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ABSTRACT

The population size of great cormorants, Phalacrocorax carbo sinensis, has risen steeply in the Baltic Sea over the
past 40 years. The growing population has resulted in polarized conflicts between conservation and coastal
fisheries due to the losses cormorants may inflict on fisheries. Mitigation of the conflicts requires objective es-
timates of true losses to fisheries, but quantitative research on losses has been scarce. We used continuous video-
recordings to systematically quantify cormorant visits and their activity at 15 fyke nets during the 2022-2023
breeding and post breeding seasons. More than 2400 h of video footage were recorded, in which cormorants were
found for 664 h. We also quantified the frequency of fish injured by birds in coastal fishing catches using data
from the EU Fisheries Data Collection Program including data from fyke nets and gill nets. Our results show that
cormorants frequently foraged in open, floating fyke nets but relatively rarely in submerged nets, leading to
significantly higher losses in the former. Monitoring data from fyke and gill net catches covering the entire
Finnish coast revealed that the proportion of bird-injured fish in catches is very modest (0.5 %) but can be
considerable in individual catches. Finally, results indicate that cormorant visits and the proportion of injured
fish in the catch tend to increase when distance to the nearest cormorant colony decreases. We conclude that the
losses caused by birds are generally modest, except in open fyke nets where cormorants may conduct hundreds of
dives and catch dozens of fish a day. Our study shows that cormorant depredation is highly variable in time and
space, but also partly manageable by selecting gear that conforms to local cormorant pressures. We underline the
importance of systematic scientific research when measuring damage caused by cormorants and ask for evidence-
based political strategies to mitigate perceived cormorant problems.

1. Introduction

considerable predation pressure on coastal fish populations, at least
locally, as found in the coastal Baltic Sea (Hansson et al., 2018). Greater

Global fish landings are declining (Watson et al., 2013) as many
exploited fish are experiencing population drops (Pershing et al., 2015).
The reasons for the declines in fish populations are many, including
overfishing (Dulvy et al., 2014, Davidson et al., 2016), ecosystem
degradation (Verschuren et al., 2002, Alvarez-Filip et al., 2011),
changes in species-interactions in the food webs (Mills et al., 2003) and
climate change (e.g., Pershing et al., 2015). While natural predators
such as piscivorous birds and aquatic mammals consume fish, thus
competing with human fisheries, their impact on fish populations is
typically limited (Hansson et al., 2018). However, predators may exert

* Corresponding author.

predation pressure caused by increased numbers of fish-eating birds and
mammals may contribute to declines in some fish populations (Mills
et al., 2003, Neuenhoff et al., 2019, Veneranta et al., 2020, Rossi et al.,
2021). Resource competition between natural predators and coastal
fisheries — and wildlife preying from fishing gear and aquaculture —
generates human-wildlife conflicts and may result in negative attitudes
towards wildlife (Dehnhard et al., 2021, Tixier et al., 2021). Although
depredation is readily observed, we typically lack quantitative estimates
about its importance in decreasing fish catches and causing costs to
fisheries.
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Across the Baltic Sea, the population size of great cormorants, Pha-
lacrocorax carbo sinensis, has increased (Reusch et al., 2018). For
example, the Finnish breeding population has expanded over the recent
decades from only a few hundred breeding pairs at the turn of the mil-
lennium to almost 28,000 breeding pairs in 2023 (Suomen
ymparistokeskus, 2023). Cormorants are obligate piscivorous birds,
with a daily consumption of about 0.5 kg fish (Grémillet et al., 1995). As
generalist opportunists, cormorants feed on a variety of fish species and
adjust their diet and feeding areas in response to food availability
(Lehikoinen, 2005, Bostrom et al., 2012). This flexibility has largely
contributed to their rapid population growth, supported by the strict
European bird conservation laws and regulations (EU Birds Directive -
2009/147/EC), and by banning the use of DDT and PCB since the 1970s
(Beike, 2014).

The rapid expansion and population growth of cormorants has
caused increased concern about their consequences for coastal fisheries
and has brought these protected birds into widespread human-wildlife
conflicts (Marzano et al., 2013, Bregnballe et al., 2014). The conse-
quences of increased avian predation on Baltic Sea fish stocks and its
potential influence on coastal fisheries have been a persistent and
intense matter of debate (e.g., Saarikoski et al., 2024). It is evident that a
large cormorant population consumes a large quantity of wild fish, but
the current highly polarized debate is triggered by very different views
regarding the extent of how cormorant predation affects wild fish pop-
ulations and subsequent fish yields (Marzano et al., 2013).

Several different approaches have been used for estimating how
cormorants affect fish stocks. Dietary studies have compared past and
present cormorant population sizes and consequent fish yields (Vetemaa
et al., 2010 Ostman et al., 2012). Fish have been tagged and recoveries
of tags have been used to estimate the mortality rate caused by cor-
morants (Jepsen et al., 2010, 2019, Veneranta et al., 2020, Kallo et al.,
2023, Saterberg et al., 2023). Studies based on stock assessment data
combined with population models have indicated that the effects of
cormorants on fish populations are relatively small (Heikinheimo et al.,
2016, 2022). However, using the same data, Salmi et al. (2015) sug-
gested that cormorant predation may affect catches and decrease the
profitability of fishing. In some areas, cormorants have been implicated
in weakening fish stocks and seriously harming the financial viability of
commercial fishing (Hansson et al., 2018).

