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Abstract

Sea trout is a species that plays a significant ecological, social, and economic role in most
freshwater bodies across Northern and Western European countries, from the White Sea to
the Mediterranean Sea. The decline in sea trout stocks over the past 30 years, largely due to
human pressures, has raised concerns about our limited knowledge of this species’ complex
and variable life cycle. Research findings and official statistics indicate that sea trout
populations are in poor condition in many regions. In this study, the threats posed by human
activities to the sea trout population were examined and qualified through data collection
from the WGTRUTTA group experts. Additionally, based on official statistics, the
population status of sea trout over the past twenty years in various European regions were
assessed. This research results indicate that the overall population status of sea trout is
vulnerable in most areas and requires serious attention, especially in the UK region (England,
Wales, Scotland, and Northern Ireland) and Ireland. Habitat degradation —in spawning and
nursery areas— in almost all studied countries poses a significant threat to the sea trout's poor
population status and is recognized as the most widespread influential human factor in this
study. The presence of dams, reservoirs, hydropower plants, and any other barriers in the
migration route of sea trout upstream and downstream is identified as the second major and
widespread threat in many of the studied countries. Climate change, recreational and
commercial fisheries, and sea lice in areas where salmon aquaculture farming occurs,
respectively, are other significant human factors affecting sea trout stocks, contributing to
their decline in the examined countries.

Keywords: Sea Trout, Habitat Degradation, Dams, Fisheries, Climate Change, Sea Lice.



Introduction

Sea trout, the anadromous form of brown trout (Salmo trutta), is of great cultural and
economic importance being a key species in recreational fisheries around Europe. It has a
variable life history, inhabiting both freshwater and marine environments during various
stages of their life cycle, and can thus act as an indicator of ecosystem health. However, the
status of sea trout populations has become a cause for concern, as they face a multitude of
pressures that threaten their survival.

In recent years, there has been an effort to assess the status of sea trout populations in order to
direct management actions to protect the species and its habitats. Predictive models has been
developed that assess recruitment status, based on juvenile densities and habitat
characteristics, with the aim to provide tools that can be used to guide management actions to
protect resources and ecosystems. Generating information on major threats for sea trout
populations will improve assessments of sea trout status and its pressures, and have a great
impact on planning future steps towards conservation and sustainable management of sea
trout and the ecosystems it inhabits.

Climate and Fish Distribution in General Perspective

Long-term changes in climate over the past millennia are well known, especially those that
have occurred since the end of the Little Ice Age. Quaternary events that caused increased
fluctuations in climate resulted in major changes in species distribution. One of the main
responses of species to global warming is the upward shift in altitude to colonize favorable
thermal habitats (Pont et al., 2015). Analysis of the last 45 years shows that the number of
fish species in the Great North Sea, the Baltic Sea, and the Celtic Sea has increased. This is
mainly related to the increase in the number of warm-favoring species (European
Environment Agency, 2022). Temperature seems to be one of the main determining factors in
the spatial distribution of river fish species. Different fish species usually choose a thermal
habitat where the growth rate is maximum and the metabolic power available for growth,
activity, and reproduction is close to the maximum (Buisson et al., 2008).

Geographic Distribution

Brown Trout has a natural distribution from the White Sea to the Mediterranean in Northern
and Western Europe, including the Baltic Sea (Pederson et al., 2017). Sea Trout has a latitude
from northern Scandinavia to northern Africa. It has historically played a prominent role in
the economies and cultures of coastal communities, supporting vital fisheries and
encouraging river conservation (Shephard et al., 2019). Brown trout populations exhibit
significant diversity when it comes to morphological characteristics and life histories in their
respective native habitats. In terms of genetic and morphological diversity, brown trout in the
southern Mediterranean region are significantly more diverse than the region from central and
northern Europe. Over the last 2.5 million years, glaciers covered the landmass during the
multiple inter-glacial periods. This resulted in central and northern Europe freshwater fish
becoming totally or partially extinct (Lobon-Cervid, 2017). Brown trout, along with Atlantic
salmon, European eel, and Migratory whitefish constitute the most important species in the
Baltic Sea (HELCOM, 2022).

Life History
The sea trout differs from its close relative the salmon in their habitat distribution. Sea trout
are typically found in smaller rivers and tributaries of larger rivers throughout the coastline.



They also have a more complex life history and display greater plasticity in migration
strategies. Their staying in the water path is greatly influenced by intra and inter-species
competition, habitat conditions (food and shelter), water temperature, and water flow
(Magnusson et al., 2023). The sea trout live as parr in streams for the initial 1 to 5 years. The
juveniles feed on aquatic and terrestrial invertebrates. Following this period, parr undergoes
smoltification, acquiring the physiological adaptations for marine life and silver color in
appearance. Subsequently, smolts migrate to the sea, where they spend up to 5 years feeding,
predominantly on a diet of fish, before returning to the native streams for spawning.
However, some parts of the population stay in the stream as residents. The preferred locations
for spawning are smaller rivers and streams with swift currents. They select upper reaches
and tributaries that provide suitable nursery areas. Spawning occurs in autumn and winter.
Eggs hatch in the spring, at suitable temperatures (HELCOM, 2022). Migration patterns of
sea trout vary among different stocks, some exhibiting relatively short coastal migrations and
others experiencing longer journeys to reach the open sea. Coastal migrations are more
prevalent in northern Baltic stocks, while southern stocks display longer migrations
(Pederson et al., 2017).

Ecosystem Aspects

Sea trout play a significant role in both aquatic and terrestrial ecosystems. They serve as
carriers of nutrients and energy from the sea to lotic ecosystems (Aldvén et al., 2015). Mainly
through top-down control at lower trophic levels, sea trout play a structural role in
maintaining equilibrium within riverine food webs, both by harvesting invertebrate
populations for food and serving as a crucial food source for other predatory species
(HELCOM, 2018).

Monitoring and Assessment

Historically, sea trout has been ranked second to Atlantic salmon in fisheries assessment
programs and management priorities. Most management efforts for sea trout have been
reactive rather than preventively and proactive. Consequently, relatively few sea trout stocks
have received sufficient attention with detailed studies conducted at appropriate times (ICES,
2020). The initial assessments and data collection regarding sea trout density in certain Baltic
rivers began in the 1980s. Assessments became model-based for the first time in 2012. In
these assessments, two categories of data are usually considered for stock management. First,
biological data such as recruitment, age structure, growth, and fishing-related information
such as fisheries, effort, yield, and gear. To obtain a quantitative estimate of the status of the
populations, various mathematical calculations based on monitoring data are used.
HABSCORE Model is an advanced method of assessing salmonid population status using
stepwise multiple regression analysis of population size against river habitat variables.
Another model is PHABSIM, which models the effect of flow and flow velocities in relation
to the depth and substrate of the habitat. By using this model, fish population is predictable
(Pederson et al., 2017).

Since 2016, the European Union, through the adoption of new regulations (2016-1251), has
mandated all member states to collect data on sea trout as part of the program for data
collection, management, and utilization in fisheries and aquaculture (ICES, 2023). The sea
trout assessment model in the Baltic Sea focuses on the recruitment status of sea trout
populations, specifically emphasizing observed recruitment (observed density) in comparison
to expected recruitment (maximum expected density). This model utilizes electrofishing data



from various sea trout populations, along with habitat information, to calculate population
development trends over time
(HELCOM, 2018). Electrofishing is
typically conducted in early autumn
(August and September). In most
countries, except for Denmark and
Poland, the electrofishing is

Electrofishing: Biologists use electrofishing to
survey rivers and assess fish presence.
Electrofishing stuns fish for a short period
allowing them to be removed carefully with a net,
complemented with estimates of the examined, and returneaf alive with I/.IO permanent
smolt run (using smolt traps) in one harm dsze '(www. practzcalﬁshkeepzng;co. uk). '
or multiple streams (ICES, 2023). El)ectrqushmg gear called an Electrofisher consists
of three major components: a power source, a
transformer to convert current from the power
source to different voltages or to direct current,
and two electrodes — an anode and a cathode —
placed in the water to create an electrical field
(Thompson et al. 1998).

Furthermore, other monitoring
methods are employed in some
countries, including experimental
fisheries (in Lithuania), automated
counters (some rivers in Sweden and
Poland), echo sound, tagging and
marking, and redd counts (in
Germany and Poland) (HELCOM,
2018).

Pressures

Over the past 30 years, sea trout stocks have undergone significant changes, often driven by
anthropogenic impacts (ICES, 2020). From the available information, it can be concluded
that the long-term neglect of rivers and fish that has lived in has degraded or destroyed most
of the salmonid population in Baltic Sea. Habitat degradation, along with fisheries over-
exploitation pressure, has had a serious negative impact on Baltic Sea salmonids. In addition,
the construction of dams and other barriers to migration, as well as pollution and
eutrophication, has worsened the hydro morphological condition and water quality of many
rivers, which has decreased the sea trout populations. Currently, only 500 of the 1000 natural
population of sea trout are left (HELCOM, 2022). The most recent ICES reports show that
despite the positive developments in the sea trout status in the Gulf of Finland and the Eastern
Baltic region and the improvement in the number of spawners and the density of parr in the
Gulf of Bothnia, the stock status is still poor in many populations, especially in the Northern
Baltic. The reports classified the status of sea trout in the Baltic Sea as vulnerable (ICES,
2023). Studies show that out of 25,000 rivers, streams, and drainage areas of the Baltic Sea
assessed according to the EU Water Framework Directive (WFD), only 30% have a good
ecological status. (HELCOM, 2022).

Fisheries

One of the factors that affect the abundance of sea trout is the amount of recreational and
commercial fishing in the sea and rivers. Commercial fisheries are not the dominant catch of
sea trout (HELCOM, 2023). Most sea trout are caught in recreational fisheries, which does
not require reporting. Consequently, catches often go unrecorded (Magnusson et al., 2023).
Sea trout recreational fisheries are common in all Baltic region countries. For instance, in
Sweden, 11% of national recreational fisheries in both freshwater and marine environments
belong to sea trout (Blicharska and Ronnbéack, 2018). Current monitoring methods for
recreational fisheries estimation and assessment primarily rely on catch data obtained from
anglers, which are generally imprecise and incomplete (Hojesjo et al., 2017). HELCOM

5



reports show the decreasing trend for commercial fisheries. However, the known recreational
fisheries have always been increasing and are almost six times in terms of catch size (in tons)
of commercial fisheries (HELCOM, 2023).

In all Baltic countries, a distinction is made between angling/sport fishing and recreational
fisheries with passive gears. Angling (Sport fishing) which is a majority of sea trout
recreational fisheries is done by active fishing methods, including rods and lines. While
recreational fisheries including the use of passive gear methods, such as nets, traps, pots, and
set lines. Passive gears are more common in the north Baltic Sea (HELCOM, 2022).

In all regions, sea trout catch and release after sport fishing is becoming more common,
especially for fish below the minimum landing size. Catch and release is due to management
regulations and voluntary decisions by anglers. Deep hooking and bleeding increase the risk
of death after release. However, the mortality rate after release is low. The survival from the
release depends on how the fish has been handled, water temperature, fight time, air exposure
duration, etc. However, more studies are needed (Skov et al., 2023).

Spin and fly from the shore or river and trolling with small boats in the sea are the most
common methods of fishing. In the southern Baltic Sea, recreational fisheries take place
throughout the year, although have peaks in spring and autumn (ICES, 2023). Currently,
there is no common program for collecting sea trout fisheries data at the national and union
levels. However, this species is partially monitored indirectly in salmon waters in the
European Union data collection framework (DCF) for salmon (Magnusson et al., 2023). In
addition, to estimate sea trout recreational fisheries in the Baltic regions different methods are
used. National questionnaires, phone interviews, online surveys, individual interviews, etc.
are some of the methods (ICES, 2023).

Habitat Degradation

Habitat degradation is one of the most important threats to the sea trout and their ecosystems.
In recent years, various factors have led to the degradation in physical habitat quality and its
destruction, as well as a decrease in water quality. Changing the land use around the rivers
and turning the forest cover into agricultural and urban areas is one of these threats (Donadi
et al., 2021). Degradation of stream physical habitat due to human activities such as logging
and channelization has had a great negative effect on riverine habitat quality. In forested
areas of the North Baltic, many rivers are dredged to ease the water transport of timber. For
instance, a great number of running waters in Finland were dredged during the first half of
the 20th century. This caused the channelization and simplified the flow patterns and bed
structures that declined the existence of microhabitats (Vehanen et al., 2010).

An increase in the entry of different kinds of pollution such as sewage, chemical fertilizers,
and pesticides into the rivers decreases the water quality of sea trout habitat. These changes in
the habitat lead to an increase in pathogenic factors and water temperature, which generally
have a negative effect on the condition of sea trout (Donadi et al., 2021). Furthermore, studies
indicate that acidification and a decrease in water quality due to multiple chemical, industrial,
and agricultural pollution have significant negative effects on the sea trout population and
reduce riverine habitat quality (Nevoux et al., 2019). Changes in the natural flow, an increase
of macronutrients such as nitrogen and phosphorus, and a decrease in available oxygen in
turn have an effect on the water ecosystem and fish communities (Donadi et al., 2021).



