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Abstract

Worldwide, marine mammal populations are increasing after considerable efforts to turn the
downward trends caused by hunting, accidental mortality and pollution. The ecosystem effects from
the increases of these top predators may be pronounced, but are in most cases poorly known. In the
Baltic Sea, the grey seal (Halichoerus grypus) has been increasing by 5-9% annually since the
middle of 1980, with potential effects on fish populations, food webs and fisheries. One possible
prey for the grey seal is the northern pike (Esox lucius L.), a large, predatory fish abundant in the
Baltic Sea archipelagos. Rcreational fishers are experiencing declines in abundances of pike, and
partly blame the decline on seal predation. To assess a potential influence of grey seal on pike
population, I have analysed trends in pike abundance and size and correlate it with trends in seal
abundance. In addition, I have analysed diet composition of grey seal to study what seals in the
archipelago eat. To follow trends in pike abundance I have used data from the Swedish coastal fish
monitoring programme and data from fishing competitions. For trends in seal abundance, I used
data from the Swedish national grey seal survey. Grey seal diet was estimated from scats and
stomach content collected during 2016-2020 from Uppsala County and Stockholm County, in the
inner and central parts of the archipelago, i.e. the habitats where pike is most abundant.

Analyses were performed for five counties; Stockholm, Sédermanland, Ostergétland, Kalmar
and Blekinge from 2000 to 2020. The fish monitoring data showed that the abundance of pike
smaller than 40 cm has decreased significantly in all counties whereas the abundance of pike larger
than 40 cm has decreased significantly in three counties, Stockholm, Ostergétland, and Kalmar. The
fishing competition data showed that both the abundance and the maximum size of pike have
decreased significantly only in Stockholm County. Grey seal abundance has increased in all counties
except Kalmar. In the grey seal diet, pike constituted 20% of the diet by weight, after perch (Perca
fluviatilis) and herring (Clupea harengus). Overall, there was a negative relationship between the
abundance of grey seal and the catch of both smaller and larger pike in the fish monitoring data.
There was also a negative relationship between the abundance of grey seal and the maximum size
of pike in Stockholm County, while no relationships between the abundance of grey seal and the
maximum size of pike were observed in the other counties.

Taken together, the results from this study indicate that the increasing grey seal population is
associated with the negatively development of pike population in the archipelagos of the western
Baltic Sea. Management of coastal fish has traditionally only taken the effects of fishing into
account. The results of this thesis emphasize the importance of a transition towards an ecosystem-
based fisheries management, where the effects of increasing populations of top predators are also
taken into account in the assessments, to maintain viable populations of fish.

Keywords: diet analysis, marine mammals, predator-prey, socio-economic, sport fishing,
recreational fisheries



Popularvetenskaplig sammanfattning

Giddan dr en av Sveriges viktigaste fiskart for fritidsfisket. Tack vare den
troféstorlek som gdddan kan nd, i kombination med Sveriges ordrda natur,
vallfdardar ménga européer arligen for att finga just sin drdmgéddda. Men fisket efter
giddda 1 skdrgarden, som en ging varit kdnt som védrldens bédsta, har enligt
giddfiskarna forandrats. Fisket efter giddda flyttas mer och mer till sjéarna, och
ménga giddfiskare forknippar fordndringen med predation fran det vidxande
grasdlsbestandet. Syftet med min studie var att undersoka gidddbestdndens
utveckling ldngs svenska kusten, och jamfora dessa med grasédlsbestdndets
utveckling. Sélspillning fran viloplatser och maginnehéll fran skjutna och sjélvdoda
sdlar analyserades ocksé for att se vad grasdlen i skdrgédrden iter.

For att fa en bild av gdddbestdndens utveckling ldngs svenska kusten analyserade
jag data fran nétprovfiske. Data fanns tillgéngligt fran Stockholms lén till och med
Blekinge ldn. Min analys visar att antalet gdddor har minskat med mer &n 90 % i
provfisken under 2000-talet, och de troféfiskar som manga historier sé stolt beréttar
om finns inte kvar.

Samtidigt som bestdnden av gidda minskat, breder grasélen ut sig i skirgérden och
blir en allt vanligare syn i grunda innervikar, samma vikar som gidddan trivs i.
Grasilen #r Ostersjons viktigaste toppkonsument och har just nu det storsta
bestandet pa linge med ndrmare 50000 individer, jimfort med mindre dn 4000
individer nér antalet var som lagst. Nar jag analyserar sambandet mellan grasélens
Okande antal och gidddans minskande antal finns ett samband, ldnsvisa analyser
visar pa ett samband i alla ldn forutom Blekinge. Samtidigt bekriftar mina
dietanalyser att sett till vikt var gddda grasélens tredje viktigaste bytesart efter
abborre och stromming, i skdrgirden i Uppsala och Stockholms lén.

