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ARTICLE INFO ABSTRACT
Keywords: Historical and existing environmental and human induced pressures have negatively impacted diadromous
Migratory fish species, as well as benefits to humans, derived from the ecosystem services these species contribute to. As species

Human benefits
Biodiversity policy
River management
Matrix approach
Expert knowledge

move across national boundaries, successful management is rendered a complex process. Future climate change
scenarios are likely to change species distributions, further impacting management and the benefits available to
people across each species range. To provide an evidence base on the contribution of eleven diadromous fish
populations to ecosystem services, and so gains and losses of ecosystem service benefits in the European Atlantic
Area, we completed an evidence review of available literature identified within the search strategy. We also
gathered expert opinion of diadromous species contributions to ecosystem services for individual catchments
across Europe, to gather the full extent of contributions. Evidence was arranged in a matrix, documenting each
species ecosystem service contribution to aid communication of results and application to policy and decision
makers. The evidence base provided by the literature review identified that each diadromous species contributed
to provision of multiple ecosystem services. Volume of evidence available to compile the matrix was far greater
for Atlantic salmon Salmo salar and brown trout Salmo trutta. All species had historically contributed to pro-
visioning ecosystem services. However, in recent decades, declines in certain species populations has reduced
opportunity for commercial fisheries, leading to contributions to cultural services such as recreational activities
and cultural heritage becoming comparatively greater. Evidence of contribution to regulating ecosystem services
is growing in recent years, especially transfer of nutrients from marine to freshwater environments. Inclusion of
local expert knowledge enabled verification of evidence from literature, in addition to identification of important
contributions of lesser studied species, to culturally important commercial fisheries and cultural heritage in
European regions. Collecting expert knowledge also aided communication of ecosystem service approaches.
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1. Introduction

Numbers of diadromous fishes and lampreys are declining across
their Atlantic distributions despite current management efforts (Lim-
burg and Waldman, 2009), causing ecological and socio-economic im-
pacts on local communities (Drouineau et al., 2018). During their life
cycle, diadromous species migrate between marine and freshwater en-
vironments, thereby providing a unique set of benefits for individual
people and communities both locally and internationally (Drouineau
et al., 2018; Morton et al., 2017).

When available, diadromous species fisheries (referring henceforth
to both fishes and lampreys) provide high market value, contributing to
economic benefits in many regions. Diadromous species also provide
many cultural benefits, such as recreational angling and nature watch-
ing, and are culturally symbolic in many regions (Drouineau et al., 2018;
Limburg & Waldman, 2009; Liu, Bailey & Davidsen, 2019; Merg et al.,
2020a). By moving from marine waters up into fluvial systems, diad-
romous species also provide important nutrient inputs to, and in-
teractions with, freshwater and adjacent terrestrial food webs (Bilby
et al., 2003; Field & Reynolds, 2011; Gende et al., 2002; Holmlund &
Hammer, 1999; Limburg & Waldman, 2009) as do riverine fishes (Copp,
2010; Fausch et al., 2002; Nunn et al., 2010). These economic and non-
economic benefits have decreased with the declines in population den-
sities (Costa-Dias et al., 2009; Drouineau et al., 2018). Due to their life
histories, both anadromous fishes (that spend much of their lives at sea
but return to freshwater to spawn) and catadromous fishes (that spawn
in marine environments but spend other life stages in rivers or estu-
aries), provide unique ecological roles and benefits to people. The
benefits provided by diadromous fish species cannot, therefore, be
replaced by other fish species.

The benefits provided by diadromous species can be related to
ecosystem service frameworks and classifications, such as the Millen-
nium Ecosystem Assessment (MEA) framework (Millennium Ecosystem
Assessment, 2005) and Common International Classification of
Ecosystem Services (CICES) classification system (Haines-Young &
Potschin, 2010b; Haines-Young & Potschin, 2018), as well as within
tools to strengthen the science-policy interface. For instance, assessing
interlinkages between biodiversity and ecosystem services at local to
global scales, to provide evidence that may feed into policy support
tools, such as Intergovernmental Science-Policy Platform on Biodiver-
sity and Ecosystem Services (IPBES) assessment processes (IBPES,
2019).

Across all frameworks and assessment practices, the ecosystem ser-
vices contributed by nature sustain human life (Daily, 1997) and human
well-being (Mace, 2014; Mace et al., 2015; Potschin-Young et al., 2018).
Ecosystem services related to diadromous species (e.g. food provision,
regulation of healthy environments and opportunities for recreation),
derive from the presence and abundance of species populations, as well
as the associated functions and processes they provide, such as, pro-
duction and nutrient cycling (Gacutan et al., 2019; Potschin-Young
et al., 2018).

The application of marine and coastal ecosystem service assessment
can address multiple policy objectives and to inform local decision-
making (Drakou et al., 2017). Assessments of ecosystem services have
been recognised as an essential method to integrate the value of species
and habitats into national and global development plans, to ensure
ecosystems are resilient and continue to provide essential services, thus
securing contribution to human well-being in the long-term (Claudet
et al., 2020; CBD, 2010). The natural capital approach has also become
central to support European policy agendas, identifying that natural
capital, the ecosystem components such as species stocks, are amongst
four core stocks of capital that support a nation’s wealth, through the
ecosystem services they provide (EEA, 2020).

