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Abstract
Pike populations across the Baltic sea have undergone declines in recent decades. The
reasons for this decline are not fully understood but the loss of access to freshwater habitats
in tributaries has been put forth as one detrimental factor impacting anadromous pike
subpopulations in particular. Knowledge on the ecology of brackish pike in the southern Baltic
waters of Germany is scarce. I investigated anadromous spawning behavior in pike from the
brackish lagoon systems around the German Island of Rügen by combining findings from a
literature review, local knowledge derived from stakeholder interviews and a systematic
electrofishing survey undertaken during the spawning season 2021. The results confirm the
existence of freshwater spawning pike across the study system. Stakeholders reports could
be corroborated by the results of the electrofishing survey. Recapture data moreover point
towards the existence of locally adapted anadromous subpopulations which undertake natal
homing as previously shown from other parts of the Baltic. However, results also indicate that
landscape modifications for water management have significantly reduced the historic extent
of accessible freshwater spawning habitat through migration barriers. This has likely resulted
in local extinction or strong decline of once abundant anadromous subpopulations, affecting
the genetic diversity of the meta-population and possibly negatively impacting the stock
resilience. Restoration of wetlands will likely help the Baltic pike stocks recover.
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Introduction
Brackish environments constitute a physiological challenge for freshwater organisms. This is
true, in particular, when it comes to reproduction and survival of the offspring (Remane &
Schlieper 1971). In the brackish coastal waters of the Baltic Sea, several fishes which are
typically considered freshwater species have successfully adapted to living under elevated
salinity (Müller & Berg 1981). One such example is the northern pike (Esox lucius L.), a large
predator which inhabits the coastal waters of the Baltic Sea. Under the given conditions, pike
have evolved different reproductive strategies. Two pike ecotypes have been identified which
share the same feeding habitat for most of the year but use geographically distinct areas for
spawning (Westin & Limburg 2002, Engstedt et al. 2010). While one part of the sympatric
population has evolved to successfully reproduce under brackish conditions and resides in the
coastal waters of the Baltic Sea throughout the year, the other is anadromous and undertakes
seasonal spawning migrations into adjacent freshwater environments like tributaries and
wetlands (Engstedt et al. 2010, Larsson et al. 2015).
The reasons for the existence of the two ecotypes have found to be, at least in part, related to
differences in physiological capacities to cope with salinity. Laboratory experiments assessing
the hatching success at different salinities point to clear adaptations to salinity in a population
inhabiting highly brackish waters where normal egg development could be observed at
8.5 PSU and fry could withstand values as high as 13 PSU (Jørgensen et al. 2010). In contrast,
fertilised eggs from an anadromous population were reported to exhibit hatching failure at
salinities of 6.0 PSU already (Westin & Limburg 2002), indicating that salinity could be a main
driver of the divergent development. This has recently been confirmed also using genetic
methods by Sunde et al. (2020), who found that genetic differences between populations are
partly associated with temperature and salinity, acting as selective forces and thus shaping the
divergent development of the two different ecotypes.
Studies investigating the elemental composition of pike otoliths report considerable differences
in the ratio of anadromous to brackish spawning pike in different areas of the Baltic. While
Rothla (2015) found that anadromy is the predominant ecotype in the eastern Baltic at the
coast of Estonia, accounting for 89% of all Baltic pike in the region, Engstedt et al. (2010)
report only 46% of Swedish Baltic pike to originate from freshwater. The latter figure, however,
encompasses a northern and a southern sampling site, separated by several hundred
kilometers, where the discovered percentages of anadromous pike were 79% and 20%,
respectively (personal communication). A telemetry study carried out in a Danish lagoon found
that none of the tagged pike (n = 22) used an adjacent stream for spawning but instead the
lagoon itself likely served as a spawning site for the fish (Jacobsen et al., 2017). These findings
may indicate that anadromy is of minor importance in the highly brackish waters of the
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southwestern Baltic. However, in the latter study the sampling was conducted in brackish
waters during spring when anadromous fish may have left already to their spawning grounds.
While the reasons for different ratios of the two ecotypes in different areas are not clearly
understood, it is known that the anadromous pike ecotype can contribute substantially to the
overall productivity of the pike stock.
The Baltic Sea is the largest brackish water body on earth. Its semi-enclosed character with a
vast catchment area and an only narrow connection to the North Sea via the Danish straits,
the only pathway for water exchange with the Oceans, result in complex salinity gradients
(Leppäranta & Myrberg 2009). One prominent characteristic in this regard is the horizontal
salinity gradient of it surface water masses, roughly from north to south (Remane 1971). In the
southwestern parts near Denmark salinity is on average above 10 ppt with occasional peaks
of up to over 15 ppt (Jacobsen et al. 2017). Here, pike live on the edge of their physiological
salinity tolerance (Jørgensen et al. 2010). Salinity subsequently decreases as the influence of
saline water from the North Sea diminishes and attains values of around 4-5 ppt in the Gulf of
Riga while the northernmost regions of the Baltic Sea reach very low salinities of only 1-2 ppt
(Remane, 1971). While central parts of the Baltic also show a strong vertical gradient in Salinity
resulting in severe stratification, the shallow coastal waters are frequently mixed, thus rich in
oxygen and highly productive (Schlieper 1971). These shallow waters constitute the habitat of
brackish adapted pike in the Baltic Sea.
In contrast to the Scandinavian populations of Baltic pike, scientific literature on the ecology of
pike inhabiting the German coast of the Baltic Sea is rather scarce and has only recently
emerged as a field of interest. The brackish lagoon systems surrounding the German island of
Rügen stretch over 100 km from east to west and consist of a variety of different lagoons called
Bodden which comprise both sheltered, low saline areas as well as more exposed areas with
greater fluctuations in salinity (Schlieper 1971). Large salinity gradients have been shown to
function as a physiological dispersal barrier for pike in the area and thus shape their genetic
population structure (Möller et al. 2021). The low density of larger streams in the area has been
put forth in association with the presumably low share of anadromous pike (Möller et al. 2019).
The Bodden lagoons promote a vital pike fishery which is co-exploited by commercial and
recreational fishermen (Arlinghaus et al. 2021, Koemle et al. 2021). Particularly the high
abundance of trophy pike is well known among recreational anglers beyond Germany and laid
the foundation for a vital angling tourism in the region (Koemle et al. 2021). However, a recent
analysis of catch-data time series suggests a decreasing biomass and a current fishing
pressure F at maximum sustainable yield (MSY), calling for management actions (van Gemert
et al. 2021).
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The identification of a species life cycle and key habitats therein is crucial for successful
fisheries management (Cochrane & Garcia 2009). The coastal fishery around Rügen is
managed through a multitude of measures. Regulation of the fishing mortality laid down in the
fisheries bylaw of the federal state of Mecklenburg Western Pomerania currently comprises
indirect measures such as minimum size limit, minimum mesh sizes, gears restrictions and
protected seasons. Furthermore, the current habitat management in the coastal lagoons
around Rügen encompasses protected areas, some of which are declared as “spawningprotection zones”. Larvae surveys conducted in the 1990’s, however, found no significant
amounts of pike larvae in any of these areas (Winkler et al. 1999 a-d). Subsequent, extensive
investigations for pike larvae in different habitats deemed potentially suitable as spawning- and
larvae habitats of pike resulted in only sporadic findings of pike eggs and offspring (Möller
2020, Neubert 2011). Most of the findings came from freshwater, however, this might be
attributable to differences in the sampling methods. Findings of fertilized pike eggs have also
been reported from brackish waters with salinities up to 9.2 PSU and at depths up to 6.0 m,
indicating that these areas as well are used for spawning (Möller et al. 2020, Falk 1965). In
order to assess the proportion between anadromous and resident pike, Möller at al. (2019)
conducted an elemental analysis of otoliths from 118 individuals from the brackish waters
around Rügen and found that only 6% of the sampled fish showed a clear signal of freshwater
origin. While this study suggests a minor overall importance of the anadromous ecotype in the
study area, there is a risk that the sampling period coincided with the spawning migration of
anadromous pike into freshwater which may have biased the sample composition.
Interestingly, the authors reported variation in the proportion of anadromous pike between the
sampling areas, indicating the possibility of local-scale differences in spawning habits of pike
between adjacent lagoons. In summary, further investigations are needed to assess the
spawning behavior of brackish pike in the Rügen area across different lagoons in order to
derive options for habitat-management reflecting the local ecology.
In systems, where scientific biological data are scarce and extensive surveys are not feasible,
as it is typical for small-scale fisheries, citizen science has become a promising tool and a
more applicable alternative to thorough biological studies (Bonney et al. 2009). Stakeholder
knowledge has previously been proven to capture ecological processes in comparable detail
to expert opinions (Aminpour et al. 2020). In the narrower context of fisheries, stakeholder
knowledge was found to be a meaningful complementation to traditional scientific knowledge
and a high degree of agreements was found between both sources of information in various
examples (Silvano & Valbo-Jørgensen 2008). For example, Silvano et al. (2006) found that
reports of local fishermen on spawning migrations- and habitats of different tropical marine fish
species coincided well with existing biological data. In the case of the Rügen pike fishery, local
fishermen reported a lack of consideration for freshwater habitats in the current coverage of
5