The losses experienced by fisheries may not only be due to smaller
fish stocks. Foraging birds have been claimed to cause bite marks and
scratches to fish that lower the market value of catches (Bryhn et al.,
2023). According to questionnaires to fishermen, avian predators have
also been said to disrupt fishing by scaring fish from fishing areas or by
damaging fishing equipment (Svels et al., 2019, Nordberg and Salmi,
2019). The presence of predators may have forced fishermen to move
elsewhere or work longer hours to compensate for lower catches or to
visit their gear more frequently, increasing the labour and production
costs of fishing (Nordberg and Salmi, 2019).

Despite a wealth of literature, research quantifying the direct im-
pacts of cormorants on small-scale coastal fisheries is scant (Marzano
et al., 2013, see however Bildsge et al., 1998). This is particularly the
case with fyke net fisheries along the Baltic Sea coast (Ovegard et al.,
2021). We lack systematically collected, quantitative data on the direct
costs of cormorants to fyke net fisheries and factors explaining variation
in these costs (such as distance to cormorant colonies or the type of fyke
net used). By direct costs, we refer to the costs from cormorants
removing or damaging fish in the catch. Such data would be valuable in
the moderation and management of the human-wildlife conflict e.g., by
finding ways to mitigate bird-caused direct costs.

We quantified the direct impacts of cormorants on coastal fyke net
fishing. We replicated our sampling over the breeding and post breeding
seasons across a wide geographic area off the coast of Finland. By using
continuously operating surveillance cameras, we 1) determined how
often cormorants visit fyke nets, 2) estimated how much fish cormorants
take from different types of fyke nets and 3) estimated whether the level
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of damage can be predicted from the distance to the closest breeding
colony. In addition, 4) we used coastal-wide monitoring data from the
EU Fisheries Data Collection Program to determine the frequency of
wounds and lesions caused by birds on commercially caught fish. Our
hypotheses were: 1) different fyke net types are differently targeted by
cormorants, 2) larger cormorant colony size and decreasing distance to
active colonies increases fish losses in fishing gear. Indirect effects, such
as reduction of wild fish stocks or scaring fish from fishing areas are
beyond the scope of this study.

2. Material and methods
2.1. Study area and the focal species

The non-tidal, brackish Baltic Sea is characterised by shallow coastal
and archipelagic areas with active coastal fisheries. The low salinity
allows for a diverse fish community including both salinity tolerant
freshwater species and euryhaline marine species. Marine species
include Baltic herring (Clupea harengus membras) and sprat (Sprattus
sprattus), whereas limnic species living in coastal areas include pike
(Esox lucius), perch (Perca fluviatilis), pikeperch (Sander lucioperca),
smelt (Osmerus eperlanus), whitefish (Coregonus lavaretus), vendace
(Coregonus albula) and several species of cyprinids.

In 1996, cormorants nested in Finland for the first time in over a
hundred years. Since then, the closely monitored population has
increased to 28,000 breeding pairs in over 50 colonies across the entire
Finnish coast (Suomen ymparistokeskus, 2023). The colony sizes in
Finland range from eight to 6800 breeding pairs (median 172 pairs, data
from Finnish Environmental Institute). Spring migration occurs from
early March onwards. As cormorants feed almost exclusively on fish and
the Finnish coasts freeze over winter months, they migrate to southern
latitudes starting in late summer.

2.2. Video surveillance

Video surveillance is a cost-effective way to quantify feeding
behaviour of birds in remote places where continuous direct observa-
tions are not possible (Lopez-Lopez, 2022). Unlike direct observations,
video footage allows for repeated analysis by several specialists, making
video observations more objective and accurate than on-site
observations.

This project was conducted in cooperation with seven commercial
fishermen, whose fyke nets and fishing events were recorded using
surveillance cameras. The main goal in this study was to evaluate the
direct effects of cormorant predation on commercial fishing. Within the
technical limits of the equipment, we allowed each fisherman to decide
where the fyke nets were positioned and which type of fyke nets were
used. As all fishermen where experienced commercial fishermen, se-
lection of sites was therefore based on years of experience for maxi-
mizing fish yields and catching target species.

Our video surveillance included data from 15 fyke nets covering a
large portion of the south and west coast of Finland (Fig. 1). In 2022,
cameras recorded cormorant activities at five fyke nets from 1st June to
17th October. In 2023, recordings took place at 10 fyke nets between
14th April and 24th August. We used continuously recording cameras
for 24 h a day. In the autumn, when light conditions were insufficient to
record at night, cameras were set to record from 4 am to 10 pm in
September and 6 am to 8 pm in October. The cameras were mounted on
the shore (approx. 1.2-1.5 m above the ground) as close as possible to
the focal fyke net and providing a view over the fishing location. The
recording period ranged from 7 to 83 days and averaged 40 days.

