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ARTICLE INFO ABSTRACT

Handled by: B. Morales-Nin In the Baltic Sea, the large predatory fish northern pike (Esox lucius L.) is important for both recreational fisheries
and ecosystem functioning. As existing fishery-independent surveys do not adequately monitor pike populations,
a general lack of knowledge on population status and trends poses challenges for management. Here we use
recreational angling data as an alternative method to describe pike population development along the Swedish
Baltic Sea coast from 1938 onwards and assess the change over time in potential mortality factors by estimating
harvest by fisheries and consumption by large predators. Data from a Swedish national register on trophy-sized
pike (>12 kg) showed that numbers and maximum sizes peaked in 1990-1995, after which declines in both
metrics are evident. In logbooks from a sport fishing club in the Stockholm archipelago, a simultaneous decrease
in maximum sizes of pike was observed, together with a decrease in the total number of pike caught per fishing
day. Jointly, these data indicate a decline in the abundance of large pike since around 1990. While commercial
pike fisheries in the Baltic Sea have decreased continuously since the 1950s, recreational fishing increased after
1985, when Swedish coastal waters were made open access to anglers. The declines in large pike starting in the
1990s could, thus, have been driven by an increase in mortality from recreational fisheries, which at the time
primarily practiced catch and kill. Since the 2000s, bag and slot length limits, spawning closures, and a general
increase in catch-and-release fishing has reduced the landings of pike in recreational fisheries. Despite these
fisheries regulations and higher release rates the decline in catches of large pike has continued, indicating an
effect of other mortality factors. The strong growth of grey seal (Halichoerus grypus) and great cormorant
(Phalacrocorax carbo sinensis) populations suggest that predation pressure on pike has increased over time. In the
Stockholm archipelago these two predators were estimated to remove 5-18 times (range based on different diet
composition estimates) more pike biomass than total fisheries landings in 2014-2017. To improve the situation
for northern pike in the Baltic Sea managers need to consider both fisheries restrictions and measures to decrease
predation pressure and increase recruitment. Catch data from recreational fisheries may be used to evaluate such
management efforts by providing information on the population development of this keystone species.
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1. Introduction

Globally, recreational fishing is of high social and economic impor-
tance (Arlinghaus et al., 2019; Arlinghaus and Cooke, 2009; Cooke and
Cowx, 2004; Hyder et al., 2018). In many instances, recreational fish-
eries are targeting large, predatory fish species (Donaldson et al., 2011;
Hyder et al., 2018), which are central to ecosystem functioning (Donadi
et al., 2017; Frank et al., 2005; Lewin et al., 2006). Maintaining strong

populations of these species is thus of importance both for the benefit of
anglers and to maintain resilient ecosystems. At the same time, recrea-
tional fishing may impose fish mortality with negative effects on both
population and ecosystem levels (Coleman et al., 2004; Cooke and
Cowx, 2004; Post et al., 2002). Therefore, monitoring population status
of predatory fish species is important both to assure the sustainability of
fishing practices and the viability of aquatic ecosystems (Arlinghaus
et al., 2021; Olsson, 2019).
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For many stocks targeted mainly by recreational fisheries, manage-
ment is hampered by a low availability of data on population status and
catches (Ihde et al., 2011; Radford et al., 2018). This is especially true
for species with highly localised population structure, such as many
coastal and freshwater predatory fish species (Gunderson et al., 2008;
Lewin et al., 2019; Olsson, 2019). To remedy this lack of information,
systematic use of catch and effort data from recreational fisheries is
highly warranted (Venturelli et al., 2017). While scientific on-site or
questionnaire-based surveys are increasingly being implemented (Hyder
et al., 2018; Radford et al., 2018), keeping record of catch and effort has
a long tradition among recreational fishers. Data collection of catches
may allow for reconstruction of multidecadal time series and de-
scriptions of the population development of many otherwise data-poor
species (Jansen et al.,, 2013; McClenachan, 2009; Richardson et al.,
2006).

Northern pike (Esox lucius L.), hereafter pike, is a large-bodied
keystone predatory fish (females growing up to over 20 kg) found in
many estuarine and inland ecosystems of the northern hemisphere. It is
one of the most popular target species in recreational angling in
Northern Europe, where chances of catching trophy-sized fish make it
particularly attractive (Arlinghaus et al., 2018). Pike is an ambush
predator in shallow, vegetated habitats, where it feeds on a wide variety
of prey, including its conspecifics (Casselman and Lewis, 1996; Craig,
2008). In the Baltic Sea, one of the world’s largest brackish water basins,
pike has a widespread distribution and is one of the most abundant
piscivores in the coastal zone (Larsson et al., 2015). With migrations
rarely exceeding 5 km and a strong homing behaviour, pike has a
localised population structure with a limited gene flow potentially
resulting in adaptations to local conditions (Laikre et al., 2005; Saulamo
and Neuman, 2002; Sunde et al.,, 2018; Tibblin et al., 2015;
Wennerstrom et al., 2017), making it vulnerable to local-scale pressures
such as habitat loss (Hansen et al., 2019; Nilsson et al., 2019), fisheries
and predation (Hansson et al., 2018; Nilsson et al., 2019).