Resultaten frdn min studie visar att nedgangen av gidda har skett i takt med att
sdlbestandet har 0kat. Traditionellt sétt har fiskforvaltningen langs kusten endast
raknat med fiskets uttag. Mina resultat visar pa vikten av att ha med effekten av
toppredatorer i1 forvaltningen, och Gvergd mer till att anvinda en sa kallad
ekosystembaserad fiskforvaltning. Kdnnedom om hur arter padverkar varandra &r
viktig for att kunna vidta effektiva atgérder for att stirka bestdnden av rovfisk i
Ostersjon.
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1. Introduction

For decades, researchers and environmentalists have fought to reverse the
downward abundance trend faced by populations of marine mammals worldwide
(Heithaus et al. 2008; Estes et al. 2009). Hunting (Clapham & Baker 2009; Gero &
Whitehead 2016), accidental mortality (Schipper et al. 2008) and pollution (Helle
et al. 1976; Murphy et al. 2015), are the main pressures contributing to the
abundance declines (Gibson et al. 2006), where some species have even been driven
to extinction (Kenyon 1977; Mead & Mitchell 2012). Management plans, including
marine protected areas, reducing pollutants and ban of hunting, have together
contributed to reversing several negative trends of marine mammal populations
(Jeffries et al. 2003; Brown et al. 2006; Gormley et al. 2012; Magera et al. 2013;
Laake et al. 2018). However, with increased marine mammal abundance, already
endangered predatory fish populations (Worm et al. 2006; Tanzer et al. 2015) will
have more possible predators that may negatively affect them.

In the Baltic Sea, grey seal (Halichoerus grypus) is the main top predator
(Ohlberger et al. 2019), primarily foraging on herring (Clupea harengus), sprat
(Sprattus sprattus), cod (Gadus morhua) and flatfish (Pleuronectidae) in the outer
archipelago (Lundstrom et al. 2010; Hansson et al. 2018), but also perch (Perca
Sfluviatilis) and cyprinids (Cyprinidae) in some regions (Tverin et al. 2019).
Previous studies describe grey seal as a generalist and opportunistic feeder, catching
the most abundant species (Lundstrom et al. 2010; Suuronen & Lehtonen 2012).
During the 1900s, grey seal was severely affected by hunting, causing a decline
from close to 100.000 individuals in the beginning of the 20™ century down to 3.600
grey seals in 1975 (Harding & Hérkonen 1999). Along with the population decline,
the recovery rate of grey seal was limited due to toxins such as PCB and DDT,
which caused diseases and depressed pregnancy rates (Bergman & Olsson 1985;
Bergman 1999). Today, more than 40 years after the historically low level in the
late 1970s, the population of grey seal has recovered and has since then grown 5-
8% annually (Harding et al. 2007; HELCOM 2018b). The number of grey seal
individuals counted during the annual seal survey in 2019 in the Baltic Sea was
38000 (ICES 2020). However, along with the grey seal population increase, there
are signs of decreased blubber thickness (Hermansson 2015; HELCOM 2018a),
which may indicate that grey seal in the Baltic Sea is food limited (Kauhala et al.
2017).



At the same time, fishermen are reporting about decreasing catches of northern pike
(Esox lucius L., henceforth pike) in the archipelago, both regarding size and
abundance. Studies have shown local population declines in pike abundance
(Lehtonen et al. 2009; Ljunggren et al. 2010; Olsson 2019), but information about
the population status of pike in the Baltic Sea is limited (Olsson 2019). Pike is a
freshwater species that has adapted to live in the brackish, shallow coastal waters
of the Baltic Sea. The species consists of numerous local populations with a limited
spatial mixture, most likely only migrating to the neighbouring populations as
farthest (Wennerstrom et al. 2016). Pike is mostly found in inner bays along with
cyprinids and perch. After perch, pike is the most common large predatory fish
living in the coastal inner bays. It can grow up to around 140 cm (>20 kg), making
it a highly valuable sport fish all over the Swedish east coast (SLU 2020).

The interest in recreational fishing is rising, and pike is one of Sweden’s most
important species for recreational fishing and was the second most caught species
after perch during 2013-2017 (Swedish Agency for Marine and Water Management
2019). Thus, it is important to maintain viable populations of pike because of its
big socio-economical interest. But today, the pike populations are exposed to many
different pressures. One factor that has caused local declines in pike populations is
recruitment failure caused by predation from the mesopredator three-spined
stickleback (Gasterosteus aculeatus) (Bergstrom et al. 2015; Nilsson et al. 2019;
Eklofet al. 2020). According to fishermen, they believe that another factor affecting
pike populations is “a negative impact from seals due to their increased foraging in
the inner and central parts of the archipelago”, where pike is most abundant today.

It is hard to determine how large impacts certain factors such as extraction from
marine mammals, birds and fishing have on pike population abundances and its
maximum size. Hansson et al. (2018) estimated that in total in the Baltic Sea,
recreational and commercial fisheries, seals (grey seal, ringed seal (Pusa hispida)
and harbour seal (Phoca vitulina)) and the great cormorant (Phalacrocorax carbo
sinensis) were extracting 4610 metric tons of pike annually during 2012-2013. Seals
and birds consumed about 20% each of the yearly pike removals, whereas fishing
accounted for almost 60% (Hansson et al. 2018). But there is large variation of pike
removal between sites, and the extraction over time are likely to increase with
increased grey seal abundance.