Barriers Construction

Dams or any other barriers have a negative effect on sea trout status in different ways. After a
dam is constructed, a portion of the free-flowing river is removed and immediately replaced
by the reservoir. As a result, the productive lotic (River-like) habitat, which is shallower and
faster, is replaced by the deep, slower, and less productive lentic (Lake-like) habitat. The
organisms compatible with living in these two different environments are different, so dam
construction may cause changes in the plant, invertebrate, and vertebrate species living in the
river, and may affect endemic fish and their habitats in particular (Teréncio et al., 2021).

Unimpeded migration for sea trout is essential. Dams and barriers have been constructed on
many rivers that drain into the Baltic Sea for energy production and irrigation (HELCOM,
2011). Dam construction poses a serious threat by fragmenting the habitat and river network,
presenting a substantial challenge by reducing the ability of sea trout to migrate, both the
downstream migration of smolts and the return of spawners to upstream areas. Dam
construction raises water temperature, which sea trout have limited tolerance for it. The
construction of dams and other river obstructions leads to increased algal biomass and a
decrease in the frequency of invertebrates, which are a food source for sea trout. The impact
of hydropeaking, causing sudden and large changes in flow that can strand fish along the
coast, should not be overlooked (Donadi et al., 2021). Most countries have made efforts to
facilitate migration of fish through dams by creating ladders and passageways along routes,
although many of them are only moderately effective due to different factors such as design,
location, water levels, and more (HELCOM, 2011).

Climate Change

As ectothermic, sea trout are affected by temperature in terms of growth speed and migration
behavior. They are cold-water species with high oxygen requirements. In recent decades, the
water surface temperature in the southern Baltic has increased by 1 degree, while seasonal
changes are observed in the north where the period of ice cover has decreased by 14-44 days
(HELCOM, 2011). Water temperature increase causes physiological stress for sea trout. It
also fastens the development of pathogens and the activity of bacteria (HELCOM, 2011;
Donadi et al., 2021).

Climate change leads to an increase in floods and periods of drought. Although lotic fishes
are resilient to hydrological events, extreme floods may reduce salmon density and negatively
affect community composition in two ways. Flooding directly increases mortality related to
displacement and destruction of hatching eggs, while its indirect effects on the habitat are by
affecting the carrying capacity or favoring one species over others. Winter floods adversely
affect the spawning of fall-spawning species such as brown trout (George et al., 2015). In
addition, long periods of drought, which are associated with increasing river temperatures,
reducing habitats, and changing food webs, have an impact on lotic ecosystems. Although
salmonids may survive in drought conditions by being present in pool habitats and thermal
shelters, they usually show negative responses to low-flow events. Reduction in growth rate,
abundance, survival, or body condition are some of these reactions (Kaylor et al., 2019).

Management Objectives, Monitoring and Status Assessments

Thus far, there are no definitive management objectives for sea trout. From a management
perspective, objectives need to be defined that allow for assessment (Magnusson et al., 2023).
There is currently no comprehensive assessment of trout stocks across Europe. There is
limited information regarding productivity, recruitment, and river-specific carrying
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capacities. Data on the quantification of mortality due to fishing in both marine and
freshwater environments are lacking. Additionally, there is insufficient information on the
human impact on sea trout stocks, resulting in an incomplete and non-representative picture
of the sea trout's overall status (Nevoux et al., 2019). Incorporating sea trout into the
European Union's policy framework, including the Common Fisheries Policy (CFP) and the
Maritime Strategy Framework Directive (MSFD), signifies the importance of improving
existing methods available to managers for assessing stock status. (ICES, 2020).

Aim

The overarching aim of this project is to assess the status of the sea trout population with the
goal of the conservation of this valuable species in aquatic ecosystems. This thesis will focus
on investigating and qualifying the impact of various human pressures and factors on the
status of sea trout in different countries of Europe.

The principal aim of this thesis is to make the first comprehensive overview of the current
status of the sea trout populations in relation to human pressures effect by sending a
questionnaire to experts. The results can help guide managers' policy for the conservation of
this species.

My hypothesis is that human factors such as habitat degradation, dam construction,
overfishing, climate change, and such actions have serious negative consequences on the sea
trout migration, spawning success, and survival of sea trout and consequently affect the
populations of this species negatively.

In addition, I hypothesize that any actions aimed at improving the quality of sea trout habitat,
facilitating migration and improving connectivity, maintaining or expanding harvesting limits
for sustainable exploitation, and such measures are sustainable and positive strategies for
improving the state of the sea trout population and its population recovery.

Materials and Methods
First, I identified anthropogenic
pressures on sea trout population
status by searching and compiling

ICES: The International Council for the
Exploration of the Sea (ICES) is an

information from the academic
published literature, and “grey
literature”. Then a questionnaire was
distributed among members of an
ICES Working Group
(WGTRUTTA) focused on
developing and test assessment
methods for Sea trout populations.
The questionnaire aimed to compile
information on the status of sea trout
populations and the condition of sea
trout Rivers in different

intergovernmental marine science organization,
meeting societal needs for impartial evidence on
the state and sustainable use of seas and oceans
(https://www.ices.dk).

HELCOM: The Baltic Marine Environment
Protection Commission — also known as the
Helsinki Commission (HELCOM) — is an
intergovernmental organisation and a regional sea
convention in the Baltic Sea area
(https://helcom.fi).



https://helcom.fi/

geographical regions, as well as the methods used to monitor sea trout populations. It also
included questions about the most significant factors affecting sea trout populations, and the
interventions implemented in various ¥
countries to improve the sea trout status. Partcipated Countries
The questionnaire consisted of both = hted
multiple-choice and descriptive questions W onemors
(see Appendix 2). The survey was sent to

38 experts from 17 countries affiliated

with WGTRUTTA. Participants were

requested to provide responses based on

standard methods and official reports. Out

of this number, 22 questionnaires from 16

countries were received (all but Spain,

Figure 1). I received two pieces of

feedback from Sweden, Denmark,

Norway, Portugal, Germany, and England,

since some regions have more than one

expert in WGTRUTTA and I sent the

questionnaire to all of them.

Survey results are summarized in tables and
charts, which will be discussed further. The
questionnaires were supplemented with

countries official data about sea trout status focusing on the years between 2000 and 2022.

Figure 1. Number answered surveys by country.

It is essential to note that the assessment of sea trout status in Sweden, Estonia, and Finland is
primarily based on the average density of sea trout population based on the official reports
resulting from annual electrofishing surveys. Whereas the status in England, Wales, Ireland,
and Scotland, is primarily based on rod catch data, although other fishing methods like net
and fixed engine fisheries were also considered.

To assess the significance of

decreasing or increasing trends in Fixed engine catch: A fixed engine catch is a
available data in these countries method of trapping fish using any device such as a
during the study period, regression net, cage, trap, or other contrivance for catching
analysis between each parameter and  fish, which is fixed to the bed or bank

year was conducted. (https://canalrivertrust.org.uk).

Results

In this section, I will initially present the general results obtained from the questionnaires for
all studied countries. Based on survey feedback, official country reports, and annual reports
from ICES and HELCOM, two groups of countries were selected for further focus. In one
group, the countries of England (including Wales), Ireland, and Scotland were chosen due to
their poor sea trout population status. In the other group, Estonia, Finland, and the western
part of Sweden were examined further due to their either good population density or
significant growth and improvement.



Here, it is important to mention that the replies to the survey have not been harmonized
among members, and the questions have been answered depending on what reference levels
are used. In addition, the priority of the answers is based on the sea trout status, not salmon.
Furthermore, the reply to the survey may not represent the full picture (monitoring methods
and trout status) in the studied region. Since it reflects the personal judgment of the person
who replies. In addition, the status of sea trout is not a quantitative measure, and it may be
different relative to what reference the person replying is referring to (pristine state, trend the
last five years, etc.).

Sea Trout Monitoring Methods

The questionnaire results on sea trout monitoring methods indicate that electrofishing is the
primary data collection method in all countries except the UK region (England, Wales,
Scotland, and Northern Ireland) and Ireland. Other methods are used as supplementary
approaches to complement the monitoring, for example smolt traps, which are used to
estimate the smolt run in streams in Sweden, Denmark, Lithuania, Estonia, Latvia, Norway,
Portugal, and France. In some rivers in Sweden, Latvia, Estonia, and Poland, the number of
ascending spawners is counted using automatic fish counters. In Norway and Germany, video
systems are used for monitoring sea trout abundance.

Table 1. Sea trout monitoring methods by country. * indicate the most common method in countries.
(The results are based on the experts answer to the sent questionnaires).

Country Electrofishing Smolt Catch Video Fish Echo-
Trapping Number System Counter  Sounder
Sweden 4 v 4 4
Denmark v v
Finland v v
Lithuania v v v
Germany 4 4 4
Latvia 4 4 4 4
Estonia v v v v
Poland v v v
Norway vk v v v
Portugal v v v
France v v
Ireland v v
North Ireland v v v
Scotland v vo* v
Wales v v voo* 4
England v v v

In England, Wales, Scotland, and Northern Ireland standardized survey techniques using
electrofishing of juvenile trout are under development as a quantitative assessment tool for
sea trout population status. Other methods, such as smolt traps in Ireland, Northern Ireland,
England, and Wales, or counting in Scotland and Echo-Sound in Wales, are used for
population monitoring, but none of these methods serve as the primary and dominant method
for assessing the sea trout status in these regions. Rod catch data and its trend analysis in
many major sea trout rivers are the primary monitoring methods in these countries (Table 1).

Percentage of Assessed River
Results from the questionnaire regarding the number of rivers and streams studied in each
country to assess the sea trout population status show that in all countries, a set of specific
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and fixed rivers are annually monitored. The exception to annual assessments are Denmark
and Germany, where the sea trout status in rivers is evaluated every 7 and 3 years,
respectively. In Denmark, only a limited number of rivers undergo annual assessment.

In France, Ireland, and Northern Ireland, less than 10% of rivers and streams are annually
monitored. The total number of streams with sea trout in Sweden are unknown, but around
35% of streams (including tributaries) where sea trout have been observed during
electrofishing are annually electrofished, and there is a sampling program for sea trout to
monitor 100 sites using electrofishing each year. In Lithuania, Germany, and Estonia, 50 to
70% of rivers are assessed, and in Finland, Latvia, Poland, Wales, and England, 70 to 90% of
rivers are annually monitored (Figure 2). These figures are based on the expert's opinion
about the regions they work on.

In Latvia, 30 fixed rivers are assessed each year, and among the remaining rivers, a few are
randomly selected for annual monitoring. In England, 44 principal sea trout rivers are
assessed annually. Regarding the assessment of Finnish rivers, it should be noted that the
focus of electrofishing operations is just on the good-condition Rivers. In Norway, Portugal,
Scotland, and Denmark almost all rivers and streams with sea trout (more than 90%) are
assessed every year (Figure 2).

Sea Trout Spawners and Recruitment Status

The results of the questionnaires regarding the status of sea trout spawners and recruitment
index and comparing the current status with the past show that the overall condition of sea
trout in all countries is poor and suboptimal, as illustrated in Figure 3. It is needed to mention
that this interpretation of status is subjective.

The questionnaire results indicate a notably weak status of sea trout population in Norway,
Portugal, Ireland, Scotland, Wales, and England, with a discernible worsening in recent years.
In Northern Ireland, the temporal analysis reflects a relatively stable situation, with some
rivers demonstrating good spawners abundance, while others show poor conditions. In
France, spawners abundance in the Normandie region has remained stable, with slightly
decline, while Bretagne, historically characterized by low spawners abundance, has
experienced a modest increase (Figure 3).

Conversely, Sweden, Estonia, Lithuania and Poland exhibit a favorable current status, with
implemented policies positively impacting sea trout population growth. However, the long
term and historical comparison in sea trout population in Poland shows the poor status, and
certain Lithuanian rivers display a poor sea trout abundance. Results from sea trout
populations in the Sweden show that sea trout population in the Gulf of Bothnia has slightly
increased in these years. Nevertheless, the condition is not good. Furthermore, evaluation of
sea trout abundance in Sweden western rivers suggest a favorable assessment, but recent
electrofishing data reveal a concerning decline in abundance.

Denmark, Finland, Germany and Latvia have implemented policies that have had a
moderately positive impact on the sea trout population, resulting in an improvement
compared to the past. However, experts responding to the questionnaire from Denmark,
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Finland, and Germany believe that the overall situation in these regions is still not

satisfactory (Figure 3).
Status of Sea Trout
percentage of Assessed
Rivers and Streams [[] Gaed Caneition
M More than 90% i [ improved Condition
B 70-90% W Foor Gondition

M s0-70% ,:“'*} n
[ 10-30% w
[[] Less than 10%

ity
IRELAN D@%ﬁ}

WALES

FORIL

e ﬁ J -
5 i ™

Figure 2. Percentage of assessed rivers and streams — Figure 3. Sea Trout Spawners and Recruitment status
by country. by country

Reasons for the Poor Status of Sea Trout Population

In this section of the survey, experts were asked to articulate the most significant reasons for
the poor status of sea trout population in their respective countries and, if possible, prioritize
the influential factors contributing to the decline in the abundance of sea trout. As observed in
Table 2, various human factors have had the greatest impact on the reduction of sea trout
populations in different regions. Habitat degradation has had a significant effect on the poor
status of sea trout in almost all the studied countries except Latvia. In fact, it can be argued
that the largest portion of human factors affecting the current population status of sea trout is
habitat degradation. In some countries such as Germany, England, and Wales, this factor has
been identified as the most important and influential factor.