While the catches of pike in coastal commercial fisheries in the Baltic
Sea has declined by 80% over the last 50 years (Hentati-Sundberg,
2017), it has become one of the most popular species for angling, and
today pike angling is associated with large socioeconomic values
(Arlinghaus et al., 2018; Hansson et al., 2018; Swedish Agency for
Marine and Water Management, 2019). The central importance of pike,
not only for recreational fishing but also for maintaining the trophic
structure of the coastal ecosystem (Donadi et al., 2017; Eklof et al.,
2020), emphasises the need for population status assessments for both
fisheries and environmental management. Knowledge on past and cur-
rent abundances is needed for management to take measures to sustain
viable populations of pike and the ecosystem services they provide.

Due to poor catchability in the passive gears used in standardised
monitoring programmes for coastal fish, data on the population devel-
opment of pike in the Baltic Sea is scarce. Still, indications of declining
pike populations have been observed in the Swedish national moni-
toring programme for coastal fish (Olsson, 2019), and a few earlier
studies have indicated local long-term declines in pike populations
(Lehtonen et al., 2009; Ljunggren et al., 2010). Concerns about dwin-
dling catches of pike along the Swedish coast have been raised by both
anglers and local fisheries managers, calling for a need to collate
available information on the development of pike populations and po-
tential pressures in order to advice management on what actions may be
effective.

In this study, we use long-term recreational fisheries data from the
Swedish Anglers Association and a local angler club to analyse popula-
tion changes of pike in the Baltic Sea from 1938 to 2019. We use the data
to assess changes in size distributions and abundances of this data-poor
species along the Swedish coast. In addition we relate the observed
changes in pike abundance estimated from recreational fisheries to
changes in major mortality factors of pike. These include recreational
and commercial fisheries as well as grey seal (Halichoerus grypus) and
great cormorant (Phalacrocorax carbo sinensis), two top predators that
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have increased strongly in abundance from the 1990s and onwards
(Hansson et al., 2018; HELCOM, 2018; Herrmann et al., 2019).

2. Material and methods

The data on pike recreational catches used in this study are based on
rod-and-reel angling, obtained from two different sources: (i) the
Swedish Anglers Association’s national register of trophy-sized fish
(“Storfiskregistret™), and (ii) fishing logbooks of the Stockholm Sport
Fishing Club (“Stockholms sportfiskeklubb”, hereafter SSFK). The na-
tional register of trophy fish was established in 1971 and relies on
voluntary angling reports of the largest specimens of game fish species
caught each year in Swedish waters. Each record in the database is
validated based on photographs and additional information about the
catch (Naslund and Lundgren, 2018). For pike, the minimum weight for
eligible registration is 12 kg. The weight of a registered pike must be
recorded on a scale verified by the SP Technical Research Institute of
Sweden and at least one witness must attest the weighing. A photo of the
fish is also required, while measurements of fork length and girth are
optional. In total, 1 560 pike have been reported in 1971-2019. Due to
the strong requirements on documentation, we judge the credibility of
this register as high. To be included in this register is considered pres-
tigious for many in the sport fishing community, so the propensity to
report catches has likely been high. Reporting a detailed position of the
catch is not required, but the name of the water body or coastal area is.
Based on this information we classified all catches to either coastal (n =
620) or inland (n = 926) waters (catch location name could not be
assigned to coastal or inland for 14 of the pike in the register), and for
the coastal pike also into different regions (shown in Fig. 1) based on
catch location.

SSFK was established in 1926, with members belonging to a well-
educated upper class in Stockholm. Since 1938 members and guests of
SSFK have reported their angling catches of pike, European perch (Perca
fluviatilis L.), and pikeperch (Sander lucioperca L.) in the fishing waters
leased by the club in the Stockholm archipelago. In logbooks, data on
number of caught fish and total weight per species and day, as well as
the weight of the largest individual, were recorded for each specified
site. Summary data from these logbooks are available in the yearbooks
of SSFK. From these yearbooks, information on numbers and weights of
catch per site, species and year was collated for three sites with multi-
decadal time series available, Arsta, Hiringe, and Rydboholm (Fig. 1).
The sites are 2.1-2.4 km? in size, all including suitable reproduction
areas for pike. Data availability varied between sites and variables
(maximum weight, average weight, numbers per day), with 31-56 years
of data, starting between 1938 and 1960 (Table 1, Figs. S1-5S2). Fishing
was only allowed for members of the SSFK until 1985 when all Swedish
coastal waters and the five largest Swedish lakes were made open access
to angling through a reform. Logbook reporting in the club slowly
decreased and the time series were upheld until 2002-2015 depending
on site.

