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ARTICLE INFO ABSTRACT

Keywords: Eutrophication and reduced grazing have led to an expansion of the common reed (Phragmites australis) in ar-

R?Ed expansion chipelago areas in the Baltic Sea, while at the same time the composition of submerged vegetation has changed.

gﬂ;e‘ S Although reed is important as nursery habitat for many fish species, extensive emergent vegetation may reduce
altic Sea

biodiversity and abundance of predatory fish. Pike (Esox lucius) is a predatory fish whose larvae and young-of-
the-year find both food and shelter in reed but use different micro-habitats during different life-stages. Here we
investigate the influence of reed and submerged vegetation on abundance and body size of adult pike during the
spawning season. We predicted that coastal bays with extensive but heterogeneous reed beds with higher cover
of submerged vegetation would have more and larger pike than bays with smaller, homogenous reed belts or
with less submerged vegetation. To test these predictions, we estimated abundance and size-structure of adult
pike from catches in angling fishing among 22 bays in the Stockholm archipelago at the Swedish Baltic Sea coast.
Our analyses show that catches of adult pike were positively associated with both extensive reed beds and cover
of rooted submerged vegetation. However, pike size was not correlated with any vegetation variable, but instead
increased with wave exposure and bay area. Our study suggests that reed beds and submerged vegetation are
important for adult pike during the spawning season, and even the most extensive reed beds had no evident
negative effect on pike populations. We could not see any clear relationship between emergent reed habitat and
cover of submerged vegetation among the studied bays, and conclude that to maintain pike population during
the spawning season it is important that coastal bays have sufficient amounts of both reed beds and rooted
submerged vegetation.

Spatial distribution
Habitat utilization
Angling

Esox lucius
Phragmites australis

1. Introduction

Emergent shoreline vegetation like reed (Phragmites australis) and
cattail (Typha sp.) in soft sediment coastal areas is expanding due to
eutrophication from allochthonous nutrient inputs (King et al., 2007;
Von Numers, 2011; Pitkanen et al., 2013; Schrank and Lishawa, 2019;),
shoreline alterations (Burdick and Konisky, 2003; Silliman and Bertness,
2004; Bart et al., 2006; King et al., 2007; Chambers et al., 2008; Schrank
and Lishawa, 2019), or reduced grazing pressure (Von Numers, 2011;
Pitkanen et al., 2013). In parts of the Baltic Sea, beds of the emergent
plant species common reed (Phragmites australis; hereafter only reed) has
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become both denser and wider (Pitkdnen et al.,, 2013) and have
expanded into new areas (Von Numers, 2011). Emergent vegetation are
strong competitor for light in shallow, wave-protected areas with high
organic and nutrient concentrations (Li et al., 2021), which may reduce
biodiversity of submerged vegetation and more homogeneous vegeta-
tion (Munsterhjelm, 1997; Pitkanen et al., 2013; Altartouri et al., 2014;
Han and Cui, 2016; Schrank and Lishawa, 2019). On the other hand,
reed has important functions in shallow and sheltered habitats (Altar-
touri et al., 2014) as it protects shorelines from wave erosion, buffers
internal nutrient loading and absorbs external nutrient loadings (Kai-
taranta et al., 2013), and acts as a carbon sink (Buczko et al., 2022).
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Reed also has a function as nesting area for birds, and spawning and
nursery habitat for fish (Altartouri et al. 2014; Harma et al. 2008;
Snickars et al., 2010; Kallasvuo et al., 2011).

The northern pike (Esox lucius) is a piscivorous fish associated with
reed and macrophyte vegetation (Bry, 1996; Casselman and Lewis,
1996; Lappalainen et al., 2008; Kallasvuo et al., 2011). Pike has shown a
decline in both abundance and body size in parts of the Baltic Sea during
the last decades (Berggren et al., 2022; Bergstrom et al., 2022; Olsson
et al., 2023). There are likely several co-acting factors contributing to
these declines in abundances and size, including reduced recruitment of
early life-stages (Nilsson, 2006; Nilsson et al., 2019; Eklof et al., 2020),
increased adult mortality (Berggren et al., 2022; Bergstrom et al., 2022),
and habitat degradation and isolation (Sandstrom et al., 2005; Nilsson
et al., 2014; Sundblad and Bergstrom, 2014; Hansen et al., 2019).

