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The Living North Sea project 
The Living North Sea project (LNS) brought 
together 15 partners from all seven countries 
in the North Sea Region (NSR) of Europe, in a 
€6.4M project funded by the European Regional 
Development Fund (ERDF) through the North Sea 
Region IVB Interreg Programme. 

The over-arching objective of LNS was to bring 
professionals working on restoring fish migration 
from ‘sea to source’ together in a long-lasting 
partnership to collaborate and share resources for 
community benefit. The approach was to identify 
and fill current gaps in the collective knowledge 
base, to demonstrate best practice and innovative 
solutions to fish passage problems, and to raise 
awareness of the issues surrounding fish migration 
in the NSR.

Figure 1. The North Sea showing indicative bathymetry and sediment type

Report Introduction
This report focuses on sea trout as an indicator 
species for many of the challenges faced by 
other fish species in the NSR that need to move 
between different habitats in order to complete 
their lifecycle. The report is a demonstration of 
how transnational collaboration and knowledge 
transfer through the LNS project improved our 
shared understanding of the issues and enabled 
the development of a much more integrated vision 
for the management of sea trout and aquatic 
ecosystems in general. 

The report is based primarily on the knowledge 
provided by the partners and research conducted 
within the project. In addition, the report is 
intended to complement the information provided 
in other LNS reports such as “Reconnecting 
the North Sea – Innovative Solutions for Fish 
Migration”. 

POOR
RESOLUTION
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Area Run-off (km3/yr) Catchment area (km2)

Norwegian North Sea coast 58 – 70 45 500

Skagerrak and Kattegat coasts 58 – 70 102 200

Danish and German coasts (including their 
Wadden Sea coasts)

32 219 900

Dutch and Belgian coasts (including Dutch 
Wadden Sea, Rhine, Meuse and Scheldt)

91 – 97 221 400

English and French Channel coasts 
(including Seine) 

9 – 37 137 000

English east coast (including Tyne, Tees, 
Humber, Thames)

32 74 500

Scottish coast (including For th) 16 41 000

Total Nor th Sea region 296 – 354 841 500

Baltic Sea region 470 1 650 000

Table 1.  Mean annual freshwater input (run-off) to the North Sea.

The North Sea and North Sea Region
For the purposes of the European Commission, 
the North Sea Region (NSR) comprises the whole 
of Norway and Denmark, the southwest regions 
of Sweden, the northwest regions of Germany, the 
northern and western parts of the Netherlands, 
parts of the Flemish region of Belgium and eastern 
parts of the United Kingdom.

The North Sea itself is a marginal sea of the 
Atlantic Ocean located between the densely 
populated and industrialised countries of Great 
Britain, Scandinavia, Germany, the Netherlands, 
and Belgium. It connects to the ocean through the 
English Channel in the south and the Norwegian 
Sea in the north. It is more than 970 km long 
and 580 km wide, with a surface area of around 
750,000 km2, and a volume of about 94 000 km3. 
The seabed is mainly composed of mud, sandy 
mud, sand and gravel and the region contains 
a variety of marine landscapes including fjords, 
estuaries, sandbanks, bays, and intertidal 
mudflats. Land reclamation over time has led 
to many populated areas lying below sea level, 
heavily protected from storm tides by networks 
of coastal defences. In the Netherlands it is 
suggested that this accounts for around 30% of 
the total land.

Major activities in the North Sea include fishing, 
the extraction of sand and gravel, and offshore 
activities related to the exploitation of oil and gas 
reserves including the laying of pipelines. The 
North Sea is one of the most frequently traversed 
sea areas of the world with several of the world’s 
largest ports situated on its coasts (e.g. Rotterdam 
and Hamburg).

A number of major river systems discharge into 
the North Sea with an annual input of fresh water 
of the order of 300 km3/yr (Table 1). The coastal 
zone of the Greater North Sea is used intensively 
for agriculture and recreation, providing a 
significant source of nutrients and contaminants. 
Although there is significant freshwater input 
from a number of North Sea river systems, the 
dominating source of fresh water to the North 
Sea is the rivers discharging into the Baltic Sea. 
This water has a profound influence on the 
hydrography and water movements in the eastern 
parts of the North Sea and is an additional source 
of contaminants and nutrients to the North Sea.
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Aquatic ecosystems – the need 
for an integrated approach to 
management
Aquatic ecosystems have been significantly 
degraded by human activities and attempting 
to mitigate these adverse impacts presents a 
significant challenge. Management of aquatic 
ecosystems (including the interaction with the 
surrounding land) is generally delivered by 
different ‘sectors’ with different management 
authorities operating to variable, artificial (often 
political) boundaries. This often leads to a lack 
of integration between different policies, delivery 
frameworks and management actions. For 
diadromous fish populations (such as sea trout) 
these problems are exacerbated by the fact that 
they must move between freshwater, transitional, 
and marine environments at least twice in order to 
complete their life cycle (figure 1). Therefore, there 
is a need to integrate management policies and 
actions between these different environments at a 
more natural, hydrologically meaningful scale. 