To depict the development of major mortality factors of pike in the
Stockholm archipelago (Fig. 1), data on landings in commercial and
recreational fisheries and estimates of the removal of pike by predation
from grey seal and great cormorant were collated. These calculations are
detailed in the Supplementary information. Data on commercial land-
ings of pike 1914-2013, available by county, were retrieved from
Hentati-Sundberg (2017) and were extended to 2018 with official
landings from the Swedish Agency for Marine and Water Management.
Estimates of landings of pike in recreational fisheries were available for
1990 (Anon, 1991), 2006 (Thorngvist, 2009), 2010 and 2014-2018
(Swedish Agency for Marine and Water Management, 2019), based on
questionnaires commissioned by the Swedish Agency for Marine and
Water Management (previously Swedish Board of Fisheries) to Statistics
Sweden. In addition, we used data on pike landings for 2002 from a
questionnaire-based survey of recreational fishing specifically in the
Stockholm archipelago (Soutukorva and Soderqvist, 2005).
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Fig. 1. Map showing the spatial distribution and number of trophy-sized pike registered in Swedish coastal waters in 1971-2019. The inserted map shows the
Stockholm archipelago with the three fishing waters of the Stockholm Sport Fishing Club, where long-term catch data were available.

Removals of pike by grey seal and great cormorant were estimated by
combining data on population abundances, diet compositions and bio-
energetic needs of the two species. For grey seal, count data for haul-out
sites in the Stockholm archipelago in 1989-2017 was retrieved from the
Swedish database for environmental monitoring data (www.sharkweb.
smhi.se, Swedish Hydrological and Meteorological Institute). For
cormorant, count data of breeding pairs of cormorants in the county of
Stockholm was available from inventories coordinated by the county
administrative board and the Swedish Environmental Protection
Agency, available for 1994-2017. To estimate the approximate con-
sumption of pike by grey seal and cormorant in the Stockholm archi-
pelago, the consumption estimates for 2012-2013 presented in Hansson
et al. (2018) were applied, and scaled to the smaller region of the

Stockholm archipelago based on annual counts. In that study, a total fish
consumption rate for cormorant of 500 g/day (adults and subadults
feeding 185 days/year and juveniles 140 days/year) and for grey seal of
4.8 kg/day and feeding 365 days per year were applied (see S1 and S2 in
Hansson et al., 2018). While many studies use similar estimates for grey
seal consumption (based on Hammond and Grellier, 2006), there is some
discrepancy regarding estimates of cormorant consumption rates. Some
studies use consumption estimates that are in the range of 15-30% lower
than the one used here (e.g. Arlinghaus et al., 2021; Heikinheimo et al.,
2021), while on the other hand the detailed calculations in Ostman et al.
(2013) give estimated total yearly consumptions (for the adult, subadult
and juvenile birds associated with each nest) that are slightly higher
than the ones from Hansson et al. (2018). For consistency, we stick to the
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Data from the Stockholm Sport Fishing Club (SSFK) on numbers and weights of pike caught in three sites of the Stockholm archipelago. The total number of registered

pike was 14, 179 for Haringe, 3.844 for Rydboholm and 21, 824 for Arsta.

Sites and years Years with data on No. of fishing days per

No. of pike per Max weight (kg, Individual weight Total catch weight

fishing days /pike year (mean + SD)" year (mean =+ SD) mean + SD) (kg, mean + SD) (kg, mean + SD)
weight
Haringe: 1956-74, 1976-77, 38 /41 261 + 122 315 £172 10,1 + 2,9 2,1 +0,5 670 £ 316
1979-91, 1994, 2000-05,
2012-15
Rydboholm: 1960-74, 1976-82, 31/38 148 + 168 113 + 149 8,9+28 2,6 +0,6 258 + 335
1984-96, 1999, 2002
Arsta: 1938-40, 1949-74, 50 / 56 454 + 197 390 + 199 10,4 + 2,3 1,8 +£0,5 646 + 343

1976-92, 2000-09

# excluding years with less than 15 fishing days. Details on fishing days per year are shown in Fig. S1.

estimates from Hansson et al. in the current study.