Subsequently, the construction and presence of dams, hydroelectric power plants, weirs and
any barriers to the free migration of fish upstream and downstream are among the major
reasons for the vulnerability of sea trout populations in 12 out of the 16 countries studied.
This factor is the most influential in the current status of sea trout in Sweden and Poland. In
eight studied countries, the consequences of climate change are among the other influential
human factors contributing to the poor status and decline of sea trout populations. However,
the results indicate that this factor has lower priority and impact compared to the two
aforementioned factors (Table 2).

Questionnaire results indicate that in Norway, Scotland, and Ireland, due to aquaculture
activities and finfish farms especially salmon farms, the spread of salmon lice is the most
serious threat to the decline of sea trout populations. The results of questionnaires shows that
only non-human factor that has a negative effect on the sea trout populations in Great Britain
countries, Germany, Finland, and Denmark is predators such as cormorants (Table 2).
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Table 2. Reasons for the Poor Status of Sea Trout Population by country. * indicates the most
important factor in sea trout poor status.
(The results are based on the experts answer to the sent questionnaires).

Country Commercial Recreational Habitat Dams and Climate Disease Predation

Fisheries Fisheries = Degradation  Barriers Change  (Salmon Lice)

Sweden v *

Denmark

Finland v

ANENENRN
ANEN

Lithuania v

ANENANENEN
*

Germany

Latvia

Estonia

Poland v

Norway

Portugal

ANRNANENEN

France

AN AN

Ireland

North Ireland

Scotland

Wales v

ANANENENENENENENENEN

AN
ANRNEN
ANANEN
ANANENEN

England v

Table 3. Initiatives and activities taken to improve the status of sea trout by country
(The results are based on the experts answer to the sent questionnaires).

Country Fisheries Habitat Barriers and Decrease of Sea Lice
Restriction  Restoration = Dam Removal Pollution Management

Sweden
Denmark
Finland
Lithuania
Germany
Latvia
Estonia
Poland
Norway
Portugal
France
Ireland v
North Ireland v
Scotland v v 4
Wales v v v
England v v v
Actions Taken to Improve the Status of Sea Trout
The results obtained from questionnaires regarding the initiatives and activities undertaken to
enhancement the recruitment and increase the population of sea trout in different countries
indicate that despite the not-so-good status of sea trout in all regions, three factors have had
the most significant impact on relative improvements. Habitat restoration and improvement
of habitat situation, barriers and dam removal in 12 countries, followed by restrictions and

v
v v

ANENENEN

v

AN

ANANENENENENENENENEN

ANANENENENENENEN

AN AN

<<
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prohibitions on sea trout fisheries in 11 countries have been the most important actions taken
to improve the relative status in some areas (Table 3).

Sea lice monitoring, finfish aquaculture management, and the lack of support for the
development and expansion of salmon farms in Ireland, Scotland, and Norway are among the
actions taken in these countries. Furthermore, in Estonia, the presence and assistance of
NGOs to inspection the illegal fisheries in close seasons and areas have contributed to
improving the status. Decrease of pollution has also led to improvements in the status of sea
trout in some areas of Denmark, Latvia, Lithuania, England, and Wales (Table 3).

Examples of studied areas

In this section, I specifically present the result of the sea trout population status in some
examples of regions. The sea trout population trends in six regions over the past 20 years are
based on the official national, regional, and international reports from ICES and HELCOM.
There are regions with decreasing trends: Western Sweden, England/Wales, Ireland, and
Scotland, and some countries that have increasing trends: Estonia and Finland.

Western Sweden: A Declining Trend of Juveniles

An analysis of sea trout parr in the streams and rivers of western Sweden, based on data
collected from the Swedish Electrofishing Register (SERS) spanning from 2000 to 2022,
reveals a decreasing trend (Figure 4). The status in Baltic Proper (the part of the Baltic Sea
between the Aland Sea and the Danish straits) is the same as the west coast, it was good but
there has been a decreasing trend during these years. On the other hand, the status in Bothnia
Bay and Bothnia Sea was poor before, but the status has improved in recent years. Some of
the increase of sea trout densities are related to liming. Many streams and lakes has had low
pH, and has been limed since 1970.

This information is derived from annual electrofishing statistics for approximately 600 sites
from database SERS in streams and rivers in the western region of Sweden. The overall
average density of sea trout population was 44.6 juveniles per 100 m? per river in 2000,
decreasing to 28.2 in 2022 (p-value=0.0004; Figure 4).

This declining trend is observed for both young of the year and older sea trout. The density of
young of the year juveniles decreased significantly from an average of 29.1 per 100 m? in
2000 to 19.7 in 2022 (p-value=0.0088). The peak abundance for young of the year sea trout
occurred in 2005 with an average density of 43 fish per river. Similarly, the average density
of sea trout older than one year decreased from 17.9 in 2000 to 10.8 in 2022 (p-
value=0.0001). The lowest abundance for older sea trout was recorded in 2019 and 2021 with
average densities of 8.1 and 8.2, respectively (Figure 4).
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Figure 4. Average density of sea trout juveniles in the streams and rivers of western Sweden
between 2000 and 2022. The blue line indicates the decreasing trend of average density of
juveniles older than one year. The green line shows the average density of 0+ (One summer old)
juveniles which decreased during the studying period. The red line is showing the decreasing
trend of overall average density of sea trout juvenile population per 100 m’ per River. Figure is
based on 600 sites from the database SERS. The dotted lines show linear trends.

Estonia: Increasing Trends

Data collected from the ICES reports on the status of sea trout in Estonia from 2000 to 2022
demonstrates an increasing trend (Figure 5; ICES 2023). The Average densities of sea trout
parr (age 0+) has risen from 11.2 parr per 100 m? in 2000 to 75.3 in 2022, indicating an over
6.5-fold increase. This upward trend is observed in both the Gulf of Finland region and the
main basin of Baltic Sea. The parr average density in the main basin region increased
significantly from 3.1 parr per 100 m? to 38 in 2022 (p<0.001). Additionally, the sea trout
average density in the Gulf of Finland increased dramatically from 8.1 in 2000 to 37.3 in
2022 (p<0.001; Figure 5).

An examination of fisheries data from ICES WGBAST 2023 report (ICES 2023) reveals an
increasing catch in Estonia, supporting increased effort. The trend in recreational fisheries is
increasing from 2013 (available data) to 2022 (P-value=0.054; Figure 6). The total
recreational catch in the Gulf of Finland and the main basin increased from 4.7 tons in 2013
to 7.1 in 2022. The trend of recreational catch both in the main basin and in the Gulf of
Finland increased during 2000-2022. There was a peak in 2019 for the main basin and in
2016 for the GOF, 3 and 4.9 tons, respectively (Figure 6).

The overall nominal commercial catch in the Gulf of Finland and the main basin region
increased from 10 tons in 2001 to 13 tons in 2022 (p-value=0.041). The peak commercial
fisheries, with a catch of 17 tons, occurred in the main basin in 2020 (Figure 7).
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Figure 5. Average densities of sea trout parr (age 0+) per 100 m’ in Estonia rivers between

2000 and 2022. The blue line indicates the increasing trend of average density of parr in the
Baltic Sea main basin. The green line shows the average density of parr which increased
during the studying period in Gulf of Finland. The red line is showing the increasing trend of
total average density of sea trout parr in Estonia Rivers. The dotted lines show linear trends.
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Figure 6. Nominal landed recreational catch (in tones round fresh weight) of sea trout in
Estonia (2013-2022). The recreational catches data is available from 2013. The blue line
shows the recreational catches in the Main Basin (exclusively the coastal areas). The green
line indicates the Gulf of Finland recreational catches (Coastal areas and Rivers). The red
line shows the total sea trout nominal landed recreational catch in Estonia. The dotted lines
show linear trends.
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Nominal Commercial Catch Weight

Figure 7. Nominal commercial catches (in tones round fresh weight) of sea trout in Estonia
(2001-2022). All catches occurred in Coastal areas. The blue line shows the commercial catches
in Main Basin and the green line indicates the commercial catches in Gulf of Finland. The red line
shows the total sea trout nominal commercial catch in Estonia. The dotted lines show linear
trends.

Finland: Increasing Trends

Assessing the status of sea trout population in Finland indicate an increasing trend in the parr
average density (age 0+). The information is derived from ICES reports for the study period
(2000-2022; ICES 2023). The overall average density of sea trout has risen from 3.2 parr per
100 m? in 2000 to 41.6 in 2022, showing a significant increase despite fluctuations in
different years (p-value=0.005). The sea trout parr population status in the Gulf of Bothnia
and the Gulf of Finland regions also reflects an upward trend, separately (Figure 8).

In the Gulf of Bothnia, the slope of the increasing trend is more gradual. The average density
has increased from 3.2 parr in 2000 to 11.2 in 2022, indicating a more than threefold increase
(p-value=0.0225). In the Gulf of Finland, the average density of sea trout parr, which was
zero in 2000, increased to 30.4 in 2022. The p-value of 0.0102 signifies the significance of
this increase. The population average density in the Gulf of Finland has experienced
fluctuations in various years, with two peaks observed in 2009 and 2020 with average
densities of 82.2 and 61, respectively. Additionally, the frequency graph of the population in
the Gulf of Finland shows a sharp decline in 2011, where the population reduced to one-third
compared to the previous year and to one-eighth compared to two years earlier (Figure 8).

Catch data collected from ICES WGBAST 2023 report indicate a decreasing trend in Finland,
both commercial and recreational fisheries. The Finland overall nominal commercial catch
(in the Gulf of Finland, Gulf of Bothnia, and the main basin region) declined from 92 tons in
2001 to 12 tons in 2022 (p<0.001). The commercial fisheries became one fifth in a decade
from 2012 to 2022 (Figure 9).

The trend in total landed recreational fisheries is also decreasing from 2001 to 2022 with a p-
value 0of 0.0021 (Figure 10). The total recreational catch in Finland decreased from 10 tons in
2001 to 7.7 in 2022. Evaluating of recreational fisheries in different areas show that the trend
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in GOF and GOB rivers are decreasing, while there is an increasing trend in Main Basin
fisheries. There are no data of recreational catch in Main Basin and GOB in 2020 (Figure 10).
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Figure 8. Average densities of sea trout parr (age 0+) per 100 m’ in Finland rivers between

2000 and 2022. The blue line indicates the increasing trend of average density of parr in

Gulf of Finland. The green line shows the average density of parr which increased during the

studying period in Gulf of Bothnia. The red line is showing the increasing trend of total

average density of sea trout parr in Finland rivers. Dotted lines are linear trends.
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Figure 9. Nominal commercial catch (in tones round fresh weight) of sea trout in Finland
decreasing from 2001 to 2022. The blue line shows the commercial catches in Main Basin
that happened in sea and coastal areas. The green line indicates the commercial catches in
coastal areas of Gulf of Finland. The orange line shows the commercial catch in Gulf of
Bothnia (in sea and coast). The red line represents the total commercial fisheries in Finland.
The dotted lines show linear trends.
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Figure 10. The total sea trout nominal landed recreational catch (in tones round fresh
weight) decreased from 2001 to 2022 in Finland that is shown in red line. The blue line that
has an increasing trend shows the recreational catches occurred in the main basin rivers and
coasts. The green line indicates the Gulf of Finland recreational catches in rivers. The
orange line shows the recreational catch in Gulf of Bothnia Rivers. There are no data of
recreational fisheries in Main Basin and GOB in 2020. The dotted lines show linear trends.

England-Wales: Sea Trout Assessment

UK official reports on Salmonid and Fisheries Statistic show that in 2022 the stocks of
salmon in 30 out of 42 salmon rivers in England are at risk (72 percent), with six rivers
probably at risk. In Wales, all 22 salmon rivers assessed are either at risk (95 percent) or
probably at risk (Environment Agency of UK, 2023; Figure 11).

ers

m At Risk

B Probably at risk
m At Risk

B Not ar risk B Probably at risk

Probably not at
risk

Figure 11. Salmon stock status in England and Wales Salmon rivers -2022. In England, 30
out of 42 Rivers are at Risk, six rivers probably at risk, and five rivers probably not at risk.
Just one river is not at risk. In Wales, 21 rivers out of 22 are at risk and another one is
probably at risk.