protected zones, suggesting existing knowledge on spawning habitats of the local pike
populations (Winkler et al., 1999 a). A decline in the Rügen pike populations in the second half
of the 20th century was indeed attributed to deteriorating spawning conditions for (anadromous)
pike in the course of large-scale landscape modifications starting in the 1960’s under the GDR
regime by which former spawning habitat was drained and access to freshwater streams was
blocked (Junker 1988, Rechlin 1991). Since harvesting of pike during the spawning season
was widespread practice in ditches and flooded meadows until the early 1980’s in the study
area (Junker 1988), elder fishermen will still be able report perceived historic changes in
abundance of pike entering coastal wetlands. In order to preserve this valuable knowledge and
gain additional information on pike ecology from the view of long-term users, interviews seem
conducive to complement biological data and thus deepen the current understanding about
spawning behavior of Baltic pike stocks in the area.
The objectives of this study were:
1. Review the historic literature about anadromy around Rügen and the impact of
agricultural policy on spawning site availability
2. To gain understanding on the spatial patterns and extent of freshwater spawning in the
Rügen area and evaluate the effect of past landscape engineering efforts on the
spawning habits of anadromous pike by means of stakeholder interviews
3. To corroborate stakeholder knowledge with scientific assessments
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Methods:
Literature Review
Literature on the historic landscape changes as well as descriptions of freshwater spawning
lagoon pike in the study area were reviewed.

Citizen science
Interviews
Semi-structured interviews were conducted with 13 local stakeholders. People which were
thought to possess valuable knowledge on the topic were recommended from anglers and
fishers participating in the Project BODDENHECHT and were consequently contacted for
participation in interviews. Further participants were then recruited via the snowball principle.
Interviews were audio-recorded with the consent of the participants, additionally all
interviewees declared their consent on the (anonymous) use and publication of the data.
Interview were subsequently transcribed whereby passages containing non-context related
content were spared as marked by “[…]”. Comments are indicated with a hashtag. Interview
minutes of certain passages from the respective recording were regularly noted within the
transcript (format: mm:ss).
Interview sequences in the result section were translated into English. Here, some interview
sections were spared out within a citation which was indicated by “[…]”. Clarifying additions to
what was said were indicated in squared brackets within the citation. Individual participants
are referred to via unique letters in this work and the origin of a citation is clarified via (A) for
“Interviewee A”.

Fieldwork
Temperature Measurements
Temperature data loggers (HOBO Pendant UA-001-64) were installed in the study streams in
late February 2021 prior to the onset of sampling. The loggers were tied to Bricks and placed
in vicinity to the shore well below the water surface to assure constant water coverage. The
recording interval was set at 30 minutes. Loggers were retrieved after the ending of fieldwork
in mid-March 2021.

Study Area
Five selected streams (Figure 1) entering the Bodden-lagoons were sampled weekly by
electrofishing during the 7-week study period between March 02, 2021 and April 15, 2021.
Criteria for stream choice were the coverage of a large variety of waterbodies as well as their
distribution at larger spatial scales to cover different Bodden lagoons. Additionally, previous
sampling success (Sehrowbach and Duwenbeek) and stakeholder recommendations
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(Neuendorfer Hechtgraben) were taken into account. Sampling took place in vicinity to the river
mouth, however, the total length of stream length studied varied between the streams
(Körkwitzer Bach: 3.5 km, Sehrowbach: 3.3 km, Beek: 2.8 km, Hechtgraben: 2.0 km,
Duwenbeek

1.3 km) and was determined under consideration of local conditions such as

stream length, width and accessibility.

Figure 1 Location of waterbodies subject to sampling.

Sampling Design
Each of the stream areas subject to investigation was partitioned into transects of 100 m. Per
sampling event, 600 m stream length were sampled whereby three of the transects were fixed
and subject to repeated sampling during each sampling event while the other three transects
were chosen according to a stratified random sampling design prior to each sampling event
and often varied between weeks. For this, the stream length subject to sampling was
partitioned into equally long stretches representing the relative lower, middle and upper
reaches. Fixed transects were placed at the beginning of the relative lower-, middle- and upperreaches of the study area starting from the river mouth. Each of the three randomly selected
transects was assigned a random position within the lower-, middle and upper reach,
respectively. This design should assure coverage of the full range of selected stream length
while allowing for some degree of randomization.
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Figure 2 Simplified depiction of transect choice. The blue line represents the total stream length sampled, red and
orange squares represent fixed (F) and random transects (R), respectively.

Channel depth- and width was determined every 50 meters along the investigated area of each
stream using a pole with 5 cm tick marks.

Sampling procedure
Fishing from boat was conducted using a generator-powered 8 KW pulsed DC electrofishing
unit (EFKO FEG 800) with a 500 mm diameter ring anode. One person was deployed for the
anode and net, respectively. Captured pike were kept in a lifewell until electrofishing was
completed. Subsequently, pike were measured to the nearest millimeter using a measure
board, weighed and sexed by means of examination of the urogenital tract (Casselman 1974).
Since the latter method is not appropriate for juvenile pike, some fish were stunned and killed
inter alia for later on examination of internal sexual organs. All fish above 30 cm length
received floy-tags near the dorsal fin prior to release. Additionally, fish were marked with PITTags near the pelvic fin. The latter procedure was only initiated during the 3rd week of sampling
for fish below 20 cm. Moreover, fin clips were taken for genetic analysis (not subject of this
thesis).
In the two study streams where stream depth allowed for wading (see Figure 1), a batterypowered 650 W pulsed DC backpack-device (Jürgen Bretschneider Spezialelektronik BSE
EFGI 650) with a 300 mm ring anode was deployed. Fish were handled at the end of each
transect, the procedure was the same as described above.

Additional Sampling Efforts
Further sampling efforts took place at Sehrowbach, exceeding the weekly, standardized
sampling procedure described above. Data obtained from these additional samplings were
used to complement sex and length data for Sehrowbach. Moreover, a 1.8 km long stretch of
river Ziese was sampled in a continuous manner (not transect based) at three occasions
(March 18, April 01 and April 08, 2021).
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Approximation of Spawning habitat loss
In order to obtain quantitative estimates on the extent of coastal freshwater habitats that could
be used for spawning, shapefile data of waterbodies from Open Street Map, covering also
smaller waterbodies like drainage ditches, were used. In accordance with results obtained from
electrofishing at Sehrowbach (see results section), a threshold of 2 km inland from the Bodden
shoreline was chosen to define which parts of a waterbody were potentially accessed by
anadromous pike. After deletion of all waterbody data exceeding this threshold, only
waterbodies within a coastal strip of 2 km width remained. To categorize between accessible
and inaccessible habitats (as a relic of blocked access into a waterbody by means of pump
sheds), data of pump shed locations were used. These data were obtained from Wasser- und
Bodenverband of Rügen, Barthe and Recknitz. From areas without official data, pump sheds
were visually identified via google maps. For each pump shed, the catchment area (defined as
connected waterbodies whose only connection to the Boddens was interrupted by a pump
shed) was manually defined for the freshwater bodies. For quantitative data, the absolute ditch
length (Blocked and not blocked) was calculated for each Bodden-area.
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Results
Literature
Historical Background
Human attempts to drain bogs in the Rügen area date back to the 17th century when the
Swedish Crown obliged inhabitants of the area to dig at least 65 m drainage ditch per person
and year (Wiemers & Fischer 1998). Historic maps from the beginning of the 19th century depict
occasional drainage ditches, bearing witness of
early human efforts to improve conditions for
living and agriculture at the time (Holz 1991). In
the same period, dikes were built around
settlements in rare cases to serve as protection
from flooding (Holz 1991). Towards the end of the
19th century, greater changes started to occur.
The drainage ditch network intensified and
polders were built which could be drained by the
use of windmills. While the construction of
drainage ditches continued throughout the first
half of the 20th century, the by far most significant
changes occurred in the second half of the 20th Figure 3 Historic windmill for drainage near
Arbshagen, Barther Bodden