There are many uncertain parameters in the estimations of grey seal
and cormorant consumption of pike, but uncertainty estimates (e.g.
confidence intervals) are not available for these data. However, the year-
to-year variability seen in the estimates of removal rates (Fig. 4) reflects
some of the uncertainty in the abundance data since grey seal and
cormorant are both long-lived species not expected to display large year-
to-year variation. The largest source of uncertainty is, however, the diet
composition, especially since pike is a relatively rare prey item, consti-
tuting 9% of the cormorant diet and 3% of the grey seal diet according to
Hansson et al. (2018). To illustrate the potential range of pike removal
from grey seal, we also applied estimates of diet proportions specifically
from the Stockholm archipelago (Bergstrom et al., 2016), where the
proportion of pike in the diet of cormorant was 2.8% and in the diet of
grey seal 11%. We therefore calculated two different point estimates
that reflect uncertainty in diet composition. No uncertainty estimates
were applied for the total fish consumption, although there is un-
doubtedly some variation between existing studies (as described above).
However, as this variation is much lower than the uncertainty associated
with population abundance and diet composition estimates it would
only have a limited additional impact on calculations of fish removals.

2.1. Statistical analyses

The temporal development of pike catches from both the national
register of trophy fish and SSFK were analysed with generalised additive
models as implemented in the mgcv package in R (R Core Team, 2013;
Wood, 2017, 2011). Gaussian distributions, restricted maximum likeli-
hood and default settings were used. For the trophy fish records, a
smooth function for year, by region (coastal or inland), was applied to
describe the development of the response variables number of reported
pike and maximum weight. Analyses of the SSFK data were conducted
similarly to the trophy fish records, with a smooth function for year by
site (Haringe, Rydbyholm and Arsta), and site also as a fixed parametric
model term as needed, which was evaluated by AIC values (see Sup-
plementary information). In the Haringe site in 2015, ten years after the
previous observation, an exceptionally high number of pike caught per
day was reported (nearly three times higher than the average for the five
previous years (2001-2005) in the site and the highest in the whole
dataset). As this record was deemed erroneous, and including it did not
affect the qualitative results or the conclusions, it was removed from the
final analyses. The visreg and ggplot2 packages were used to illustrate the
predicted population dynamics over year conditional on region and sites
(Breheny and Burchett, 2017; Wickham, 2016). Raw data plots are
provided in the Supporting information (Fig. S2). For the estimates of
pike removals from fisheries and seal and cormorant predation, no sta-
tistical analyses of temporal relationships could be made as data were
not available for the same time periods. Instead, these estimates were
used to compare the temporal trends of the removals from fisheries and
predators.

3. Results

The total number of reported pike in the register of trophy-sized fish
has increased since the start in 1971, but the development differs be-
tween coastal and inland waters. For coastal waters, both the number of
trophy-sized pike and the largest pike recorded increased from the early
1970 s and peaked around 1990, with maximum weights over 18 kg in
1989, 1990 and 1993 (Fig. 2, Table 2). Since then both the number and
maximum weight has decreased and in 2018, there was no trophy-sized
pike registered at all from coastal waters, and only one pike in 2019. For
inland waters, there was a slow increase in registrations until 1995, after
which there was a substantial increase up to 40-50 pike reported per
year around 2010, an increase that occurs simultaneously with the
decline in coastal reports. Although the number of reported pike from
inland waters has somewhat declined since 2010, the maximum re-
ported weight remains high (Fig. 2, Table 2).

The spatial distribution of the registered trophy-sized pike in coastal
waters shows that the majority (68%) has been caught in the Stockholm
archipelago, the largest archipelago area along the Swedish coast
(Fig. 1). While 28% of the large pike have been caught on the southeast
coast of Sweden, only a few trophy-sized fish were registered in the Gulf
of Bothnia in the north and in the southernmost parts of the Swedish
coast.

The SSFK data showed a similar development in coastal pike pop-
ulations as the register of trophy fish. After an initial increase in the
maximum size of pike caught per year after 1938, there was a rapid
decline from 12 kg in the maximum weight of pike caught in the early
1990s to 4 kg in 2015 (Fig. 3a, Table 2, Fig. S2). Simultaneously there
was an increase in the average weight of pike (Fig. 3b, Table 2) and an
overall continuous decline in the number of pike caught per angler and
fishing day (Fig. 3c, Table 2).