Assessing and mapping the state of diadromous species, their habi-
tats and ultimately the ecosystem services that are available to society
such as food and recreation opportunities, are required by all Member
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States within the European Union’s Biodiversity Strategy (EC, 2020).
Evidence of the contribution of diadromous species to ecosystem ser-
vices and the associated value of benefits is also important to support
action plans within the Biodiversity Strategy for 2030 (EC, 2020). In
particular, to support post 2020 policy aims to conserve fisheries re-
sources, protect marine ecosystems and to restore freshwater ecosystems
and the natural functions of rivers (EC, 2020). The UK also requires such
evidence to inform consideration of ecosystem services provided by
species and habitats and corresponding societal needs in management
and resource use decisions made under the UK Marine Strategy
(Department for Environment Food & Rural Affairs, 2019).

Declines in diadromous species abundance and changes in popula-
tion distribution threaten the availability of ecosystem services these
species contribute to. Existing human-generated pressures on diadro-
mous species have been well documented, particularly in relation to
barriers preventing passage of migrating fish (Rodeles et al., 2020;
Wheeler, 1977; Maitland et al., 2015), as well as impacts of reduced
water quality (Mawle & Milner, 2003; Merg et al., 2020b). Meanwhile,
effects of climate change are likely to cause distribution shifts in species
that will potentially increase abundance in some areas but reduce
abundance in other areas (Lassalle et al., 2008; Lassalle et al., 2009).
These changes in distribution will have consequences for populations
already under stress as well as knock-on effects, such as changes in the
distribution of ecosystem service benefits (Drouineau et al., 2018;
Kappel, 2005).

Evidence is required to inform policy and management that supports
healthy species populations and ensures social and economic benefits
that people receive from those populations are sustainable. Within this
study an evidence review was combined with expert elicitation for sites
across the European Atlantic Area, in order to identify ecosystem service
benefits related to diadromous species. The review provides an evidence
base that can then be applied to assess changes in benefit delivery and
economic value in relation to implications of management decisions,
anthropogenic and environmental pressures. For instance, infrastructure
developments, management actions to reduce barriers to migration and
changes in diadromous fish distributions under future climate condi-
tions (Barber-O’Malley et al., 2022; Drouineau et al., 2018).

The study aims to provide a comprehensive evidence base that can be
applied, in connection with assessment of health of supporting habitats
and biodiversity. The matrix provided can be applied as a scoping tool to
assess implications of decisions made by policy makers and resource
managers that have an effect on diadromous species populations in
Europe. The results are also aimed at informing discussions with all
resource users and local communities on outcomes of management ac-
tions for ecosystem services and related benefits as well as adverse
impacts.

2. Material and methods
2.1. Approach

To assess the contribution of European Atlantic Area diadromous
species populations to ecosystem services and associated benefits:

An evidence review was conducted of peer-reviewed and grey liter-
ature following the methods provided by Collins et al., (2015), using
a search strategy with English language search terms (S1).
Perceptions of contribution of diadromous species to ecosystem
services in individual Atlantic Area coastal and catchment regions
were also gathered through an expert elicitation workshop and dis-
cussion. Experts attending the workshop included relevant parties
with local knowledge, including diadromous fish researchers,
resource managers and user groups (S1).

The combined evidence review and regional expert knowledge
elicitation allowed increased confidence in the applicability of reviewed
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evidence to European Atlantic Area sites. The evidence gathered was
assessed and graphically represented within a matrix design adapted
from Burdon et al. (2017) and Potts et al. (2014).

Evidence was collected on level of contribution to ecosystem service
class styles within CICES v5.1 Sections for 11 diadromous species
(Table 1).

2.1.1. Evidence review

Following the 12 step process identified by Collins et al. (2015), we
undertook a scoping evidence review. This systematic approach to an
evidence review, using transparent, systematic and repeatable meth-
odologies, aims to reduce bias and provide evidence to inform specific
management and policy requirements (Collins et al., 2015) (S1). This
evidence review process, which is integral to risk analysis (Gormley--
Gallagher et al., 2011) can also be repeated in the future to take account
of emerging evidence and changing policy and management needs. The
12 step process consisted of, 1. Determining the review question (focus)
the identifying appropriate evidence review method, 2. Establishing a
Steering Group (of DiadES project partners) and confirming methods, 3.
Establishing a Review Team, 4. Holding an Inception Meeting (and
follow up meetings), 5. Developing a Protocol, 6. Searching for the ev-
idence, 7. Screening the search results, 8. Extracting evidence that re-
lates to the review question (review focus), 9. Critical appraisal of
evidence, 10. Synthesis of the results, 11. Communication of the review
findings, 12. Signing off project.