What is a sea trout?
‘Sea trout’ is a term given to a brown trout (Salmo 
trutta L.), a member of the salmonid family, that 
undergoes physiological and morphological 
transformations during its life in freshwater 
(smolting), urging them to leave their home 
river and migrate seaward. As juvenile fish in 
freshwater, eventual migratory ‘sea trout’ are 
largely indistinguishable from their non-migratory 
or ‘resident’ conspecifics. However it is this 
strategy that enables sea trout to feed on larger 
prey items, attain a large size (which, as a major 
attraction to anglers and commercial fishermen 
forms the basis of the economic value of the 
fisheries) and maximise reproductive fitness prior 
to reproducing in freshwater. This life history tactic 
(anadromy) is the defining characteristic of sea 
trout and one influenced by both genetic and 
environmental factors. 

Figure 2. 
Sea trout life-cycle diagram:
1) spawning adult fish
2) fertilized eggs 
3) fry 
4) Parr 
5) seaward migrating ‘smolt’ 
6) sea trout feeding in sea 
7) upstream migrating mature 
adult 
8) post-spawning fish 
‘kelt’ that returns to sea to 
regain body condition and 
maturation
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Value of sea trout in the NSR and 
role as a bio-indicator species 
Sea trout are of considerable social, cultural, 
ecological and economic importance throughout 
the NSR. Many coastal fishing communities have 
historically relied upon the exploitation of sea 
trout stocks and significant rod and line fisheries 
(and associated tourism trade) are supported 
throughout the region. Sea trout require good 
water quality and all rivers in the NSR are likely 
to have once supported populations of Sea trout. 
Therefore, they can be considered as a good 
bio-indicator species of aquatic ecosystem health 
across the NSR. 

Current status of sea trout 
populations in NSR
Populations of trout with a migratory component 
are still relatively widespread throughout the NSR. 
However, human activities have undoubtedly 
impacted significantly on the size and extent of 
many individual populations.

One of the issues in understanding the scale 
of this impact is that monitoring and reporting 
frameworks for trout stocks (migratory and/
or non migratory) in the NSR are lacking and 
knowledge concerning the distribution, size, and 
inter annual variability of trout populations is 
generally poor. Despite their value, even where 
sea trout populations occur, they have historically 
been considered as something of a “Cinderella“ 
species with much more focus on salmon and the 
larger river systems supporting salmon fisheries. 

Smaller systems that support trout populations 
are often overlooked. Even in systems where 
trout data is routinely collected, surveys are 
often designed with salmon in mind and so can 
under-represent reaches important for trout 
production - particularly small streams which can 
be tremendously valuable to trout populations 
and constitute a significant proportion of a river 
catchment. 

Economic value of sea trout
Case study 1 – Sea trout Fyn, Denmark

Tourism generated from anglers visiting the 
island of Fyn in Demark to target sea trout 
in coastal waters is estimated to directly 
support more than 28 jobs and provide 

over €5 million of income.

Importance of small 
streams for sea trout 
populations

Case study 2 – Denmark

Small streams represent over 
half of the total length of 
most river catchments in the 
NSR and provide incredibly 
important habitat for sea 
trout populations. Following 
restoration in 1991, a small 
well-monitored stream in 
Denmark has supported 
natural sea trout spawning and 
a strong density of juvenile fish 
in each of the last 20 years.
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Figure 3 Sea trout net catch in two adjacent UK North Sea net fisheries. The relatively good 
agreement between the two data sources suggests that they provide a useful indication of 

trends in adult sea trout abundance.

Key issues
We cannot manage sea trout 
populations until we know what 
the population is. Therefore there 
is a need to coordinate a specific 
monitoring programme for (sea) 
trout populations in order to help 
develop management frameworks. 
Data requirements include annual 
estimates of juvenile abundance, 
smolt escapement, numbers of 
returning sea trout and the number 
of resident adults present in a 
representative number of North 
Sea river systems. 

Long-term data series within the NSR from which 
to derive estimates of stock size and inter-annual 
variation are generally restricted to fisheries 
dependent catch data. Whilst these data sets are 
notoriously difficult to interpret (due to constraints 

of weather, effort, reporting etc.), where they do 
exist (e.g. the River Tweed fishery and the coastal 
fishery in the North East of England) they can 
provide a valuable indication of long-term trends 
(see figure 2).
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Variability of biological 
characteristics in the NSR
Sea trout exhibit an enormous amount of 
variability in biological characteristics both within 
and between populations from different rivers, 
regions and countries within the NSR. 