Expanding emergent vegetation like reed and cattail (Typha sp.) have
been shown to negatively affect fish populations, including the northern
pike, in other parts of the world (Olson et al., 1998; Schrank and
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Lishawa, 2019; Massa and Farrell, 2020). Although vegetation is
essential for pike, in a review Casselman and Lewis (1996) concluded
that abundance of juvenile and adult pike peak at a cover of submerged
vegetation around 30-70 %. In shallow coastal bays of the Baltic Sea,
abundance of young-of-the year (YOY) pike shows a strong positive
relationship with cover of submerged vegetation up across a spatial
gradient (>80 % cover) (Sandstrom et al., 2005; Hansen et al., 2019).
Pike, however, uses different micro-habitats during different life-stages
(Casselman and Lewis 1996; Eklov 1997; Skov and Berg 1999; Hawkins
et al. 2003; Hansen et al., 2019), and body size is inversely related to
vegetation density of loosely structured reed and cattail (Eklov, 1997).
Hence, for pike to successfully complete its lifecycle may require vege-
tation and habitat of different complexity and structure (Hawkins et al.,
2003; Skov and Berg, 1999; Eklov, 1997). Decreasing habitat hetero-
geneity due to expansion of emergent vegetation (Schrank and Lishawa,
2019) may lower diversity and abundance of prey important for the pike
life cycle (Eklov, 1997; Hawkins et al., 2003; Massa and Farrell, 2020).
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Fig. 1. Map of the study areas in the northwestern Baltic Sea with locations and names of the 22 studied bays: [] = closures, e = reference areas. Insert maps show
northern Europe and the Baltic Sea (NormanEinstein, CC BY-SA 3.0, https://commons.wikimedia.org).



N. Niemi et al.

Although there are no studies on adult pike size in relation to reed bed
expansion or cutting, Olson et al. (1998) showed in a lake manipulation
that increased heterogeneity of vegetation from cut lanes through
emergent vegetation resulted in increased body growth of piscivore fish,
bluegill (Lepomis macrochirus) and largemouth bass (Micropterus sal-
moides). While expanding reed habitat can be positive for juvenile pike,
too dense and homogenous reed beds may delimit recruitment and body
growth of adult pike.

Here we studied catch per unit effort and size of adult pike during the
spawning season in relation to extension and configuration of reed beds,
and cover of submerged vegetation among 22 coastal bays in the
Stockholm archipelago at the Swedish coast of the Baltic Sea (Fig. 1). In
addition, we also included the influence of shoreline constructions and
wave exposure; factors previously shown to influence abundances of
younger pike (Sandstrom et al. 2005; Sundblad and Bergstrom 2014;
Kallasvuo et al. 2011; Hansen et al., 2019). We predicted that pike
abundance and body size will increase with increasing heterogeneity of
reed beds and submerged vegetation.

2. Materials and methods
2.1. Pike and fish data

We here use data on pike catches in 22 coastal bays in the archi-
pelago around Stockholm at the western Baltic Sea coast (Fig. 1). Pike
data was obtained from the “ReFisk” project that aims to study the ef-
fects of fishing closure during spawning time on fish communities, co-
ordinated by the County Administrative Board of Stockholm. Half
(eleven) of the bays were closed for fishing during spawning (1 Apr — 31
May) and the other half were open for fishing. Spawning protection was
implemented in the bays in the mid 2000-ies (except two bays where
protection was implemented 2010 and 2014), and the eleven reference
bays were chosen to pair with a protected bay in the same archipelago
area with similar size, depth and wave exposure.