Search protocol

The search strategy was applied to 11 principle diadromous species
that occurred in European river systems (Table 1). Primary search terms
for each species and secondary search terms relevant to each review
question were combined and entered into search engines for peer-
reviewed and grey literature sources (Table 2). For peer-reviewed
journal articles, both the databases ‘Web of Science’ and ‘Scopus’ were
used because these two academic search engines were able to search all
relevant peer-reviewed articles (from Europe and internationally) and
produce repeatable results. To identify grey literature including relevant
book chapters, the search engines used were ‘Google Books’ and ‘Open
Grey’. The first 30 relevant titles were extracted for each primary search
term and secondary search term search string from ‘Google Books’, due
to the searches returning large numbers of records, for instance in excess
of 1 million records for specific search strings.

Screening and extracting evidence including critical appraisal: Syn-
thesis within a matrix assessment

Evidence from reviewed literature was extracted based on contri-
bution of each species to each ecosystem service. Evidence was cat-
egorised into 5 possible levels of contribution for each species x
ecosystem service interaction identified (no evidence, no or negligible
contribution; low contribution; moderate contribution; significant
contribution) (Table 3a) (S1) (S2). Level of confidence in the evidence
was assessed based on relevance of location, quality of the study and
detail of analysis of ecosystem service assessment (Table 3b) (S1) (S2).
Full details on evidence extraction steps and individual criteria are

Table 1
Diadromous species included in the evidence review searches.

Scientific name

English notation

Alosa alosa

Alosa fallax
Petromyzon marinus
Lampetra fluviatilis
Anguilla Anguilla
Salmo salar

Salmo trutta
Acipenser sturio
Chelon ramada
Osmerus eperlanus
Platichthys flesus

allis shad

twaite shad
sea/marine lamprey
river lamprey
European eel
Atlantic salmon
sea trout

European Sturgeon
mullet

smelt

European Flounder
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Table 2
Search strategy, primary and secondary search terms used in searches.

Primary search term Secondary search

term

diadromous AND ecosystem
service
AND economic
AND valuation
AND value
Species X (each Table 1 species in turn, combined with each AND ecosystem
secondary search term) service
AND economic
AND valuation
AND value

Table 3a
Assessment of level of contribution to ES provision.

Scale of ecosystem service supplied relative to other species
# see table 3b ‘ Assessed to provide a Significant Contribution

Assessed to provide a Moderate Contribution

Assessed to provide a Low Contribution

# Negligible ecosystem service provision

No contribution to species x ecosystem service
interaction (potentially due to no available evidence in
reference to evidence score in table 3b

Table 3b

Confidence scores assessed between 1—6 dependant upon quality of evidence
(x) and level of agreement (y) in results (contribution or change in contribution
to ecosystem service).

Quality of evidence 1 = expert opinion, 2 = grey literature or journal
evidence from outside Europe, 3 = peer reviewed journal evidence
from Europe.

Agreement 1 2 3
1 = low,
2 — High 1 1 2 3

2 2 4 6

provided in S1 (Table S1).

Greater weight was given where multiple studies provided quantified
evidence and there was high agreement of evidence across studies
(Table 3b).

It is recognised that this may bias species that receive much greater
research attention. Therefore contribution assessments need to be
considered in combination with confidence assessments. For instance
contribution assessment from reviewed literature with lower confidence
scores requires further study to confidently assess level of contribution
within a given site.

Relevance of location was assessed as greatest for evidence from
European sites, compared to other comparable temperate regions (S1:
Table S1).

Evidence was applied to relevant CICES v5.1 class types, within
CICES ecosystem service sections for each species (Provisioning, Regu-
lation and Maintenance and Cultural sections, whilst Other Supporting
and Intermediate services were included as ‘other” if a pre-defined CICES
class was not available) (Table 1). Some species had greater contribution
than others to a particular service and therefore scores (low to signifi-
cant contribution) were interpreted relative to all the species
considered.

CICES was used as it provides a standardised, systematic approach to
name and describe ES (Haines-Young & Potschin, 2010b; Haines-Young
& Potschin, 2018).

Priority was given to evidence from Europe but evidence was also
extracted from studies of diadromous species in comparable temperate
regions, although evidence form outside Europe was weighted lower
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(Table 3b) (S1) (82).

2.1.2. Evidence from expert elicitation

To increase applicability of the evidence and contend for limited
evidence specific to European Atlantic Area study sites, an expert elic-
itation workshop and discussion, held in Dublin, Ireland in March 2019,
gathered perceptions from relevant parties with expert local knowledge.

Relevant parties with local knowledge from 11 estuary and river
systems across the Atlantic seaboard of Europe, included diadromous
fish researchers, resource managers and user groups.

The locations represented were Ulla catchment Galicia, Spain;
Gipuzcoan rivers, Spain; Minho catchment, Galicia, Spain, Mondego
catchment, Central Portugal; Gironde/Garonne/Dordogne system,
Gironde, France; Loire catchment, France; Normand-Breton Bay/Gulf,
north-west France; Tamar (Devon) Frome (Dorset) and Taff (Wales)
rivers, south west UK; Waterford harbour and the three sisters’ rivers,
Ireland (Fig. 1).