The compilation of data on the major external mortality factors of
pike for the Stockholm archipelago showed that the yearly commercial
landings have been reduced from around 150 tons prior to 1960, to an
average of 8 tons in the 2000 s. For recreational fishing, estimated
landings of pike in the area decreased from 1100 tons in 1990 to an
average of 100 tons in 2014-18 (Fig. 4). For grey seal, the consumption
of pike in 2013 in the Stockholm archipelago was estimated to 430-1570
tons, based on data from Hansson et al. (2018) and additional diet
composition data (Bergstrom et al., 2016). The consumption by grey seal
for the years 1989-2017 was then calculated based on the counts of seals
relative to 2013, resulting in estimated removals of pike increasing from
40-140 to 520-1900 tons over the period. For cormorant, the con-
sumption of pike in 1994-2017 was also calculated from Hansson et al.
(2018) with additional diet composition data from Bergstrom et al.
(2016), where the estimate of 90-300 tons in 2012 was scaled to the
other years based on cormorant counts. Pike consumption by cormorant
increased from 0.6-2 to 100-340 tons over the period. At the end of the
period, in 2014-2017, grey seal and great cormorant together were
estimated to remove 5-18 times more pike by weight than the com-
mercial and recreational fisheries combined (Fig. 4).
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Fig. 2. (a) Number of reported pike over 12 kg and (b) maximum weight of individual pike caught by angling in coastal (solid) and inland waters (dashed) reported
to the Swedish national register of trophy fish between 1971 and 2019. Curves show fitted GAMs with 95% CI (grey bands) and points are partial residuals. The
dashed vertical lines indicate when Swedish coastal waters and the five largest Swedish lakes were made open access to angling.

Table 2

Summary of generalised additive models describing the catches of pike over time and by region/site on data from the a-b) Swedish national register of trophy sized fish,
separated into coastal and inland waters, and c-e) logbooks from the three fishing sites of the Stockholm Sport Fishing Club (SSFK).

Dataset Parameter Deviance explained (%) Estimate or estimated df se t or F-value P
Trophy fish a) Maximum weight 44 Estimate t
Intercept 15.4 0.2 72.2 < 0.001
Inland 1.2 0.3 4.0 < 0.001
edf F
s(Year):Coast 3.1 6.2 < 0.001
s(Year):Inland 3.1 6.7 < 0.001
b) Number of records 81 Estimate t
Intercept 12.7 0.9 14.3 < 0.001
Inland 6.2 1.2 5.0 < 0.001
edf F
s(Year):Coast 6.0 13.5 < 0.001
s(Year):Inland 5.9 325 < 0.001
SSFK ¢) Maximum weight 52 Estimate t
Intercept 10.5 0.36 29.5 < 0.001
Rydboholm -1.6 0.57 -2.8 < 0.01
Arsta 0.1 0.44 0.2 0.88
edf F
s(Year):Héringe 4.3 5.1 < 0.001
s(Year):Rydboholm 1.6 1.9 < 0.001
s(Year):Arsta 4.0 4.9 <0.001
d) Number per day 76 Estimate t
Intercept 1.3 0.04 34.1 < 0.001
Rydboholm -0.6 0.05 -11.7 < 0.001
Arsta 0.5 0.05 -10.8 <0.001
edf F
s(Year):Haringe 4.7 5.7 < 0.001
s(Year):Rydboholm 1.0 39.8 < 0.001
s(Year):Arsta 1.4 40.5 < 0.001
e) Average weight 63 Estimate t
Intercept 21 0.09 23.3 < 0.001
Rydboholm 0.3 0.14 2.3 0.0207
Arsta 0.3 0.10 2.7 0.0088
edf F
s(Year):Haringe 4.5 9.2 < 0.001
s(Year):Rydboholm 2.4 4.4 0.0092
s(Year):Arsta 2.7 11.3 < 0.001

4. Discussion

This study demonstrates how catch data from anglers can provide
information on the population development of northern pike, which is
one of the most popular species of recreational fisheries in many
temperate coastal and inland waters. Both a Swedish register of trophy-
sized pike and logbook data from a sport fishing club in the Stockholm
archipelago show decreases in catches of large pike at the Baltic Sea
coast since the early 1990s. The data from the Stockholm archipelago

indicates a decline also in numbers of pike caught per angler and fishing
day. At the same time, average weight of pike in the catch has increased,
indicating a higher dominance of mid-sized individuals in the area.
Together, these data indicate a general decline in abundance of large
pike at the Baltic Sea coast since around 1990, while the increase in
average weight may indicate a higher growth rate, consistent with a
recent study on pike at the Swedish Baltic coast (Berggren et al., 2021).

The decline in large pike appears a few years after angling at the
coast was made open access in 1985. Thereby, previously private fishing
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Fig. 4. Estimates of pike removals by recreational and commercial fisheries and
by consumption by top predators in the Stockholm archipelago. Records of
commercial landings of pike in 1914-2018 are based on official fisheries sta-
tistics, and landings in recreational fisheries in 1990, 2002, 2006, 2010 and
2014-2018 (mean + 95% CI) are estimated from questionnaires.