The aim of my study was to illustrate the population development of pike along the
Swedish Baltic Sea coast and to study the potential effects of grey seal predation.
This was done by analysing abundance trends in pike smaller and larger than 40 cm
along a 600 km stretch of the Swedish east coast, using data from coastal fish
monitoring programmes. Also, [ studied pike maximum size using data from fishing
competitions. Moreover, my aim was to look for correlations between pike
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population parameters and grey seal density by analysing the population indices of
pike in relation to density estimates of grey seal. To examine to which extent the
grey seal in the archipelago eats pike, I assessed the importance of pike in grey seal
diet. I discuss the potential implications of the results for monitoring and

management.
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2. Materials and methods

2.1. Pike

2.1.1. Fish monitoring

To study changes in the abundance of pike over time I used data from annual
monitoring of coastal fish. I downloaded the data from the Swedish national
database KUL (https://www.slu.se/en/departments/aquatic-
resources 1/databases1/database-for-coastal-fish-kul/) 2020-11-23 and the fish
monitoring areas were chosen if the catch of pike was more than one individual for
at least six years annually between 2003-2020 (Table 1, Figure 1). The fish
monitoring was performed during July-August using gillnets of two types, the
Nordic coastal multi-mesh gillnets (K064) and net series (K053). K064 is 1.8 m
deep and 45 m long and built up by nine different mesh size panels (10, 12, 15, 19,
24, 30, 38, 48 and 60 mm) whereas K053 is 1.8 m deep and 120-180 m long and
built up by four nets with different mesh sizes (17, 21.5, 25 and 30 mm) (HELCOM
2015). The nets were set in the afternoon and lifted the following morning, once
per station. For K064, each monitoring area consists of around 45 randomly
distributed stations separated in four depth intervals (0-3 m, 3-6 m, 6-10 m or 10-
20 m) (Soderberg et al. 2004). For the net series, the principle is the same but each
area is fished with 6-10 stations.

The fish monitoring areas were separated into counties to be comparable with the
other data. For each of the counties, catch per unit effort (CPUE) was calculated as
the number of pike per net and night.

Table 1. The different counties investigated with information about fish monitoring area and gear
type, as well as the name of the pike fishing competitions which provided data for the analyses.

County Area Gear type Fishing competition
Stockholm Lagno K064 Virtan cup

Sodermanland Askofjarden K064 -

Ostergotland Kvédofjarden K053 Sportfish masters Valdemarsvik
Kalmar Monsteras and Vind K053 Sportfish masters Oskarshamn
Blekinge Torhamn K064 Blekinge giddfestival

12
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Figure 1. A map showing Sweden and the Baltic Sea, with markings of the fish monitoring areas
numbered 1-6 from north to south. 1. Lagné (Stockholm County), 2. Askdfjdrden (Sédermanland
County), 3. Kviddfjirden (Ostergétland County), 4. Viné (Kalmar County), 5. Monsterds (Kalmar
County), 6. Torhamn (Blekinge County). Map source: d-maps.com.

2.1.2. Fishing competitions

Fish monitoring mainly aim for fish smaller than 60 cm, and as pike can be much
larger than that I complemented the fish monitoring data with data from fishing
competitions to cover also larger pike. Information about abundance and maximum
size was used to study changes in the pike maximal size.

I collected available data from rod fishing competitions with at least six years of
results by extracting data from home pages, social media or by contacting
organizers. All competitions were analysed separately and divided into counties
(Table 1).

The data collected differed to some extent between competitions. For competitions
that had registered individual weight instead of length (Vértan cup), weight was
converted to length with a length-weight relationship available from the database
KUL:

13



1
length (cm) = (weight (kg)/5 * 10‘6)(3'0836)
Measured values of interest for each competition were:

- The largest pike

- The five largest pike

- Number of registered pike
- Number of participants

These measures were analysed to assess trends over time in both abundance and
maximum size of the pike population in the Baltic Sea, divided into counties.

2.1.3. Case study: Vartan cup

Virtan cup is one of the world’s largest pike fishing competition and takes place in
the ‘Stora Virtan’ bay in Stockholm archipelago. Apart from other competitions,
the competition has had the same rules and fishing area for each year 2003-2018,
which makes the data comparable between years. All data is accessible at
http://info.sportfiskeboden.com/tavlingar.asp. Every individual was weighted, and
to be able to compare Virtan cup with other competitions, the weight was converted
to length with the length-weight relationship presented above. The minimum size
of the reported pike was 75 cm for 2003-2018, and 65 cm for 2019. Therefore, year
2019 was excluded from the analysis that investigates the number of caught pike
per team.