Video recordings were done with a SD49225XA-HNR-P Dahua PTZ
Lite-AI IR 2 Mpx 25x IP camera system (4.8-120 mm). The cameras were
powered by a 125 W solar panel and recordings were sent over a 4 G
network to a server. The image stream recorded by each camera was set
to be saved on the server as one hour video files (24 files/day). The
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Fig. 1. Left: The locations of the video-surveyed fyke nets. Fyke net types are indicated by different shades of blue circles. Number next to the circle indicates the
number of fyke nets used in each area. Position and size of cormorant colonies are shown with red dots. Right: The locations of the fish samples collected by the EU
fisheries Data Collection Program. Blue circles indicate samples collected from fyke nets, and yellow dots samples collected from gill nets. Each catch site was

sampled 1-17 times.

cameras recorded in 1280 x720 p resolution at 12 frames per second.
Altogether, recordings covered a total of 600 days (ca 14,000 h) and
came from 6 open fyke nets, 6 bottom fyke nets and 3 pontoon fyke nets.

2.3. Data processing

Because of the amount of work, equivalent to more than 8 man-years
if analysing the full material at normal speed, we subsampled our data,
and analysed every 6th day, translating to 2420 h of recordings. Sam-
pling every 6th day, instead of every 7th reduced the possibility of
including any effects of systematic human behaviour that could have
confounded results. Videos were manually analysed at 0.5-32 times the
recording speed. Whenever there was bird activity, videos were
rewatched and analysed at normal or half speed to quantify predation
pressure caused by cormorants at fyke nets. We recorded the maximum
number of birds present simultaneously each hour, the number of pre-
dation attempts (=dives), the duration of dives and the number of suc-
cessful catches in cases when predation success was possible to
determine. We defined successful predation as situations where a
cormorant brought a fish to the surface or when the throat of the
cormorant was swollen right after surfacing, indicating a recent catch.

Due to variation between cameras in their distance to the fyke net,
and variable weather and lighting conditions, verifying predation suc-
cess was not always possible. We therefore use the number of dives
(predation attempts) as an indicator of predation pressure. The number
of dives was possible to count with high accuracy in all conditions, while
the number of successful attempts could only be counted reliably during
times of excellent visibility and calm weather conditions. Dives were
categorised according to whether they occurred inside or outside the
fyke net. Observations where the bird dived outside the net but surfaced
inside, or vice versa, or dived on one side of the fyke net and resurfaced
on the other side, were counted as dives inside the fyke net.

2.4. Fyke nets

Fyke net fishing can be described as artisanal, family-based entre-
preneurship, where fishermen operate from small boats that leave to sea
at morning and return the same day. Fyke nets are commonly used in
Baltic Sea coastal fisheries targeting salmon (Salmo salar), whitefish,

herring, perch, and various species of cyprinids. Fyke nets are stationary
fish traps that have one long lead net and wings that direct fish into a bag
from where the fish are retrieved (He et al., 2021).

We compared three types of fyke nets: 1) bottom standing (n=6), 2)
open (n=6) and 3) pontoon fyke nets (n=3). In bottom standing fyke
nets, the trap is fixed to the bottom and the entire trap is covered by a
net, preventing free access from the top. The only access for cormorants
to the fish goes through the mouth of the trap. Open fyke nets are open at
the top with floats keeping the top of the net at the surface, and there is
free access from the surface for predators to enter the net. Pontoon fyke
nets, which were originally developed to reduce damage from seals
(Hemmingsson et al., 2008), are essentially bottom fyke nets, but with
inflatable pontoons under the fish chamber and an additional double
layer of netting to prevent seals and other predators from getting fish
through the net from the outside of the trap. All three types of fyke nets
are commonly used in the coastal waters of Finland.

Finnish marine commercial fishermen caught 8.1 million kg of fish in
2023 with fyke nets, which accounts for 9.0 % of all commercial fishing
(Natural Resources Institute Statistics, 2024). A large proportion of
catches from fyke nets go directly to human consumption, whereas
trawling catches are mostly used as industry products such as fishmeal.
Excluding trawling, fyke nets produced 86.7 % of all commercial catches
at sea (Natural Resources Institute Statistics, 2024).