The analysis of sea trout catch data derived from Environment Agency of UK shows a
declining trend from 2000 to 2022 (Figure 12). The Rod catch has decreased from 41,322 in
2000 to approximately one-fourth, with 10,111 catches in 2022, demonstrating a significant
decline (p<0.001). Further analysis of net and fixed engine catch statistics confirms a more
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than 5-fold reduction in catch from 2000 to 2022, with a reduction from 46,022 catches in
2000 to 8,013 catches in 2022 (p-value=0.1094; Figure 12).

Figure 12 illustrates that the catch experienced a gradual decline from 2000 to 2007, reaching
the lowest levels during this period. Following this decrease, the trend in catches shifted
towards an increase, reaching the first peak with 60,229 catches by the year 2010. In 2011,
there was a sudden halving of catches, and this decline continued into 2012.

However, once again, from 2013 to 2015, marking the second peak in this period with 64,468
catches, the trend showed an increasing pattern. From 2015 onward, there has been an annual
decrease in catch levels, indicating an overall declining trend during this period (Figure 12).

The data shows that the highest Rod catch of sea trout in England and Wales occurs in the
northwest and southwest regions, followed by a peak in the northeast region. In contrast, the
highest catch by net and fixed engine occurs in the northeast region, and catches in other
regions are not substantial.

The results of the catch effort through the analysis of the number of days of rod catches and
licenses issued for net and fixed engine catch also indicates a significant reduction from 2000
to 2022 (Figure 13). The number of rod catch days has decreased from 177,532 days in 2000
to less than half, 76,206 cases in 2022 (p<0.001; Figure 13).

Similarly, the number of licenses for net and fixed engine has reduced from 449 licenses in
2000 to almost one-fourth, with 144 licenses in 2022 (p<0.001) as shown in Figure 13.
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Figure 12. Declared sea trout rod catch and net and fixed engine catch for England and
Wales from 2000 to 2022. The red line shows the decreasing trend of rod catch during 2000-
2022 and the blue line indicates the declining trend of net and fixed engine catch in England
and Wales. The dotted lines show linear trends.
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Figure 13. Number of net and fixed engine licences issued and total number of days fished
by sea trout rod licence holders from 2000 to 2022 in England and Wales. The red line
represents the decreasing trend of rod days. On the other hand, the blue line indicates the
number of net and fixed engine licences issued during 2000-2022. The dotted lines show
linear trends.

Ireland: Mixed Trends in Sea Trout Population

Recreational and commercial fisheries data for the period 2001 to 2022 were examined to
assess the status of the sea trout population. Data derived from Ireland official sea trout
statistic reports (Inland Fisheries Ireland, 2023).

Rod catch and net and fixed engine catch data considered for recreational fisheries status. The
Rod catch data indicates an increase in the examined period, from 1066 catches in 2001 to
2018 catches in 2022 (however, statistical tests indicate the non-significance of this increase,
p-value=0.1535; Figure 14). As observed in Figure 14, rod catches decreased from 2002 to
2007, followed by increasing catch until 2012. Subsequently, a reduction in rod catches
occurred from 2013 to 2018, with a recent partial increase. Examining net and fixed engine
catch statistics in Ireland reveals a significant reduction of over 67 times in catches from
2001 to 2022 (Figure 14). Net and fixed engine catches decreased from 4225 catches in 2001
to 63 catches in 2022 (p-value=0.0003). The data shows a dramatically decrease in net and
fixed engine catches from 2001 to 2007 (more than 124 times decline), followed by a
relatively stable period until 2022 (Figure 14).

A similar trend is observed in commercial catches in Ireland. Commercial catches in 2022 are
being more than 57 times less than those in 2001 are. Commercial fisheries of sea trout went
from approximately 237,000 catches in 2001 to about 4,000 catches in 2022. This reduction
is statistically significant (p<0.001). The data indicates a considerable decrease until 2007,
remaining relatively constant thereafter, as same as recreational fisheries (Figure 15).

An assessment of catch effort through the analysis of the sales of licenses for salmon and sea
trout angling fisheries in Ireland shows a significant reduction from 2001 to 2022 (Figure 16).
The sales of catch licenses decreased from 32,814 licenses in 2001 to nearly half, i.e., 17,318
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licenses in 2022 (p<0.001). As it is visible in the chart, the sales of fishing licenses have been
ascending from 2020 to 2022 (Figure 16).
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Figure 14. Sea trout recreational fisheries in Ireland. Sea trout rod catch and net and fixed
engine catch for Ireland from 2001 to 2022. The blue line shows the increasing trend of rod
catch during 2000-2022 and the red line indicates the decreasing trend of net and fixed
engine catch in the same period. The dotted lines show linear trends.
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Figure 15. Sea trout and Salmon commercial fisheries in Ireland between 2001 and 2022.
Commercial fisheries of salmon and sea trout went from approximately 237,000 catches in

2001 to about 4,000 catches in 2022. The dotted lines show linear trends.
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Figure 16. Salmon and sea trout angling fisheries licence sales in Ireland shows a significant
reduction from 2001 to 2022. The sales of fishing licenses have been ascending from 2020 to
2022. The dotted lines show linear trends.
Scotland: Declining Trends
Sea trout fishery statistic from Scottish government official reports to determine the status of
the sea trout population show a declining trend from 2000 to 2022 (Marine Scotland, 2023;
Figure 17). The total Sea trout rod catch in this period has decreased by more than half. The
rod catch decreased from 39,447 catch in 2000 to approximately 14,500 in 2022. Statistical
tests show the significance of this decrease despite fluctuations in rod catch during this period
(p<0.001). The results indicate that the most significant decrease occurred in the year 2003,
with a slight increase observed in 2022 compared to two years prior (Figure 17).

Results regarding the rod catch of Finnock in Scotland is available from 2004. From 2004 to
2022, the Finnock rod catch of remained relatively stable, showing a negligible decrease (p-
value=0.838). The number of Finnock caught was around 8,500 in 2004 and approximately
8,200 in 2022 (Figure 17). Examining the results from net and fixed engine catch data in
Scotland also reveals a reduction of
more than 9 times in catch from
2000 to 2020. Net and fixed engine
catches decreased from 11,842
catches in 2000 to 1,274 catches in
2022. P-value (p<0.001) indicating
the significance of this reduction (Figure 17).

Finnock: (In Scotland) A young sea trout, in the
year after returns to fresh water after their smolt
migration stage.

The assessment of catch effort through the analysis of the net effort also shows a significant
decrease in the study period. The trap months in fixed engine fisheries net effort decreasing
sharply from 383 trap months in 2000 to 13 in 2016 and decreased after that until reaching
zero in 2022. Similarly, the Crew month in net and coble fisheries net effort has experienced
a significant decline, decreasing from 123 Crew months in 2000 to 19 in 2022. The p-value
obtained from statistical tests indicates the significance of these reductions (Figures 18).
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Figure 17. Sea trout catch in Scotland from 2000 to 2022. The blue line shows the

decreasing trend of sea trout rod catch during 2000-2022 and the red line indicates the

declining trend of net and fixed engine catch in Scotland. The green line shows the trend of

Finnock rod catch from 2004 to 2022 that is remained relatively stable during years. The

dotted lines show linear trends.
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Figure 18. Catch efforts in Scotland during 2000 to 2022. The blue line shows the trap
months in fixed engine fisheries net effort which decreasing from 383 in 2000 to zero in
2022. The red line indicates the annual net and coble fishery effort as crew months. The
Crew month in net and coble fisheries net effort has experienced a significant decline, from
123 crew months in 2000 to 19 in 2022. The dotted lines show linear trends.
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Discussion

Unlike salmon and European eel, the assessment of sea trout stocks is often data-limited and
lacks a formal assessment framework, while managers need knowledge about population
status (Shephard et al., 2019). It can be said that compared to salmon, less attention has been
paid to sea trout in data collection and management at national and international levels
(Magnusson et al., 2023).

Sea Trout Status

Despite efforts to improve sea trout status, such as fishing restrictions, closed seasons, dams,
and other migration barriers removal sea trout stocks have undergone significant changes
over the years. The status is unfavorable in most countries. This has led to sea trout being
classified as vulnerable in the Baltic Sea region (HELCOM, 2022). The questionnaire results
indicate that the status could be even worse in countries outside the Baltic Sea region.

Studies show a significant decrease in reported sea trout catches using all methods in all
rivers flowing to western Scotland from 1952 to 2018, indicating a decline in sea trout
populations. Not only did catches decrease by 62% during this period, but the average fish
biomass in fisheries also decreased by 9% (Adams et al., 2022). The sea trout catch on the
west coast of Scotland has plummeted since the late 1980s (Butler and Walker, 2004). These
results are consistent with the research findings.

Sea trout rod catch in Ireland has also seen a serious decline since the late 1980s, with
significant catch collapses occurring in 1989 and 1990 in the western Ireland region (Poole et
al., 2004). Data from rivers Eriff, Burrishoole, Bundorragha, Gowla, Cashla, and
Ballinahinch in Ireland indicate that before 1989, there was a stable population structure for
sea trout, but after the collapse in 1989, this structure changed significantly. This population
decline has been accompanied by a decrease in marine growth rates and a decrease in
maximum marine age (Gargan et al., 2016). My research also shows that the status of stocks
in the middle west and parts of the southwest of Ireland is still very poor, with no data
available for other regions of Ireland for stock assessment.

Studies show that the status of salmon and trout stocks in England and Wales remains critical
(Environment Agency of UK, 2023), which is consistent with the findings of this research.
The results of a study examining sea trout catch levels from 1978 to 2002 show that sea trout
populations in England and Wales have experienced a significant decline since 1989, and
despite improvements in the years following, they have never returned to the levels of 1986
and 1987. During the same period, annual license sales and efforts have also seen a
significant decrease (Evans and Greest, 2004).

The study findings in Portugal and Norway indicating a highly concerning situation. In
Norway, out of 1251 waters containing sea trout, only less than 25% have good to very good
sea trout status, and nearly 40% of waters have poor to very poor sea trout populations, or sea
trout have been generally lost (Thorstad and Forseth, 2023; Vitenskapelig rad for
lakseforvaltning, 2022). Annual sampling and catch reports in Portugal show a significant
decline, in terms of both spawning and recruitment, in the main river. Recent revisions of the
red list of freshwater and migratory fish in Portugal classified the anadromous trout ecotype
as endangered in 2023.
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In the Baltic Sea region, positive developments for sea trout have occurred in the Gulf of
Finland and the eastern Baltic region. However, many populations are still considered
vulnerable. Stocks in the Gulf of Bothnia are weak, although spawners and parr densities
show signs of improvement. The sea trout population in Lithuania and Germany is weak.
ICES (2023) assessments show positive developments in many sea trout populations around
the Baltic Sea in 2015-2017. Although there was an overall decrease in 2018 and 2019, a
more stable situation prevailed in the region in 2020 (ICES, 2023), which is consistent with
the results obtained in this study.

Studies show that the status of sea trout stocks in northern Sweden, specifically in the Gulf of
Bothnia, has a positive trend, indicating improved management. However, stock levels in the
Gulf of Bothnia, the Bothnia Sea, and the northern Gulf of Finland are not yet satisfactory
(HELCOM, 2018). In terms of sea trout parr density in central Sweden, there has been an
overall improvement (ICES, 2019) while there has been a significant decrease in the sea trout
population in southern Sweden (Magnusson, 2023; Hojesjo et al., 2017).

In western Sweden, despite low fisheries in recent years, there is a continuous negative trend
in recruitment (negative trend in recruitment in the Skagerrak and low recruitment in the
Kattegat). The density on the western coast has decreased since 1990, although there is high
variability in stream flows and years (Magnusson, 2023). This sustained decline in population
trends is concerning.

The density of parr in Finland rivers in the Gulf of Finland varies, but there has been an
increasing trend since 2003 (ICES, 2023). My studies show that despite this increasing trend
in some areas such as in the Isojoki River, the overall situation is still weak.

Assessments of sea trout populations in the Baltic Sea region indicate that, on average,
Estonia has had the best status while Germany has had the worst, over the past 5 years. The
index used for assessing sea trout populations/rivers is the RS index, or recruitment status,
which is higher in the Gulf of Finland and Estonia and lower in the southern Baltic,
especially in Germany (HELCOM, 2022), confirming the results obtained in this study.

The results of the questionnaires show that although the overall status of sea trout in Estonia
has been very poor over the past 15 years, management actions and improvements have led to
the current situation being satisfactory. However, on the other hand, the situation in northwest
Germany is still weak despite improvements, and the situation in northeastern part of
Germany has worsened over the past decade and requires special attention and investigation.

Monitoring Methods and Percentage of Assessed Rivers

Various methods are used to follow the sea trout populations in Europe. Electrofishing is the
predominant method in the Baltic region while in the UK and Ireland, the predominant
method is rod catch data.