2.2. Grey seal

2.2.1. Diet analyses

To assess the importance of pike in grey seal diet, faeces and stomach contents from
hunted seals and seals found dead were sampled. Analyses of the diet were done to
describe the frequency of occurrence for each species, the weight proportion for
each species and the size structure of the species (Lundstrom et al. 2007). Based on
recommendations from archipelago residents, 11 grey seal haul-out sites in the
inner and central parts of the Stockholm archipelago were identified (Figure 2). The
faeces were sampled during four collection trips in 2020, 4™ of February, 6™ of
April, 20" of April and 5" of May. The collection days were chosen depending on
the weather situation; the wind should not exceed 5 m/s either during the collection
day or the day before, because the rocks where the seals rest are often exposed by
waves potentially rinsing away the faeces. The faeces were sampled with a scraper
and kept in plastic bags in the freezer at -20°C. Additionally, subsamples for DNA
analysis were sampled from each of the faeces with a Canvax Stool Sample
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Collection & Stabilization Kit pre-filled with 8 ml of DNA Stabilization Buffer.
The DNA-samples have not been analysed yet and will therefore not be described
further in this thesis.

A 20 km
| s————
| S— |

o F/}kr &2\‘3“0 h N 10 mi

@ d-maps.com

Figure 2. A map over Stockholm archipelago and the seal scat sampling areas, with green symbols
denoting areas where scats were found (number 2, 4, 7, 8 and 10) and black symbols where no
scats were found. 1. Ostra Lagné, 2. Angodrommen, 3. Smdskdret, 4. Valéarna, 5.
Allmdénningsgrund, 6. Stinagrund, 7. Jillogrund, 8. Knallarna, 9. Ndmdobaden, 10.
Pannkaksgrunden, 11. Trollhdttsgrunden. Map source: d-maps.com.

Additionally, faeces collected from Stockholm Archipelago around Angédrommen
in May and October 2016 and in September and October 2017 were analysed
(Figure 2, Symbol 2). These samples had been collected using the same method as
described above. Since the collection, the faecces samples have been stored in the
freezer with ethanol and the DNA-samples with buffer. As above, the DNA-
samples have not been analysed yet and will therefore not be described further in
this thesis.

To sort out the hard part structures used to identify the species, the facces were put
into bottles with water and detergents for each sample separately. Under a
microscope, the structures were identified using archived materials from SLU
(Institute of Coastal Research), an identification key to otoliths (Harkonen 1986)
and the software Bone Base Baltic Sea (Von Busekist 2004). The number of
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individuals per species were counted in regard to the number of right and left side
otoliths, right and left side spines (three-spined stickleback), chewing pads or
pharyngeal teeth (cyprinids). All otoliths were then measured under a microscope
and the level of erosion was assessed according to Tollit et al. (1997), where class
1 was minimally eroded with distinct shapes and a clear sulcus, class 2 had still a
distinct sulcus but were eroded showing smoother shapes and class 3 were greatly
eroded with rounded shapes and almost no sulcus (Figure 3). If no otoliths were
found in the sample but other hard part structures were identifiable (such as scales,
spines and pharyngeal teeth), the species were counted as one individual, which
was assigned the mean length and biomass of the species in the whole sample.

ETI Clupesa harengus we

CJG van Damme

Figure 3. Otoliths from herring (Clupea harengus) showing the different erosion classes 1-3 used
to describe the sampled otoliths and to back-calculate the original size. Figure: (Leopold et al.
2001)

To compensate for the assumed total erosion of otoliths through digestion,
numerical correction factors from Lundstrom et al. (2007) were used for each
species (Table 2). The numerical correction factors were calculated from otolith
size and otolith recovery rates from experiments with captive seals (Tollit et al.
1997; Bowen 2000). The number of otoliths of each species in a sample was
multiplied with species-specific numerical correction factor without caring for right
or left otoliths.
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Table 2. Numerical correction factors from Lundstrom et al. (2007) were used to multiply each
otolith to correct for biases caused by total erosion of otoliths through digestion.

Scientific name Common name Numerical correction factors
Gobiidae Gobies 6.3
Sprattus sprattus Sprat 5.9
Zoarces viviparus Eelpout 54
Clupea harengus Herring 3.7
Perca fluviatilis Perch 1.8
Coregonus lavaretus ~ Common whitefish 1.7
Esox lucius Pike 1.4
Cyprinidae Cyprinids 1.3
Gadus morhua Cod 1.2

I used regression equations from the Baltic Sea to calculate the fish length from the
size of the otoliths for pike (Engstedt et al. 2010), gobies (Gobiidae) and perch
(Sapota & Dagbrowska 2019) and, herring and sprat (Lundstrom et al. 2007).
Furthermore, I used the regression equations from Hérkdnen (1986) for common
whitefish (Coregonus lavaretus) and from Leopold et al. (2001) for cod, cyprinids
and eelpout. For otoliths and other hard part structures only identified to family
level of cyprinids or gobies, I applied the regression equations for roach (Rutilus
rutilus) and black goby (Gobius niger), as these were the most common species of
the families in the diet samples.

The erosion class 1-3 was then used to back-calculate the original size of the
otoliths, with size correction factors, and to correct for the assumed erosion through
digestion (Tollit et al. 1997). The size correction factors are based on the ratio
between the otolith sizes in erosion classes 1-3. I used the size correction factors
that Lundstrom et al. (2007) estimated for the most abundant species in their study;
herring, sprat and common whitefish (Table 3). For the rest of the species, an
average of the three species was used. Then, to calculate weight from length for
each species, I used SLU’s length-weight relationships based on data from KUL.