2.5. EU Fisheries Data Collection Program and fishing protocols from
fishermen

For analysing the frequency of bird bite marks in fish caught by
fishermen, we used samples of the most important commercial fish
species that regularly are collected as part of the EU monitoring program
(EU Data Collection Framework; https://datacollection.jrc.ec.europa.
eu). Samples are collected coast-wide from commercial fishermen and
then analysed by professional public servants who compile the statistics.
In addition to basic population ecological data (species, size, sex, age),
any injury likely caused by predators are registered. The instructions by
Kortan and Adamek (2009) were used for distinguishing bird generated
marks (cormorants and other birds) from non-avian marks. We only
included fish sampled between March and September, covering most of
the time cormorants stay in Finland. We used wound information from
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perch, pike, pikeperch, salmons (pooled; brown trout (Salmo trutta),
Atlantic salmon and rainbow trout (Oncorhynchus mykiss)), whitefish
and herring from 2018 to 2023, and roach (Rutilus rutilus) and bream
(Abramis brama), for which data was available for 2022 and 2023. This
comprised 481 independent samples totalling 59 653 individual fish.
Each sample included 1-370 fish (average 124) of 1-7 species. The
number of species-specific samples were 1200. 233 samples were from
fyke nets (41 084 fish) and 249 from gill nets (18 569 fish). Samples from
fyke nets were divided into open, bottom and pontoon fyke nets,
depending on the type of gear used for each sample. Any wounds were
studied with the aim of identifying the cause (seal, cormorant, unknown
bird) when possible and all wounds likely caused by any bird were
included in this study.

In addition to the EU Fisheries Data Collection Program, the com-
mercial fishermen who participated in this study collected and made
notes on predator-damaged fish they caught. When visiting the fyke nets
they counted the number of cormorants near the trap (within 100 m of
the trap) and they also reported the biomass and species of their catch.

2.6. Modelling cormorant colony influences on wound frequency and
diving visits

One of our goals was to determine the effect of the proximity of
cormorant colonies on bird visits and the occurrence of bird-wounded
fish in fyke nets. We used cormorant nesting data from the Finnish
Environmental Institute, video surveillance data and frequencies of
wounded fish in the EU Fisheries Data Collection Program. We calcu-
lated the distance to the nearest inhabited cormorant colonies for each
fyke net in our study and fyke and gill net in the EU Fisheries Data
Collection Program data as well as the number of cormorant nests within
5, 10 and 15 km from the fishing site in the year our fishing data came
from. To account for the different sizes of the colonies, we calculated the
‘cormorant pressure’ at the three ranges by dividing the number of nests
in each colony by the distance (km) from the fishing site up to 5, 10 or
15 km. If more than one colony existed within the radius, the pressures
were added together. For example, a fyke net 4 km from a colony with
100 nests would have a cormorant pressure index of 100/4 = 25. An
additional colony with 50 nests 10 km away from the same fishing site
would increase the pressure index to 100/4 + 50/10 = 30.

All statistical analyses were performed with R version 4.2.0 (R Core
Team, 2022). We analysed our video surveillance data with a general-
ized mixed model (GLMM) with negative binomial residual variation in
the package glmmTMB (Brooks et al., 2017) to model the number of
cormorant dives on each observation day (n = 117) as a function of the
distance to the nearest cormorant colonies, cormorant pressure within a
5, 10 or 15 km radius, fyke net type, and observation month. The fyke
net identity was included in the model as a random factor. As the dis-
tance to the cormorant colonies and the cormorant pressures partly
modelled the same thing, the models were run separately for each of
these variables. The models were compared by AICc (Burnham and
Anderson, 2002). The variables in the models were tested for collin-
earity with the Variation Inflation Factor (VIF) and did not exceed the
threshold of 3 (Zuur et al., 2010). Tukey’s test in the package emmeans
was used for post-hoc comparisons (Lenth, 2023).

We analysed the data from the EU Fisheries Data Collection Program
using a generalized linear mixed model (GLMM, using the glmmTMB
package), but with binomial error distribution. The proportion of
wounded fish of each species in a sample was the dependent variable.
Explanatory variables were gear type (fyke or gill net), year, month,
latitude and longitude, fish species, average size (length in mm) of the
fish in the sample and the distance to the nearest cormorant colony or
cormorant pressure within a 5, 10 or 15 km radius. As in the video
surveillance models, the models were run separately for each of the
cormorant variables. Sample ID and trap identities were included as
random factors. Fyke nets within 100 m of similar nets (i.e., fyke net
types or nets with the same mesh size), were considered the same trap (n
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= 234). Only perch, pikeperch and whitefish (n = 28,457) were used in
this modelling, as there were only a few or no injured fish among the
other species. All cormorant pressure variables were run in separate
models, which were compared by AICc (Burnham and Anderson, 2002).
The remaining variables did not exceed the VIF threshold of 3 (Zuur
et al., 2010).

3. Results
3.1. Video surveillance

In all, we analysed 2420 h of video footage, from which cormorants
were observed for 664 h. Cormorant sightings were made at all but one
fyke net. On average, cormorant presence at the fyke nets was registered
for 6.3 £ 6.5 (SD) hours per day, but the daily variation within, and
spatial variation among fyke nets was large. At three fyke nets cormo-
rants made visits practically every daylight hour of the day; on average
during 17.0 £+ 0.7 (SD) h. The largest number of cormorants recorded
simultaneously at one fyke net was 13 individuals. The model containing
the cormorant pressure (number of breeding pairs within a 15 km radius
divided by the distance to the colony) had the lowest AICc (8AICc =
—-4.91 to —11.47) and was considered the best model. All results are
reported according to this model.