Expert elicitation workshops

Within workshop groups facilitated by ecosystem service re-
searchers, participants identified: i), presence of each species in the es-
tuary and river system they have knowledge of and ii), ecosystem
services within CICES v5.1 class types that, in their expert opinion, were
provided by each species in that estuary and river system. A shortlist of
potentially relevant CICES v5.1 class types, relevant to marine and
freshwater ecosystems was provided to each workshop group, technical
language of CICES classes was simplified and explained by the facili-
tator. The facilitator present with each group explained each class type
and led the discussion on relevance to each species.

Participant’s knowledge was focused on the current (2019) state of
the species population and ecosystem service or benefit considered. If a
species was associated with contributing to an ecosystem service class in
the past or was viewed as possible in the future this was noted in the

English Channel

A ‘,«aﬁ
,/[/ Q%

@

Fig. 1. European Atlantic Area study region, the workshop participants
providing expert knowledge where associated with river systems in Ireland,
Wales, England, France, Spain and Portugal highlighted in grey. Evidence
extracted in the literature review was given greatest weight if relevant to these
locations. Evidence form other global temperate regions was also extracted to
supplement evidence gaps and strengthen the evidence base.

’
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discussion (for instance, opportunities for fisheries or wild harvesting
and thereby provision of food).

Compiling workshop participant responses

Participant’s responses were compiled across the 11 estuary and
river systems represented within a matrix design comparable to the
evidence review matrix (Table 4). To assess the level of contribution
across the European Atlantic Area within a scale comparable to no
contribution, negligible contribution, low, moderate or significant
contribution, used within the evidence review (Table 4) (S1), a signifi-
cant contribution was attributed when a species was associated with a
CICES ecosystem service class in more than one regional estuary and
river system (Table 4). If an association was present in at least 1 estuary
and river system, moderate contribution was recorded (Table 4). If
contribution was assessed as present in the past or a bequest value for
the future, low contribution was recorded (Table 4). As the evidence
source was the same for all assessments confidence assessments based on
evidence quality and agreement were not provided.

Following the workshop, participants were able to review the final
matrix generated within the workshop for each regional river system
and provide feedback, before a final matrix was agreed.

3. Results
3.1. Summary of evidence obtained by searches

Initial searches within all search engines for peer reviewed and grey
literature retrieved 13,848,142 references (Fig. 2). Selection of only the
first 30 most relevant returns from ‘Google Books’, removal of duplicate
references and irrelevant topics, reduced the number of titles to 35,412
(Fig. 2). Irrelevant topics were highly numerous and required automated
searching for keywords that related to topics such as engineering,
physics, aquaculture and metal smelting and removal of returned liter-
ature from the database. Despite keyword searches for common irrele-
vant topics, many irrelevant titles remained as well as studies from
irrelevant locations. These required screening by rapid review at title
level to be removed. Following removal of irrelevant topics and loca-
tions, 389 titles were retained for review at abstract level. Following
review at abstract level 233 studies were retained to be reviewed at full
text level (Fig. 2).

Salmon received greatest research interest, particularly in relation to
assessment of ecosystem services or related economic assessments,
contributing to 105 studies which were retained for review at full text
level (Fig. 3).

3.1.1. Geographical location of studies

Across all 233 studies reviewed at full text level, 99 were from Eu-
ropean study sites. A large number of studies (1 09) from the Pacific and
Atlantic coasts of Canada and USA were also returned by searches and
reviewed at full text level. Although these studies were not in the Eu-
ropean study area, the species biological traits and methodologies for
assessment of contribution to ecosystem services and assessment of
economic value were deemed relevant to support evidence from Euro-
pean case studies. These studies were included as they provide impor-
tant evidence of ecosystem service assessment and benefit and valuation
approaches to support evidence within the matrix and include in a

Table 4
Assessment of level of contribution to ES provision.

Scale of ecosystem service supplied relative to other features
Present in multiple (> 2 European Atlantic Area sites)

Present in at least 1 European Atlantic Area site

Historical contribution or potential for future
contribution in 2 1 site
No or negligible ecosystem service provision

Not assessed or no evidence
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Number of studies retained for full text review
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Fig. 3. Number of studies retained for full text review separated by the primary search term the study focused on.
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framework that can be applied in Europe and globally on implications of
changes in species abundance.

3.2. Synthesis of evidence related to levels of contribution to ecosystem
services (and related benefits) from diadromous fish species populations

All 11 diadromous species contributed to multiple ES, defined within
the CICES classes, nested in the wider sections of provisioning services,
regulating and maintenance services, cultural services and supporting
services (Table 5).