Electrofishing: Electrofishing surveys are typically conducted in early fall (August and
September) every year (HELCOM, 2018). The results of the current study indicate that in
some countries, there is a significant time gap between electrofishing surveys. For example,
in Denmark, only a few rivers are surveyed annually, and electrofishing is conducted once
every 7 years in most rivers. Similarly, in the northwest region of Germany, only three rivers
are assessed once every 3 years. This long interval may not be ideal for detecting temporal
trends in fish abundance.
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An increase in the number of rivers and sites surveyed can increase the electrofishing data
accuracy. Currently, electrofishing is mostly conducted at fixed locations (one or more sites
per river) (HELCOM, 2018). These sites are highly variable and scattered in many Baltic
regions, so the collected data are not precise enough (ICES, 2023). In Latvia, only 30 out of
54 trout rivers are assessed. In France, less than 10% of rivers, and in Sweden, 35% of rivers
and streams, are regularly assessed, which doesn't seem enough to provide a reliable amount
of information. In Finland, sea trout status assessment is mainly focused on rivers where
habitat restoration or migration barrier removal has occurred which can bias the information
obtained on sea trout status.

It seems that a sea trout electrofishing program should be developed to cover existing
monitoring needs. Within this program, it should be specified which locations are suitable for
electrofishing, how many sites should be designated, and how often electrofishing must be
performed (Magnusson et al., 2023).

Rod catch: The rod catch data has been recorded since 1952 in Scotland (Marine Scotland
and Fisheries Management Scotland, 2023). Sea trout rod catch records in England and
Wales rivers have been recorded since 1976 (Harris and Milner, 2004). Rod catch data may
not be a useful indicator for assessing stocks in individual years, as the relationship between
rod catch and sea trout status depends on various variables such as fishing effort, statistical
collection methods, water flow, availability of marine food, and climatic changes. However,
if catch figures are systematically and continuously collected over several years during each
fishing event, they may indicate potential trends in status (Poole et al., 2004; Butler and
Walker, 2004). It seems that development and deployment of electrofishing can significantly
assist in the accuracy and precision of status-related information.

Another error of this monitoring method may occur due to the catch and release strategy.
Some rod catch releases may be recaught. This inflates the catch statistics by being more than
once in the reported data (Marine Scotland, 2023).

Study results show that currently, in Ireland, only three rivers have accurate recruitment
censuses, and almost no other information is available from other rivers. In Northern Ireland,
sea trout monitoring is only conducted annually in the Shimna and Bush Rivers and outside
of these rivers, there are just bits of electrofishing. Surveying this number of rivers does not
provide a comprehensive and accurate picture of sea trout status in these regions to serve as
the basis for decision-making by experts and managers.

Pressures

Unfortunately, the undeniable negative impact of human activities on river environments is
evident. Globally, the abundance of migratory fish species dependent on rivers has decreased
by more than 75% in the past half-century, with Europe experiencing a more pronounced
decline of 93% (HELCOM, 2022).

The research results indicate that the most influential human factor affecting sea trout
populations is habitat degradation, followed by dams and migration barriers, respectively, in
15 and 12 countries out of 16 studied regions. Climate change was ranked as the third most
influential stressor on sea trout populations.

In a study conducted in 2021 on threats and pressures on Atlantic salmon, experts from 23
regions were asked to rank the importance of 15 stressors on salmon. Migration barriers
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(dams and hydropower plants) were the most immediate stressors present in all studied
locations except Greenland and Iceland. After that, habitat degradation, in many countries,
was ranked as a significant stressor for salmon (Lennox et al., 2021).

On a European scale, river degradation due to human needs, resulting from industrialization,
urbanization, and intensified agriculture, has led to more direct and indirect changes in rivers
and their floodplains. Actions such as direct channel dredging, removal of rapids from rocks
and boulders, or excessive sedimentation due to deforestation and wetland drainage are
examples of actions that have led to the destruction of fish habitats (HELCOM, 2021).

Dams and Migration Barriers

In many rivers, fish are threatened due to the presence of dams, weirs, and other migration
barriers (Aldvén et al., 2015). Dams pose a serious threat to sea trout due to habitat
fragmentation and their impact on water chemistry and sediment transport (Donadi et al.,
2021). Less than 40% of the world's major rivers are free flowing, and over one million
migration barriers have fragmented European rivers (HELCOM, 2021). The questionnaire
results indicates that in Poland and Sweden, the negative impact of dams on sea trout
populations has been more prominent and significant compared to other stressors. Sweden
has a long history of river regulation, with approximately 12,000 dams and 2,200
hydroelectric power plants across the country, supplying 45% of the country's electricity
(Donadi et al., 2021).

Therefore, the removal of dams and any other migration obstacles is of paramount
importance. If dam complete removal is not possible, partial removal or the construction of
natural or technical fish passages to facilitate fish migration and restore river connectivity and
morphology is crucial. My studies show that in the studied countries, the removal of dams
and migration barriers has been one of the most effective measures in improving the status of
sea trout. For example, the removal of a dam on the Isojoki River in Finland has led to an
improvement in sea trout stocks in this river. Lennox et al. (2021) have demonstrated in their
research that actions such as connecting spawning channels in Finnish rivers, and
constructing natural passageways for overcoming barriers in Sweden have been successful in
significantly improving Atlantic salmon populations (Lennox et al., 2021).

However, it should be noted that the primary priority is the removal of migration barriers, as
creating fish passages is not a completely effective solution. Even if sea trout can pass
through the passage, which does not always happen, delays in migration ultimately lead to a
significant impact on fish fitness. Additionally, passages are often designed with a focus on
upstream migrating fish, and the importance of downstream migration is not considered
(Berry, 2023).

Habitat Degradation

The opinions of experts participating in this study indicate that habitat degradation has played
a fundamental role in the negative status of sea trout populations in almost all countries.
However, this factor has been more influential than others are in England, Wales, and
Germany. The current study shows that oxygen depletion associated with a nutrient presence
on riverbanks is one of the serious threats to sea trout populations in Denmark.

River ecosystems are constantly threatened by increasing environmental stressors resulting
from human activities such as land use change (due to agriculture and urbanization) and
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coastal habitat loss. This leads to increased nutrient concentrations such as nitrogen and
phosphorus, reduced oxygen availability, increased erosion, and consequently, sediment
loading, runoff, and habitat degradation (Donadi et al., 2021). Acidification and pollution
from chemical fertilizers in agriculture, as well as wastewater treatment, contribute to habitat
destruction for sea trout populations and have a negative effect on them (Nevoux et al.,
2019). Increased levels of nutrients and sediment in water have a negative effect on
spawning. Eroded clay and sand may hinder nest construction in spawning areas or reduce
the oxygen supply to the eggs (HELCOM, 2011). Moreover, straightening and canalization,
disconnecting floodplain lands, and bank stabilization for agricultural facilitation are among
the most common human pressures on river habitats, leading to their destruction (Lennox et
al., 2021; HELCOM, 2021)

An assessment of major rivers in the Baltic Sea drainage basin (2,500 rivers and streams out
of 8,500) based on the criteria of the European Union Water Framework Directive shows that
only 30% of rivers have a good status. Approximately 62% of rivers in Finland and 60.5% in
Estonia have good ecological status, while this figure is 31.7% for Sweden and Germany has
the lowest percentage of rivers with good ecological status at 3% (HELCOM, 2021).

Therefore, one of the points that should receive special attention from managers and experts
is focusing specifically on the habitat of sea trout and its restoration, as well as addressing
environmental and human-centered disruptions. Conscious and planned actions to improve
the ecological and morphological conditions of rivers and their successful reconstruction,
such as adding gravel and rocks to riverbeds, managing the reduction of pollutants, and
restoring natural water flow regimes, can contribute to the improvement of spawning and
nursing habitats and, consequently, increase the population of sea trout (Lennox et al., 2021;
HELCOM, 2021).

So far, actions have been taken in Europe to improve the sea trout habitat conditions, but it
seems that these actions have not been enough and have not been specifically targeted at sea
trout. However, the sea trout population has also benefited from these actions. Therefore,
there is a need for managers to allocate more resources and invest more in the restoration of
sea trout habitats.

Climate Change

Climate change leads to an increase in Earth's temperature, which consequently results in the
warming of rivers and streams water where sea trout reside. Climate change itself can be
considered one of the significant factors affecting the destruction of sea trout habitats. This
study shows that drought and high temperatures in Germany are among the most influential
factors affecting the poor status of sea trout in that region. In Sweden, warmer and drier
summers compared to the past can be a factor in population decline in the western region.
Hojesjo et al. (2017) show in a study that this warming in the southern edge is even more
dangerous. Their study shows that increased water temperature has improved the population
in northern and central Sweden while having a negative impact on sea trout in the south
(Hojesjo et al., 2017). Sea trout growth occurs within a range of 3 to 19 degrees, with the
optimal temperature being 13 degrees Celsius (Donadi et al., 2021).

Study results in Scotland show that among emerging pressures, river high temperatures likely
have the greatest negative impact on sea trout populations (Marine Scotland and Fisheries
Management Scotland, 2023), which is caused by climate change. Warming and a reduction
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in the duration of ice cover may increase the activity and energy consumption of sea trout in
rivers and reduce production unless feeding opportunities increase accordingly. Additionally,
climate change may increase river sedimentation, reducing the success of sea trout
recruitment (Nevoux et al., 2019). Climate change may accelerate smoltification and
consequently increase the number of smolts migrating to the sea. This is perhaps why sea
trout smolts in western Sweden show a significant decrease in size (Hojesjo et al., 2017).

Given sea trout's low tolerance to high temperatures and susceptibility to low flows, drought,
reduced oxygen concentrations, and reduced access to thermal refuges (Donadi et al., 2021),
attention and efforts to reduce climate change drivers such as greenhouse gas emissions and

increased use of renewable energies should be emphasized by managers.

Sea Lice

My study indicates that the most serious threat to the sea trout population in Western Ireland,
Western Scotland, and Norway is sea lice resulting from salmon aquaculture farms and open
pen marine salmon farms in these countries. The level of sea lice pollution in sea trout smolts
depends on their proximity to salmon farms and the stage of the salmon production cycle on
the farm. The highest pollution and diversity have been observed near salmon farms.

Previous studies in this region have shown that a significant decline in sea trout stocks has
occurred since 1989 when sea trout were heavily infested by Lepeophtheirus Salmonis in late
May (Poole et al., 2004). The collapse in sea trout stocks immediately after the establishment
of salmon farms nearby raised speculation about a causal relationship in Western Ireland,
Western Scotland, and Norway. Sea lice cause physical damage and induce regulated osmotic
breakdown, and infested sea trout of all ages can return to freshwater before maturity, where
they stop feeding and lose weight, with up to 20% dying. Some infested sea trout never return
to freshwater and die at sea. Overall, sea lice contribute to the mortality of 30 to 50 percent of
migrating sea trout (Butler and Walker, 2004).

Therefore, managers' special attention to sea lice monitoring and aquaculture management,
especially in the mentioned countries, is essential. The research results indicate that the
aquaculture management protocol for marine harvest farms in the 1990s in Ireland has led to
increased survival rates of sea trout in the past decade.

Fisheries (Commercial & Recreational)

Sea trout has long been one of the most popular species for recreational fisheries (Magnusson
et al., 2023). This study shows that the impact of fisheries (especially commercial fisheries)
on the sea trout population in the studied countries is minimal, and it appears that the
management measures taken by countries to create fisheries restrictions have had a positive
effect on the sea trout status, led to improvements in some regions.

Some of these measures are the implementation of fisheries regulations such as increasing the
minimum fish size to prevent pre-mature fishing, limitations on net fishing (Pedersen et al.,
2017), daily fishing limitations, restrictions on mesh size and water depth for net fishing
(ICES, 2023). Conservation periods and protected areas to safeguard fish stocks during
spawning and migration, and prevention of fishing in areas and times where fish aggregate
(Magnusson et al., 2023) are other measures taken to improve sea trout population. In
Estonia, voluntary NGOs have been helping inspection to reduce illegal fishing during closed
season and areas. Furthermore, restrictions on the use of passive gears in recreational
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fisheries -in Poland, the use of passive gears is prohibited, and in Germany, only individuals
who have previously worked in fishing are allowed to use this method-, prohibition of wild
sea trout fisheries in some countries -in Finland, only the reared fin-clipped sea trout is
allowed- (HELCOM, 2022). Also, the laws prohibiting the retention of sea trout and
requiring anglers to release those (Poole et al., 2004).

Despite recreational fisheries being several times larger than commercial fisheries, the
estimates of it are very uncertain (Magnusson, 2023), and this undermines the credibility of
the statement that recreational fishing has little impact on the poor status of the sea trout
population. My study shows that in most of the studied countries, recreational fisheries data -
despite the various methods of data collection- are not reliable. In Germany, catch reports are
collected in a form called "Hegeplan” (Herding plan) every 5 years. Data are not accurate and
reliable, and they are not generally published and are only available upon justified request. In
Norway, there are reports of angling catches in rivers, but their accuracy and reliability are
questionable, and recreational fisheries in the sea are not reported at all. In France and
Portugal, there is no mandatory reporting for recreational and angler fishing. In Northern
Ireland, there has been no catch data for sea trout since 2011, and in Ireland, collecting catch
data other than catch estimates is not feasible. Recreational fisheries for sea trout are reported
on the coasts of Estonia, and there are statistics on recreational fisheries in rivers, but angling
catches, which can be significant, are not specified. In Lithuania, recreational fisheries data
are very poor.