Cormorants made on average 222 + 379 (SD, range 0-1059, n=117)
dives per day in the fyke nets. Fyke net type was the most significant
predictor for the number of dives. There were significantly more
cormorant dives in floating open fyke nets (98.3 % of all dives),
compared to the two types of submerged and covered fyke (Table 1,
Fig. 2). The average daily number of dives in open floating fyke nets was
547+437 (SD, range28-1059, n=40), compared to 5.0+7.2 (SD, range
0-14.6, n=47) in bottom fyke nets and 4.3+4.1 (SD, range 1.4-9, n=30)
in pontoon fyke nets.

In addition to the fyke net type, the density of cormorants nesting in
the proximity affected the number of dives (Fig. 3). The number of
cormorant dives increased with the increasing cormorant pressures
within 15 km radius, i.e., a higher number of nesting cormorants was
associated with a higher number of dives in the fyke nets. The month
was not associated with the number of dives (Table 1).

Cormorants usually dived several times during their visit to a fyke
net. The number of dives per visit varied from 1 to a maximum recorded
number of 33 dives. In fyke nets with small fish, cormorants typically
dived several times and caught several fish during the same visit, but
when they hunted at fyke nets with larger fish, they typically stopped
hunting after one successful catch. The largest recorded catch by a single
cormorant during one feeding event was seven fish.

Where we were able to quantify the number of predated fish in
relation to the number of dives, an average of 20 dives resulted in one
successful catch, but there was considerable difference in success rate

Table 1

Parameter estimates + SD, Wald Z statistics (z) and probabilities (p) for the
predictors used in the model explaining the number of cormorant dives at fyke
nets (n = 117 days in 15 fyke nets) along the Finnish coast. The predictor
‘cormorant pressure within 15 km radius’ was standardized.

Predictor Estimate ( 4 P
+SE)
Intercept 5.35+1.23 4.36 < 0.0001
Fyke net type
Floating & Open — Bottom 8.52 + 1.08 7.86 <  0.0001
Floating & Open — Pontoon 4.78 + 0.90 5.32 0.0001
Sk
Bottom — Pontoon —-3.74+£1.11 —3.36 0.0022 **
Cormorant pressure within 15 km 1.94 + 0.46 4.20 < 0.0001
radius Sk
Month 0.23 + 0.22 1.04 0.2970
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Fig. 2. Number of cormorant predation attempts (=dives) in different types of fyke nets. Each box represents the daily number of dives in the fyke net. The coloured
box represents the 25-75 % interquartile range, the horizontal line in the box the median, and the scatter lines the maximum and minimum values, excluding possible
outliers (> 1.5 x quartile interval), which are shown with circles. The coloured horizontal dashed lines depict the mean values of the fyke net types. Note the

logarithmic scale of the Y-axis.
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Fig. 3. Modelled daily number of dives in open fyke nets by cormorants in
relation to the cormorant pressure (number of breeding pairs divided by the
distance) within a 15 km radius (red lines). The dotted lines show the confi-
dence intervals. The actual numbers of daily dives are plotted with light dots,
while the darker dots show the average for each fyke net.

among different birds and among the type of fyke net (Fig. 4). At the
upper end, the average success rate in one open fyke net was 30 %, while
at the other extreme we recorded a success rate of only 1.5 %. Inter-
estingly, in some cases, cormorants continued diving persistently in fyke
nets that had recently been emptied. In one case where the fyke net was
emptied in the afternoon, cormorants dived 234 times and caught 44 fish
(success rate of 18.8 %) during the three hours before the emptying of
the net and they dived 172 times and caught 1 fish (success rate of
0.6 %) in the two hours after emptying.

3.2. EU fisheries data collection program

Out of a total of 59 653 individual fish in the EU Fisheries Data
Collection Program, 285 fish carried wounds that were classified as
caused by birds. This is 0.48 % of all sampled fish. There were no fish
wounded in the smallest (0-100 mm) and largest (> 700 mm) size
classes. The proportion of wounded fish peaked to 1.9 % among fish in
the 400-500 mm class (Fig. 5). Even though the proportion of wounded
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Fig. 4. Scatterplot of number of fish caught by cormorants in relation to the
number of dives per day in 13 monitored fyke nets. Each point represents one
day in one fyke net. The different fyke net types are shown with
different colours.

fish in the overall data was very small, their proportion in individual
samples was several percent, up to 30 % in the most affected size classes
(Fig. 5). The species most often found wounded were pikeperch (143
individuals, 2.1 % of the total pikeperch catch), whitefish (70 in-
dividuals, 0.94 %), roach (6 individuals, 0.47 %) and perch (63 in-
dividuals, 0.44 %), whereas there were no wounded Baltic herring or
salmons.