Volume of evidence on studied species

The volume of evidence (number of studies) available to compile the
matrix on ecosystem service contributions from diadromous species, was
far greater for diadromous salmonids (130 papers), such as salmon
species and brown/sea trout Salmo trutta, henceforth simply ‘trout’
(Fig. 3). The larger number of studies may reflect a greater research
interest in diadromous salmonids but also raised evidence gaps for the
other diadromous species studied. To limit bias as much as possible it
was interpreted that a greater evidence base does not necessarily reflect
an enhanced contribution of a species to an ecosystem service but re-
flects a greater number of available studies, enabling greater confidence
in the assessment. As such, it is essential to interpret all information
provided in the matrix. That is, level of contribution in relation to the
confidence score for the assessed species, ecosystem service interaction
and evidence provided by expert local knowledge, and where necessary
the detailed reviews in supporting evidence (S2). If confidence in an
assessment is low then this is also intended to guide the targeting of
evidence assessment and monitoring at a site scale to support decisions
at relevant scales.

Volume of evidence on species contributions to ecosystem ser-
vice categories

Table 5

Ecosystem Services 64 (2023) 101559

Evidence of contribution to cultural services, especially recreational
angling, related to the CICES class ‘Physical and experiential interactions
with natural environment - Physical use of land/seascapes in different envi-
ronmental settings’ was highly supported by the literature (87 of 233
papers). Studies assessing cultural ecosystem services focused on salmon
and/or sea trout related to angling and traditional fisheries (48 papers
on salmon species, 10 on sea trout), then lamprey related to traditional
fisheries or gastronomy (8 studies). Shad angling and culturally impor-
tant traditional fisheries for shad, eel and lamprey in European sites
were represented in grey literature and a limited number of peer
reviewed studies (Table 5). Cultural importance or social and economic
value of traditional fisheries and gastronomic festivals were raised in
expert elicitation workshops and peer reviewed and grey literature
sources for diadromous species. This related to the CICES class: Intel-
lectual and representative interactions with natural environment — Charac-
teristics of living systems that are resonant in terms of culture or heritage.

Evidence for contribution provisioning services (support for com-
mercial fisheries related to the CICES class: ‘Biomass - wild animals and
their outputs’) received the second most research attention (70 papers of
233 reviewed) (Table 5). Evidence for contribution to regulating ser-
vices by diadromous species, in particular those relating to the transfer
of nutrients from marine to river and terrestrial systems, relating to the
CICES group - Regulation of physical, chemical, biological conditions, was
also well supported (29 papers of 233 reviewed) (Table 5). Supporting
services such as biological diversity, primary production and larval/
gamete supply were identified to be provided by all species (Table 5).

Feedback from expert elicitation workshops was able to provide
agreement on the findings in the literature reviewed, but also identify
additional benefits and particularly those from species other than
salmon and sea trout in participant’s local regions. Local expert
knowledge was particularly important in documenting specific artisanal

Matrix indicating level of contribution of diadromous species to provision of ES from evidence in peer reviewed literature (Lit) and from expert elicitation workshops

(EL) (within categories).

Section | CICES 5.1 Division/group/class

Anadromous

Catadromous

Provisioning | Biomass - Wild animals for nutrition, materials or energy - Wild animals used for nutritional purposes

Regulating Transformation of biochemical or physical inputs to — Bi iation by mi
algae, plants, and animals

Regulation of physical, chemical, biological conditions — Other - nutrient cycling (marine to terrestrial)
Regulation of physical, chemical, biological conditions — of the chemical ition of
freshwaters by living processes

Regulation of soil quality - Decomposition and fixing processes and their effect on soil quality

Lifecycle maintenance, habitat and gene pool protection - Maintaining nursery populations and habitats
(including gene pool protection)

Lifecycle maintenance, habitat and gene pool protection - Gamete dispersal

Lifecycle maintenance, habitat and gene pool protection — Other - Biological control

Physical and experiential interactions with natural environment - Physical use of land/seascapes in
different environmental settings

Intellectual and representative interactions with natural environment — Characteristics of living systems
that enable scientific investigation or the creation of traditional ecological knowledge

Intellectual and representative interactions with natural environment — Characteristics of living systems
that enable education and training

Intellectual and representative interactions with natural environment — Characteristics of living systems
that are resonant in terms of culture or heritage

Intellectual and representative interactions with natural environment — Characteristics of living systems
that enable aesthetic experiences

Intellectual and representative interactions with natural environment — Elements of living systems that
have symbolic meaning

Intellectual and representative interactions with natural environment — Elements of living systems that
have sacred or religious meaning

Intellectual and representative interactions with natural environment — Characteristics or features of
living systems that have an existence value

Intellectual and representative interactions with natural environment — Characteristics or features of
living systems that have an option or bequest value

Production

Biological diversity

Cultural

Other
Supporting /
Intermediate
services

salmon

EL

allis shad | twaite sea river cel flounder | mullet
shad lamprey | lamprey
EL i if EL Lit EL Lit EL Lit EL if Lit EL

3 6 6 4

trout sturgeon | smelt

6 6

4 4

Scale of ecosystem service lied relative to other features Quality and Quality of evidence 1 = expert opinion, 2= Scale of ecosystem service supplied relative to other features
Significant contribution agreement grey literature or journal evidence from (expert knowledge, European Atlantic Area)
R N outside Europe, 3 = peer reviewed journal = - -
Moderate contribution of evidence evidence from Europe. Present in multiple (2 2 European Atlantic Area sites)
Low contribution scoring Present in at least 1 European Atlantic Area site
# No or negligible ecosystem service provision 1 2 3 Historical contribution or potential for future
: contribution in > 1 site