This includes significant variation in the age at 
which smolts first migrate to sea, the timing of this 
outward migration, the age and size at maturity, 
and the number and size of eggs produced by 
female fish. It also includes significant variation in 
key life history strategies such as the propensity 
to migrate in the first place (including marked 
differences in the ratio of males and females in 
many populations). This ‘plasticity’ enables trout 
populations to spread the risk of survival across 
a number of different year classes and provides 
a safety net of resilience against major short-
term mortality events in either the river or sea. 

Possible effect of climate 
change on date of smolt 
migration
Case study 3 – North East UK

Smolt trapping studies in the North East 
of England  (separated by a period of 8yrs) 
provide evidence of a trend towards an 
earlier date of migration. Given that day 
length varies according to a consistent 
annual pattern, the factors driving earlier 
migration are likely to be linked to climate 
change and warming temperatures and 
shorter feeding seasons. 
Recent research in Norway has also 
revealed that the timing of seaward 
migration correlates significantly with river 
temperature in spring. 

Effect of latitude on mean 
smolt age
Case study 4 – North Sea Region

The mean age at migration of sea trout 
smolts in the NSR increases positively 
with latitude, presumably reflecting the 
generally poorer growth potential in 
more northern climates related to lower 
temperatures

However, it also presents problems to managers 
because the entire structure of a population at 
any one moment in time will be dependent on 
the proportion (and relative success) of fish that 
adopt(ed) particular strategies and therefore 
appropriate monitoring frameworks are difficult to 
establish. 

Understanding the drivers, particularly the 
interplay between environmental and genetic 
factors in determining population characteristics 
is central to the management of sea trout in the 
North Sea region. This is particularly important 
for attempting to conserve or restore threatened 
populations and predicting how populations might 
change or adapt in relation to climate change.
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Scale analysis for revealing 
biological characteristics 
Case study 5 – North Sea Region

Interpreting the structure and patterns of the 
concentric rings on their scales can provide 
a great deal of biological information on sea 
trout. It can reveal key characteristics such 
as the age of the fish at capture, the number 
of years spent in either the freshwater or the 
sea, the number of times the fish may have 
reproduced, and even the likely length of the 
fish at each point in it’s life. 

“Reading” scales in this way is a common 
technique and scale reading investigations 
have provided us with a wealth of information 
about the structure and differences within 
and between different sea trout populations 
around the NSR.

Sea trout scale from the River Driva, Western Norway. Fish was 7kg and 80cm in length

Key issues
We need to improve our collection of biological data from 

(sea) trout populations and establish linkages between 
key characteristics and physical and environmental 

variables (e.g. catchment geology, temperature etc.).

In order to do this we should maintain key long-term 
data series and repeat previous investigations to 

determine the changes in biological characteristics over 
time, and understand how these may be linked and 

influenced by environmental processes.
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Genetic diversity within NSR sea 
trout populations
A key aim within the LNS project was to 
investigate the genetic variation among different 
(sea) trout populations in the NSR. We wanted to 
address two key questions:

1. To what extent do populations occur that 
could be considered as separate in an 
evolutionary context?

2. Could we develop and test a method 
for determining the origin of sea trout 
encountered outside of their home river (i.e. in 
the North Sea)?

A baseline database of genetic variation among 
trout populations within the NSR was established 
by collecting tissue samples from over 1,000 
individual fish representing 41 different river 
populations (Figure 4). The genetic differences 
between these populations were determined by 
looking for reliably identifiable patterns in a panel 
of over 4,000 Single Nucleotide Polymorphism 
(SNP) markers. 

The analysis revealed that almost all the examined 
populations (rivers) were genetically unique, but 
that some (usually neighbouring) rivers exhibited 
relatively close relationships. The analyses 
also revealed distinguishable differences at the 
tributary level for those rivers for which samples 
were collected at this scale. Such sub-populations 
are likely to be adapted to specific conditions 
within a river and may therefore require specific 
management actions to ensure their conservation. 
The data also revealed that at least three overall 
population clusters (locally adapted on an 
evolutionary level) were evident at a North Sea 
scale (Figure 5).

Figure 4. Sampling locations for trout used to generate the baseline. The red circles denote where each 
river that was sampled meets the sea. The Inset shows the eastern UK coastline with sea trout catch 

locations for the coastal assignment. Colours indicate the grouping of samples into four regions; region 1= 
green, region 2=yellow, region 3 = pink, region 4 = blue.
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Figure 5 Genetic structuring of trout populations in NSR.  Dashed ovals represent overall population 
clusters and the solid ovals represent a secondary level of identifiable populations (using a standard 

panel of markers) within each cluster. Blue cluster: British populations; Yellow cluster: Western Norway 
populations; Red cluster: E North Sea, Skagerrak, Kattegat and Baltic populations.