Pike abundance and size structure was estimated from pike angling
in 1-29 April 2017, during the pike spawning period. Angling was
chosen as it was considered to be the most time effective way of catching
pike and assessing CPUE in these habitats. Two anglers per boat fished
for four hours per bay and after four hours they switched to another bay
and fished for another four hours. The next day they switch order of bays
and fished for four hours in each bay. After a minimum of seven days
these bays were fished again with the same method by two other anglers.
The instruction to anglers was to maximize the pike catch (numbers)
within the bay for each 4h period. Hence, anglers changed lure
depending on habitat and conditions, and could fish longer in parts
where catches seemed higher or more likely. All angling was done
during the spawning period but catch rate may depend on weather and
water temperature. Therefore each bay was fished four times by two
different teams to reduce influence of variation between anglers and
weather conditions. All participants were highly experience pike an-
glers. For all catches the position, sex, total body length and water
temperature were recorded, and all pike were marked with an individual
tag (anchor T-bar tags). We here disregarded all recaptured pike from
the data. Sampling and tagging were done under ethical permits from
Stockholm, south Ethical Board permit Dnr S-33-15 and Uppsala Ethical
Board permit Dnr C 139/13.

From the sampled size distributions of pike in each bay we calculated
the mean body length (in cm), mL. To avoid stochastic variation in mL
due to low sample size we omitted nine bays with less than 20 pike
measured (i.e. 13 bays had a catch of more than 20 pikes).

2.2. Reed distribution
We measured spatial extent (area) and perimeter of the reed beds in

the 22 bays (Fig. 1) using geographically referenced RGB aerial photos
from the Swedish mapping, cadastral and land registration authority
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(Lantmateriet) with a precision of 0.5 m placed as template to digitally
mark reed beds (Suppl. Fig. S1). Aerial photos were from May 2019, i.e.
two years after the pike sampling, when the reed has not started to grow
for the season. Reed beds may have changed somewhat over years due to
ice conditions (removing reed) and water levels (low water levels due to
variation in air pressures across the Baltic Sea in summer facilitate reed
expansion). However, the difference is not more than a couple of meters
between years so between year variation is marginal relative to the
between bay variation and will thus be considered as random mea-
surement errors. Reed beds from aerial photos in spring were sometimes
difficult to distinguish from banks and shallow waters because reed was
not green. We therefore used satellite images from a commercial na-
tional map service (eniro.se/kartor, Eniro Sverige AB) taken later during
2019 to verify the classification of reed beds in uncertain cases. Satellite
images were added as an overlay image on the aerial photo by geore-
ferencing photos in the software Qgis (version 3.4.15, Qgis.org 2020).
Polygons were digitized by manually tracing reed from the photo layers
(Suppl. Fig. S1), thereby obtaining vector graphic of reed bed shape in
each of the 22 bays, from which reed area and perimeter were estimated
using Qgis tools.

Reed grows past the waterline on to land and therefore crosses the
shoreline border, which is not possible to identify from aerial photos. To
objectively define the coastline we used the official Swedish shoreline,
produced in a collaboration project between the Swedish Maritime
Administration and the Swedish Mapping, Cadastral and Land regis-
tration authority, called “National shoreline” (NSL). NSL is the projected
line at a certain height relative long-term average water level between
reference points from aerial photos (Sjohed et al., 2020). This shoreline
was used as the inner boundary of the reed beds in bays. The NSL is not
perfect and in many shallow areas the shoreline is diffuse (Sjohed et al.,
2020) but gives a good, and most importantly objective, estimate of the
shoreline. To create polygons of the reed beds, the areas were delineated
along the perimeter of the beds and patches in the aerial photos (Suppl.
Fig. S1) from each bay. We visually checked that NSL did not seem to
differ markedly from the observable parts of the coastline from the aerial
photos (no obvious major deviation detected).