Grey seal and cormorant consumption were calculated from population counts
of grey seal in 1989-2017 and of cormorant in 1994-2017 combined with two
separate point estimates of proportions of pike in the diet of seal and cormorant
that provide a range to illustrate a major source of uncertainty (Bergstrom et al.,
2016; Hansson et al., 2018).

waters were made accessible to a large community of recreational
fishers, which in many areas likely led to a substantial increase in fishing
pressure. We can see an initial increase in reports of trophy pike directly
after 1985, likely as a response to a higher fishing effort for pike in
coastal areas. At that time, the commercial fishery had declined since the
1950s, possibly due to a loss in popularity of pike for human con-
sumption, as shown by a decrease in relative market price (Hentati--
Sundberg, 2017), while grey seal and cormorant populations were still
small. It is thus plausible that the decline in trophy-sized pike was pri-
marily a consequence of the increase in mortality from recreational
fisheries. Traditionally, most pike in recreational fisheries were killed at
catch, and it is only in the last two decades that a clear shift towards a

catch-and-release fishery has taken place. In 2006, when
catch-and-release fishing had already gained popularity for some time, it
was estimated that 63% of the pike in Swedish waters were landed
(Thorngvist, 2009). In 2020, only 15% of the pike caught was landed
(Statistics Sweden, 2021). While catch-and-release may have pro-
nounced effects on pike behaviour and growth, survival of pike is high
(Arlinghaus et al., 2018; Hiihn and Arlinghaus, 2011) and effects on
reproductive traits are minor (Flink et al., 2021). Although some nega-
tive population-level effects from extensive catch-and-release fisheries
can still be expected, this shift in practices has likely led to lower
fishing-related mortality. To further reduce recreational fishing mor-
tality of pike, a slot length limit of 40-75 cm and a bag limit of three pike
per day was implemented in Swedish coastal waters in 2010. Judging
from national survey data, these restrictions together with the shift to-
wards catch-and-release practices seem to have reduced recreational
landings of pike in the last decade. Despite the decrease in pike landings
from commercial and recreational fisheries, our analyses suggest that
the loss of large pike continues. In addition to the long-term trends found
in this study, dwindling catches during the last years are also evident
from some areas in the Swedish national coastal fish monitoring pro-
gramme (Olsson, 2019).

Several factors may contribute to the continued losses. Size distri-
butions of stocks tend to lag five years or more behind changes in fishing
pressure for larger fish species (Modica et al., 2014), which is consistent
with the decline of large pike that appeared 5-10 years after making
coastal waters open access to angling in 1985. At the same time, this also
means that the time series in this study may not be long enough to record
a potential recovery of pike following the decrease in fishing pressure
since around 2010. However, several other pressures on pike pop-
ulations have increased during the last decades, which may prevent or
delay a recovery.

Habitat deterioration and food-web changes have affected both
recruitment success and adult survival of pike in the Baltic Sea. Pike has
suffered long-term losses of suitable spawning and nursery areas owing
to drainage of wetlands and to coastal construction, boating and
eutrophication (Bergstrom et al., 2013; Hansen et al., 2019; Nilsson
etal., 2014; Sundblad and Bergstrom, 2014). From the 1990s onwards, a
decline in recruitment success stemming from ecosystem changes in the
open sea has also been reported (Eriksson et al., 2011; Ljunggren et al.,
2010). Recent studies have demonstrated that the lower pike recruit-
ment is related to strong increases in three-spined stickleback
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(Gasterosteus aculeatus), a species that may have a negative impact on
recruitment of pike especially at open coasts through predation on pike
eggs and larvae (Bergstrom et al., 2015; Eklof et al., 2020; Nilsson et al.,
2019). The overall reduction in recruitment success due to habitat loss
and stickleback predation are not likely causes of the pronounced
decline of trophy-sized pike, but these may still have contributed to the
lower catches through a general decline in the population sizes of pike in
the Baltic, despite a potential positive effect on individual growth rate
through a reduced density dependence (see below).