A regional panel containing a sub selection of 
SNP markers was used to test whether we could 
assign fish caught in two UK coastal fisheries 
back to their river of origin. Tissue samples were 
collected (many by the fishermen themselves) from 
approximately 1000 sea trout caught over two 
years in the coastal fisheries operating along the 
east coast of England. 

Using this panel, individual fish could be assigned 
back to a region (if not the river) of origin with a 
high level of precision using relatively few SNP 
markers. It was clear from the results that these 
fisheries exploited a number of different river 
populations and that the proportions of the catch 
were remarkably similar in both years of the study. 
This provided a good basis for incorporating 
genetics into the management of these fisheries 
and provides useful information on the migratory 
routes of sea trout populations in the NSR.
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Figure 6. Proportional river assignment of sea trout caught in each coastal region by year (see figure 4 for 
definitions of regions). Note that the contributions from the rivers Aln, Coquet and Tweed, as well as respectively, 

the Moray Firth (represented by rivers Spey and Deveron), the English Channel (represented by Tamar, Rhine, 
Sussex Ouse and Adur), and Danish west coast populations (represented by Storaa, Skjern, Varde, Kongeaa, 

Sneum) are pooled in the analysis.

Key recommendations
The results obtained in LNS support the 

role of genetics as a powerful management 
tool (i.e. identifying evolutionary significant 

units and applying appropriate conservation 
measures) within and between populations at 
the river, regional, national and international 
scale. However, there is a requirement to co-
ordinate future studies to ensure consistency 
of methodology and transferability of results. 
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Key pressures on sea trout 
populations in fresh water
Human activity has undoubtedly impacted on the 
amount and quality of habitat available to sea trout 
in the NSR. Important habitat has been lost due 
to dredging, channel modifications (land drainage 
and flood risk alleviation) and unsympathetic land 
management. Thousands of artificial barriers 
restrict or prevent access to extensive reaches 
of river systems, starve it of gradient and limit 
the function of natural fluvial processes such 
as sediment transport and replenishment of 
gravels. Delays to migration (in both an up and 
downstream direction) can significantly reduce 
migratory success (to intended spawning 
locations or to the sea) and survival at crucial 
life stages for which there are few compensatory 
mechanisms for losses.  Furthermore, the impacts 
of barriers are cumulative and so even relatively 
passable barriers can have significant impacts 
when considered at the catchment scale. This is 
especially true during low flow conditions when 
negative impacts are exacerbated.

Altered flow regimes due to water level 
management and abstraction (including for 
drinking water, agriculture and hydropower) 
is a further significant pressure on sea trout 
populations. Sufficient flow is required to provide 
essential habitat (e.g. wetted margins for juveniles) 
and to enable migration. It is required to attract 
adult sea trout in from the sea, to provide sufficient 
stimulus to enable them to migrate upstream 
and successfully reach their intended spawning 
habitat.  Such habitat often includes small 
streams, often overlooked as important habitat 
and poorly managed in this regard.

Figure 7 Map showing the scale of the problem and distribution of migratory barriers in Belgium (red dots), 
Netherlands (blue dots) and the east coast of England (green dots).
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It is not only physical barriers that can impact 
on sea trout migration. Artificial night-light (e.g. 
street lamps) has been shown to impact on the 
behaviour of migrating salmon and the same 
probably holds for sea trout. Acidification either 
as a result of direct inputs or long distance 
transportation in precipitation is a particular 
problem in some areas of the NSR, preventing 
access of the fish to important spawning and 
nursery habitat.

Other environmental variables including oxygen 
and temperature all play an important role in 
regulating movement, swimming capability and 
even survival. We know less about the impact of 
specific contaminants/pollutants on migration, 
but we do know that they can result in direct 
mortalities at high doses and that some can have 
sub-lethal effects (i.e. damage the fish’s survival 
chances) such as reducing the ability to detect 
olfactory signals and disrupting osmoregulatory 
function. 

Effects of low flow and barriers 
to migration on survival of sea 
trout smolts 
Case study 6 – North Sea Region

The outward migration of sea trout smolts 
is heavily influenced by river flow. Sea trout 
smolts have a longer residency in freshwater 
during periods of low flow. The impacts of 
low flow are exacerbated by the presence of 
barriers. 

Typical data relating to the delayed migration at 
in-river barriers during low flow conditions.

Delays to the 
normal migration of 
smolts resulted in 
altered behaviour 
patterns and 
decreased 
escapement to sea 
due to increased 
vulnerability to 
predation. 