Table 3. Size correction factors from Lundstrém et al. (2007) were used to multiply each otolith to
correct for biases caused by erosion of otoliths through digestion.

Otolith width Otolith length

Erosion class Erosion class
Species 1 2 3 1 2 3
Herring 1.00 1.08 1.32 | 1.00 1.07 1.23
Sprat 1.00 1.09 1.23 | 1.00 1.10 1.32
Common whitefish ~ 1.00 1.04 1.26 | 1.00 1.05 1.33
Average 1.00 1.07 1.27 | 1.00 1.07 1.29

Apart from grey seal diet analysis of faeces, five stomachs and intestines collected
by hunters (3) and from seals found dead (2) were also used for the diet analysis.
One from the Swedish Museum of Natural History (found close to Galo,
Stockholm), and the other four from different private persons (one found close to

17



Oregrund, Uppsala and three shot close to Osthammar, Uppsala). The stomachs and
intestines were opened and rinsed, whole prey was identified and length measured,
and the hard part structures were sorted out and identified under the microscope
using the same method as described above for the faecal samples. No DNA was
sampled.

2.2.2. Grey seal abundance data

To show the development of the abundance of grey seals during the 21 century in
the Baltic Sea, data from Swedish national annual seal counts was used (data from
2003-2019 was downloaded from Sharkweb (Swedish Agency for Marine and
Water Management and Swedish Meteorological and Hydrological Institute); data
from 2020 was shared by M Ahola 2020 at NRM). Since year 2000, the survey is
done internationally across the Baltic Sea (Finland, Estonia, Russia, Sweden) every
late May-early June when the grey seal is spending more time ashore for moulting.
Each haul-out site is surveyed 2-3 days each year and the date with the highest
count per county was used for the analysis, with the assumption that the grey seals
were not moving across counties between the survey days.

To estimate the grey seal density and be able to compare the counties, the
abundance was divided with each county’s water surface area from land out to the
baseline, which defines the outermost part of the archipelago. The counts are
estimated to cover 70-85% of the grey seal population in the Baltic Sea (Hiby et al.
2007), and thus do not represent the total number of seals in the population but
rather look at trends in the population.

2.3. Statistical analyses

All statistical analyses were done with R 4.0.1 (R Core Team 2020). I log-
transformed data as necessary to better fit the assumptions of normality and
homoscedasticity and visually inspected the residuals of the models, and found
them to meet model assumptions in a satisfactory way. I used the R-function ‘glm’
(generalised linear models) to correlated changes in pike CPUE and pike maximum
size with grey seal density across years. ‘County’ was included as a fixed factor.
Significance of fixed factors was assessed from an ANCOVA (R-function ‘Anova’
in package ‘car’ by Fox & Weisberg (2019)). Interaction terms between seal
abundance and county were included in the model but removed if non-significant

(p>0.1)

In the cases where there was a significant interaction term between seal abundance
and County I ran the same model (without county as a fixed factor) for each county
separately.

18



To show how much of the variation was explained by the fixed factors, adjusted R-
square and partial R-square values were calculated using the R-function ‘rsq’ and
‘rsq.partial’ in the ‘rsq’-package (Zhang 2020). I visualized the data using
‘ggplot2’-package v3.3.2 was used (Wickham 2016).

19



3. Results

3.1. Pike

3.1.1. Fish monitoring

During 2003-2020, the CPUE of pike decreased in the Baltic Sea, and there was no
interaction between Year and County (Table 4). All counties assessed in this study
exhibited a significant decline in CPUE for pike smaller than 40 cm (p<0.05, Figure
4A) as well as for pike larger than 40 cm (p<0.05, Figure 4B), except for Blekinge
(p=0.74) and S6dermanland County (p=0.054, Figure 4B).

Table 4. Results from the general linear models conducted with catch per unit effort for pike
smaller and larger than 40 cm as the response variable, and year and county as the predictor
variables.

Model df R? R? partial Parameter p-value F-value
<40 cm 86 0.81 0.55 County <0.001 17
0.75 Year <0.001 149
County x Year 0.48 0.75
>40 cm 86 0.67 0.58 County <0.001 20
0.40 Year <0.001 16
County x Year 0.63 0.65
A 0.8 & B 0.3 &
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Figure 4. Catch per unit effort (CPUE) of pike caught in fish monitoring during 2003-2020; A<40
cm, B>40 cm in the different counties.

3.1.2. Fishing competitions

The length of the largest pike caught in fishing competitions did not change during
2003-2020 (Figure 5A, Table 5), and there was no interaction between County and
Year (Table 5) There was no data available for S6dermanland County.

For the length of the five largest pike, there was an interaction between County and
Year (Table 5). The mean length of the five largest pike decreased in Stockholm
County during 2003-2020 (p<0.001, Figure 5B) while it was stable in Blekinge
County (p=0.30, Figure 5B). There was no corresponding data available for
Kalmar, Sédermanland or Ostergotland County.