century (Holz 1991).
Between 1949 and 1989 the study area was part of the former GDR. During the 1950’s,
agricultural productivity was low and did not meet the requirements laid down in the planned
economy of the GDR. This was a relic of a land reform from 1945 in the soviet-sector in which
farmers with large properties were expropriated and their land redistributed. This resulted in
over 210.000 new farmers, many of which were poorly equipped and lacked farming
backgrounds (Schöne 2005). In order to maximize yields, political agendas were pursued
which aimed at a collectivization and industrialization of the agricultural sector. Starting in the
1950’s, farmers were incentivized to join one of the local agricultural cooperatives (LPG). To
do so, they to hand their land over to the LPG (In some cases also their facilities, machinery
and lifestock) and would in turn profit from the shared resources of the cooperative and
reduced sanctions (Schöne 2005). While joining the LPG was initially a voluntary act, the
pressure increased until in the beginning of 1960 almost all private farmers were forced to join
the cooperatives (Schöne 2005). Through the larger size of cultivated areas and the
implementation of scientific knowledge through specialized task-forces within the
cooperatives, the foundation was now laid to fully domesticate the landscape in order to meet
political objectives.
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Along with the removal of hedges (German: “Flurbereinigung”) and the employment of largescale machinery, water management - called “melioration” - was seen as a crucial prerequisite
for the planned transformation of agriculture and thus an important branch of the newly
structured agricultural sector (Van der Wall & Kraemer 1991). Institutions for melioration were
commissioned with water regulation, within which drainage of wetlands was a major task in
order to gain new farmland from previously unused areas, i.e. for fodder production
(Holjewilken 1960). The extension of existing ditches and drainage systems was accompanied
by the construction of electrical pumping stations by which groundwater levels could be
controlled throughout the year to meet agricultural demands (Holz 1991). Areas which were
previously subjected to regular floodings and therefore not suited for the use of heavy
agricultural machines were now artificially drained. Only a few decades after the initiation of
these major efforts, most wetlands of the GDR had been artificially decoupled from the coastal
dynamics and were modified to farmland suitable for the deployment of heavy agricultural
machinery (Herrmann & Sieglerschmidt 2017).

Figure 4 Conceptual timeline displaying the temporal development of agricultural drainage systems

Until today, different systems for directed water flow can be found in the area and are present
at many freshwater outflows in the region. While so called pump sheds are equipped with
electric pumps to regulate the water levels in the drainage canal systems inland, flap gates
function mechanically and allow for outflow of excess freshwater into the Bodden at high
stream discharge rates while closing when water levels in the Bodden increase. The latter
system constitutes a less sophisticated approach to avoid flooding of adjacent meadows and
can be found at the outlet of many small ditches.
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Figure 5 Examples of barriers for directed water flow between fresh- and brackish waterbodies: Outlet of a pump
shed with the main facility building in the background (left) and different types of flap gates (middle, right).

Despite ongoing progress in the renaturation of bogs in the federal state of mecklenburg
western pomerania since the reunification in 1989, currently about 65% of the coastal bogs in
the Rügen area (Schiefelbein 2018) and 60% of the agricultural surfaces of the federal state
of MV (Koch et al. 2010) remain drained.

Anadromy in the literature
The occurrence of spawning migrations of Bodden pike into freshwater habitats for spawning
is mentioned in different written works. Several such mentionings of anadromy can be found
in scientific literature. For example, in his elaborate summary on the ecology and economics
of pike in the coastal lagoons around Rügen, Falk (1965) states that among other habitats,
tributaries and flood plains are the destinations of the spawning migrations for lagoon pike and
constitute a prerequisite for the high catches with passive gear in spring at the time. Similarly,
Juncker (1988) in her comparative studies of the biology of Bodden-lagoon pike describes the
practice of pike stabbing with customized pitch forks during their visits in shallow habitats like
ditches and flooded meadows during spawning time. Moreover, she refers to potential
limitations on the extent of pike spawning habitat as a consequence of melioration and dike
construction. In the 52th report of the German Fisheries Association, Rechlin (1991) claims
that tributaries of the Bodden lagoons are a meaningful reproduction habitat for the freshwater
fishes inhabiting the brackish systems. He moreover argues, that high catch rates of pike in
the Greifswalder Bodden at the time are evidence of a sufficiently large spawning habitat.
Contrary to this, in a statement issued from the fisheries surveillance authority of the city of
Lauterbach (Vierck, 1980), pump sheds and weirs are claimed to have blocked access to many
natural spawning habitats (i.e. ditches) of pike in the Greifswalder Bodden. This is put forth as
detrimental development based on which protective measures are deemed necessary in the
same report. In a textbook on angling in the Bodden lagoons, Basan (1989) argues that only
a minor share of Bodden pike must swim into freshwater for spawning because the few
freshwater inflows would otherwise be stacked with pike in spring.
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Reconstruction of potential spawning areas
The total length of coastal waterbodies found within 2 km of the Bodden-coastline across all
lagoons is > 1.560 km. Just under 1.000 km thereof are drained by pumping stations,
corresponding to 63%. An overview of all waterbodies considered for this approximation and
the respective Bodden area they were assigned to can be seen in Figure 6.

Figure 6 Depiction of the main Bodden areas around the Island of Rügen. Coastal freshwater bodies (within 2 km
of Bodden coastline) are displayed in red and blue along the coastline where colour indicates the existence/lack of
connectivity with the Bodden lagoons. Black dots display the locations of pumpsheds blocking access into
waterbodies.

The highest ratio of blocked freshwater habitats is found in eastern part of the study area
(Darß-Zingst Boddenchain), where about three quarters of the waterbodies considered are
blocked by pumpsheds and only one quarter is freely accessible. Similarly, a higher share of
blocked waterbodies when compared to accessible ones were found in the Bodden-regions of
Kubitzer/Schaproder Bodden, Peenestrom, Oderhaff and the North-Rügen Boddenchain. At
Strelasund the ratio between the two categories was about equal while only in Greifswalder
Bodden the share of freely accessible waterbodies exceeded that of the blocked ones. The
absolute figures, split up by Bodden-region, can be seen in Figure 7.
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Figure 7 Cumulative waterbody length of coastal freshwater bodies within 2 km of Bodden coastline, categorized
by the presence or absence of pump sheds at the entrance to the Bodden-lagoons.
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Citizen Science
The in-depth knowledge of the 13 participants originated from intense occupation with the
waterbodies - partly due to backgrounds as fishers (n = 4), as (former) employees in watermanagement (n = 3) and/or by confrontation with the topic through angling (n = 7). One
participants expertise was derived from intergenerational stories exclusively (n = 1).
Notwithstanding their professions, all respondents were grown up near the water. Many could
thus contribute stories they had heard from their family or other members of their community
also dating back to the decades before the GDR melioration period.
Twelve of the thirteen interviewees reported to have witnessed spawning aggregations of pike
in freshwater tributaries of the Bodden themselves. Besides their own personal observations,
participants were able to name many waterbodies of which they had heard to be functioning
as spawning habitat for anadromous pike. The spatial extent of expertise of the interviewees
comprised all Bodden-lagoons in the area (Darß-Zingst-Bodden-chain (n = 6), Kubitzer
Bodden (n = 3), North-Rügen-Bodden-chain (n = 2), Strelasund (n = 1), Greifswalder Bodden
(n = 4), Peenestrom (n = 1) and Stettiner Haff (n = 1).
According to the interviewees, the exploitation of pike aggregations during the spawning
periods was common practice in former times. Nine participants reported on their own past
experiences in this field. Two different techniques were mentioned: 1: forged pike-forks with
barbs (Similar to pitchforks) with which fish were then bayonetted, or 2: self-made sling
constructions using a wooden stick with a wire which was then patiently guided over the pikes’
body until the wire was eventually tightened and the unsuspecting fish could be abruptly
scooped on land. While “Hechtstechen” (German colloquial speech for the practice, engl. “Pike
stabbing”) was not conform with the law back then already and local policemen were aware of
its occurrence, most participants described the act as having been a “youthful folly” during their
childhood and teenage years. One interviewee remarked “our brothers watched out because
the sheriff of the village used to come and he wanted to catch us”, but then says “if you then
gave him a pike he wouldn’t say anything” (M), referring to childhood memories from the
1950’s. Interviewees described these hunting techniques as suited for the spawning season
firstly, because pike were then perfectly accessible in the shallow waters and secondly
because they were distracted during their spawning act: “You need the pike spawning so they
don’t get it. Only when they are spawning you can stand right next to them and they won’t
notice you.” (G). Still, these techniques required skill: „You have to be careful - every minor
detail! And [there must be] no shadow on the water! “(B).
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Figure 8 Tools formerly used to capture spawning pike: Pike-forks (left, middle) and reconstruction of a pike-sling
(right) as shown from the participants