Liming acidified lakes in Sweden
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Intra-gravel survival of 
trout eggs in re-introduced 
spawning riffles
Case study 7 – River Stiffkey, UK

The results of a LNS study revealed that 
unsympathetic land management can 
significantly affect the biological function 
of restored and natural spawning gravel 
habitats. The survival of trout eggs was 
significantly impacted by the accumulation 
of fine sediment (from road and field run-
off) within the spawning substrate and 
decreased the value of the restoration 
instalments. 

The research highlights the need for closer 
integration of land management and river 
restoration programmes.

Nutrient inputs from domestic and agriculture 
sources can reduce water quality and cause 
excessive algae and weed growth. A significant 
proportion of nutrients enter rivers bound to 
sediment (through erosion and runoff). Sediment 
itself can have appreciable impacts on sea trout 
populations, compacting spawning gravels 
and significantly reducing the survival rates of 
trout eggs buried within them. Nutrient input 
over a certain level also decrease the feeding 
opportunities of the young fish in fresh water and 
thereby the production of sea trout smolts.

Whether for the purpose of specifically producing 
sea trout smolts or just to supplement in-river 
fisheries, it is not uncommon in the NSR to try 
and compensate habitat loss and poor natural 
recruitment with supplementary stocking of 
hatchery trout. However, it is impossible to 
guarantee that the juvenile trout will be migratory 
and there are concerns that genetic introgression 
(transfer of “alien” genes from surviving stocked 
fish) may impact on populations that have adapted 
to local conditions over thousands of years. 
Furthermore, work conducted in LNS has shown 
that the contribution of hatchery origin fish to the 
overall smolt output can be very low due to poor 
in-river survival and that migratory performance of 
liberated hatchery produced trout varies from that 
of wild fish originating from the same population.

Taking gravel cores to determine the substrate 
composition and road run-off during the egg 

incubation period

Egg box study. Clockwise from top left: 
Creating artificial redds, trout eggs in hatchery, 

planting egg boxes, finished redd (egg box 
inset), preparing egg boxes, surviving fry.
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Survival and migration of 
stocked Sea trout smolt
Case study 8 – Funen, Denmark

Stocking smolts to support the stocks of sea 
trout on Funen, Denmark has taken place 
for a long time without knowledge on their 
contribution. Therefore a study using carlin 
tags and pit tag technology was conducted 
to investigate the migration and survival of 
stocked sea trout smolt in Funen.

The study showed an initial seaward 
migration of the stocked smolt but that the 
overall percentage of migrants that reached 
the sea was very low in the two seasons 
investigated (32% in 2010 and 15% in 2011). 
Rates of recapture for tagged fish were 
extremely low (2 of 9,000), suggesting that 
the levels of marine mortality were also very 
high.

To investigate the reason for the high 
in-stream mortality, a survey of nearby 
cormorant colonies was undertaken. Based 
on the recovery of pit tags, ~30% of the 
stocked smolts were estimated to have been 
predated by cormorants.
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Key issues
A catchment-based approach is required to target and prioritise interventions 

focused on retaining and restoring natural habitat features and fluvial 
processes, removing barriers to migration, tackling pollution and excessive 

sediment input from agriculture industry, roads, and domestic sources.

We should aim to restore free passage for fish migration in the NSR by 
removing barriers wherever possible. Nature-like by-pass channels are the 

next best option, but technical fish passes should be considered as the least 
favoured (or temporary) option as they rarely provide adequate multi-species 
passage (especially when considered cumulatively) and do not restore other 

critical aspects of the river functioning process (gradient is still lost etc.)

Supplementary stocking should take place only after very careful consideration 
and only if action to improve the wider environment is taking place.

Small streams are incredibly important for sustaining sea trout populations. 
They provide spawning and rearing habitat and are also extremely important 
for maintaining healthy river ecology. However, their importance is often over-
looked (many not even classified under WFD) and greater attention should be 

given to their management.

Examples of a weir removal 
scheme, nature-like by-pass 

and technical fish pass
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Key pressures on sea trout 
populations in transitional and 
coastal waters
Transitional waters such as estuaries and fjord 
systems serve as significant bottlenecks to 
the migration of sea trout populations. Rapid 
changes in their immediate environment 
(e.g. salinity, temperature etc.) can present a 
physiological challenge. In the estuaries they 
encounter novel predators (fish, birds, marine 
mammals), prey species and parasites (including 
sea lice associated with aquaculture facilities). 
Transitional waters also represent some of the 
environments most impacted by human activities 
(port development and the construction of tunnels, 
bridges and barrages etc.) high concentrations 
of contaminants from both urban and industrial 
sources, commercial exploitation and disturbances 
from shipping activity (both recreational and 
commercial).  For some populations the migration 
through transitional waters at the smolt or mature 
adult stage can be relatively fast but for others 
(typically loch and fjord systems) the migration 
is much slower and may represent an important 
rearing/feeding habitat. Some populations do not 
venture as far as the North Sea at all and others 
may remain in the immediate coastal waters 
frequently “visiting” transitional habitats. 