It seems that, in addition to maintaining the current fisheries restrictions, more attention from
managers is needed to collect comprehensive information on recreational fisheries and their
impact on sea trout stocks. This could be achieved through compulsory recreational licenses
with requirements on efforts and a catch reporting system (Magnusson, 2023).

Another point that is debatable in the fisheries subject and should be considered by managers
is the sea trout bycatch. ICES reports based on sea trout tagging results in the Gulf of Bothnia
indicate that almost the majority of recaptures in the first year at sea are caught as bycatch of
white fish. In addition, tagging results show that the survival rate of released smolts is less
than the long-term average -about 50%- in recent decades (ICES, 2023). Therefore, it is
necessary to impose restrictions on the exploitation of other fish when sea trout may be
caught as bycatch (Magnusson, 2023).

Furthermore, my research results show that in some countries, fisheries management is not
directly applied to sea trout. For example, in Portugal, fisheries management policies are
applied to important commercial species such as sea lamprey and shad, and these restrictions
indirectly affect sea trout as well. In Finland, the main goal of assessment and monitoring
methods is migratory salmon, and sea trout are examined simultaneously. In Scotland, laws
that exist regarding salmon, in most cases -not all of them- are extended to sea trout and are
enforced for them as well, such as preventing illegal salmon harvesting, managing
exploitation, and protecting spawning grounds, banning the sale of fish since 2002, and
similar conservation regulations for sea trout since 2014.

In comparison of Salmon, sea trout has a more complex life history. They distribute among a
larger number of scattered populations, and are more plastic in terms of migration strategy
(Magnusson et al., 2023). They spawn and live in smaller rivers than salmon. Therefore, the
fisheries monitoring and management policies should be separately and specifically examined

31



for sea trout, and management actions be planned and implemented to preserve them. In this
way, the success rate of executive projects will probably be higher than salmon joint projects.

Predators

In this study, the only non-human factor affecting the sea trout population is the predation by
birds, especially cormorants. A study conducted in Scotland on the various factors affecting
the status of salmon shows that among the pressures examined, predation by birds and seals is
one of the most severe pressures (Marine Scotland and Fisheries Management Scotland,
2023). The results of the questionnaires show that the effect of sea trout predation by
cormorants in Denmark, Germany, and western Sweden is more significant in comparison of
other regions.

It seems that further studies are needed to investigate the impact of predators on the sea trout
population.

Conclusion

Compared to salmon, less attention has been paid to sea trout in data collection and
management at the international level. Sea trout is an integral part of the aquatic ecosystem.
Therefore, its conservation is crucial for ensuring population sustainability, managing the
ecosystems it inhabits, and dependent fishing activities. The managers' primary focus in sea
trout management policies should be on conservation goals, including addressing extinction
risks and genetic diversity loss of sea trout (Magnusson et al., 2023).

Currently, there is no standard method for comparing and evaluating sea trout population
status among countries, and managing domestic and scattered fish populations requires
consideration of a large number of small and geographically dispersed populations. In this
regard, relying on appropriate indicator trends may be the most useful and efficient approach
for monitoring stocks and generating information for managers. Establishing Biological
Reference Points (BRPs) based on stock-employment relationships for population status
assessments -which are currently rare- as well as creating multiple so-called index
watercourses for sea trout so that their stock monitoring can be extrapolated to the status of
the entire region's stocks are among the indicator trends that should be of interest to managers
and experts. Additionally, for successful management actions, further assessment of how
various factors such as environmental pollutants or fish farms affect observed mortality rates
and migration routes is crucial. (Aldvén et al., 2015; Hojesjo et al., 2017; Shepherd et al.,
2019; Magnusson et al., 2023).

Changes in sea trout population status in various regions over time indicate that further
research is needed to investigate the human pressure effects on the sea trout stocks and
populations. Increasing awareness among managers about the status of sea trout through
enhanced communication and effective negotiations, and providing research findings and
justifications, can lead to the approval and implementation of conservation policies and
approaches. With these approaches, we can have greater hope for improving the status and
conservation of the remaining wild sea trout populations.
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Appendices

Appendix 1: Popular Science Summary

THE EFFECTS OF HUMAN PRESSURES ON SEA TROUT STATUS

The undeniable negative impact of human activities on river environments is evident. Do you
know the abundance of migratory fish species dependent on rivers in Europe has decreased by
93% in the past half-century?

Sea trout is one of the ecological, social, and economic anadromous migratory fish species
that the decline in its stocks over the past 30 years has raised concerns. Humans cause most
of the pressures that sea trout face and threaten their survival. Currently, only 500 of the 1000
natural sea trout populations remain. Unfortunately, consequences resulting from human
activities have serious negative effects on sea trout status.

In my thesis, I focus on assessing the status of the sea trout population with the goal of the
conservation. I work on the impact of various human pressures on the status of sea trout in
different countries of Europe. My research results indicate that the most influential human
factor affecting sea trout populations is habitat degradation, followed by dams and migration
barriers. Climate change has the third most influential stressor on sea trout populations.
However, the effect of fisheries, and aquaculture farms must not be ignored.

Habitat Degradation

Human activities such as land use change (due to agriculture and urbanization) lead to
increased nutrient concentrations, reduced oxygen availability, increased erosion, and
consequently, sediment loading, runoff, and habitat degradation. Acidification and pollution
from chemical fertilizers, and wastewater treatment, contribute to habitat destruction for sea
trout populations. Moreover, straightening and canalization, disconnecting floodplain lands,
and bank stabilization for agricultural facilitation leading to habitat degradation.

Have you heard that an assessment of major rivers in the Baltic Sea drainage basin (2,500
rivers and streams out of 8,500 rivers) based on the criteria of the European Union Water
Framework Directive shows that only 30% of rivers have a good status?

Dams and Migration Barriers

Fish are threatened due to the presence of dams, and other migration barriers. Dams pose a
serious threat to sea trout due to habitat fragmentation and their impact on water chemistry
and sediment transport. Do you know that less than 40% of the world's major rivers are free
flowing, and more than one million migration barriers have fragmented Europe's rivers?

My study indicate that dams and barriers rank second in terms of their widespread impact on
the countries under study. Therefore, the removal of dams and other migration obstacles is of
paramount importance. If dam removal is not possible the construction of fish passages to
facilitate fish migration and restore river connectivity is crucial.
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Climate Change

Climate change leads to an increase in rivers and streams water temperature. Sea trout growth
occurs within a range of 3 to 19 degrees. Sea trout has a low tolerance to high temperatures
and low flows, and drought. Warming may also increase the activity and energy consumption
of sea trout in rivers and reduce production. Additionally, climate change may increase river
sedimentation, reducing the success of sea trout recruitment.

Fisheries

Sea trout has been one of the most popular species for recreational fisheries, while its
importance for commercial catch is limited. In this thesis, I show that the impact of fisheries
(especially commerecial fisheries) on the sea trout population is minimal.

It appears that the management measures taken by countries to create fisheries restrictions
have had a positive effect on the sea trout status. Some of these measures are the
implementation of fisheries regulations such as increasing the minimum fish size to prevent
pre-mature fishing, limitations on net fishing, daily fishing limitations, and restrictions on
mesh size and water depth for net fishing.

In conclusion, compared to salmon, less attention has been paid to sea trout in data collection
and management. Sea trout is an integral part of the aquatic ecosystem. Therefore, its
conservation is crucial for ensuring population sustainability, managing the ecosystems it
inhabits, and dependent fishing activities. The managers' primary focus in sea trout
management policies should be on conservation goals, including addressing extinction risks
and genetic diversity loss of sea trout.
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Appendix 2: Questionnaire

Dear WGTRUTTA Member,

I hope this message finds you well. My name is Ali Khari, and I am currently a second-year master's
student in biology at the Department of Biological and Environmental Sciences at the University of
Gothenburg. Under the guidance of my supervisors, Johan Hdéjesjo and Katarina Magnusson, [ am
undertaking my master's thesis, which focuses on exploring the impact of various human pressures
and factors on sea trout populations in different countries.

The questionnaire provided here contains descriptive questions aimed at gaining insights into the sea
trout status within your country. Your responses to these questions are of paramount importance as
they play a crucial role in shaping the direction of my ongoing research. I kindly request your
participation in completing this questionnaire and sharing your insights. Please email your responses
to me at guskharal@student.gu.se by October 20, 2023, if possible.

I kindly ask you fill in more than one form if you have information from different regions. Please send
this questionnaire to any other experts that you think may have any information regarding these
questions.

I sincerely appreciate your time and effort in assisting with this research endeavor.
Best Regards,
Ali Khari

Questionnaire:

1. Please specify which country and what area(s) of the country you are considering to
answer the following questions about sea trout status. Are there any areas where there
is no information on them? (Areas with lacking information about sea trout status and
pressures)

2. What kinds of monitoring methods are used to assess sea trout status in your area?

Electrofishing L] Smolt Trapping [] Automatic Fish Counter [] Video System [ Echo-Sounder
System [1  Catch Numbers []

Other:

3. How do you assess the quality and adequacy of available information regarding sea
trout status? How much available data is sufficient and provides an accurate and
comprehensive picture of the sea trout status in the region?

Not represent the real status [1 Reliable less than 50% [ Reliable more than 50% [ Completely

represent the real status []
Please Explain:

4. What percentage of rivers in your region are typically included in the current
assessment for the sea trout status (recruitment)? Are these rivers randomly selected
on an annual basis, or are specific, predetermined rivers consistently evaluated?

38



Less than 10% [ 10% to 30% [ 30% to 50% [ 50% to 70% 1 70% to 90% [ More than 90% [

Rivers Randomly selected to assess [1  Specific, Fixed Rivers assess every year [
Explain if needed:

5. How would you assess the recent status of spawners and the recruitment in your
region over the past few years? (If updated data/report/figures is available, I kindly
request you to share it with us).

It was good-it has improved [ It was good-it got poor [ It was poor-it has improved [ It was poor-it
got worse [

Please Explain:
6. In cases where the condition of the region is assessed as poor:

Which factors among the various pressures affecting sea trout populations do you consider to
be the most influential? (If possible, please prioritize these factors).

Commercial Fisheries [ Recreational Fisheries L1 Habitat Degradation [ Barriers and Connectivity
problems [ Climate Change [ Predation, mainly by seals and birds [ Diseases (Increase
Pathogens, Bacteria ,...) [

Other:
7. Conversely, if the condition of the region is assessed as good:

What recent initiatives or activities have contributed to the enhancement of the recruitment
and the number of sea trout spawners in your region?

Fisheries Restriction and Ban laws [ Improvement of Habitat situation [1 Removal of Migration
Barriers such as Dams [ Decrease of Pollution and Eutrophication [

Other:

8. Are there reliable and accurate data sources regarding recreational and commercial
sea trout fisheries? (If updated data/report/figures is available, we would greatly
appreciate you sharing it). Additionally, how effective do you believe the current
fisheries data collection methods are, and do you have any suggestions for
improvement?

Please Explain:

Thank you for your valuable contributions to this research. Your insights are instrumental in
advancing our understanding of sea trout populations in various regions.

39



Appendix 3: Row Data & Statistical Tests

Sweden:
Number of sea trout in all rivers drainage to the North Sea
2000-2022 (SERS Data)
Year Total No. of Average Young Sea No. of Average Older Sea No. of Average
Sea Trout Rivers Density Trout (0+) Rivers Trout Rivers
2000 24888 558 44.6 15153 520 29.1 9285 520 17.9
2001 25952 590 44.0 16251 552 29.4 9415 551 17.1
2002 29143 586 49.7 18187 533 34.1 9875 535 18.5
2003 21066 561 37.6 12008 487 24.7 8718 487 17.9
2004 18298 547 335 12519 491 25.5 5778 491 11.8
2005 33473 624 53.6 24831 578 43.0 8320 579 14.4
2006 25713 626 41.1 15262 565 27.0 10399 567 18.3
2007 18663 504 37.0 11316 462 24.5 7240 462 15.7
2008 20994 487 43.1 15238 446 34.2 5747 446 12.9
2009 26196 649 40.4 16446 601 27.4 9692 601 16.1
2010 18518 581 31.9 11259 521 21.6 7119 521 13.7
2011 13938 491 28.4 7716 445 17.3 6075 445 13.7
2012 19587 603 325 12765 551 23.2 6635 552 12.0
2013 25516 619 41.2 14469 574 25.2 10673 574 18.6
2014 20927 568 36.8 13676 524 26.1 6971 524 13.3
2015 26607 649 41.0 17087 614 27.8 8261 614 135
2016 27447 631 43.5 18558 593 313 8719 593 14.7
2017 23168 641 36.1 14211 605 235 8509 605 14.1
2018 19352 593 32.6 11494 525 21.9 7858 525 15.0
2019 18016 695 25.9 12986 594 21.9 4812 596 8.1
2020 19162 660 29.0 13521 571 23.7 5620 571 9.8
2021 20586 790 26.1 14769 693 213 5745 697 8.2
2022 21232 754 28.2 13617 692 19.7 7463 692 10.8
Regression Statistics —