2.3. Calculations of reed area and heterogeneity

We checked for errors, using Qgis “Check for validity” function to
control that there was no crossings of polygon lines or other malfunc-
tions with polygons. Once a reed bed was judged as valid we used the
polygon area and line length tools in Qgis to calculate:

a) Total reed area (RA)

b) Total reed perimeter (RP, excluding the coastline)

c) Reed cover (in % of bay; RC) = RA/Total bay area

d) Average Reed belt width (in meters; RD) = RA/Coastline length

e) Reed ratio (%, RR) = (Reed perimeter - Coastline length)/(Coastline
length),

The Reed ratio is an estimate of how much longer or shorter the reed
perimeter is relative to the coastline of the reed habitat. A higher ratio
indicates a more complex interface between reed and water whereas a
lower (can be negative) ratio indicates a straight boundary between reed
and open water.

2.4. Submerged vegetation

In each bay, the abundance of submerged vegetation was surveyed
by free-diving in May 2017 at 3-5 sites per bay, with a higher number of
sites per bay with increasing bay area. To gain a representative sampling
of the whole bay area, sampling sites were haphazardly distributed
across wave exposure and depth gradients in the bays (maximum sam-
pling depth set at 3.5 m). At each sampling site, we estimated the
percent seabed cover of aquatic vegetation in two stations placed ca
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30 m apart. Each station consisted of a seabed area with a 5-m radius
(78.5 mz) following the protocol of Bergstrom et al. (2021) and similar
to the method used in other recent studies in the area (e.g. Hansen et al.,
2019). The percentage cover of each taxon, except filamentous algae
that was treated as a specific group (Fil. alg.), was estimated separately
and identified to species level in the field. The cumulative sum of all
taxa, rooted angiosperms except reed, and habitat-forming coarsely
structured macroalgae was calculated for each station (hereafter deno-
ted ‘Total cover’, ‘Rooted submerged vegetation’ and ‘Macroalgae’,
respectively). The cumulative sum could exceed 100 % when species
grew on top and/or overlay each other. For each bay we calculated the
grand mean of each vegetation variable.

2.5. Jetties and wave exposure

We used available data on jetties/piers and wave exposure in the
bays. For jetties and piers, we used a shapefile of Sweden’s jetties, piers
and small buildings (e.g. boathouses) mapped 2015-2016 by Tornqvist
etal. (2020). The layer show length of each jetty, pier and small building
but not width. There were no harbors or other major linear elements
along the coast in the bays. Since piers and jetties can cross the coastline
and sometimes reach far up on land, all objects were cut at the NSL so
that only the lengths on water were used. The total length of jetties, piers
and small buildings per bay was transformed into an index of ‘jetty
density’, estimated as jetty/pier/boathouse-meters per hectare. The
jetties, piers and small buildings were mapped 2-3 years before pike
surveys and we may therefore have underestimated the true density of
jetties in bays at the time of sampling. However, number of jetties
changes little over such short time periods (see Fig S1 in Hansen et al.,
2019). Wave exposure data (m?/s) was obtained from modelled data for
the complete Swedish coast (Iszeus, 2004; Sundblad et al., 2014) as the
average value of pixels within each bay.

2.6. Statistical analysis

All statistical analyses were done in R version 4.0.4 (R Core Team,
2021). To get an overview of strengths of single correlations between
predictor variables and pike CPUE (average number of pike per fishing
hour in a bay) we did a correlation matrix. We did a separate correlation
matrix for mL as it could only be calculated for 13 bays. Pike CPUE and
predictor variables were log-transformed to better fit normal
distributions.

As several reed characters and estimates of submerged vegetation
were inter-correlated (Suppl. Fig. S2) we transformed the vegetation
variables into principal components. We used the three first principal
components that had eigenvalues >1 (explaining 87 % of cumulative
variation of vegetation parameters) to study if and which PC-variables
that explained significant variation in pike catches in generalized
mixed models with a negative binomial distribution of catches as
dependent variable and fishing hours as an offset to adjust for different
effort with the glmer.nb-function in the Ime4 package for R (Bates et al.,
2015). Beside principal components, bay area, wave exposure, jetty
density and mean water temperature (surface temperature at the four
fishing occasions) were added as explanatory variables. As half the bays
were chosen to study the effect of spawning protection and the other half
were reference areas open to fishing, bay was nested under spawning
protection/reference as random factor to account for any variation in
relation to spawning protection. For body size we used linear mixed
models with body length as dependent variable in the Imer-function,
also in the Ime4 package for R, with bay nested under spawning pro-
tection/reference as random factor and the same fixed factors as for pike
catches. As there is a size dimorphism, sex was used as a fixed factor in
this analysis. Fixed factors were added or removed in a stepwise selec-
tion based on p-values, adding variables with the lowest p-value < 0.05
and removing the variable with highest p-value >0.1. Parameter esti-
mates and standard errors for the full models including all variables are
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provided in Table S1. Partial r2-values for each variable was calculated
as differences in marginal pseudo R? values for generalized mixed
models (Nakagawa and Schielzeth, 2013) when that variable was
removed relative the full model using the ‘r.squaredGLMM’ function in
the MuMIn package for R (Barton, 2022).

