. In the Baltic Sea, seabird predation, mainly by the great 
cormorant (Phalacrocorax carbo sinensis), has been estimated at about 
340 tonnes of eel annually (Hansson et al., 2018). Hansson et al. (2018), 
however, estimated eel consumption by seal species in the Baltic Sea at 
0 tonnes per year, but it is worth noting that the study in question dis-
regarded predator attacked captured eel in fishing gear, because seals 
living near fishing gear tend to have a non-representative diet, which 
reflects the species caught in the gear (Lundström et al., 2010). Studies 
such as Lundström et al. (2007), Lundström et al. (2010) and Hjorth 
Scharff-Olsen (2019) investigated the diet of grey seals (Halichoerus 
grypus) in the Baltic Sea and typically found eel as a relatively limited 
share of grey seal food choice in the area. Yet, it is a widely communi-
cated experience among eel fishers along the Swedish Baltic Sea (Fig. 1) 
coast that their gears are regularly attacked by seal (Andreas Bryhn, 
SLU, pers. obs.; see also Björkvik et al., 2020b for an interviewed eel 
fisher in the area) and that decreased eel landings are mainly due to seal 
depredation and seal damaged gears (Svels et al., 2019). Seals and 
cormorants are found all along the Swedish coastline (Strömberg et al., 
2012a; b; Jones et al., 2022) and predator damage can be found where 
there are seals and cormorants and thereby in a majority of the different 
small-scale coastal fisheries. 

This study aims at quantifying depredation in the Swedish com-
mercial (professional) small-scale coastal eel fishery 2019–2021. Infor-
mation on the spatial variation in depredation in a fishery is important 
to be able to identify where appropriate and effective management 
measures, such as predator-safe fishing gear, could be introduced. 
Quantifying the depredation on eel can also shine light on whether seal 

and cormorant depredation is a substantial source of mortality on the eel 
substocks. These results may potentially be used in future eel stock as-
sessments in Sweden and elsewhere in the Baltic Sea. 

2. Materials and methods 

Eel fishing in Sweden has been performed for human consumption 
purposes since the Stone Age (Boethius, 2018). Today, there are about 
130 licensed eel fishers along the Swedish coast, who mainly use 
fyke-nets or larger poundnets to target the life stages yellow eel or silver 
eel (ICES, 2022). The gear use does not have any documented specific 
pattern across subdivisions. However, the fishing season tends to start 
earlier in the year the larger the distance from Torekov in Fig. 1, largely 
depending on the eel migration patterns. The analysed dataset comes 
from the Swedish Agency of Marine and Water Management (SwAM). 
Logbook data on specified predator damaged catch were studied for 
2019–2021, a request that started 2018 although the responsible au-
thority did not demand from the fisher to distinguish between different 
predators. 

Licensed commercial fishers in Sweden are required to keep records 
of their fishing operations in accordance with the EU official logbook 
system and national requirements. Depending on the size of the boat, 
there are two ways for a fisher to report his or her fishing effort and 
catch. Either, fishers report their daily catch, net type, number and 
location of nets on a monthly basis. Most fishers fishing for eels, how-
ever, have vessels below 12 m and thereby fill in a monthly logbook. In 
the monthly logbook the effort is summarised by fishing gear in number 
of gears and the number of days that the gear has been in the water. The 
monthly catch and whether there has been predator interaction or not is 
also recorded per month. 

Predator damaged catch cannot be sold and is not subtracted from 
landings quotas. However, some fishers may fail to separate between 
discards and predator damaged catch since they lack the incentive to do 
so, even though predation occurs all along the coastline (Jens Persson, 
Swedish Agency for Marine and Water Management, pers. comm). Thus, 
reported zero damage at any port during three years was regarded as 
highly unlikely and was not used in the statistical analysis. Thus, a first 
screening of the data was made to detect in which fisheries predator 
damaged eels were reported, and then, ports where predator damage 
was reported during at least two years out of three, were singled out 
from the dataset. The ratio of predator damaged eel to total landings, 
and percentual loss by predators were subsequently calculated. Statis-
tical significance at p ≤ 0.05 was tested using Generalised Linear 
Modelling (McCullagh and Nelder, 2019), applying the software 
Brodgar (www.brodgar.com). 

3. Results 

Fig. 2 shows the catch damaged by predators and landings in the 
Swedish coastal eel fishery 2019–2021. Predator damaged eel was most 
commonly reported in subdivisions 25 and 27. In some subdivisions, no 
predator damaged eel was recorded. The average landings value in 2020 
was 94 SEK (about 9 EUR) per kg of eel. The corresponding values in 
2019 and 2021 were not available. 