Tidal barriers and barrages represent a particular 
threat to sea trout populations in the NSR. The 
primary functions of these structures are typically 
to maintain water depth, prevent the ingress of 
saline water, to protect the land from coastal 
flooding and/or generate power. Many tidal 
barriers in the NSR are relatively small structures 
(including weirs and sluices), but there are some 
notable exceptions including the Tees Barrage 
(which was built to increase the value of the 
upstream land and encourage regeneration in the 
area) and the Haringvleit sluices (built for flood 
protection). 

Impacts of tidal barriers on sea trout populations 
include delayed or total prevention of freshwater 
entry and exit, physiological stress resulting from 
abrupt changes in salinity, altered tidal patterns 
and poor water quality due to reduced tidal wash 
out, accumulations of fish immediately below 
the barrier resulting in increased predation and 
transfer of pathogens. On-going land reclamation 
for development in parts of the region further 
increases the potential for losing coastal habitat 
and the need for additional tidal defences. 
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Figure 8 Ionoregulatory processes in sea trout

Figure 9 Fish friendly flap gates being fitted to 
tidal gates for an LNS funded PhD study on their 

use by sea trout and other migratory fish

Key issues
Tidal barriers represent a significant pressure both as physical 

barriers to migration and through more subtle impacts including 
increased predation.

Transitional and coastal waters must be considered as an integral 
part of a river catchment and managed in a joined up way. 

Transitional waters can represent incredibly important habitat 
for some sea trout populations and we need to improve our 

knowledge on how local populations utilise these.



21

Key pressures on sea trout 
populations in the North Sea
The North Sea is an incredibly rich and diverse 
habitat with complex biological systems and hosts 
a vast number of commercial and recreational 
human activities. During their life in the sea, 
sea trout are very much an integral part of this 
environment and yet we know very little about 
how they interact with other elements of this 
ecosystem. In many ways the North Sea is a 
“black hole” in which sea trout smolts disappear 
before returning to our rivers anything from a few 
months to several years later although we know 
that most of the fish feed in estuaries and coastal 
waters and long distance migration are quite rare 
(cf. Fig. 9). 

Studying the movements and 
behaviour of sea trout in the 
North Sea
Case study 9 – North Sea Region

Understanding what happens to sea trout 
after they disappear into the relative “black 
hole” of the North Sea was a key question 
within the LNS project. A number of different 
studies were carried out in order to address 
this question. The migration of sea trout 
smolts along the east coast of the UK was 
monitored using acoustic transmitters 
and fixed location receivers, resulting in 
detections of smolts in coastal waters over 
350km away from their release location; 
More conventional (mark and recapture) 
tagging studies provided returns from UK 
tagged fish in Dutch, Danish, Norwegian 

and German waters; Electronic data storage 
tags (DST) deployed inside kelts enabled 
the collection of novel high-resolution data 
on the swimming depth and temperature 
experiences of fish in the sea – key 
discoveries included data on predation rates 
by marine mammals and sea trout diving to 
depths of over 80m. 

We also used biological material from the 
fish ‘bio-tags’ in order to determine aspects 
of their migration and feeding ecology. 
These studies included the genetic analysis 
presented earlier, but also a novel way of 
determining feeding locations of sea trout 
by comparing the isotopic signature (C13 
and N15) of their scales (a reflection of their 
diet) with an isoscape map of the North Sea 
created using jellyfish and scallop samples 
as an indicator of local primary isotope 
conditions.

a) Acoustic receiver being 
deployed on navigation buoy

b) Sea trout kelt prior to tagging

c) Depth and temperature 
profile obtained from a sea trout 
tagged with a DST (d).
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Many of the activities that take place in the North 
Sea have the potential to impact on sea trout 
populations through mechanisms that include 
direct exploitation (including as by-catch), the 
building and operational activities of energy 
production schemes along important migratory 
routes and feeding locations, effects on long 
term fitness through sub-lethal contaminants, 
and impacts on other elements of the food web 
(including from climate change) that may have 
knock-on implications for sea trout predator/prey 
interactions (see case study 7).

Much marine conservation is delivered through 
establishing networks of Marine Protected Areas 
(MPAs) and these are currently focused on a small 
number of habitats and species.  Due to the lack 
of ecological connectivity, existing MPA networks 
provide limited protection for highly mobile 
species. 