3. Results

Variables of reed characteristics were generally positively correlated
(rp > 0.6; Suppl. Fig. 52) and grouped along the first PC axis (Fig. 2) that
explained 47 % of total variation in vegetation. Hence, the more reed in
a bay in general also meant higher perimeter, proportion and hetero-
geneity between water and reed belts. Total cover of submerged vege-
tation and cover of rooted submerged vegetation grouped along the
second PC-axis (21 %), whereas the third PC axis (11 %) separated out
cover of macro- and filamentous algae (Fig. 2).

In the stepwise model selection (generalized mixed models), pike
catches controlled for effort increased with PC1 (Fy,18 = 18, p < 0.001;
Fig. 3A) and PC2 (Fy,18 = 11, p < 0.001, Fig. 3A), and decreased with
wave exposure (F118 = 5.8, p = 0.02). Together, these three variable
explained 77 % of marginal variation in pike catches. No other variable
was included in the stepwise regression, and the full model did not show
any qualitative differences of significant variables (Table S1).

As single Pearson’s correlations, pike CPUE showed strongest cor-
relations to reed perimeter (1, = 0.76), reed area (r, =0.74), reed cover
(rp =0.67), and with cover of rooted submerged vegetation (r, = 0.63;
Suppl. Fig. 52), and to lesser degree to reed ratio (r, = 0.59) and reed
depth (r, = 0.55). Mean length of pike in each bay, mL, showed no
correlation with CPUE of pike (r, = —0.14; Suppl. Fig. S3) but positively
correlated with the proportion of females (r, = 0.69; Fig. S3). The
environmental variables showing strongest single correlation with mL
were positive relationships with wave exposure (r, = 0.84; Fig. S3) and
bay area (r, = 0.68; Fig. S3).

In the stepwise model selection of pike body length (mixed linear
models) when controlling for sex (F1,1101.5 = 378, p < 0.001, Fig. 3B),
only wave exposure was significantly negatively associated with body
length (F1,11.4 = 19, p = 0.001, Fig. 3B), explaining 10 % of marginal
variation of the final model. However, in the full model with all envi-
ronmental variables included, wave exposure was not significant and
explained only 2 % of marginal variation (Table S1), indicating that
wave exposure and bay area were confounding each other’s effect (r, =
0.78) in the full model. No PC axis of vegetation explained any signifi-
cant variation in body length (F; 9 < 0.5, p > 0.5, Table S1).

4. Discussion

As predicted, catches (CPUE) of adult pike were associated with both
reed and submerged vegetation, and hence vegetation heterogeneity,
among the 22 studied bays. Different characteristics of reed beds had a
high positive covariance, as larger reed beds also had a more complex
interface between reed and water, making it impossible to single out
which reed properties that are most important for pike. In general, large
reed beds with high perimeter seemed favorable for pike with no in-
dications of a decline in catch in bays with the largest reed beds. Reed
beds and submerged vegetation showed no evident association between
each other and pike catches also increased with increasing coverage of
submerged vegetation. Pike body length, in contrast, was not signifi-
cantly related to any vegetation variable, nor pike catches, but increased
with increasing wave exposure. Females was also larger than males and
the sex ratio was skewed towards more females in bays with higher wave
exposure.