Simultaneously with the decrease of large pike along the Swedish
coast since the early 1990s, a pronounced population recovery of the top
predators grey seal and great cormorant has taken place in the Baltic
Sea. After a rapid population increase, the cormorant population has
remained fairly constant in the Baltic Proper from around 2005, while
there is an ongoing increase in the Gulf of Bothnia (Herrmann et al.,
2019). For grey seal, the population is continuously increasing by about
5% per year in the Baltic Sea, with the strongest rate of increase
currently taking place in the southern areas (HELCOM, 2018). Hansson
et al. (2018) estimated that in the early 2010 s these two predators
together removed more pike biomass than the commercial and recrea-
tional fisheries combined at a Baltic Sea scale, but there can be
considerable variation at the local scale. In contrast, a recent study in the
German Baltic coast showed that the extraction of pike from fisheries is
substantially higher than that from cormorants (Arlinghaus et al., 2021).
Grey seal was not included in that study, but as seal densities are still low
in the southern Baltic their removal of pike can be expected to be low
(Hansson et al., 2018; HELCOM, 2018). Focusing specifically at the
Stockholm archipelago, the estimates presented here (Fig. 4) are highly
uncertain, but suggest that the removals from grey seal and cormorant
have exceeded that of commercial and recreational fisheries during the
2010 s. For 2014-2017, predator removals are estimated to be 5-18
times higher (lower and higher range of estimated removals) than total
landings of recreational and commercial fisheries combined. Of the two
predators, grey seal is estimated to remove around 5 times more pike
than cormorants. These results suggest that management would gain
from broadening the narrow focus on the impacts of fisheries when
planning measures for coastal fish stocks, as rebounding top predator
populations in combination with decreasing landings in fisheries may
cause extensive changes in the relative importance of mortality factors.

Cormorants mainly eat smaller pike (<50 cm length; Ostman et al.,
2013), which could reduce the impact on adult populations if there are
compensatory effects. Grey seal can be expected to selectively target
larger individuals. Information on size distributions of pike in grey seal
diet is scarce, but a recent study of grey seal predation on cod in the
southern Baltic Sea shows that 75% of the cod eaten (by weight) was
above 55 cm length (Eero et al., 2019), even though a very low pro-
portion of cod in the area is currently above that size (Svedang and
Hornborg, 2017). A similar size-selectivity is indicated by frequent ob-
servations of large pike carcasses eaten by seals, with the head left intact
(usually fish larger than 2 kg; Niklas Sjoberg and Henrik C Andersson,
County Administrative Board of Stockholm, pers. comm.). Partial
ingestion of larger prey seems to be common among grey seals (Benoit
et al.,, 2011; O’Boyle and Sinclair, 2012), why the proportion of large
pike may be underestimated in studies relying on hard parts found in
stomachs and scats. Despite this, the higher removal rates compared to
fisheries and cormorants found in this study suggest that predation from
grey seal is currently the largest source of mortality for large pike along
the Swedish Baltic Sea coast.

Besides external drivers there can also be behavioural, phenotypic
and demographic changes contributing to the decline in pike catches in
angling. Pike may learn or angling select for pike to become more timid
and avoid lures, hence resulting in lower catchability and slower growth
(Carlson et al., 2007; Edeline et al., 2007; Monk et al., 2021). While the
maximum size and the number of fish caught per day in the Stockholm
archipelago have decreased, the mean weight increased up to around
1990. Presumably, the establishment of the sport fishing club in the

Fisheries Research 251 (2022) 106307

three study sites increased the mortality on pike long before the intro-
duction of open access recreational fishing in 1985, leading to a decrease
in pike abundance as reflected in the numbers caught per fishing day.
Reduced density dependence in combination with increasing tempera-
tures and elevated levels of eutrophication may have increased the
growth rate of pike (Berggren et al., 2021; Pierce and Tomcko, 2003).
Since the 1960 s, a similar increase in mean size over time has been
observed also in other areas of the Baltic Sea coast (Berggren et al., 2021;
Lehtonen et al., 2009) and has been shown to be connected to a sub-
stantial increase in early-life growth rates (Berggren et al., 2021). Thus,
we find it unlikely that behaviour or body growth per se could explain
the reduction in catches of large pike. Technological creep, i.e. the
development of more efficient fishing gear and techniques over time, is
another factor that may have contributed to the increase in mean size of
pike caught during this period. There is, however, little information
available on how technological creep affects recreational fishing
(Kleiven et al., 2019).

In inland waters, there was an increase in registrations of trophy-
sized pike in 2000-2010 coincident with the decrease in coastal areas,
which suggests that the decrease in coastal waters was not an effect of
regional climate change or a reduced will to report trophy-sized pike.
This shift may to some extent reflect a general trend of pike fishers
turning to inland waters as a consequence of dwindling catches at the
coast, a pattern that has been repeatedly reported by devoted pike
fishers. Since around 2010 there is also a decrease in the number, but not
maximum weight, of reported trophy-sized pike from inland waters.
This pattern is potentially an early sign of overexploitation, and war-
rants further research as well as caution in management.