The results of the statistical models concerning the proportion of
wounded fish (pikeperch, whitefish and perch, n = 733 species-specific
samples and 28,457 individuals) in the EU Fisheries Data Collection
Program revealed that the proportion of wounded fish was explained by
fish size, fish species and the type of fishing gear (Table 2). AICc for the
models containing the different cormorant variables did not differ
significantly (SAICc max = 1.55). We report here the results for the
model with the lowest AICc, which contained the cormorant variable
‘distance to cormorant colony’. Larger fish were more likely to have
wounds than smaller fish, and perch and pikeperch had more wounds
than whitefish (Fig. 6, Table 2). The was a higher proportion of wounded
fish among fish caught by fyke nets than among those caught by gill nets
(Table 2). There was also an indication that the proportion of injured
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Fig. 5. Proportion (%) of fish of different size wounded by birds in the data
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Table 2

Parameter estimates + SD, Wald Z statistics (z) and probabilities (p) for the
predictors used in the model explaining the proportion of wounded fish in fyke
nets and gill nets (n = 733 species-specific samples) along the Finnish coast. The
predictors ‘distance to cormorant colony’, ‘fish size’, latitude and longitude were
standardized.

Predictor Estimate ( z P
+SE)
Intercept —0.001 + 0.00 1.0000
131.2
Fish mean size in sample 1.21 +£0.22 550 < 0.0001
Kk
Distance to nearest cormorant —0.31 £ 0.16 —1.86 0.0628.
colony
Latitude 0.11 £ 0.16 —0.68 0.4995
Longitude —0.07 + 0.14 —0.46 0.6459
Month 0.00 + 0.06 —0.03 0.9761
Year —0.00 + 0.06 —0.03 0.9734
Fish trap: gill net —0.62 + 0.27 —2.28 0.0229 *
Fish species 4.10 0.0002
Perch - pikeperch 0.25 + 0.40 0.63 0.8038
Perch — whitefish 1.51 + 0.41 3.71 0.0006
Pikeperch — whitefish 1.26 + 0.38 3.35 0.0024 **
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Fig. 6. The proportion of wounded fish among different species.
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Fig. 7. The proportion of wounded fish in individual samples of the EU Fish-
eries Data Collection Program 2018-2023. The predictor ‘distance to cormorant
colony’ was not statistically significant in the full model, but indica-
tive (p=0.06).

fish was greater in fish traps that were closer to cormorant colonies
(Fig. 7, p=0.063, Table 2), where very few observations of wounds were
observed when the distance to the nearest cormorant colony exceeded ca
30 km (Fig. 7). In the full model, the proportion of wounded fish was not
associated with latitude, longitude, month or year (Table 2). The full
model explained 23 % of the variation in the proportion of wounded fish
in the samples.

3.3. Fishing protocols by fishermen

Two fishermen who participated in the project in 2022 (data from 3
fyke nets, 41 samples and 171 fishing days) reported that they discarded
a total of 187 kg of the catch due to injuries presumably caused by
cormorants (4.7 % of the total catch). The average discard was 4.6 kg
with a maximum of 6.7 kg. Of the discarded biomass, 78.6 % were roach
and 21.4 % were bream. No fish of other species were reported as dis-
carded. In 2023, (7 fishermen, 9 fyke nets, 68 samples and 256 fishing
days), the catch presumably damaged by cormorants totalled 83 kg,
equalling 0.4 % of the total catch. Discarded fish mass per sample was on
average 1.2 kg with a maximum of 15.0 kg. Pikeperch (30.0 %), bream
(25.2 %) and perch (22.2 %) had the most bite marks followed by roach
(15.2 %) and whitefish (7.2 %). No fish of other species were reported to
be damaged. Fishermen observed an average of 7 individual cormorants
per fishing event (maximum 60 individuals) in the vicinity of the fishing
gear. Cormorants were observed in 40 % of the fishing events. Damage
to fishing gear, assumed to be caused by cormorants (holes in the fyke
nets) was reported once.

4. Discussion

Determining the extent and impact of depredation on fisheries is
critically important for resolving human-wildlife conflicts (Tixier et al.,
2021). Quantification of impacts using scientific methods has further
been called for (Marzano et al., 2013). We quantified cormorant activity
in three types of fyke nets, aiming at defining the effect of gear type on
the level of damage. We also assessed how cormorant colony size and the
distance to colonies affects cormorant presence and activity in the
adjacent fyke nets. Cormorants readily visited, made predation at-
tempts, and caught fish in fyke nets. Our results from camera surveil-
lance analysis showed that fyke net type had a major effect on the
number of cormorant feeding visits and consequent depredation rates.
Depredation can be a significant factor in open fyke nets, whereas losses
in fully covered, submerged fyke nets are much rarer. Predation activity
increased with higher cormorant pressures within 15 km to the fyke
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nets. The variation in predation success rate among birds and fyke nets
was large, partly attributable to the emptying interval of the fyke nets.
Studies detailing cormorant effects on fish and fisheries have been
criticized for their low spatial and temporal coverage (Ovegard et al.,
2021). Our study encompassed nearly the entire Finnish coastline,
spanned two years, and included both the breeding and post-breeding
seasons of cormorants.