Total Density

Multiple R 0.664086033

R Square 0.44101026

Adjusted R

Square 0.414391701

Standard

Error 5.704706397

Observations 23

ANOVA

df SS MS F Significance F

Regression 1 539.1762401 539.1762401 16.56777358 0.000549163

Residual 21 683.4171767 32.54367508

Total 22 1222.593417

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 1505.164055  360.6263651 4.173749345 0.000428866 755.2004736  2255.127637 755.2004736 2255.127637
XVariable1l  0.729919753  0.179325909 4.070353004 0.000549163 -1.102848397 -0.35699111 1.102848397 -0.35699111
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Regression Statistics —

0+ Density
Multiple R 0.52175191
R Square 0.272225056
Adjusted R
Square 0.237569106
Standard
Error 4.889805624
Observations 23
ANOVA
df SS MS F Significance F
Regression 1 187.8163869 187.8163869 7.855074171 0.010665117
Residual 21 502.1141798 23.91019904
Total 22 689.9305667
Standard

Coefficients Error t Stat P-value Lower 95% Upper 95%  Lower 95.0% Upper 95.0%
Intercept 892.5714104  309.1119342 2.887534617 0.008809802 249.7379525 1535.404868 249.7379525 1535.404868
X Variable 1 -0.430800784 0.153709723 -2.802690523 0.010665117 -0.750457651 -0.111143916  -0.750457651 -0.111143916

Regression Statistics —
Older than one year Density
Multiple R 0.695729891
R Square 0.484040081
Adjusted R
Square 0.459470561
Standard
Error 2.296962506
Observations 23
ANOVA
df SS MS F Significance F
Regression 1 103.9423344 103.9423344 19.70083593 0.000227691
Residual 21 110.7967718 5.276036752
Total 22 214.7391062
Standard

Coefficients Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 658.6592645 145.2038337 4.536101063 0.000180388 356.6913616 960.6271675 356.6913616 960.6271675
X Variable 1 -0.320483723 0.072204398 -4.438562372 0.000227691 -0.470640988 -0.170326458 -0.470640988 -0.170326458
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Estonia:

Average densities of Sea trout parr (0+)

Year Main Basin GOF Sum
2000 3.1 8.1 11.2
2001 7.8 7.8
2002 9.9 9.9
2003 1.6 0.4 2
2004 3 10.8 13.8
2005 15.4 13.5 28.9
2006 19 14.3 333
2007 10.2 12.2 22.4
2008 25.2 20.8 46
2009 25 32.6 57.6
2010 11.1 36.3 47.4
2011 19.7 17.4 37.1
2012 20.1 25.1 45.2
2013 14.6 26.5 41.1
2014 25.8 32.3 58.1
2015 42.5 33.7 76.2
2016 33.9 28.8 62.7
2017 39.2 39.9 79.1
2018 39.3 25.1 64.4
2019 31.7 34.4 66.1
2020 50 36.9 86.9
2021 35 36 71
2022 38 37.3 75.3
Regression Statistics — Main Basin
Multiple R 0.898600424
R Square 0.807482722
Adjusted R Square 0.798315233
Standard Error 6.750066294
Observations 23
ANOVA
df SS MS Significance F
Regression 1 4013.274792 4013.27479 5.82E-09
Residual 21 956.8312945 45.563395
Total 22 4970.106087
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept -3982.8248  426.7094049  -9.33381068 6.39E-09 -4870.22  -3095.43 -4870.22 -3095.43
X Variable 1 1.991403162 0.212186516 9.38515415 5.82E-09 1.550137 2.432669 1.550137 2.432669
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Regression Statistics - GOF

Multiple R 0.872357
R Square 0.761006
Adjusted R Square 0.749626
Standard Error 5.944191
Observations 23
ANOVA
df SS MS F Significance F
Regression 1 2362.691 2362.691 66.86848 5.78E-08
Residual 21 742.0017 35.33341
Total 22 3104.693
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept -3049.25 375.7656 -8.11478 6.55E-08 -3830.7 -2267.81 -3830.7 -2267.81
X Variable 1 1.527964 0.186854 8.177315 5.78E-08 1.13938 1.916549 1.13938 1.916549
Nominal Commercial Catch (in Tons) Nominal Recreational Catch (in Tons)
Year Main Basin GOF Sum Year Main Basin GOF Sum
2001 2 8 10 2013 14 33 4.7
2002 5 11 16 2014 1.5 3.1 4.6
2003 2 9 2015 1.7 4.6 6.3
2004 3 10 2016 2.3 4.9 7.2
2005 4 10 2017 1.9 4.3 6.2
2006 10 9 19 2018 2.5 4.2 6.7
2007 4 13 17 2019 3 4.8 7.8
2008 4 8 12 2020 23 4.1 6.4
2009 7 11 18 2021 2.6 3.5 6.1
2010 5 11 16 2022 23 4.8 7.1
2011 5 12 17
2012 8 14 22
2013 7 12 19
2014 5 10 15
2015 5 11 16
2016 6 14 20
2017 5 13 18
2018 7 10 17
2019 6 11 17
2020 17 11 28
2021 3 9 12
2022 3 10 13
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Regression Statistics — Commercial Catch

Multiple R 0.4474833
R Square 0.2002413
Adjusted R Square 0.1602534
Standard Error 4.1222633
Observations 22
ANOVA
df SS MS F Significance F
Regression 1 85.09345 85.09345 5.007543 0.036777
Residual 20 339.8611 16.99305
Total 21 424.9545
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept -607.5991 278.6529 -2.18049 0.041337 -1188.86 -26.3392  -1188.86  -26.3392
X Variable 1 0.3099944 0.138529 2.237754 0.036777 0.021027 0.598961 0.021027 0.598961
Regression Statistics — Recreational Catch
Multiple R 0.62765622
R Square 0.39395233
Adjusted R Square  0.31819637
Standard Error 0.84247111
Observations 10
ANOVA
df SS MS F Significance F
Regression 3.690939 3.690939 5.200282 0.052038
Residual 8 5.678061 0.709758
Total 9.369
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept -420.42182 187.1294 -2.24669  0.05485 -851.943 11.09935 -851.943 11.09935
X Variable 1 0.21151515 0.092753 2.280413 0.052038 -0.00237 0.425404  -0.00237 0.425404
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Finland:

Average densities of Sea trout parr (0+)

Year GOF GOB Sum
2000 0 3.2 3.2
2001 9.4 5.6 15
2002 13.6 6.7 20.3
2003 0 10.3 10.3
2004 0.2 1.5 1.7
2005 13.6 43 17.9
2006 335 23 35.8
2007 11.7 4.5 16.2
2008 25.7 3.1 28.8
2009 82.2 7.9 90.1
2010 35.9 4.8 40.7
2011 10.7 5 15.7
2012 13.3 2.8 16.1
2013 415 2.9 44.4
2014 44.1 10.7 54.8
2015 30.5 12.6 43.1
2016 25 7 32
2017 41.2 5.4 46.6
2018 36.8 8.4 45.2
2019 22.3 7.8 30.1
2020 61 8.3 69.3
2021 31.6 7.2 38.8
2022 30.4 11.2 41.6
Regression Statistics - GOF
Multiple R 0.5272843
R Square 0.2780288
Adjusted R Square  0.2436492
Standard Error 17.322553
Observations 23
ANOVA
df SS MS F Significance F
Regression 1 2426.6822 2426.682 8.087032 0.009725
Residual 21 6301.4873 300.0708
Total 22 8728.1696
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept -3087.3649  1095.0553 -2.81937 0.010273 -5364.66 -810.073  -5364.66  -810.073
X Variable 1 1.5485178  0.5445298 2.843771 0.009725 0.416106 2.680929 0.416106 2.680929
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Regression Statistics - GOB

Multiple R 0.478554

R Square 0.229014

Adjusted R Square 0.1923

Standard Error 2.768949

Observations 23

ANOVA

df SS MS F Significance F

Regression 1 47.82609 47.82609  6.237848 0.020888

Residual 21 161.0087 7.667081

Total 22 208.8348

Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%

Intercept -430.935 175.0408  -2.46191  0.022555 -794.952  -66.9176  -794.952  -66.9176

X Variable 1 0.217391 0.087041  2.497568  0.020888 0.036379  0.398403 0.036379  0.398403
Regression Statistics — Total
Multiple R 0.5679293
R Square 0.3225436
Adjusted R Square 0.2902838
Standard Error 17.766234
Observations 23
ANOVA

df SS MS F Significance F
Regression 1 3155.856  3155.856  9.998307 0.0047
Residual 21 6628.42  315.6391
Total 22 9784.277
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%

Intercept -3518.2997 1123.103  -3.13266  0.005029 -5853.92  -1182.68  -5853.92  -1182.68
X Variable 1 1.7659091 0.558477 3.16201 0.0047 0.604493  2.927325 0.604493  2.927325
X Variable 1 1.7659091 0.558477 3.16201 0.0047 0.604493  2.927325 0.604493  2.927325
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Nominal Landed Recreational Catch (in Tonnes)

Year Main Basin GOF GOB Sum
R+C River River
2001 0 3 7 10
2002 0.2 2.6 6.5 9.3
2003 0.2 1.6 11.1 12.9
2004 0.5 2.1 10.6 13.2
2005 0.5 2.7 10.6 13.8
2006 0.1 33 5.3 8.7
2007 0.3 3.1 8.2 11.6
2008 0.2 2.3 8.9 11.4
2009 0.4 5.5 10.6 16.5
2010 0.4 1.2 7.3 8.9
2011 0.4 2.2 7.5 10.1
2012 0.3 3.8 10.6 14.7
2013 0.2 3.8 10.6 14.6
2014 0.3 2.2 5.2 7.7
2015 0.3 1 1.7 3
2016 0.2 0.5 1.8 2.5
2017 0.3 0.3 3.9 4.5
2018 0.7 3 3.7
2019 0.3 2.6 29
2020 0.4 0.4
2021 0.9 2.1 9
2022 0.1 1.6 7.7
Regression Statistics — Total Catch
Multiple R 0.615598
R Square 0.378961
Adjusted R Square 0.347909
Standard Error 3.66263
Observations 22
ANOVA
df SS MS F Significance F
Regression 1 163.7161 163.7161 12.20409 0.00229
Residual 20 268.2971 13.41486
Total 21 432.0132
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept 873.87 247.5831 3.529603 0.002106 357.4208 1390.319 357.4208 1390.319
X Variable 1 -0.42998 0.123083 -3.49343  0.00229 -0.68673 -0.17324  -0.68673  -0.17324
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Nominal Commercial Catch (in Tonnes)

Year Main Basin GOF GOB Sum
Sea Coast Total Coast Total Sea Coast Total

2001 5 14 19 17 17 2 54 56 92

2002 2 18 20 11 11 0 49 49 80

2003 1 0 41 41 53

2004 1 1 39 40 53

2005 1 11 11 0 46 46 65

2006 1 10 11 13 13 1 40 41 65

2007 2 8 10 12 12 0 45 45 67

2008 1 11 12 18 18 0 47 47 77

2009 1 8 9 17 17 0 46 46 72

2010 0 6 6 10 10 0 37 37 53

2011 0 5 5 10 10 0 33 33 48

2012 0 5 5 16 16 0 41 41 62

2013 0 6 6 9 9 0 29 29 44

2014 0 6 6 7 7 0 22 22 35

2015 0 4 4 6 6 0 16 16 26

2016 0 3 3 6 6 0 18 18 27

2017 0 3 3 6 6 0 16 16 25

2018 0 1 1 6 6 0 13 13 20

2019 0 2 2 6 6 0 12 12 20

2020 0 7 7 5 5 0 10 10 22

2021 0 1 1 5 5 0 10 10 16

2022 0 1 1 4 4 0 7 7 12

Regression Statistics — Total Catch
Multiple R 0.907348
R Square 0.82328
Adjusted R Square 0.814444
Standard Error 10.19716
Observations 22
ANOVA
df SS MS F Significance F
Regression 1 9688.358  9688.358 93.173324 5.71E-09
Residual 20 2079.642  103.9821
Total 21 11768
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%

Intercept 6700.51 689.2983 9.7207703  5.083E-09 5262.659 8138.3615 5262.6594 8138.362
X Variable 1 -3.30774 0.342677 -9.652633  5.714E-09 -4.02255 -2.592924 4.0225475 -2.59292
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England & Wales:

Sea Trout Rod Catch
Year Total catch Retained Released Release
catch catch Percentage
2000 41,322 20,628 20,694 50%
2001 40,392 18,061 22,331 55%
2002 49,796 24,626 25,170 51%
2003 45,101 20,698 24,403 54%
2004 36,100 16,611 19,489 54%
2005 40,319 16,590 23,729 59%
2006 24,269 9,940 14,329 59%
2007 29,398 12,622 16,776 57%
2008 27,707 11,488 16,219 59%
2009 30,354 11,616 18,738 62%
2010 37,543 11,533 26,010 69%
2011 35,564 9,884 25,680 72%
2012 30,700 8,859 21,841 71%
2013 29,427 6,820 22,607 77%
2014 29,560 6,105 23,455 79%
2015 27,851 6,348 21,503 77%
2016 25,779 5,988 19,791 77%
2017 22,135 5,251 16,884 76%
2018 13,608 2,005 11,603 85%
2019 21,330 3,113 18,217 85%
2020 19,277 2,629 16,648 86%
2021 12,533 1,464 11,069 88%
2022 10,111 1,071 9,040 89%
Regression Statistics