The first principal component, which was associated with large reed
area, cover, perimeter reed depth and ratio to shoreline, was the variable
best explaining variation in pike catches. From the aerial photos and at
the scale of whole bays we could not see that larger reed beds would be
more homogenous, but the opposite. Large reed beds was associated
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with a more complex interface between reed and water at a bay scale.
The maximum cover of reed in the studied bays was 27 % (mean 6.7 %
+ 6.4 SD), which is substantially lower than the optimum vegetation
cover of 30-70 % indicated in the review by Casselman and Lewis
(1996). Hence, reed beds were in these bays likely not extensive enough
to have negative impact on pike at a bay scale. The extent or distribution
of reed was calculated at a bay scale, whereas the cover (%) of sub-
merged vegetation was calculated from 5 m radius plots within bays,
and not the total extent. Expansion of reed, and other emergent vege-
tation, may reduce the abundance and diversity of submerged vegeta-
tion within bays (Munsterhjelm, 1997; Pitkanen et al., 2013; Altartouri
et al., 2014; Lishawa et al., 2015; Bansal et al., 2019), but not coverage
within plots, as studied here.

We found a positive association between catches (CPUE) of adult
pike and cover of especially submerged rooted vegetation (associated
with PC2, Figs. 2, 3). Earlier studies in the Baltic Sea show that sub-
merged vegetation is important as nursery habitat increasing the density
of young-of-the-year (YOY) pike (Sandstrom et al., 2005; Hansen et al.,
2019). Our study suggests that the relationship also apply for adult pike

32 33 34
Wave exposure

densities during spawning season, and confirms the importance of the
availability of macrophytes and different micro-habitats for pike during
different life-stages (Casselman and Lewis 1996; Eklov 1997; Skov and
Berg 1999; Hawkins et al. 2003; Craig, 2008). It should be noted that bay
area itself showed no association with pike CPUE. Other emergent
vegetation than reed was not accounted for, which may be an important
factor for pike (Eklov, 1997; Massa and Farrell, 2020). Such vegetation,
were however sparse in the studied bays. We conclude that among the
studied bays, reed and rooted submerged vegetation, resulting in het-
erogeneous vegetation, contributed independently on pike catches.
Whereas previous studies on pike in the Baltic Sea suggest mean body
weight has increased as abundance decreased (Lehtonen et al., 2009;
Bergstrom et al., 2022), we found no significant association between
body length and pike catches. Only 13 bays had enough samples for
assessing pike body length so the statistical power for detecting associ-
ations with body size was lower. We instead found that both females
were more dominant and size of pike of both sexes were positively
associated with wave exposure. The relationship with wave exposure
seems to be due to both that the largest pike were found in more exposed
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bays that also lacked the smallest pike (Fig. 3B). However, it should be
noted that in this dataset wave exposure showed positive covariation
with bay area. We cannot identify any specific mechanism for these
patterns, but one factor contributing to larger pike may be that canni-
balism is common in pike (Grimm, 1981; Persson et al., 2006; Craig,
2008) resulting in mainly larger pike use less sheltered or larger bays.
There may be several other reasons to why larger pike are more common
in wave exposed or larger bays (prey availability, optimum tempera-
ture), but for this study we conclude that vegetation structure or
composition seemed to have little influence on the pike size distribution.

Pike in the Baltic Sea, and elsewhere, may migrate to the spawning
sites from surrounding areas (Karas and Lehtonen, 1993; Bosworth and
Farrell, 2006) so abundance and size may be related to the connectivity
between the studied bays and other suitable areas (Englund et al., 2020).
Surrounding habitat was not assessed here and in this study we can
therefore not infer anything about the importance of surrounding
habitat quality or connectivity between habitats.