Not assessed or no evidence - - -

o 1 1 2 3 No or negligible ecosystem service provision

=low,
2=High Not assessed or no evidence
2 2 4 6
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and recreational fisheries targeting diadromous species in European
estuaries and catchments (Table 5). Fisheries for multiple diadromous
species were also linked to regional heritage, local gastronomy, cultural
festivals and symbolic meaning (Table 5). Workshop participants also
identified the importance of all diadromous species to regulating ser-
vices, particularly in relation to nutrient cycling and transfer of nutrients
from marine to freshwater systems (Table 5).

The extracted evidence provided an indication of where contribution
to ecosystem services would be depleted associated with loss or popu-
lation reduction of each species at a given location, or inversely, where
there may be gains in contribution to ecosystem services associated with
increased abundance (Table 5).

The extracted evidence within each CICES Ecosystem Service Section
is reviewed below.

3.2.1. Provisioning ecosystem services

All 11 diadromous fish species considered in this review were related
to provisioning services through capture for commercial or subsistence
fisheries. All species were reviewed to contribute to the CICES group
‘wild animals and their outputs’ and the class ‘wild animals (terrestrial and
aquatic) used for nutritional purposes’ although contributions have
declined in relation to population declines in recent decades (Table 5)
(S2.1).

Many species identified at the time of writing to contribute at a ‘low’
or ‘moderate’ level to provisioning ecosystem services, had, historically,
contributed at a ‘significant’ level, as recently as the early twentieth
century (Table 5) (§2.1).

Small scale regional and seasonal fisheries were identified to
continue in European sites for salmon and trout, shad species, lamprey
species, eel, mullet, flounder and smelt (Table 5) (S2.1). Present ‘sig-
nificant’ contribution related to salmonids and sturgeon species were
assessed due to continued presence of fisheries for salmonids and high
demand and value associated with salmonids and sturgeon species,
relative to other reviewed species. Harvesting wild sturgeon in Europe is
banned at the time of writing but a large aquaculture industry exists to
support demands for sturgeon meat and caviar (52.1). There were also a
larger volume of studies and high agreement which provided greater
confidence in the assessment for these species (Table 5) (§2.1). Despite
the value associated with salmonid and sturgeon harvesting, as with
other species, population declines of salmonids and sturgeon have had
large impacts on the present benefit compared to historical harvesting.

European expert workshop assessment of provisioning
ecosystem service benefits

Local expert knowledge provided greater detail on the diadromous
species actively supporting provisioning services in individual European
water bodies, in particular for species that received less attention in
literature returned by searches (Table 5). The regional importance of
allis and twaite shad fisheries were identified in Portuguese and French
sites. Sea lamprey fisheries were identified to be regionally important in
Spanish, Portuguese and French river systems (Table 5). Thin-lipped
grey mullet fisheries were identified in French, Portuguese and UK
sites and European flounder fisheries were identified in Spanish, Por-
tuguese and French sites (Table 5) (S3). Workshop participants also
raised the benefit from use of skin of diadromous species in leather
production as an additional potential ecosystem service which would
relate to the CICES class ‘Fibres and other materials from wild animals
for direct use or processing’. In addition to the evidence provided in
literature, local expert knowledge was particularly important in high-
lighting the importance of shad, lamprey, eel, flounder and mullet
species to supporting food provision in European sites, and the historical
tradition related to these fisheries.

3.2.2. Regulating and maintenance ecosystem services (including
supporting services)

Evidence indicated that all diadromous fish species positively
contributed to a variety of regulating ecosystem services (Table 5)
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(S2.2). From the literature reviewed, the contribution to nutrient input
of multiple diadromous species for a given region or catchment is sig-
nificant (Table 5) (82.2).

Within the CICES division Transformation of biochemical or physical
inputs to ecosystems, evidence included contribution to bio-remediation
benefits from salmon and trout disturbing sediment while digging
redds, associated with spawning and the burrowing action of lampreys
in river beds (Table 5) (S2.2).

Within the CICES division Regulation of physical, chemical, biological
conditions evidence was returned on the contribution of all diadromous
species to the input of nutrients derived from coastal or estuarine en-
vironments, to freshwaters. Evidence on nutrient input was separated in
Table 5 under the optional CICES group ‘other regulating services’ and
included evidence of input of nutrients from marine to freshwater and
inputs as a result of strayers (such as shad species, that move between
river systems) (Table 5) (S2.2). Evidence of nutrient inputs from diad-
romous species also contributes to the CICES class ‘regulation of
chemical composition of freshwaters’ (Table 5) (52.2). In addition, post-
spawning mortality was reviewed to contribute nutrient inputs to river
bed sediments and riparian soils within the CICES class ‘decomposition
and fixing processes effect on soil quality’ (Table 5) (S2.2).