Plankton Effect on adult sea trout abundance in the North Sea
Case study 10 – North Sea Region

Preliminary analysis was conducted to investigate the possible role of primary production and 
marine food web dynamics in regulating sea trout populations. We found a significant relationship 
between adult sea trout abundance (catch in a North Sea coastal fishery) and an index of plankton 
change derived from Continuous Plankton Recorder (CPR) survey data that had previously been 
shown to drive fluctuations in North Sea cod stocks. Whilst the precise mechanisms remain 
unclear, the results suggest that marine food web dynamics (and hydro-climatic and human 
influences on these) may play a significant role in regulating sea trout populations. 

 

 

 

 

 

 

 
 

  

  
  

 
 
 
 
 

 
 
  

 
 

  
 

 
   

   

 

  

 

 
   

 
  

 

  

  
 

 
  

 

 

 
 

  
 

 
 

 
 

 

Isoscape map showing predicted feeding 
areas (blue areas) of sea trout as determined 
by scale microchemistry. Sampling locations 

for scallops (red circles) and jellyfish (blue 
circles) are also shown.

Plot of sea trout net catch against change in Plankton index
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The convention for the protection of the marine 
environment of the North East Atlantic (OSPAR) 
aims to protect the ecosystem of the North Sea 
as a whole and does provide generic protection 
through strategies aimed at reducing pollution. 
Important areas for sea trout such as the 

 Figure 9. Map of just some of the many existing and planned marine 
activities occurring in the NSR

Wadden Sea are subject to other international 
protection agreements. However, sea trout seem 
to fall through a gap in many policy and strategy 
documents and often receive little or no mention 
(e.g. Annex II Habitats Directive and the OSPAR 
species list). 
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Key pressures on sea trout 
populations from climate change 
Current climate change predictions of warmer 
drier summers and milder wetter winters in the 
NSR would suggest that pressures on sea trout 
populations are likely to increase in the immediate 
future. Increased water temperatures and lower 
basal river flows are likely to affect numerous 
aspects of ecosystem function in freshwater, 
transitional and marine environments. Many of 
these impacts will be exacerbated by the need 
to meet the increasing food, water and energy 
demands of a growing population. Managing 
these potential conflicts and finding innovative 
ways to protect the wider environment will be a 
major challenge. Climate predictions also suggest 
the likelihood of more frequent extreme weather 
events. In freshwater this may translate into both 
increased flooding and drought events, whilst in 
the marine environment more frequent storms 
are likely to increase the risk of tidal surges 
and coastal flooding. Traditional unsympathetic 
engineering solutions to reduce such threats 
(e.g. widening, deepening and straightening 
of our rivers and the installation of tidal flood 
barriers) can easily neglect the importance of fish 
migration, natural habitat and fluvial processes.

Unfortunately it is many of the already very 
vulnerable habitats (e.g. small streams, chalk 
rivers) and populations (those in heavily impacted 
river catchments) that face the greatest threat from 
climate change. A large element of the challenge 
lies in raising awareness and educating society 
that river catchments most resilient to extreme 
weather events (and climate change) are likely to 
be a naturally functioning one. 

Key recommendations
Sea trout migratory routes and feeding areas need 

to be considered in the development of Marine 
Protected Area networks and marine spatial 

planning policies.

There is a need to investigate further the links 
between hydro-climatic variables, marine food-web 
dynamics and the survival of sea trout populations 

in the marine environment. 
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Remaining knowledge gaps – do we 
have all the answers? 
The LNS project has improved our collective 
knowledge base and this will enable positive 
changes in management policies for the benefit 
of sea trout whether at a small stream or 
transnational scale. 

However, many knowledge gaps concerning 
the biology of sea trout in the NSR remain. For 
example, key research areas such as the drivers 
behind anadromy (what determines if a trout will 
go to sea in the first place?) were intentionally 
omitted from this project because of their sheer 
complexity. Other aspects of the programme (e.g. 
population genetics and marine ecology studies) 
have provided some fascinating glimpses into 
previously unknown aspects of sea trout biology 

and demonstrated the potential of new and novel 
techniques and technologies, but have also 
highlighted the gaps in our existing knowledge 
when it comes to this enigmatic species. 

Of course LNS was not intended as the definitive 
research project on sea trout. The intention was 
to use sea trout as an indicator species of the 
problems facing migratory fish (and managers) 
in the NSR and to demonstrate how by working 
together and sharing knowledge we could develop 
common aspirations and solutions for restoring 
fish migration from ‘sea to source’ for the benefit 
of the wider community. To achieve this, it is 
clear we must consider the management of fish 
populations in a much wider context.