While the most frequently mentioned waterbodies mentioned for this type of pike hunting were
ditches and streams, also wetlands were mentioned as spawning habitats of pike. Examples
included Günzer See and Prohner Wiek, both coastal wetlands formerly connected with
Barther Bodden and Kubitzer Bodden, respectively.
However, also flooded meadows were described to host spawning pike that have formerly
been exploited in this way. All memories from pike observations on flooded meadows,
however, referred back to an era prior to the melioration period after flooding of meadows did
no longer take place in most areas. Interviewee A recalled his past impressions on meadows
adjacent to Barther Bodden, saying: “The meadows were generally flooded, every year. […]
Salmon spawning migration in Canada, you know, when they are wagging, the salmon? That’s
what it looks like too on the meadow. […] You see them, they come through the surface.”. The
responded further reported to have engaged in pike stabbing on these meadows until the area
was meliorated and a dike and pump shed was built in the 1970’s. Interviewee G stated: “When
the meadows were flooded back in the days, this I only know from my father, I didn’t experience
this anymore because through all these dikes and so on it didn’t happen anymore, […] then
there were also pike on the meadows.”. Similarly, participant B reported of his fathers’ stories
when pike were found on flooded meadows prior to the construction of dikes.
Owing to the hunting activities, participants were able to report on ecological details they
remembered having observed. One interviewee talked about the phenology of spawning:
„When there is ice until April […] all pike go into the ditches for about two weeks. Then you
could catch good numbers. The ditch was filled up [with pike] then. If there is no ice and it
happens over a long period then there are no days where you catch a lot.” (G). The same
person reported that pike would stay no longer than 24 h in the smaller ditches, entering at
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night while resting during the day and leaving the same channel after spawning in the evening,
according to his observations.
All 13 participants were aware of the detrimental consequences of the landscape
transformation with regard to water management, having rendered numerous former spawning
habitats inaccessible or physically eliminating them through drainage. An observed decrease
of anadromous spawning activity, as witnessed by the majority of all participants (Table 3Table
3), was exclusively related to the construction of impediments, restricting or blocking
movement in and out of the freshwater bodies. Freshwater spawning was reported to occur
only in watersheds with unimpeded connection to the lagoons. Reflecting also other
participants opinion on the issue, one participant stated: “All ditches which were once
accessible and where there was freshwater flowing into the Bodden, were used for spawning.
Fish is moving in everywhere around here. There are few muddy ditches they don’t use but
into all the larger ones they did migrate.” (B), subsequently further arguing “This is the disaster.
All these closed flap gates and things”, with reference to other types of blockages commonly
found in the area. Another interviewee said “By this closing of access they have lost an
immense amount of spawning habitat” (G).

Figure 9 Coastal strip near Wendisch Langendorf, Barther Bodden, mentioned to formerly harbor spawning pike
during spring floodings, before (1953, left) and after (today, right) melioration. Left: The floodmarks left by the sea
are clearly visible. Right: Nowadays a dam prevents flooding with seawater, drainage ditches were created and a
pumping station pumps excess water into the Bodden. Sources: GeoBasis-DE/M-V (left), Bing Virtual Earth (right).

Elaborating on the different types of blockages between brackish- and freshwater that are
found in the area, Interviewees mentioned different systems acting as barriers for anadromous
fishes. While most Interviewees were convinced that pump sheds do not allow for any
movement of pike in either direction, some respondents thought that flap gates do allow for
migrations when stream discharge is high enough so that the gates open up enough for pike
to enter. Interviewee F said: “That is why these snowmelts are nice, so that some life can enter.
Then the flap gates stay open wide enough. And the pike are relatively good swimmers so they
don’t have a problem with that.”. Talking about a flap gate system which was replaced by a
pump shed near the village of Nisdorf during the melioration period, Interviewee E remarked:
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“Before it [the pump shed] was there, the villagers were always there [to catch pike]. It was
different back then, the pike managed to get through the flap gates because they weren’t
always completely closed”. At certain times, however, pike do not manage to enter freshwater
bodies equipped with flap gates according to Interviewee H: “Now they don’t manage to enter
at all during high tide because then the flap gate is closing right away.”. It was furthermore
reported that occasionally locals who are aware of the impediment that these structures
impose on fish, manipulate them during spawning time to allow for an unimpeded migration of
anadromous fish: “There are some anglers and when they know that the flooding season is
over, they go there and open up the flaps so that they [the pike] can move in and out freely.”
(F).
Several respondents reported having seen pike leaping out of the water in front of the
freshwater outflow of pumping stations during spawning time in spring where the spawning
route is blocked, attempting to bypass these obstacles. This behavior was mentioned from four
different interviewees, all referring to different situations and across different Boddens.
Interviewee F remembered: “The pike jumped all over the place, landing on the shore, when
we had the pumps running”, referring to an instance he had witnessed some years ago at an
inflow of Kleiner Jasmunder Bodden. He continued: “Yes, that’s almost one meter above the
water level [the outlet] and then they want into that tube. And they don’t manage and always
land on the shore […]. Masses of pike.” Interviewee K remembered: “We heard the stories
from anglers. So, we went there, arrived at the pumpshed, the water was flowing and the pike
were jumping in front of our feet. Some of them managed to get back into the water themselves,
others we had to throw back in.”. According to another report, after the creation of the pumping
station disrupting the connectivity between the Barther Bodden and Günzer See around the
1980s, pike aggregations in front of the pumping station were so dense that locals could catch
masses of pike with hand nets from the shore: “All the, let’s call them hobby-fishers, stood
there with their hand nets and caught bags full of pike. No joke, they literally came up, you just
had to get your net underneath and… […] While they jumped!” (D). In line with the previous
reports, Interviewee L witnessed this behavior at Badendycksgraben, a modified ditch which
flows into Kubitzer Bodden: “They jumped, hit the wall and then they were dizzy and swam
towards the shore.”. Besides these personal observations, further participants had heard about
this kind of behavior in pike from the area.
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Figure 10 Historic (1953, left) versus recent (right) appearance of Günzer See near the village Günz. Prior to the
construction of a new dam and a pump shed (red circle) the wetland was connected with Barther Bodden. Sources:
GeoBasis-DE/M-V (left), Bing Virtual Earth (right)