Evidence was also identified on contributions to the CICES regulating
services division Lifecycle maintenance, habitat and gene pool protection.
All species contributed equally to the CICES classes ‘maintaining nursery
populations and habitats (including gene pool protection)’ and ‘gamete
dispersal’. Additional ecosystem services, including supporting or in-
termediate services that are not identified in existing CICES 5.1 Regu-
lating Service classes, were identified from literature reviewed.
Contribution from all species were included for the supporting/inter-
mediate services ‘production’ and ‘biological diversity’. Although these
are not included specifically as CICES classes, the contribution from
diadromous species was identified to be important to assessment of
benefits and impacts from population change.

Lamprey species were also identified to contribute both negatively to
the CICES 5.1 class ‘biological control’ within river systems, in relation
to reducing health of host species and positively in acting as a predation
buffer to ‘biological control’, although confidence in application as a
beneficial ecosystem service was low (Table 5) (S2.2).

Expert workshop assessment of regulating and maintenance
ecosystem services

Workshop participant’s knowledge provided greater detail on the
number of diadromous species actively supporting regulating services in
European water bodies (Table 5). As well as the significant contribution
evidenced across peer reviewed literature for contribution of salmon to
nutrient cycling between marine and terrestrial habitats, expert elici-
tation identified the importance of contributions of trout, smelt, allis
shad, twaite shad, sea lamprey and eel across multiple European
catchments (Table 5) (S3). Where the literature review evidence had
moderate confidence scores for interaction of these species, due to
limited literature to base assessments on (Table 5) (S2.2), expert elici-
tation provides greater confidence in the contribution of these species to
regulating ecosystem services in European sites (Table 5) (S2.3). All
studied species were identified by expert workshop participants to
provide contributions to maintenance of nursery populations and hab-
itats (including gene pool protection), gamete supply and supporting/
intermediate services production and biological diversity (Table 5) (S3).

3.2.3. Cultural ecosystem services

All diadromous fish species considered in this review contributed to
the delivery of cultural services. The greatest evidence body was related
to recreational angling, within the CICES division: Physical and experi-
ential interactions with the natural environment (Table 5) (S2). Evidence
was available on all species contribution to the CICES class ‘traditional
ecological knowledge’ related to presence of historic fisheries and pro-
visioning services (Table 5) (52.3).

The largest variety of cultural ecosystem services related to
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diadromous species were associated with the CICES division ‘Intellectual
and representative interactions with natural environment’ (Table 5). Within
this CICES division, the presence of literature and studies related to all
reviewed species supported contribution to the CICES class ‘education
and training’ (Table 5) (S2). Evidence also supported contributions of all
species to ‘culture or heritage’. Greater ‘culture and heritage’ contri-
butions were associated with multiple studies supporting significant
contributions of salmon and lamprey across European locations to her-
itage fisheries, gastronomy festivals and mythology (Table 5) (52.3).
Also linked to the cultural importance of salmon and lamprey and
presence on national coins or city emblems were contributions to the
CICES classes ‘symbolic meaning’. Salmon were also linked to mythol-
ogy in at least one European location, thereby contributing to the CICES
class ‘sacred or religious meaning’ (S2.3).

Species that were evidenced as being viewed by nature watchers
such as salmon and trout on upstream migrations or in clear streams
were assessed to contribute to the CICES class ‘aesthetic experiences’
(Table 5) (S2.3). All species may be considered to have a low contri-
bution to provision of ‘aesthetic experiences’ but evidence in returned
literature was limited to specific species, potentially due to aesthetic
experiences being linked to wider environmental interaction or activ-
ities and not individual species.

All species were assessed to contribute to the CICES ecosystem ser-
vice classes ‘existence value’ and ‘bequest value’ related to importance
of contributions to other ecosystem services (Table 5) (S2).

Expert workshop assessment of cultural ecosystem services

Workshop participant’s knowledge indicated that recreational fish-
eries were present not just for salmon and sea trout as predominantly
suggested by the literature, but all species of diadromous fish and lam-
prey. Participant’s expert regional knowledge of European river systems
also highlighted the importance of diadromous species to local
gastronomy, and gastronomic festivals, especially eel and lamprey in
Spanish, Portuguese and French sites and eel in Spanish (Basque) and
Portuguese sites. In Spanish, Portuguese and French sites, experts with
regional knowledge identified a strong link between these diadromous
species and local identity, culture, traditions, art and folklore (Table 5)
(S3).

Recreational angling for multiple diadromous species in addition to
salmon and sea trout, as identified in reviewed literature, was identified
to be important in many European locations. Shad species were targeted
in Spanish, Portuguese, French and Irish sites. Sea lamprey and river
lamprey were suggested as angler targets in the River Mondego,
Portugal, and mullet and flounder were suggested as targeted in Spanish
(Basque), Portuguese and UK sites. Eel were identified as targeted in
Spanish (Basque) sites and recognised to form part of the recreational
angling catch in UK and Welsh rivers, even if not directly targeted and
are required to be released alive when caught (Table 5) (S3). Evidence
provided within the expert elicitation workshop greatly supported the
evidence base. From literature alone there was uncertainty, based on
low confidence scores (<3), for the assessed contribution of these spe-
cies to the CICES division: Physical and experiential interactions with the
natural environment (Table 5) (S2).