Feeding patch quality, prey predictability, prey type and food intake
rate all play an important role in bird feeding behaviour (Sponza et al.,
2010 with references). Piscivorous birds that forage by diving are faced
with trade-offs between time and energy spent reaching the foraging
site, time and energy spent foraging underwater, time and energy spent
handling the prey and breathing at the surface (Sponza et al., 2010).
When diving to catch prey, prey density exerts the strongest influence on
cormorant foraging success (Enstipp et al., 2007). According to optimal
foraging theory, the diet and feeding behaviour of cormorants is ex-
pected to reflect foraging profitability in terms of prey abundance, food
quality and ease of capture.

Different types of fyke nets vary in their accessibility to birds and
potentially in the amount and/or quality of prey. Floating open fykes
congregate fish from a large area into a small, condensed space close to
surface, reducing search time and pursuit costs for the predator,
providing them with easy access to food. Floating fyke nets therefore
provide a rewarding hunting opportunity for piscivorous birds, because
prey density may be very high. Further, diving in open fyke nets close to
the surface allows for many more dives per unit of time and is ener-
getically less costly as energy is not spent on travel from the surface to
the seafloor. Light conditions in floating fyke nets are also better,
particularly in the turbid coastal waters of the Baltic Sea, possibly
improving hunting success in low light conditions and prolonging day-
time foraging time (White et al., 2008).

We found significantly fewer cormorant predation attempts in the
submerged bottom and pontoon fyke nets than in floating fyke nets.
Although cormorants are occasionally found entrapped in bottom fyke
nets (Engstrom, 1998, Bregnballe and Frederiksen, 2006), showing that
they do dive inside them, our surveillance suggested that depredation in
submerged closed fyke nets is relatively rare. As single dives by cor-
morants typically last less than 30 seconds (Cosolo et al., 2010), bottom
fyke nets with several chambers and narrow throats probably prevent
cormorants from finding and entering the fish chamber, explaining
lower depredation rates in these nets. Floating and submerged fyke nets
also target different fish species: the latter nets typically target demersal
fish such as pikeperch, perch, and roach whereas floating open fyke nets
typically target pelagic species such as whitefish and herring. Herring
may be particularly profitable as they occur in large shoals, are within a
suitable prey size range, easy to handle owing to their soft body and rich
in energy due to their high fat content. Although we cannot fully sepa-
rate the effects of fish species assortment in the fyke net and the
accessibility of the fyke net type on cormorant predation attempts, we
consider accessibility more important mainly because cormorants
appear to be opportunist generalist feeders with widely varying diet
composition (e.g. Lehikoinen, 2005, Bostrom et al., 2012).

The small proportion of bird-injured fish in the EU fisheries Data
Collection Program data closely matched the accounts provided by
fishermen who participated in this study, but is markedly lower than
indicated by fishermen in questionnaire surveys and in fish landing re-
ports (Salmi et al., 2010, Svels et al., 2019, Soderkultalahti and Rahi-
kainen, 2023). For example, one third of Finnish commercial fishermen
reported catching fish damaged by cormorants (Salmi et al., 2010). On
average, 10 % of all commercial fishermen in the Finnish sea region
report annually, as part of the obligatory catch reports, that cormorants
have disturbed their fishing by damaging catches or reducing fish stocks.
The reported total mass of damaged fish in the fish catches was 18
tonnes. The value of the reported damage caused by cormorants was
estimated to be 35,000 euros, where the largest damage, in terms of
value, was caused to perch (Soderkultalahti and Rahikainen, 2023). Our
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extensive data show that the overall proportion of fish wounded by birds
is very small, but some individual catches can bear a high frequency of
wounded fish. Interestingly, wounded fish were more common in fyke
nets than in gill nets indicating the possibility of higher bird predation in
fyke nets. This may arise due to birds learning to associate the relatively
long-term locations of the fyke nets as rewarding preying sites, while the
location of the short-term gill net sites may remain unpredictable. Such
learning could also explain why cormorants continued diving in fyke
nets that had been emptied recently.

Most wounded individuals in our data were found among 20-40 cm-
sized fish. Cormorants typically predate on fish less than 20 cm in length
(Cech et al., 2008, Lehikoinen et al., 2011, Salmi et al., 2015), but oc-
casionally also bigger fish may be predated upon (Salmi et al., 2015).
Davies et al. (1995) found that cormorants inflict wounds on a variety of
cyprinid fish including 33-53 cm carp. Kallo et al. (2023) found similar
results among sea trout, where the length of the predated individuals
ranged between 29 and 53 cm, and predation was most heavy on
35-43 cm fish. It is important to note that the wounded fish represent
fish which managed to escape from the predator, or which were dis-
carded by the predator, e.g., because of their large size (Adamek et al.,
2007). Data on wounded fish doesn’t represent cormorant prey size
preferences. The most common species of fish in the fykes, herring, bore
no wounds, nor did we find wounds on the biggest fish, mainly salmon.
The escape rate among smaller fish in a pursuit is probably much smaller
and the dying rate of injured individuals that have escaped pursuit is
likely much higher than among larger fish, explaining the lack of
observed wounds among the smallest fish: small fish are simply eaten if
caught or die soon after escape and do not end up in the fishing gear
(Grémillet et al., 2006). This may also explain why the distance to the
cormorant colony was only indicatively significant in the EU-data, as we
could not detect wounded herring. The surveillance data often showed
Baltic herring being eaten by cormorants.