As pike is an ambush predator it is poorly represented in static
sampling gear (Olsson, 2019) and angling is a cost-efficient sampling
method. However, angling has its demerits for some questions addressed
here as the method i) cannot target pike inside dense or large reed beds,
and ii) is sensitive to differences in pike catchability (how willing an
individual is to hunt a lure). If we assume that pike catches reflect
densities our results suggest that there are denser pike populations in
bays with more reed and rooted submerged vegetation. This pattern
could, at least partly, also be driven by a higher catch rate in areas with
extensive reed beds if pike are more willing to attack lures in vegetated
habitat. Angling was also done with the best lure for the condition ac-
cording to fishers, which means different lures may be used in different
types of habitat. Hence, we cannot rule out lures with a higher catch-
ability were used in vegetated habitats. That seems unlikely to us,
however, because lures used in vegetated areas can be used in more open
habitat as well. On the contrary, the use of lures is more restricted in
vegetation habitats as many lure types may get stuck in the vegetation,
which rather may have led to use of lures with lower catchability in
these habitats. We are not aware of any studies on how emergent or
submerged vegetation may influence catchability, but find it unlikely
that the difference in catchability would explain differences from oc-
casional catches in some bays to hundreds of pikes angled in other bays.
On the contrary, pike densities may rather be underestimated in some
reed habitat as it is difficult to angle-fish pike in reed beds, but the
relationship between vegetation habitat and catchability remains to be
investigated.

Jetties and boating activities can affect habitats and change vege-
tation composition (Hansen et al., 2019) and thereby impact abundance
of younger pike (Sandstrom et al., 2005). Here we found no evident
association between jetties/ha and adult pike CPUE, but the studied bays
did not have high levels of shoreline exploitation, maximum around
25 m/ha. In comparison, Sandstrom et al. (2005) that found negative
associations between YOY pike and small boat marinas with higher jetty
densities.

There are no general estimate of the increase in reed beds in coastal
bays in the Baltic Sea. In one of the studied bay, Soderangsviken, the
reed beds have increased with 265 % since 1960’s and in another bay in
the area not included here (Osterbyfjirden, Griso) with 180 %, not
accounting for land rise underestimating reed areas in the 1960 (un-
published data). Considering that pike were more abundant and the
largest pikes were larger in the archipelagos before 2000 (Lehtonen
etal., 2009; Berggren et al., 2022; Bergstrom et al., 2022), an increase in
reed distribution is unlikely to be the main factor for these negative
trends in pike. Several reasons for this decline have been suggested,
including eutrophication (Lehtonen et al, 2009), overfishing
(Bergstrom et al., 2022), seal predation (Bergstrom et al., 2022), loss of
spawning habitat (Nilsson et al., 2014; Sundblad et al., 2014) and
recruitment failure (Nilsson 2006; Nilsson et al. 2019; Eklof et al. 2020).
That does not imply reed or reed management would be unimportant.
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On the opposite, preserving sufficient reed edges seems to be of great
importance to provide both shelter and foraging habitat as it seem to be
the main vegetation factor explaining abundance of pike during the
spawning season.

There is a need for future studies to better separate the influence of
reed distribution (area and perimeter), heterogeneity (the interface be-
tween reed and water) and reed structure (stems/mz, stem thickness) on
pike within bays, which was not possible in this study. A higher spatial
resolution of reed characteristics within bays can better scrutinize the
influence on pike behavior, body growth, distribution and abundance.
Whether reed management, i.e. cutting or grazing of reed or other
vegetation, or even reed planting, may have positive or negative effects
on pike should be evaluated through experimental studies. Other habitat
management actions, such as restoration of coastal wetlands, may be
effective for restoring pike populations (Engstedt et al., 2010), but are
geographically limited to suitable locations (Larsson et al., 2015) and
only provide a spawning habitat and not suitable habitat for later life
stages. Reed management could be a complement in many areas along
the Baltic Sea coast to ensure enough reed edges, as well as in other
aquatic environments where reed is dominant.

Different types of reed management, such as cutting, needs to be
better studied to understand their effects (c.f. Massa and Farrell, 2020 in
cattail habitat) before large-scale application. As pike populations are
declining in this part of the Baltic Sea, bays with reed beds and abundant
submerged vegetation may be needed for supporting pike populations.
By improving habitats and developing reed management actions, the
conservation of pike may be improved.
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