Table 5. Results from general linear models conducted with The largest pike and The five largest
pike as response variable, and year and county as predictor variables.

Model d R? R? partial  Parameter p-value  F-value
The largest pike 44 0.60 0.40 County <0.01 6.5
0.34 Year 0.79 54
County x Year 0.43 0.92
The five largest pike 28 0.84  0.68 County <0.001 24
0.82 Year <0.001 38

County x Year <0.01 8.9
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Figure 5. Differences in length (cm) of pike caught in fishing competitions during 2003-2020 for,
A=Mean length of the largest pike, B=Mean length of the five largest pike, separated into
counties.

3.1.3. Case study: Vartan cup

During 2003-2018, the number of pike caught per team in the fishing competition
Virtan cup decreased significantly, from almost one pike over 75 cm per team in

21



mid 2000-ies to only one per seven teams catching a pike over the minimum size
in 2018 (F=38, p<0.001, df=15, R>=0.71, Figure 6).

The length of the largest pike caught during Vértan cup has fluctuated, but
decreased significantly from around 120 cm in the beginning of 2000s, to around
100 cm in the end of 2010s (F=7.0, p<0.05, df=16, R?>=0.27, Figure 7). Also the
mean length of the five largest pike caught during Virtan cup decreased
significantly from around 115 cm the beginning of 2000s, to around 90 cm the end
of 2010s (F=55, p<0.001, df=16, R>=0.77, Figure 7).
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Figure 6. Mean number of pike over 75 cm length caught per team (green dots) with a regression
line (green line) and number of teams (grey bars) annually from 2003-2019 caught during Virtan
cup in Stockholm archipelago. 2019 was excluded because the minimum length was changed from
75 cm to 65 cm.
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3.2. Grey seal

3.2.1. Diet analyses

Scats were found at four of the eleven surveyed haul-out sites in 2020. A total of
17 grey seal faecal samples were found (Figure 2, green numbers). Additionally, 35
faecal samples collected from Stockholm archipelago in 2016-2017 were analysed.
Also, four grey seal stomachs and intestines from Uppsala County and one from
Stockholm County were examined. Totally within the 57 samples, 657 otoliths were
found from 11 different taxa. Two of these otoliths were not possible to identify
because of extensive erosion.

Hard-part structures from pike were found in 20% of the samples, and those from
perch, herring and cyprinids were found in 54%, 39% and 28%, respectively
(Figure 8). Sprat, gobies, three-spined stickleback, eelpout, cod and common
whitefish occurred in less than 7% of the samples.

Out of the 657 otoliths, 24 were from pike, which was the fourth most abundant
species after herring (n=381), perch (n=192) and cyprinids (n=28). When applying
numerical correction factors (Table 2), which correct abundance estimates for the
total loss of otoliths due to erosion in the seal stomachs, there was a total of 1994
otoliths. Pike was then the sixth most abundant species with 34 otoliths after herring
(n=1428), perch (n=346), gobies (n=57), sprat (n=47) and cyprinids (n=39).

For the weight proportion, pike (20%) was the third most important prey species
for grey seal after perch (46%) and herring (24%) (Figure 9).

When applying size correction factors (Table 3), correcting for the erosion of
otoliths through digestion, the length of pike ranged from 28 cm to 73 cm
(median=41 cm, Figure 10), whereas the whole sample ranged from a 5.8 cm three-
spined stickleback to the 73 cm pike (median=19 cm, Figure 11). The length of
perch ranged from 12 cm to 42 cm (median=22 c¢m) and herring ranged from 10 cm
to 30 cm (median=19 cm).
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Figure 9. The weight proportion of the species found in the grey seal diet, calculated from otolith
size.
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Figure 10. The length distribution of pike found in the grey seal diet, calculated based on otolith
width, divided in 4 cm length classes. The dashed line describes the calculated median length of
pike found in the samples.
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Figure 11. The length distribution of the different species found in the grey seal diet, calculated
based on otolith width. The horizontal line describes the median length, the box shows the
interquartile range, the vertical line shows the data range excluding outliers and the points show
potential outliers.

3.2.2. Grey seal abundance data

The density of counted grey seals increased significantly in all counties except
Kalmar during 2003-2020 (F=6.8, p<0.001 for County x Year, Figure 12). In
Kalmar County the density increase was marginally insignificant (p=0.058 for
Year). The density of counted grey seals had the greatest rate of increase in
Sédermanland County (slope=0.20) followed by Ostergétland County
(slope=0.11).
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Figure 12. The density of grey seals by county in 2003-2020, based on the national survey
performed in May-June each year.

3.3. Analyses of the relationship between pike and seal

All counties combined, there was a negative relationship between CPUE for small
pike and seal density, with seal density explaining 29% of the variation (Table 6;
Figure 13A), and there was no interaction between County and Seal density (Table
6).

For larger pike, there was a tendency for interaction between County and the log-
transformed seal density (Table 6). Blekinge was the only county that showed no
relationship between CPUE and seal density (p=0.25, Figure 13B). When excluding
Blekinge from the analysis, there was a negative relationship between CPUE for
larger pike and seal density, with seal density explaining 34% of the variation
(Table 6).