When hypothesizing on the potential reasons for the spawning migrations into freshwater
habitat, respondents were putting forth different theories. Reduced salinity was mentioned in
several contexts. Interviewees said “Pike want freshwater for spawning, that stimulates them
in spring.” (B) or “The pike is a freshwater fish and nothing but it.” (D). However, also higher
temperatures were mentioned as one potential reason: “Because it warms more rapidly there”
(G). Also the mixed effect of both factors was discussed: “When the sun is shining and the
temperature increases as well as higher freshwater discharge. This is what stimulates
them.” (B). The same interviewee also reported: “They are really sunbathing I have observed.”.
One Interviewee G referred to natal homing as a potential reason for the spawning migrations:
“Maybe also because they were born there. I think that also plays a role.”.
Besides pike, there were also other fish species mentioned which exhibit anadromous behavior
according to the interviewees. Participant F had witnessed massive bream migrations into
freshwater in the area which led to fish die-offs in some years due to too high oxygen demand.
Also roach and perch have been observed to have undergone anadromy in certain
waterbodies in the past (Interviewees L, K, M).
Further reports of spawning observations of pike were made from reed belts both along the
coastline but also along small islands within the Bodden which have likewise been exploited
with pike-forks by some interviewees. Interestingly, one interviewee mentioned a larger size of
pike captured in brackish areas when compared to the freshwater spawning conspecifics.
Participant E remarked: “In the reed belts it was always a little bit later [than in the ditches]”.
Two of the participants were themselves engaged in the melioration works taking place during
the GDR period and could thus contribute to the technical background. Especially
Interviewee G had been involved in the proceedings of the “Komplexmelioration”. He
remembered: “Previously this was all opened, it was all flowing in and out. But since the
drainage didn’t work when the tide was high, one created the pumping stations. […] In the
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GDR-times everything was supposed to be used, every square meter and that’s why they did
it. One could now use the meadows at all times”. An additional benefit of the meadows being
constantly drained was seen in the possibility to work on them with new, heavier technology at
all times of the year while previously this was possible “only sometimes, when it dried up”,
according to Interviewee G. The largest modifications had been finished until the mid-1980’s:
“In the 1990’s no big drainage pipes were constructed anymore. […] The last ones we knew
were laid in the beginning of the 1980’s.” (G). Melioration did not only result in the loss of
flooded meadows but also in the destruction of many isolated small natural post-glacial lakes
called “Sölle”. These were intentionally drained and subsequently filled up with soil in order to
gain agricultural land, Interviewee G remembered while elaborating on the procedure. In line
with this, Interviewee A remarked: “There once was a pond. We closed that one.”. Some of
these waterbodies did themselves have pike populations which could be hunted upon during
springtime: “When spawning time was over, they didn’t directly swim from one lake to another
and then they didn’t swim on the meadows.”, Participant G recalled while referring to this lake
type which was typical and ubiquitous in the area.
Interviewees perceived the development in the area with regard to the melioration as regretful.
This was expressed even by those participating in the melioration woks at the time: “It is
important that this is going to be changed with the pump sheds and flap gates.” (H). One
interviewee called the current situation a “disaster” (B). However, statements like “This has to
be changed real quick. It is possible!” (E) also showed that stakeholders are hopeful for future
improvements to come.
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Table 1 Stakeholder knowledge of the 13 participants. Interview transcripts can be found in the attachments. Self-witness refers to personal visual observations of pike in shallow habitats during spawning time.
Abbreviations for Lagoons: BAT: Barther Bodden ; BOB: Bodstedter Bodden ; GB: Greifswalder Bodden ; GJB: Großer Jasmunder Bodden ; KB: Kubitzer Bodden ; KJB: Kleiner Jasmunder Bodden ; P: Peenestrom; SAB: Saaler Bodden ;
SB: Schaproder Bodden ; SH: Stettiner Haff

Decade
of birth
Interviewee A
(EZ)

60‘s

Interviewee B
(UK)
Interviewee C
(HG)

50’s

Interviewee D
(FB)
Interviewee E
(JS)
Interviewee F
(TS)

70‘s

40‘s

70’s

70‘s

Interviewee G
(SB)

70‘s

Interviewee H
(GG)

30‘s

Knowledge on waterbodies used for
anadromous pike spawning (Selfwitness /
hearsay)
Günzer See, Graben im großen Holz,
Meadows at Wendisch Langendorf,
Badendycksgraben
Günzer See, Zahnziehen, Graben 13

Lagoons
covered

Self-witnessed

Type of waterbody

Beginning of
spawning

Duration of
spawning

Hunt on spawners

Decrease of
freshwater
spawning apparent

Observations of
spawning in
Boddens

BAT, KB

Yes

Flooded meadows,
Ditches

Weather
dependent

-

Childhood
experience (Fork)

Yes

-

BAT, KB

Yes

Wetlands, Streams,
Ditches

March

-

Childhood
experience (Sling)

Yes

-

Yes

Wetlands, Streams,
Ditches

-

Childhood
experience (Fork)

-

No direct
observation but
suspection

Yes

Ditches, Flooded
meadows, Wetlands

Mid-March - endApril, depending on
length of winter
Late March Beginning of April

4 weeks

Childhood
experience (Fork)

Yes

Yes, in reeds

Yes

Ditches

March

-

Well-known

Yes

Yes, in reeds

Yes

Streams, Ditches

March, depending
on weather

-

No

-

-

Yes

Ditches, Flooded
meadows

Starting in late
february

2-8 weeks

Childhood
experience (Fork)

Yes

Yes, likewise hunting
experiences with fork

Yes

Flooded meadows,
Ditches

March - May,
weather-dependent

-

Yes

Yes

-

Lorsch, Grote Ry, Steudengraben,
SAB, BAT,
Hechtgraben, Felemdorfer Beek, Plaubeck,
BOB
Barthe
Gräben in Sundischen Wiesen, Karower
BAT, KJB
Bach, Günzer See, Graben im großen Holz
Graben im großen Holz, Günzer See

BAT

Beek, Freetzer Graben, Klostergraben, L1,
GB, KB,
L119, Mellnitz, 1701, 3280, Graben_x6 Der
Strelasund,
Ossen Seiser Bach Graben zum Mittelsee,
KJB, GJB,
Graben_x7, Graben_x8, Venzer Graben,
WB, SB
Duwenbeek, L8, Z7, Karower Bach
Schulweggraben, Neuendorfer
Hechtgraben, Lorsch, Graben_x2, Saaler SAB, BOB
Bach, Graben_x3, Graben_x4
Graben im großen Holz, Graben_x1,
Zahnziehen, Meadows at Wendisch
BAT
Langendorf

Interviewee I
(NG)
Interviewee J
(CM)

60’s

Hechtgraben, Mühlgraben

SH

No

Ditches, Flooded
meadows

-

-

Well-known

Yes

-

70‘s

Ziese, Brebowbach, Freesendorfer See,
Graben_x5

P, GB

Yes

Streams, Ditches

February - April,
earlier spawning
after mild winters

-

Well-known

Yes

-

Interviewee K
(KT)
Interviewee L
(GP)
Interviewee
M (ME)

60‘s

Beek, Freetzer Graben, Pumpwerk Streu

GB, KJB

Yes

Streams, Ditches

April

-

Yes

-

40‘s

Prohner Bach, Badendycksgraben

KB

Yes

Streams, Ditches

-

-

Yes

-

40‘s

Beek

GB

Yes

Stream

Mid-March

4 weeks

-

No

Childhood
experience (Sling)
Only outside
spawning season
Childhood
experience (Fork)
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Figure 11 Map displaying waterbodies mentioned by interviewees. Ditches with unknown names were termed “Graben_x” and consecutively numbered.

23

Fieldwork
Description of study streams
Table 2 Dimensions of the five regularly sampled study streams and water parameters.