This study was made possible through the digitization of long-term
recreational fisheries data, which can strengthen status assessments of
data-poor species like pike (Jansen et al., 2013). Although recreational
fishing data could constitute valuable support to fish monitoring pro-
grammes for species otherwise difficult to survey, recreational catch
data has rarely been collected over long periods of time. Common def-
icits in recreational fishing data include a lack of effort information and
of information on days with zero catches. Furthermore, assumptions
must often be made regarding consistent catchability, willingness to
report, development of fishing gear and practices, fishermen de-
mographics, reporting bias etc. (concept reviewed in Lewandowski and
Specht, 2015). In this context, data used in this study overcomes some of
the caveats of recreational fisheries data. Data originate from fishing
associations/clubs which have had high ambitions when it comes to
recording catches. While the national register of trophy-sized fish fol-
lows a strict protocol for reporting, the Stockholm sport fishing club kept
detailed logbooks, where summaries were published in year books. The
data included days of zero catch, which implies that reporting has been
mandatory.

There was a pronounced decline in fishing effort by the members of
SSFK in the three study sites in the Stockholm archipelago from the
1990s onwards (Fig. S1). This was probably an effect of the open access
fishing introduced in 1985, opening up vast new fishing waters to the
members of the club (and the club waters to other fishers). The observed
decline in maximum weight in the three sites may to some extent have
been affected by the lower effort, as chances of catching a large pike
depend on total effort. However, concurrent with the decrease in
maximum weight of pike caught by the sport fishing club, the number
(and weight) of reported fish in the national register of trophy-sized pike
also declined from the early 1990s onwards, following an increase up to
the reform in 1985 (Fig. S3). The sharp rise likely reflects an increased
effort as a consequence of the newly introduced open access fishing
along the coast. Although there is no data available on the development
of angling effort in the Stockholm archipelago, there is good reason to
believe that the decline in catches mainly reflects a decrease in the
abundance of large pike rather than a decrease in fishing effort or
willingness to report catches. Reports from inland waters continued to
increase until around 2010, which probably better reflects the general
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interest for pike fishing in Sweden. Even though there may have been
some shift in total fishing effort towards inland waters during this
period, popularity of pike fishing at the coast has remained high. Thus,
the consistent pattern between the two datasets coming from different
sources and representing different spatial scales, with a peak in catches
of large pike a few years after all coastal waters were opened to angling,
jointly support the main conclusion - that the abundance of large pike
has seen a continuous decline along the Swedish coast since the 1990s.

Although we can show a continuous decline in abundance of large
pike, this study highlights the need for a better understanding of the
causes for this decline in the Baltic Sea. While comparisons of fish re-
movals, such as in the present study and in Hansson et al. (2018) can
provide indications of major mortality factors, other methods are
necessary for estimating population level effects. One approach is to
utilise natural experiments, where the development or status of fish
populations are related to changes or differences in pressures in
spatiotemporal comparisons (see e.g. Ovegard et al., 2021). Here
regression-based approaches or BACI (Before-After-Control-Impact)
analyses may be applied to estimate the impact of predators or fisheries.
In a similar way, large-scale manipulations where either fisheries or
predators are excluded from specific areas may be useful, such as
no-take zones where the effects of fishing can be estimated (Bergstrom
et al., 2016; Berkstrom et al., 2021). Another option is to apply quan-
titative modelling approaches (Ostman et al., 2013), where the impact of
natural predation and fisheries on population parameters are estimated.
These models, however, require detailed and high-resolution data on
diet compositions and abundance estimates of predators and catches in
fisheries, why parameterisation is a challenge. Ultimately, a combina-
tion of approaches may be needed for an in-depth understanding of how
different mortality factors affect fish populations.

In summary, our analyses suggest that the abundance of large-sized
pike in coastal areas of the northern Baltic Sea has decreased substan-
tially during the last three decades. The open access to the angling
fishery at the Swedish Baltic Sea coast was likely a major contributing
factor to the initial decline. Fisheries restrictions introduced at the
Swedish coast in 2010, including maximum size and bag limits, and an
increase in catch-and-release practices, have not resulted in any signs of
recovery of the pike populations. This study cannot establish any causal
relationship, but multiple factors in addition to fisheries, like predation
from increasing populations of grey seal and cormorant inducing mor-
tality, and habitat changes and stickleback predation affecting recruit-
ment, have all probably contributed to the enduring decline. Our results
in combination with the negative trends observed in coastal fish moni-
toring data (Olsson, 2019) indicate a poor status of pike populations,
calling for further management actions. To enable a recovery, it may not
be enough to introduce further restrictions on fisheries alone. Instead,
management would gain from a broader focus on decreasing total
mortality, including the effects of natural predation. There is also a need
to establish targeted monitoring of pike populations to improve preci-
sion and spatial resolution of status assessments, and hence, the need for
management actions. Here we believe that the use of citizen science may
offer an additional way of collecting data for monitoring, while simul-
taneously raising awareness and fostering collaboration among stake-
holder groups.
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