In our surveillance data, fyke nets with higher predation pressure
indexes experienced more cormorant dives, indicating a distance and
colony size effect on fish losses. Similar results were shown by Adamek
and Kajgrova (2022) who demonstrated that the distance from cormo-
rant breeding colonies to inland aquaculture ponds were important
predictors for the presence of cormorants at the ponds. Dorr et al.
(2008), showed that double-crested cormorant (Phalacrocorax auritus)
roost counts and counts on ponds correlated positively, but only 24 % of
the total counts for night roosts were found near catfish ponds. This was
explained by the fact that most of the cormorants feed elsewhere at any
point in time. In our study area, there are vast areas of available shallow
natural habitats offering feeding grounds for cormorants, spreading the
predation pressure over a large area. Our data also included the
post-breeding period during which the distribution patterns are less
linked to active breeding colonies. Burr et al. (2023) found no rela-
tionship between the number of nearby roosts and double-crested
cormorant presence, but findings were seasonally dependent and sug-
gested shifts in resource selection over the season. It is possible, that
cormorants change their optimal target fish as their offspring grow,
potentially leading to season-dependent changes in the predation pres-
sure they elicit.

Our study design places some limits on interpreting the results.
Firstly, we cannot evaluate other effects than predation pressure, which
was based on the number of dives cormorants made in each fyke. Pre-
dation pressure and actually catching a fish probably correlate but may
also depend on factors that we couldn’t control. Secondly, we did not
monitor each site for the entire season cormorants were present - mostly
because the commercial fishing of coastal fish mainly occurs in spring.
The main target in this study was to evaluate the direct effects of
cormorant predation on commercial fishing. Given this research
framework, we collaborated with commercial fishermen and allowed
them to decide where the fyke nets were positioned, and which fyke nets
were used. Fishermen also decided how long the fishing lasted. There-
fore, our study was designed to measure the effects of cormorants within
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the conditions that prevail during coastal commercial fishing. Thirdly,
as cormorants also swallow small fish while diving, only calculating
catches seen at the surface may underrate the true predation effect they
exert. In this study, our statistical analyses were therefore based on the
number of dives, not documented catches.

5. Conclusions

Fyke net fishing is currently experiencing several challenges. Many
fishermen have transitioned to more expensive types of fyke nets to
mitigate catch losses to seals. In addition, fishing quotas for many spe-
cies are limited, some fish stocks have dropped from the former years
and production expenses (e.g., fuel) have increased (Raitaniemi and
Sairanen, 2021). The rapid increase in the number of cormorants during
the past 25 years has been a new challenge to coastal fisheries leading to
an escalating human-wildlife conflict. Developing strategies to minimize
damage is therefore important.

Our results suggest that fish losses in fyke nets are not strictly
dependent on the number of birds present (see also Engstrom, 1998).
The video surveillance data frequently showed large cormorant flocks
flying by or swimming and foraging in the vicinity of fyke nets without
making any predation attempts in the gear. In some cases, predation
effort may be high, but actual predation loss is low or moderate. Direct
costs to the fish catch in fyke nets caused by cormorants can be mitigated
by moving from open floating fyke nets to submerged, enclosed fyke nets
where possible considering the targeted prey species. This could be
particularly useful in fishing close to cormorant breeding colonies where
the cormorant pressure may be very high. A means to reduce depreda-
tion in open floating fyke nets could be to cover the fish chamber with a
protective net. Covering open fyke nets with nets reduces direct acces-
sibility to the catch and the number of fish lost to cormorants (Cornelisse
and Christensen, 1993, Bildsge et al., 1998). Similar findings are
commonly found from the fish aquaculture, where losses to avian pre-
dation are a concern and where netting enclosures over fish ponds or
bags are efficient at reducing depredation by cormorants (e.g. Dieperink,
1995, Lemmens et al., 2016).

Where state funded compensation strategies are adopted, colony size
and distance to colonies should be taken into consideration, as cormo-
rant damages correlated with predation pressure. However, while pre-
dation pressure indicated damage size, variability among fyke nets was
high, suggesting that there are also other factors affecting the size of fish
losses. Damage prevention decisions and adopted mitigation strategies
should therefore be based on systematic scientific research that in-
corporates the impact of variability. Observational data on only pres-
ence and absence, without quantifying impact, may cause ineffective
management decisions. This study shows that cormorants are highly
flexible, their direct effects on fisheries are context dependent and
highly localised in time and space, but not always as dramatic as
commonly outlined in the political discussion (see Marzano et al., 2013
for further reading).
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