Table 6. Results from general linear models conducted with catch per unit effort for pike smaller
and larger than 40 cm as response variable, and county and seal density as predictor variables.

Model df R? R? partial  Parameter p-value F-value
<40 cm 8 046 029 County <0.001 8
0.30 log(Seal density) <0.001 34
County x log(Seal density) 0.24 1.4
>40 cm 8 047  0.28 County <0.001 9
0 log(Seal density) 0.97 0.001
0.050 County x log(Seal density) 0.082 2
>40 cm 68 040 033 County <0.001 11
without
Blekinge
0.34 log(Seal density) <0.001 32
County x log(Seal density) 0.89 0.21
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Figure 13. Log-transformed catch per unit effort (CPUE) of pike caught in fish monitoring during
2003-2020; A<40 cm, B>40 cm compared with log-transformed grey seal density, separated into
counties.

In the fishing competition data there was no relationship between mean length of
The largest pike and grey seal density (Table 7, Figure 14A), and there was no
interaction between County and Seal density (Table 7). Between The five largest
pike and grey seal density there was a significant negative relationship, with seal
density explaining 15% of the variation (Table 7, Figure 14B), and there was no
interaction between County and Seal density (Table 7).

Table 7. Results from general linear models conducted with The largest pike and The five largest
pike as response variable, and county and seal density as predictor variables.

Model df R? R? partial Parameter p-value  F-value
The largest pike 44 0.40 0.40 County <0.001 8.8
0.0045 log(Seal density) 0.67 0.18
County x log(Seal density) 0.23 14
The five largest 28 0.25 0.00034  County 0.93 0.0088
pike
0.15 log(Seal density) <0.05 4.6

County x log(Seal density) 0.10 2.9
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Figure 14. Differences in length (cm) of pike caught in fishing competitions in relation to log-
transformed grey seal density per county during 2003-2020 for;, A=Mean length of the largest
pike, B=Mean length of the five largest pike.
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4. Discussion

This study shows that the abundance of pike along the Swedish Baltic Proper coast
has declined during fish monitoring data 2003-2020 both regarding pike smaller
and larger than 40 cm, except for larger pike in Blekinge and Sodermanland. In
2019, the mean catch per unit effort of pike was on average 6% of the mean in 2003.
Also, in the longest time series from pike fishing competitions, the catch of pike
larger than 75 cm has declined in Stockholm County. Altogether, these results
indicate a general declines in the pike population in the western Baltic Sea from
2000.

Along with declining pike abundances, the maximum size of pike in competitions
has decreased in Stockholm County by more than 20 cm (~5 kg), from around 120
cm (~11kg) to 100 cm (~6 kg), while the maximum size has been stable in the other
investigated counties. In Blekinge, which also has a longer time series from pike
fishing competitions, there was no decline, which matches with the pattern from the
fish monitoring data for larger pike in Blekinge. Blekinge has had the strongest
populations of pike, which may explain why the larger pike is still abundant in the
county.

During the same period, the abundance of grey seal has increased significantly in
all investigated counties, except Kalmar where it was marginally significant. There
was a strong negative relationship between the abundance of grey seal and the catch
of both smaller and larger pike in the coastal fish monitoring programme, except
for Soédermanland County and larger pike in Blekinge County (Figure 13). In
Sédermanland, the catches of pike has been low compared to the other counties,
which may possibly explain why there was no relationship between pike abundance
and grey seal abundance. There was a negative relationship between the abundance
of grey seal and the maximum size of pike in pike fishing contests in Stockholm
County. This indicates that the pike populations especially in Stockholm County,
may be affected by the increasing grey seal population.

This study is based on correlations over time, and it is always statistically
challenging to infer interactions between species from long-term trends in
population data. Thus, this study cannot establish any causal relationship between
pike and seals as there is always risk of spurious correlations. However, data was
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split up on a county level with independent dynamics of pike (Wennerstrom et al.
2016; Ostman et al. 2017) and partly independent dynamics of seals (Figure 12).
Despite the partly independent dynamics, the pattern between pike and seal is
similar between counties with the exception of Kalmar that had a generally lower
pike abundance given the seal abundance. For pike larger than 40 cm, Blekinge
stands out with consistent abundance over time. Notably, seal densities in Blekinge
have been high only during the last years of the study period. The similar pattern in
different counties strengthen the conclusion that grey seals may impact pike and is
not a results of a spurious correlation. In addition, adjusted r2-values for seal
abundance was relatively high, often above 50% supporting my conclusion that
seals have an impact on pike population abundance.

When examining grey seal diet from the haul-out sites in the inner and central part
of Stockholm archipelago, pike appeared in 20% of the samples and was the fourth
most abundant species after herring, perch and cyprinids. Pike also constitutes 20%
of the diet by weight, after perch and herring. Probably, these proportions may be
underestimated because seal may not always consume the head of larger fish (Skora
et al. 2014 in Keszka et al. 2020; observations from the project Refisk and fishing
guides). Thus, if a grey seal has eaten only the soft parts of the larger pike, this
would not be accounted for. This complicates the manual diet analysis and indicates
that when looking for pike in seal scats and stomachs, a DNA-analysis would
probably show a more accurate picture of the content. What can be confirmed, is
that pike is an important prey species for grey seal foraging in the inner and central
parts of the archipelago.