Since very little damaged eel was reported in most subdivisions, 16 
harbours with fisheries landings having reported depredated catch from 
at least two out of three years were singled out, and the loss of catch by 
predators in % was calculated for each year and harbour (Fig. 3; data in 
Appendix, Table A1). Out of these harbours, 7 were located in subdi-
vision 25, 8 in subdivision 27, and 1 in subdivision 29 (Fig. 1). There 
were no significant differences between subdivisions, and no significant 
trends, in terms of loss of catch by predators. 

. The predator damaged eel loss in fisheries ranged from 0% to 
65.2%, with a mean value of 13.6% and a standard deviation of 12.6 
percentage units. Provided that the Swedish non-damaged coastal 
landings amounted to about 86 tonnes in 2020 (ICES, 2022), and a 

Fig. 1. The subdivisions of the International Council for the Exploration of the 
Sea in the Baltic Sea and the eastern North Sea. In Swedish coastal waters, eel is 
fished in subdivisions 21, 23, 24, 25, 27, 29 and 30, which have been high-
lighted with yellow colour. Torekov is the northernmost fishing site in subdi-
vision 21. Black asterisks (*) mark harbours listed in the Appendix (subdivisions 
25, 27 and 29). Base map: www.openstreetmaps.org (Open Data Commons 
Open Database License). 
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landings value of 9 euro/kg, the predator induced losses in coastal 
fisheries corresponded to 12 ± 10 tonnes and 105,000 ± 97,000 euros 
that year. The retail value of eel in Sweden is, however, much higher 
than the landings value (approximately 49–110 euros/kg according to 

various Swedish fish product retail websites in 2023). 

Fig. 2. Catch damaged per fishing vessel by predators and landings in the Swedish coastal eel fishery 2019–2021. Log scales on the y-axes should be noted.  
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4. Discussion and conclusions 

Depredation on fishing gear is a widely discussed topic globally, 
among stakeholders in coastal regions, in policymaking, and in the sci-
entific literature (Pardalou and Tsikliras, 2020; Kindt-Larsen et al., 
2023; Mitchell et al., 2023). This study quantifies the depredation losses 
in small-scale coastal eel fisheries 2019–2021 in Baltic Sea subdivisions 
25, 27 and 29 at 13.6 ± 12.6%. Such results have never been published 
before for the Baltic Sea, to the best of our knowledge. 

It should be noted that damaged catch is only one in several ways in 
which predators cause losses for fishers (Königson, 2011; Calamnius, 
2018). In addition to the observed predator damaged eel in the fishing 
gears, there is an unknown mortality by predators that consume eel with 
help of the gear as an obstacle in the vicinity of the gear. This is called 
“hidden damage” and cannot be directly observed (Fjälling, 2005). 
Thus, the total eel loss for the small-scale coastal fishery due to predators 
feeding in the fishing grounds is probably higher than our estimates. 

The damage estimate in this study is lower than the 18% damage 
estimate reported by Königson et al. (2006) from the Swedish west coast 
in 2001. We therefore find it plausible to suspect that damage along the 
Swedish Baltic coastline but located in other subdivisions (Table 1) is 
underreported due to a lack of incentives for fishers to report. Reasons 
for great differences in ICES subdivisions could be flaws in data 
handling, or local fisher group behavior in many subdivisions. However, 
these possible reasons are admittedly quite speculative, and merit 
further investigation. Numbers determined in this study and reported by 
Königson et al. (2006) could possibly be used in future eel stock as-
sessments. Depredation on fishing gear is normally classified as part of 
fishing mortality, albeit often neglected and unaccounted for (Chopin, 
1996a,b; Uhlmann and Broadhurst, 2015; Hanselman et al., 2018). 

The results showed high depredation in subdivisions 25 and 27 
(Table 1). These subdivisions are the areas where eel landings are the 
highest but also areas where a large part of the grey seal population 
along the Swedish Baltic coastline is found. Suuronen et al. (2023) re-
ported that well over 25% of the grey seal population of the whole Baltic 
Sea inhabits central Sweden (subdivision 27). During the last two de-
cades, the grey seal population has increased significantly (17% per 
year) in the southern Baltic (Suuronen et al., 2023). In this area, 3,166 
(8% of the population) seals were counted in 2020 out of a total count of 
40,075 individuals. This observation provides an indication of the grey 

seal impact. The cormorant population within the EU has also increased 
from 3,500 pairs in 1960 to 220,000 pairs in 2012 with concentrations 
around the Baltic (CorMan; http://ec.europa.eu/environment/natur-
e/cormorants/home_en.htm). This development coincided with a sharp 
decrease in eel recruitment. 