Length
Mean
Mean Mean
Mean
Mean
Depth range
Width
of study temperature salinity oxygen
width
depth (m)
(m)
range (m) area
(°C) ± SD (PSU) (mg/L)
± SD
(m) ± SD
(km)
Neuendorfer
Hechtgraben

0.2 ± 0.1 0.05 - 0.45

1.8 ± 0.3

0.6 - 2.6

2.8

5.7 ± 2.3

0.4

14.7

Duwenbeek

0.9 ± 0.3

0.4 - 1.45

2.0 ± 0.5

1.1 - 3.4

1.3

6.1 ± 2.0

0.4

12.7

Beek

0.7 ± 0.4

0.25 - 1.6

3.6 ± 0.4

2.7 - 4.9

2.0

6.0 ± 2.2

0.4

12.4

1.6 ± 0.2 0.95 - 1.95

6.1 ± 2.8 2.2 - 14.0

3.5

6.2 ± 2.2

0.4

11.4

1.9 ± 0.1

10.3 ± 2.4 3.7 - 19.9

3.3

6.1 ± 2.0

0.3

11.5

Sehrowbach
Körkwitzer
Bach

1.4 - 2.2

The following section contains descriptions on aquatic plants found in the streams during the
sampling period. Overall densities of vegetation were low in all streams since the sampling
took place prior to the onset of the vegetative phase. In contrast, at subsequent visits during
late summer, particularly the shallower waterways (Beek and Neuendorfer Hechtgraben) were
entirely covered with emergent macrophytes.
Sehrowbach
Sehrowbach meanders through
the lowlands of the western part
of the island of Rügen and drains
into

Kubitzer

Bodden

at

54.38269°N 13.26171°E. It the
largest natural drainage system
found

on

the

island.

The

substrate is predominantly soft
and shorelines are characterized by dense belts of common reed (Phragmites australis) and
meadows across most of the study area. Mowing of reed was evident along several sites during
the study period. Aquatic vegetation included both emergent macrophytes (Iris sp.) and
submerged macrophytes (Potamogeton sp.). Fish species captured during electrofishing
included roach (Rutilus rutilus L.), bream (Abramis brama L.), bleak (Alburnus alburnus L.),
tench (Tinca tinca L.), Ide (Leuciscus idus L.), perch (Perca fluviatilis L.), three-spined
stickleback (Gasterosteus aculeatus L.), nine-spined stickleback (Pungitius pungitius L.) and pike.
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Körkwitzer Bach
Körkwitzer Bach is a slow flowing
lowland river located about 2 km
west of the city of Ribnitz,
draining into the western part of
Saaler Bodden at 54.25197°N,
12.39769°E. Since no damming
efforts have been implemented in
the area, the shorelines are
unaltered and constitute one of
the few remaining truly pristine bogs of the federal state of MV (Schiefelbein, 2018). The
channel dimensions of Körkwitzer Bach exceed those of the other study streams by far. The
river has a prominent, dense reed belt (Phragmites australis) covering the entire shoreline in
the stretches investigated. Substrate is predominantly soft and organic, aquatic vegetation was
not apparent due to a relatively high turbidity. Fish species captured during electrofishing
included roach (Rutilus rutilus), bream (Abramis brama), tench (Tinca tinca), three-spined
stickleback (Gasterosteus aculeatus), perch (Perca fluviatilis) and pike.

Neuendorfer Hechtgraben
Neuendorfer Hechtgraben (“Pike
ditch

of

Neuendorf”)

is

the

smallest system studied. The
ditch

runs

straight

across

agricultural areas and drains into
Saaler Bodden at 54.33440°N,
12.52618°E. Its non-meandering
course and the steep slopes
indicate

that

it

has

been

subjected to intense human modifications. The ditch already appears on a historical map
dating back to 1893 (Karte des Deutschen Reichs, 1893). Sampling was constrained to the
reaches upstream of the bridge of road “Parkstraße” (54.33201°N, 12.52976°E), since greater
depths did not allow for wading on the remaining 400 m between this point and the rivermouth.
During the study period the ditch showed only little aquatic vegetation (Callitriche sp.),
however, particularly in the upstream areas emergent macrophytes (Phragmites sp., Iris spp.)
were relatively abundant. Mowed shorelines indicated annual removal of the riparian
vegetation in and around the ditch. A thick ( > 0.3 m) layer of soft sediment was present in the
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river bed. The only fishes captured during the sampling were pike and three-spined
stickleback.
Duwenbeek
River Duwenbeek is the second
largest river on the island of
Rügen. It drains into a sheltered
brackish bay situated between
the Island of Ummanz and westRügen which constitutes a part of
Kubitzer Bodden. The rivermouth
is

located

at

54.47880°N,

13.26764°E. While in the lower
500 m prior to entering the Boddens the shoreline of Duwenbeek is characterised by dense
reed belts, soft sediments and greater relative dimensions of the stream bed, upstream of that
farmland dominates the riparian structure, the riverbed narrows and the slope increases as
witnessed by greater flow velocities and predominantly sandy substrate. Fish species captured
during the sampling included tench, three-spined stickleback, nine-spined stickleback and
pike.
Beek
River Beek is located near the
town of Garz in the southwest of
Rügen

and

Greifswalder

drains

into

Bodden

at

54.29548°N, 13.41194°E. About
2.5

km

upstream

of

the

rivermouth it flows through the
village of Rosengarten and the
adjacent Park facilities, up- and
downstream of that its shorelines
are bordering fields and meadows. At 54.305382°N, 13.38085°E a weir is present, which
should however not hinder passage of anadromous fish as its height does not exceed 0.3 m.
Flow velocities measured at Beek were highest compared to the other study streams.
Vegetation included emergent macrophytes (Phragmites sp., Iris spp.), floating-leaved
macrophytes (Nuphar sp.) and submerged macrophytes (Myriophyllum sp., Vallisneria sp.).
Fish species captured during electrofishing included three-spined stickleback, nine-spined
stickleback, perch, tench, brown trout (Salmo trutta sp. L.) and pike.
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Ziese
River Ziese is a two-directional watercourse, draining into both Greifswalder Bodden at its
western river mouth located at 54.08789°N, 13.50085°E and Peenestrom at its eastern river
mouth located at 54.03206°N, 13.74393°E. Sampling was conducted near the river mouth in
the vicinity of Peenestrom. Here, width varied around 8 to 10 m and the shorelines were mostly
covered with dense belts of Phragmites australis while in some areas meadows extened to the
shoreline. The fish fauna captured during the sampling events comprised pike, three-spined
stickleback, roach, perch, tench, stone loach (Barbatula barbatula L.), crucian carp (Carassius
carassius L.) and white bream (Abramis bjoerkna L.).
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Electrofishing
Table 3 Absolute numbers of pike captured by electrofishing during fieldwork in Spring 2021. Recaptures refer to
fish being captured more than once within the sampling period 2021.
Standardized sampling

Additional sampling

Waterbody

Total Number
Individuals

Pike < 300
mm thereof

Recaptures
thereof

Total Number
Individuals

Recaptures
thereof

Beek

4

2

1

-

-

Duwenbeek

9

1

1

-

-

Neuendorfer
Hechtgraben

62

46

4

-

-

Körkwitzer Bach

16

2

1

-

-

Sehrowbach

19

2

-

113

11

Ziese

-

-

-

55

1

A total of 110 pike individuals were captured during the weekly standardised transect
sampling between 01.03.2021 and 15.04.2021.
CPUE data

Figure 12 13 Boxplots (median, box = 25 and 75 percentile, whiskers = 1.5 * interquartile range) display the
temporal progression of CPUE (Pike*100 m-1) from standardised electrofishing from all five study streams in
spring 2021. The range of mean water temperatures (24 h) from all five streams is plotted as a grey line. Numbers
above box plots denote corresponding sampling weeks. The associated dates can be found in Table 4.
Table 4 Corresponding date intervals for sampling weeks displayed in Figure 12
Sampling
Week

1

2

3

4

5

6

7

Sampling
Interval

02.03.202104.03.2021

08.03.202211.03.2022

16.03.202219.03.2022

23.03.202224.03.2022

29.03.202231.03.2022

06.04.202209.04.2022

12.04.202214.04.2022
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Overall, catches in the five streams subject to regular, standardised sampling were relatively
low throughout most of March, where median catch per unit effort given in pike * 100 m-1 was
below 0.5 in all four initial sampling weeks. In the end of March catches increased markedly
as shown by an increase in median CPUE to 1 and also remained high in the beginning of
April (CPUE > 0.5) while subsequently dropping to values below 0.5 again during the last week
of sampling. The rise in CPUE at the end of March took place while water temperatures in the
streams had risen above 7°C on average.

Figure 14 Coloured dots display CPUE (Pike*100 m-1) from electrofishing events in spring 2021 for six different
study streams. Mean water temperature (24 h) curves for each individual stream are displayed in black, rough
measurements in light grey indicating the spread between day- and night-time.