Multiple R 0.87556

R Square 0.766605

Adjusted R Square 0.755491

Standard Error 5128.884

Observations 23

ANOVA

df SS MS F Significance F

Regression 1 1.81E+09 1.81E+09 68.97628 4.5E-08

Residual 21 5.52E+08 26305450

Total 22 2.37E+09

Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept 2722314 324225.4 8.396362 3.76E-08 2048050 3396577 2048050 3396577
X Variable 1 -1339.01 161.2251 -8.3052 4.5E-08 -1674.29 1003.72  -1674.29  -1003.72
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Sea Trout Net and Fixed Engine Catch

Year Total catch Excluding NE NE Coast
Coast
2000 46,022 6,635 39,387
2001 44,926 8,994 35,932
2002 37,018 6,478 30,540
2003 29,248 7,477 21,771
2004 26,055 6,313 19,742
2005 23,429 4,656 18,773
2006 25,311 2,819 22,492
2007 20,351 2,785 17,566
2008 27,974 3,109 24,865
2009 30,755 3,798 26,957
2010 60,229 4,683 55,546
2011 31,559 2,922 28,637
2012 24,418 2,465 21,953
2013 43,376 3,182 40,194
2014 49,250 4,606 44,644
2015 64,468 4,726 59,742
2016 41,803 2,940 38,863
2017 36,778 1,630 35,148
2018 24,082 1,574 22,508
2019 14,599 926 13,673
2020 12,703 1,801 10,902
2021 5,507 4,731 776
2022 8,013 1,052 6,961
Regression Statistics
Multiple R 0.336554
R Square 0.113268
Adjusted R Square 0.071043
Standard Error 14775.63
Observations 23
ANOVA
df SS MS F Significance F
Regression 1 5.86E+08 5.86E+08 2.682473 0.116356
Residual 21 4.58E+09 2.18E+08
Total 22 5.17E+09
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept 1561449 934050 1.671698  0.10942 -381014 3503913 -381014 3503913
X Variable 1 -760.717 464.4679 -1.63783 0.116356 -1726.63 205.1965 -1726.63  205.1965
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Number of net and fixed engine licences issued & Rod Days

Year Net Licences Rod Days
2000 449 177,532
2001 444 134,853
2002 432 181,850
2003 417 172,729
2004 395 191,205
2005 385 186,877
2006 363 148,307
2007 357 164,679
2008 333 171,033
2009 317 183,287
2010 319 195,086
2011 308 196,902
2012 294 167,257
2013 304 164,449
2014 283 144,914
2015 272 141,811
2016 269 135,393
2017 269 141,943
2018 231 106,085
2019 154 125,297
2020 154 107,776
2021 166 91,930
2022 144 76,206
Regression Statistics - Licences
Multiple R 0.97804
R Square 0.956563
Adjusted R Square 0.954494
Standard Error 19.87403
Observations 23
ANOVA
df SS MS F Significance F
Regression 1 182659.3 182659.3 462.4553 8.75E-16
Residual 21 8294.522 394.9772
Total 22 190953.8
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept 27324.26 1256.349 21.74895 6.97E-16 24711.54 29936.98 24711.54 29936.98
X Variable 1 -13.4348 0.624735 -21.5048 8.75E-16 -14.734  -12.1356 -14.734  -12.1356
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Regression Statistics — Rod Days

Multiple R 0.739941
R Square 0.547513
Adjusted R Square 0.525966
Standard Error 23417.96
Observations 23
ANOVA
df SS MS F Significance F
Regression 1 1.39E+10 1.39E+10 25.41016 5.44E-05
Residual 21 1.15E+10 5.48E+08
Total 22 2.55E+10
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept 7614828 1480380 5.143832  4.27E-05 4536209 10693447 4536209 10693447
X Variable 1 -3710.76 736.1373  -5.04085  5.44E-05 -5241.64 -2179.88 -5241.64  -2179.88
Ireland:

Sea Trout Recreational Fisheries (over 40cm)

Commercial Salmon and Sea Trout (over 40cm)

Year Net and Other Rod &Line Total Sea Trout Year Total Reported Harvest
Engine Catch Recreational Catch

2001 4,225 1066 5,291 2001 237,626
2002 2,083 1464 3,547 2002 208,982
2003 1,939 997 2,936 2003 168,819
2004 1,647 519 2,166 2004 145,253
2005 864 770 1,634 2005 122,044
2006 474 543 1,017 2006 86,650
2007 34 331 365 2007 8,877
2008 59 1,777 1,836 2008 8,962
2009 45 2,555 2,600 2009 6,802
2010 67 2,198 2,265 2010 14,226
2011 61 2,738 2,799 2011 12,034
2012 34 2,788 2,822 2012 10,353
2013 65 1,732 1,797 2013 14,190
2014 41 1,512 1,553 2014 9,611
2015 47 1,793 1,840 2015 7,738
2016 63 1,328 1,391 2016 6,980
2017 24 1,814 1,838 2017 6,707
2018 64 1,087 1,151 2018 5,619
2019 45 1,328 1,373 2019 5,768
2020 53 1,341 1,394 2020 6,232
2021 57 1,538 1,595 2021 6,537
2022 63 2,018 2,081 2022 4,117
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Regression Statistics — Rod & Line

Multiple R 0.321259
R Square 0.103207
Adjusted R Square 0.058368
Standard Error 664.5668
Observations 22
ANOVA
df SS MS F Significance F
Regression 1 1016544 1016544 2.301702 0.144881
Residual 20 8832980 441649
Total 21 9849524
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept -66642.8 44922.77 -1.4835 0.153531 -160350 27064.41 -160350 27064.41
X Variable 1 33.88199 22.33286 1.517136 0.144881 -12.7035 80.46752  -12.7035 80.46752
Regression Statistics — Net & Fixed Engine
Multiple R 0.689855
R Square 0.475901
Adjusted R Square 0.449696
Standard Error 777.5839
Observations 22
ANOVA
df SS MS F Significance F
Regression 1 10980622 10980622 18.16069 0.000382
Residual 20 12092734 604636.7
Total 21 23073356
Standard Upper Lower Upper

Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept 224543.4 52562.4 4.271939 0.000373 114900.1 334186.6 114900.1 334186.6
X Variable 1 -111.357 26.13082  -4.26154 0.000382 -165.865 -56.8495  -165.865  -56.8495
Regression Statistics — Commercial Catch
Multiple R 0.783254
R Square 0.613487
Adjusted R Square 0.594162
Standard Error 47753.35
Observations 22
ANOVA

df SS MS F Significance F
Regression 1 7.24E+10 7.24E+10 31.74475 1.63E-05
Residual 20 4.56E+10 2.28E+09
Total 21 1.18E+11
Standard Upper Lower Upper

Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept 18237374 3227987 5.649768 1.57E-05 11503912 24970837 11503912 24970837
X Variable 1 -9041.6 1604.758 -5.63425 1.63E-05 -12389.1  -5694.14  -12389.1 -5694.14
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Salmon and Sea Trout Angling Licence Sales

Year Licence
2001 32814
2002 35,024
2003 31,809
2004 30,807
2005 28,738
2006 27,341
2007 19,986
2008 20,016
2009 18,314
2010 17,983
2011 19,899
2012 19,588
2013 19,109
2014 18,085
2015 18,460
2016 18,303
2017 18,212
2018 16,755
2019 17,281
2020 14,138
2021 15,547
2022 17,318
Regression Statistics
Multiple R 0.868766
R Square 0.754754
Adjusted R Square 0.742492
Standard Error 3167.77
Observations 22
ANOVA
df SS MS F Significance F
Regression 1 6.18E+08 6.18E+08 61.55082 1.57E-07
Residual 20 2.01E+08 10034770
Total 21 8.18E+08
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept 1701565 214132  7.946336  1.29E-07 1254893 2148236 1254893 2148236
X Variable 1 -835.173 106.4534  -7.84543  1.57E-07 -1057.23  613.115 -1057.23  -613.115
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Scotland:

Sea Trout Fisheries

Year Sea trout Finnock Net & Fixed
Rod catch Rod catch Engine Catch
2000 39447 11842
2001 31973 10455
2002 35540 8962
2003 23213 13026
2004 25860 8533 7880
2005 20085 8455 6566
2006 20686 8525 8170
2007 21567 8721 5574
2008 17311 5831 5542
2009 24122 7483 9378
2010 27008 6242 11023
2011 23543 7712 5648
2012 22124 7359 5115
2013 16361 9605 6116
2014 23033 10098 6128
2015 22204 10305 4339
2016 18416 10032 2411
2017 18930 8440 2930
2018 13786 7633 1680
2019 17236 7655 772
2020 13500 6847 691
2021 13100 6548 1590
2022 14509 8202 1274
Regression Statistics —
Sea Trout Rod Catch
Multiple R 0.801587073
R Square 0.642541835
Adjusted R
Square 0.625520018
Standard Error 4158.146091
Observations 23
ANOVA
df SS MS F Significance F
Regression 1 652671982 652671982 37.7481335 4.27E-06
Residual 21 363093757 17290178.9
Total 22 1015765739
Standard Lower Upper
Coefficients Error t Stat P-value Lower 95% Upper 95% 95.0% 95.0%
Intercept 1636881.65 262859.647 6.22720782  3.5442E-06 1090235 2183528.21 1090235  2183528.2
X Variable 1 -803.0770751 130.710202 -6.143951  4.2716E-06 -1074.9  -531.25033 -1074.9 -531.2503
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Regression Statistics —
Finnock Catch

Multiple R 0.032493948
R Square 0.001055857
Adjusted R
Square -0.057705564
Standard Error 1326.116296
Observations 19
ANOVA
df SS MS F Significance F
Regression 1 31599.186  31599.186 0.01796854 0.89494
Residual 17 29895935.3 1758584.43
Total 18 29927534.5
Standard Lower Upper
Coefficients Error t Stat P-value Lower 95% Upper 95% 95.0% 95.0%
Intercept 23105.17895 111812.296 0.20664256 0.83874378 -212798 259008.504 -212798 259008.5
X Variable 1 -7.445614035 55.5448994 -0.1340468 0.89493975 -124.635  109.74388 -124.635  109.74388
Regression Statistics — Net &
Fixed Engine
Multiple R 0.884368
R Square 0.782106
Adjusted R Square 0.77173
Standard Error 1763.248
Observations 23
ANOVA
df SS MS F Significance F
Regression 1 234350944.7 234350945 75.3771527 2.17E-08
Residual 21 65289940.78  3109044.8
Total 22 299640885.5
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept 973693.5 111464.7809 8.73543671 1.955E-08 741889.8 1205497 741889.8 1205497
X Variable 1 -481.219 55.42723748 8.68200166 2.1651E-08 -596.487 365.952  -596.487 -365.952
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Sea Trout fisheries Netting Efforts

Year Trap Month Crew Month Year Trap Month  Crew Month
2000 383 123 2012 236.5 78.5
2001 389 94.5 2013 238 59
2002 425.5 101.5 2014 203.5 56
2003 362.5 109.5 2015 127 65
2004 449.5 117.5 2016 13 43
2005 381 102.5 2017 10 41
2006 363.5 85.5 2018 0 25.5
2007 238 69 2019 18
2008 181 76.5 2020 16.5
2009 161.5 63.5 2021 11 335
2010 178 65.5 2022 0 19
2011 198.5 76
Regression Statistics — Trap Month
Multiple R 0.935632
R Square 0.875407
Adjusted R Square 0.869474
Standard Error 56.85414
Observations 23
ANOVA
df SS MS F Significance F
Regression 1 476935.7 476935.7 147.5488 5.82E-11
Residual 21 67880.25  3232.393
Total 22 544816
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept 43854.83 3594.068 12.202  5.35E-11 36380.55 51329.1 36380.55 51329.1
X Variable 1 -21.709 1.787195 -12.147 ~ 5.82E-11 -25.4257 -17.9923  -25.4257  -17.9923
Regression Statistics — Crew Month
Multiple R 0.94507
R Square 0.893158
Adjusted R Square 0.88807
Standard Error 10.79492
Observations 23
ANOVA
df SS MS F Significance F
Regression 1 20457.02 20457.02  175.551 1.15€E-11
Residual 21 2447.136 116.5303
Total 22 22904.15
Standard Upper Lower Upper
Coefficients Error t Stat P-value Lower 95% 95% 95.0% 95.0%
Intercept 9108.486 682.4072 13.34758 9.99E-12 7689.343 10527.63 7689.343  10527.63
X Variable 1 -4.49605 0.339335 -13.2496 1.15E-11 -5.20173 -3.79036  -5.20173  -3.79036
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