Key issues
There is a need to educate and raise awareness of 
the challenges faced by migratory fish and that a 
naturally functioning river ecosystem benefits fish 

and provides resilience to climate change.

We need to align water and land management 
(including planning) policies to ensure protection 
of aquatic ecosystems without impacting on food 

production.
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A vision for an integrated ecosystem 
based approach to management

The North Sea and surrounding river catchments 
provide a vast array of services that we (society) 
need to survive and which enrich our everyday 
lives (Ecosystem Services). Such Ecosystem 
Services (ES) include the provision of food, fuel, 
clean water (for drinking and the environment), 
recreation, and flood protection. There is 
increasing global recognition that delivery of these 
services has been heavily skewed towards the 
delivery of food, fibre and fuel and that this has 
come at a significant cost to aquatic environments 
and the provision of the many other ES they 
provide.

We need to re-align the balance and strive for 
more resilient aquatic ecosystems that can deliver 
multiple ES against a backdrop of population 
growth and climate change. We know there are 
significant pressures on these ecosystems from 
a wide range of sources and many of these 
pressures (and their drivers) result from ‘silo’ 
management. Therefore an approach that unites 
all of these drivers (including the requirements 
for healthy migratory fish populations) around a 
common vision for restoring ecosystem function is 
required.

River catchments (from sea to source and 
including all its tributaries and the surrounding 
land) are natural units of scale for managing the 
delivery of ES. This is often termed ‘catchment 
management’. Effective catchment management 
requires adopting an ecosystem based approach, 
engaging with local communities, businesses 
and organisations to assess the current condition 
of the ecosystem and developing a workable 
strategic vision for aligning different management 
drivers and agreeing the interventions required to 
restore ecosystem function (delivery of multiple 
ES). Interventions need to be appropriately 
targeted and delivered in an integrated manner, 
comprising a mixture of regulatory, self-interest 
and incentive based conservation measures (e.g. 
Payment for Ecosystem Services (PES) schemes) 
that take into account the role of the private, 
public and third sector to optimise delivery. 
Partnership is key - no one organisation or sector 
can deliver this alone. 
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Managing ecosystems in this way enables open 
discussion and input (including collection and 
provision of data) from all interested stakeholders 
(the community) and supports the development of 
novel solutions (including innovative PES funding 
schemes) to shared problems, often considered 
too difficult to tackle through single sector 
initiatives. The approach can help identify (and 
resolve) conflicts between locations delivering or 
with the potential to deliver critical and/or multiple 
ES (which may include important sea trout habitat) 
and current or planned activities e.g. intensive 
agricultural or planning developments. Conversely, 
the same approach can be used to identify areas 
in which these same activities could occur with 
less impact on the delivery of these ES. 

The North Sea Region could itself be considered 
as a “catchment” with its many rivers and other 
freshwater inputs (see table 1) effectively draining 
as tributaries into the North Sea. Thinking of it in 
this way enables us to apply the same integrated 
ecosystem based approach to management 
described above. The Marine Strategy Framework 
Directive (MSFD) provides an opportunity 
to implement this approach by providing an 
overarching framework for a number of other 
key Directives and legislation at the European 
level (e.g. the Water Framework Directive 
(WFD), Habitats Directive (HD), Bathing Water 
Directive (BWD), Common Fisheries Policy etc.). 
Conceptually, ecosystem-based river catchment 
plans and regional (in this case the greater North 
Sea) ecosystem-based marine plans could operate 
in unison to provide the appropriate management 
framework for our aquatic ecosystems and 
protection of our diadromous fish populations.

 Major issues such as tackling diffuse pollution 
(including contaminants, phosphates and nitrates) 
at source will deliver benefits to fish populations 
and contribute towards the delivery of WFD, 
MSFD, BWD as well as other policies including the 
Nitrates and Drinking Water directives. Knowledge 
of migratory routes and marine feeding ecology 
could contribute to establishing coherent and 
representative networks of marine protected areas 
and inform marine spatial planning, and marine 
survival estimates may help inform assessments 
of food web stability. River Catchment Plans 
could extend to important marine areas when 
considering threats and risks to populations 
subsequently targeted by commercial/recreational 
fisheries and assessed as an indicator of 
ecological health under the WFD. 

However it is not currently clear how the MSFD 
will be implemented and despite the significant 
strides made since the development of the WFD, 
we do not yet have integrated management of our 
river catchments either.

Truly integrated management of our aquatic 
environments is something we should certainly 
aspire to achieve. Due to their dependence 
on the full range of aquatic habitat and their 
high commercial, cultural and ecological value, 
diadromous fish populations serve as the ideal 
indicator for evaluating our success in adopting 
and implementing this approach. 
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