When looking at individual streams, the pattern described for the overall temporal trend of
CPUE holds true for the two streams Sehrowbach and Körkwitzer Bach in particular. At
Duwenbeek, no pike could be captured during the first three weeks of March and CPUE
subsequently started to increase. Despite no captures in the first week of April in Duwenbeek,
during the last sampling week in mid-April catches eventually peaked while CPUE had already
dropped in all other streams.
Vastly different patterns can be observed for Beek and Neuendorfer Hechtgraben. In Beek
catches remained low at all sampling events with maximum CPUE values of
0.2 - 1 pike * 100 m at five occasions, corresponding to one fish per sampling. One individual
could be recaptured during the sampling period in Beek. Neuendorfer Hechtgraben showed
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the highest CPUE values of all streams investigated with only two sampling events resulting in
less than 1.5 pike * 100 m -1. If only pike exceeding 30 cm in total length were taken into
account, however, the pattern was similar to that of the other streams. Larger pike could only
be captured from the third sampling week onwards on the second half of March.
CPUE development at river Ziese shows a similar pattern with an apparent increase in CPUE
in the beginning of April. Effort in river Ziese was much higher than in the other streams
(> 1.8 km stream length sampled per sampling event), likely reducing random fluctuation
compared to the standardised sampling (0.6 km sampling length) conducted in the other
streams.
At Sehrowbach, where sampling effort exceeded the standardized 600 m per week during
several occasions, within stream patterns of spatial use CPUE became apparent. Highest
catches occurred mainly in the lower- and middle reach, representing the lower two stream
kilometers before entering the Bodden. Further upstream, catches declined as witnessed by
Figure 15.

Figure 15 Electrofishing CPUE per reach over time (each reach represents 1 km of stream length) at
Sehrowbach. Colour indicates CPUE (Pike*100 m-1), size of the black dots represents effort (kilometres fished).
Smallest dots are equivalent to 200 m stream length being sampled when sampling did not exceed the
standardised effort.
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Size structure
The median length of pike was largest in Sehrowbach, Körkwitzer Bach and Ziese, followed
by Beek, Duwenbeek and Neuendorfer Hechtgraben. Size distribution varied between the
watersheds investigated. Greater proportions of juvenile pike were captured in river Ziese and
Neuendorfer Hechtgraben where 30% and 74% of sampled pike did not exceed a length of 30
cm, respectively. At the same time, the only 3 fish with a total length on more than 100 cm
were captured at Neuendorfer Hechtgraben. No fish larger than 80 cm could be captured at
the streams Beek and Duwenbeek.

Figure 16 Boxplots (median, box = 25 and 75 percentile, whiskers = 1.5 * interquartile range) displaying the size
distribution of captured pike split up by stream, coloured dots denote individual fish. Width represents sample
size.

Sex structure
Sex ratio was dominated by male pike in all streams, except Körkwitzer Bach where both sexes
were equally represented in the catch. Predominance of males was most pronounced in Beek,
Duwenbeek and Sehrowbach where only about one quarter of the fish captured were females.
At river Ziese the share of males was just below 60%, at Neuendorfer Hechtgraben, about one
third of the fish identified were females. However, of the 16 individuals above 30 cm total length
captured at Neuendorfer Hechtgraben 10 were females, yielding a clearly female dominated
ratio when only considering larger fish. This trend was found to be opposite at river Ziese,
where the share of males increased to almost 70% when fish below 30 cm were not
considered.

31

Figure 17 Overall sex distribution of captured pike per stream. Numbers on the bars represent sample size.
Recaptures were not included in the figures.

A clear trend regarding changes in the sex ratio throughout the sampling period was not
evident in most streams, in part due to low sample sizes. For the two streams with adequate
data coverage, Neuendorfer Hechtgraben and Sehrowbach, some pattern could be observed.
In Sehrowbach, the first captured of females were recorded only in the fourth week of sampling,
corresponding to late March. The share of females subsequently increased over the course of
the upcoming weeks. The highest proportion of females was recorded in the first half of April
(Sampling Week 6) when females accounted for about 40% of the total catch. In mid-April
(Sampling Week 7) no females could be captured anymore. At Neuendorfer Hechtgraben, no
females could be identified in the catch during the first half of March since sex was determined
by the presence of milk only as all fish were < 30 cm total length and external sex determination
therefore difficult. Throughout most of the remaining sampling period, however, females were
present with varying proportions. While the catches at Körkwitzer Bach were predominantly
composed of females during most of March, their share subsequently declined during April.
However, sample size was below 5 on most occasions, which also holds true for Beek and
Duwenbeek. For the three sampling events at river Ziese, no clear trend in sex ratio could be
found.
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Figure 18 Sex distribution of the pike captured per stream over the 7 study weeks from beginning of March until
mid-April. Numbers on the bars represent sample size. Recaptures were included in the figures.