Unfortunately, damage could not be specified by predator species in 
this study because that information was not specified in logbook data. 
Marks at the eel by the sharp beaks of a cormorant and by the teeth of a 
seal could be difficult for the fisher to distinguish between, but severe 
damage such as half cut eels, are doubtlessly seal damaged. However, it 
can still be assumed that the bulk of the damage origins from grey seals 
in this area, which is supported by interviews with local fishers (Svels 
et al., 2019). In earlier studies evaluating depredation in Baltic coastal 
fisheries from logbook data, voluntary logbook data and detailed data 
collected through field studies, data revealed that the main contributor 
to the depredation was grey seals (Königson et al., 2007; Königson et al., 
2009). 

Regarding the proportion of damage caused by seals or cormorants 
directly linked to the eel fishery, there is one study from Sweden on 
catch and gear data from the daily voluntary logbooks kept by profes-
sional inshore fishers during 2005 and 2006 where the fishers were 
asked to specify the cause of the damage. Cormorant damage was esti-
mated at 2% and seal damage at 15% of all emptyings (Strömberg et al., 
2012b). 

To conclude, this study has shown that in 2020, predators damaged 
13.6 ± 12.6 tonnes of eel caught in fishing gear along the Swedish Baltic 
Sea coast, at a landings value of 15,000 ± 97,000 euros. To which extent 
this damage was caused by seals compared to cormorants could, how-
ever, not be determined analysing these data. 
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Fig. 3. Loss of catch by predators (%) 2019–2021. Data are displayed by the 
home harbor of the fishing vessel and are listed in the Appendix, Table A1. 

Table 1 
Total catch damaged by predators and total landings in the Swedish coastal eel 
fishery 2019–2021.  

ICES 
subdivision 

Catch damaged by 
predators, kg 

Landings, 
kg 

Loss of catch damaged by 
predators, % 

21 0 292 0 
23 50 43,302 0.12 
24 430 6117 6.6 
25 13,623 90,566 13.1 
27 11,367 97,119 10.5 
29 7 1953 0.36 
30 0 1206 0  
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Appendix  

Table A1 
Catch damaged by predators and landings per year for 16 landing harbous (see Fig. 1 for locations) in subdivisions 25, 27 and 29 during 2019–2021.  

Harbour ICES subdivision Year Catch damaged by predators, kg Landings, kg Loss of catch by predators, % 

1 27 2019 36 373 8.8 
2 27 2019 20 344 5.5 
3 29 2019 0 216 0 
4 25 2019 0 2225 0 
5 27 2019 20 210 8.7 
6 25 2019 2190 7478 22.7 
7 25 2019 555 1137 32.8 
8 25 2019 355 3964 8.2 
9 25 2019 1041 3157 24.8 
10 27 2019 203 2474 7.6 
11 27 2019 475 3299 12.6 
12 27 2019 30 1286 2.3 
13 27 2019 67 891 7.0 
14 25 2019 299 3771 7.3 
15 25 2019 75 4990 1.5 
16 27 2019 3521 8689 28.8 
1 27 2020 27 400 6.3 
2 27 2020 50 290 14.7 
3 29 2020 5 109 4.4 
4 25 2020 388 2206 15.0 
5 27 2020 40 355 10.1 
6 25 2020 3251 7180 31.2 
7 25 2020 660 1605 29.1 
8 25 2020 370 3175 10.4 
9 25 2020 66 1880 3.4 
10 27 2020 67 1948 3.3 
11 27 2020 800 4007 16.6 
12 27 2020 100 1210 7.6 
13 27 2020 73 922 7.3 
14 25 2020 207 5573 3.6 
15 25 2020 872 5557 13.6 
16 27 2020 1754 7903 18.2 
1 27 2021 14 205 6.4 
2 27 2021 40 130 23.5 
3 29 2021 30 16 65.2 
4 25 2021 775 3039 20.3 
5 27 2021 26 311 7.7 
6 25 2021 2182 4603 32.2 
7 25 2021 615 799 43.5 
8 25 2021 290 3338.5 8.0 
9 25 2021 51 786 6.1 
10 27 2021 249 2830 8.1 
11 27 2021 980 4011 19.6 
12 27 2021 30 1018 2.9 
13 27 2021 46 798 5.5 
14 25 2021 102 2700 3.6 
15 25 2021 252 1687.5 13.0 
16 27 2021 1008 6656.5 13.2  
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