The diet analysis of grey seal scat and stomach content, however, is a rough
estimate of the actual diet (Lundstrom et al. 2007, 2010). There are many potential
sources of error such as erosion and sampling methods that only cover when the
fish is eaten as a whole. The erosion was corrected for using size correction factors
and numerical correction factors to calculate the original size and number of otoliths
in each sample (Tollit et al. 1997; Lundstrom et al. 2007, 2010). Also, pike length
estimated from otolith width measured between 28-73 cm and the mean length was
44 cm.

The diet samples in this study were sampled in the inner and central parts of the
archipelago, which differs from other grey seal diet studies (Lundstrom et al. 2007;
Stromberg et al. 2012; Hansson et al. 2018). When comparing the results, the
proportion of pike in the diet of grey seal foraging in the inner and central
archipelago was 20%, compared to less than 5% in the outer archipelago
(Lundstrom et al. 2007; Stromberg et al. 2012; Hansson et al. 2018). In a report by
Bergstrom et al. (2016), they also point out the grey seal as a predator of pike
probably affecting the population negatively.
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As the grey seal population has increased in general, the abundance of grey seal in
the inner and central parts of the archipelago, which also is the pike’s core habitat,
has probably also increased. Generally in the Baltic Sea, the condition of grey seal
is assessed to be poor and the species does not achieve good nutritional status in
assessments by HELCOM (2018a). Results from Kauhala et al. (2017) indicated
that grey seal in the Baltic Sea may be food limited, which also can force the grey
seal further into the archipelago.

Seals are not the only predators on pike. Also, the cormorant may feed on especially
smaller pike (Ostman et al. 2013). Another species that may impact the pike
population negatively from increasing abundance is the three-spined stickleback,
through predator-prey reversal (Bergstrom et al. 2015; Bystrom et al. 2015; Nilsson
et al. 2019; Eklof et al. 2020). Three-spined stickleback can forage on juvenile pike,
and thereby reduce the reproductive outcome of pike. Predation by sticklebacks will
clearly only directly affect smaller pike, but loss of recruits may translate in reduced
abundance of larger pike after a couple of years. Fishing will mainly affect larger
pike. Recreational fishing is a contributing factor for fish population declines
(Lewin et al. 2006; Bergstrom et al. 2016; Hansson et al. 2018) and may also affect
the population of pike negatively. After angling was made open access along the
Swedish coast in 1985, the catches of larger pike soon declined, likely as a
consequence of the extensive catch-and-kill fisheries (Bergstrom et al.
unpublished). In 2010, new restrictions were implemented regarding size and bag
limits for pike, and since then, the majority of the fishermen are applying catch and
release (Thornqgvist et al. 2006; Ferter et al. 2013). However, the populations of
pike are still decreasing. Hansson et al. (2018) estimated that fishing in subdivision
27 (which covers most of the analysed area) accounted for almost 30% of the total
removal of pike during 2012-2013, dominated by recreational fishing.

Although catches of pike in gillnet fishing are generally low because of its passive
behaviour, all available trends are indicating declining abundances. To support the
fish monitoring data for the pike population, usage of citizen science and e.g. data
from fishing competitions would be useful. Pike angling data has been found useful
for monitoring abundance trends and evaluating the effects of management
measures (Edgren 2005; Lehtonen et al. 2009; Niemi 2020; Bergstrom et al.
unpublished). Fishing competitions for pike are arranged all over the year in
Sweden, both in the coastal areas and in lakes. In some parts of the archipelago, the
fishing competitions accounts for a fourth of the total estimated recreational catch
of pike (County Administrative Board, 2019). In Stockholm and Blekinge, there are
competition data available from the beginning of 2000s with the same competition
rules and fishing area, which makes the trends more comparable over time than in
other counties. Consistent competition rules are important to be able to use the
collected data in research. A strategy to share catch data when arranging fishing
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competitions could be letting each of the County Administrative Boards to handle
a permission for arranging fishing competitions, with an obligatory data share. The
important measures are date, fishing hours, fishing area, minimum length
(preferably the same for all competitions, at least county-wise), length of registered
pike, number of teams and number of participants. Some competitions have even
created an online application for registration of pike, so maybe it is possible to
design an online application that transfers all collected data automatically to a
database. Then it is also possible to use GPS-data of catches. Photo-identification
of each pike is required for approved registration of the catches in the competitions,
which could be used for identification of individual pike (Kristensen et al. 2020;
Lavenius 2020).

Taken together, the results from this study indicate that the increasing grey seal
population is associated with the negatively development of pike population in the
archipelagos of the western Baltic Sea. Management of coastal fish has traditionally
only taken the effects of fishing into account. The results of this thesis emphasize
the importance of a transition towards an ecosystem-based fisheries management,
where the effects of increasing populations of top predators are also taken into
account in the assessments, to maintain viable populations of fish.
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