Recapture data
Pike individuals marked in freshwater during the spawning season were reported as recaptures
from the open Bodden lagoons outside the spawning season by anglers and fishers via an
online form. This was true for Sehrowbach (n = 9) and Neuendorfer Hechtgraben (n = 1).
Additional observations
During the field work we found three carcasses of pike > 50 cm total length with clear bitemarks
in or near the water at Neuendorfer Hechtgraben. Additionally, we received similar reports from
a small ditch by one of the interviewees and by a person who contacted us following the
discovery of a tagged pike carcass on a meadow near Sehrowbach during the same season.
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Discussion
The loss of longitudinal connectivity is in river systems is a well-known and severe threat to
many diadromous fish species (Su et al. 2021). However, typical freshwater species like pike
are often not considered in debates on the adverse effects of transverse structures. The current
study showed that anadromy is a prevalent phenomenon in pike inhabiting the brackish lagoon
systems around the German Island of Rügen. By combining stakeholder knowledge and
electrofishing data, I could show that a variety of coastal freshwater bodies are used as
spawning habitats by lagoon pike and that man-made changes in the landscape likely have
reduced the availability of such habitats for pike. Through the results of our electrofishing
survey we were able to confirm local stakeholder knowledge while Interviewees could in turn
expand our understanding of pike spawning behavior in the study area.
Our results add to the scientific literature on anadromous spawning behavior of Baltic pike
which has previously been described in Sweden (Tibblin at al. 2016, Engstedt et al. 2014),
Finland (Müller & Berg 1982, Müller 1986) and Estonia (Rothla 2015). Similar to our findings,
Tibblin (2015) found that streams with varying dimensions between 1 and >10 m width were
home to anadromous pike along the Swedish coast. Also agricultural drainage ditches acting
as pike spawning grounds have already been described in the literature (Cottrell et al. 2021).
In line with reports from stakeholders, different types of wetlands and lakes are found to be
hosting anadromous pike also in other parts of the Baltic (Adolfsson 2020, Larsson et al. 2015,
Müller 1986, Nilsson et al. 2014). Flooded meadows, which were reported by some
interviewees as formerly omnipresent spawning ground in the study area, have similarly been
identified as a productive spawning ground in the context of Baltic pike (Nilsson et al. 2014).
A clear increase in CPUE occurred at the end of March and was well within the estimate of
most interviewees. At that point water temperatures in the streams had reached about 7°C. In
comparison, in waterbodies along the Swedish coast pike spawning migrations were initiated
at 4.1°C water temperature which coincided with late March until early April (Tibblin et al. 2016)
while in Finnish waters of the northern Baltic the first arrivers were captured at water
temperatures of 1.0°C in the second half of April (Müller 1986). Considering the different
latitudes of the three study sites it could be plausible that in Germany and southern Sweden
the climate is mild enough for early spawning while in the northern Baltic temperature becomes
limiting and thus delays the spawning season by almost one month. While higher temperatures
are favorable for egg development and early growth, there also is a large benefit to earlier
spawning since small differences in body size of pike fry can make a difference with regard to
cannibalism (Raat 1988).
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During our electrofishing survey we found that particularly in Sehrowbach, where sample size
was highest, the share of female fish captured increased with progressing spawning season
and that in most streams the share of male fish was highest during the beginning of the
spawning season. Earlier arrival of male pike on the spawning sites has previously been
observed in lotic environments (Clark 1950, Frost & Kipling 1967) but also in anadromous
populations of Swedish streams (Tibblin et al. 2016). This behavior moreover exists in various
species throughout the animal kingdom and has previously been reviewed by Morbey &
Ydenberg (2001). The inconsistency in this matter concerning the data from Körkwitzer Bach
probably is attributable to the low sample size. In our data, sex ratios were dominated by male
fish in all study streams which is in line with literature where males are reported to outnumber
females on the spawning sites by a factor of 2 to 3 (Clark 1950, Fabricius 1950, Kozmin 1980).
The high fraction of small pike (15 – 30 cm) captured at Neuendorfer Hechtgraben prior to both
the arrival of larger conspecifics and the onset of spawning in all other investigated streams
was a surprising observation for which there are several possible explanations. One possibility
is that these fish spent their first year within the ditch and the waterbody therefore functions as
a juvenile habitat. Studies on the emigration of juveniles from anadromous pike populations in
different Swedish streams, however, show that outmigration already starts short time after
hatching when larvae have attained about 20 mm total length and only few individuals emigrate
at sizes > 100 mm. The early outmigration is likely a mechanism to avoid cannibalism and
decreasing water levels (Nilsson et al. 2014). An alternative explanation could be that these
fish migrated early to the spawning site, waiting for larger conspecifics to arrive. This is
supported by the fact that many of the fish were sexually mature males. In fact, such behavior
was also observed in a lotic system where small, spermiating male pike (25 – 40 cm) were
found in small side channels as early as 3 months before the onset of spawning in order to
avoid larger conspecifics in the period until spawning (Knight 2006). A third option might be a
mixture of both aforementioned hypotheses. Such phenomenon is known from salmon
populations where mature dwarf males engage in spawning prior to their first migration to the
sea (Morán et al. 1996).
Variation in the timing of spawning between different streams, as indicated by a late peak of
CPUE in Duwenbeek, was previously described from two adjacent coastal streams in Sweden
where the arrival timing differed consistently between the two waterbodies (Larsson et al. 2015,
Tibblin et al. 2015). Since individuals returned to the same stream over consecutive years and
populations were thus genetically isolated, this was hypothesized to be an adaptation to
differences in water discharge regimes in order to allow for offspring to leave when water levels
are still high enough to allow for unimpeded outmigration. It was outside the scope of our study
to investigate discharge regimes, however, this effect might be neglectable in our system since
there were no flooded wetlands connected to our streams in which offspring might become
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trapped but instead outmigration seems possible even at low water levels. In addition,
Duwenbeek was among the three smallest streams investigated and pike would therefore be
more severely affected by low discharge than in Sehrowbach or Körkwitzer Bach where
spawning peaked earlier. The exact reasons for the late spawning peak in Duwenbeek remain
unclear.
Among-stream differences between anadromous subpopulations of pike were previously not
only found in the timing of spawning but also in morphological traits like body size (Tibblin et
al. 2015). Predation pressure was discussed as a potential evolutionary driver of such
divergence. We found that the share of large fish differed between the streams with the three
largest pike being captured at Neuendorfer Hechtgraben despite lower sample size than in
Sehrowbach, potentially indicating size differences of pike captured in different streams.
Simultaneously, predation pressure was high in the shallow waters of Neuendorfer
Hechtgraben as witnessed by our findings of pike carcasses in vicinity to the ditch which were
attributable to mammalian predators. However, we cannot assess whether predation was
higher compared with other streams.
In our study system, pike were marked during the previous spawning season in Sehrowbach
and Duwenbeek. Second-year recaptures from Sehrowbach show that pike were returning to
the same stream over consecutive years, a pattern that has been found also in Swedish
streams (Engstedt et al. 2014, Tibblin et al. 2016). If fish are returning to their birth stream for
spawning, referred to as natal homing, genetic flow is confined to streams and genetically
distinct subpopulations with local adaptations emerge. Such adaptations may include the
aforementioned specializations in arrival timing or body size but are moreover manifested in
other traits like salinity tolerance, growth or reproductive investment (Berggren et al. 2016,
Sunde et al. 2018, Sunde et al. 2019, Sunde et al. 2020). The occurrence of reproductively
isolated subpopulation bears important implications for management practices (Larsson et al.
2015). In Pacific Salmon, the diversity in genetic adaptations and associated traits between
subpopulations has shown to be a major driver of stock productivity (Hilborn et al. 2003). While
at Duwenbeek only one individual from the previous year could be recaptured, this is likely
attributable to considerably lower sampling effort when compared to Sehrowbach, resulting in
a small sample size and thus fewer recaptures.
Interviewees consistently reported a human induced decline in the availability of spawning
grounds for anadromous pike through melioration. A similar effect of drainage efforts
throughout the past century has been reported from Swedish wetlands where increased
awareness of the issue has recently resulted in the restoration of many degraded areas in
order to promote natural recruitment of local anadromous pike stocks (Engstedt et al. 2018).
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Through the creation of “pike factories”, water levels in the wetlands can be manipulated as to
create ideal pike nursery grounds during until emigration of fry (Nilsson et al. 2014).
Some Interviewees were able to report about pike ecology in great detail. Hypotheses
mentioned on the reasons for anadromy were higher temperature and lower salinity in the
spawning habitats, both of which have been discussed in scientific literature (Müller 1986,
Jørgensen et al. 2010). One participant moreover referred to natal homing in the context of
anadromy which has been studied in other parts of the Baltic (Tibblin et al. 2016). Similarly,
the sunbasking behavior mentioned by one participant has recently been confirmed in
experiments (Nordahl et al. 2020). Another interviewee mentioned shorter but more intense
spawning runs following long winters, a phenomenon which indeed has been described
previously (Müller 1986). Likewise, the occurrence of anadromy in other species than pike, as
described by several respondents, can be found in literature across the Baltic (Müller & Berg
1982, Tibblin et al. 2012). Participants described jumping of pike in attempts to overcome
obstacles. While to our knowledge there is no scientific literature adressing this behavior, there
are videos on the internet showing muskellunge (Esox masquinongy Mitchill) jumping up weirs
of considerable height. While on one hand stakeholder knowledge can be a great tool to
support biological understanding, one also should be aware of cognitive biases that naturally
come with anecdotal evidence.
There are some limitations to this study. Firstly, our sampling strategy delivered only a limited
temporal resolution and does therefore not allow for detailed insights into temporal patterns at
smaller scales. To get a better understanding temporal migration patterns in future studies we
recommend other sampling methods than electrofishing, such as fyke nets, fish traps or
camera systems. We chose electrofishing as a compromise in order to cover a wider range of
water bodies.
Secondly, we cannot differentiate between anadromous and resident fish in our sample.
Particularly for the larger streams it is possible that some of the fish are indeed resident fish.
Since sampling was mainly conducted in the shallow areas of the streams, an increase in
CPUE could in theory also be caused by a habitat shift during the onset of spawning times
(Raat 1988). However, we argue that in the tree smallest sampling waterbodies (Neuendorfer
Hechtgraben, Duwenbeek and Beek) the size of the electric field of our sampling gear was
extending throughout the water column in most sampling locations and resident fish therefore
had a consistent likelihood of being captured throughout the sampling period. Moreover,
recaptures of tagged pike outside the spawning season in the Bodden lagoons are a clear
proof that pike resided only temporarily in the freshwater bodies for spawning and moved out
to brackish waters outside of this period.
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A third limitation is the reduced of comparability of CPUE between the study streams due to
the employment of different sampling gears. However, since the gear use was consistent within
a stream, this does not affect findings on a stream basis.

Conclusion
The current study confirmed that anadromy is a widespread pattern found across the brackish
lagoon systems around the island of Rügen. In accordance with studies focusing on pike
population structure in other parts of the Baltic, recapture data suggest the existence of locally
adapted subpopulations where individuals undertake natal homing, thereby constricting gene
flow to a single waterbody. Genetic diversity has likely suffered in response to water
management practices blocking a large number of waterbodies previously used by
anadromous pike for spawning. Consequently, the overall stock resilience has likely
decreased. Management should consider wetland restoration and removal of migration
barriers into freshwater bodies to alleviate some of the detrimental effects on pike brought
about by the melioration.
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