Multiple workshop participants, representing sites across Europe,
identified the importance of all diadromous species and particularly
salmon, shad and eel, to support education into migratory species
biology and connection between marine and freshwater systems
(Table 5).

4. Discussion

The combined matrix of reviewed evidence and local expert knowl-
edge for European sites enabled identification that diadromous species
contribute to a unique combination of ecosystem services. Due to species
movement between marine and freshwater habitats this combination of
ecosystem services cannot readily be replaced by non-diadromous spe-
cies. The matrix summarises evidence of moderate to high levels of

Ecosystem Services 64 (2023) 101559

contribution across a range of individual ecosystem services within the
CICES 5.1 framework, associated with each of the broader sections:
Provisioning, Regulation and Maintenance, and Cultural (Haines-Young
& Potschin 2018) (Table 5). However, the evidence provided by both the
literature review and the local expert knowledge workshop also iden-
tified that contributions in recent years to all ecosystem services have
reduced. Principally related to declines in populations due to anthro-
pogenic impacts. Adverse impacts include, but are not limited to
degradation of habitats, introduction of barriers to migration, pollution
and reduction of water quality and over fishing (Almeida et al., 2021;
Azeiteiro et al., 2021; Bjorkvik et al., 2020; Drouineau et al., 2018;
Limburg et al., 2003; Braga et al., 2022; Hammer, 2009).

Limitations were identifed in the opportunity to assess species -
ecosystem service contributions. Confidence in each assessmnet was
variable dependant upon the evidence available for each species -
ecosystem service interaction. Incorporating local expert knowledge
reduced evidence inequality, for instance, where a lower volume of
literature was returned by searches for certain species, or there was a
lack of European site specific literature for specific species - ecosystem
service interactions (Burdon et al., 2017). Inclusion of local expert
knowledge has, thereby, strengthened the evidence base and increased
confidence in the presence, and the importance of contributions of many
lesser studied diadromous species (Omeyer et al., 2023). For instance,
incorporating local expert knowledge enabled the identification of
culturally important commercial and recreational fisheries in European
regions for shad species, lamprey species, mullet, flounder and smelt.
Local experts raised the importance of diadromous species such as
lamprey in supporting culturally important gastronomic festivals and
events and significance of species to regional cultural identity. Expert
input from European sites also enabled greater confidence to be applied
to the transfer of evidence from other regions on regulating services
contributions from European diadromous species.

4.1. Application of the matrix

The matrix provides a tool that can support a wider discussion with
policy, the private sector and civil society of the full range of benefits
provided by diadromous species and the implications of their loss
(Burdon et al., 2017; IBPES, 2019). In line with international commit-
ments in biodiversity policy, the evidence provided in this review is
intended to aid species and habitat management decisions, impact as-
sessments from developments and wider policy decisions.

Used in combination with wider habitat and species condition and
distribution assessments, evidence on each species contribution to
ecosystem services can be applied to assess potential changes in benefits
associated with diadromous species, at scales of individual rivers and
across a species range. Ecosystem service contributions can, thereby, be
integrated with assessment and mapping of the state and distribution of
species and supporting habitats across each species European range, as
required by all Member States within the European Union’s Biodiversity
Strategy (EC, 2020). The evidence provided in the matrix can also be
applied to inform consideration of ecosystem services provided by
diadromous species and corresponding societal needs in management
and resource use decisions made under the UK Marine Strategy
(Department for Environment Food & Rural Affairs, 2019).

Reducing risk of loss of contributions to ecosystem services and
related benefits are integral considerations in Biodiversity (EC, 2020)
and Marine Strategies (Department for Environment Food & Rural Af-
fairs, 2019) that identify the importance of healthy functioning natural
environments and habitat and species assets to support flows of benefits
to the human system (Hodgson et al., 2020; IBPES, 2019). The matrix
provides a communication and discussion tool that acknowledges the
full range of assessed contributions from European diadromous fish
species, that may be positively or negatively impacted by given man-
agement or development decisions. The use of a matrix also facilitates
summary of detailed evidence, with associated confidence scoring, in a
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format that can be easily communicated between governments, the
private sector and civil society. Thereby, enabling evidence-informed
decisions and action at the local, national, regional and global levels
(Burdon et al., 2017; IBPES, 2019).

For instance, at a global level Nyboer et al. (2021) identified that
33%, of diadromous fishes were without protective measures and
associated conservation effort, despite their high vulnerability to envi-
ronmental and human pressures and cultural value. In light of this and in
a European context, the ecosystem services matrix can be used to evi-
dence the benefits from increasing protective measures for diadromous
fish populations, such as, restoration of habitats and removal of barriers.
Due to the transboundary range of many diadromous species and
contribution to benefits across marine, coastal and freshwater systems,
the matrix also provides evidence of the international benefits across
social-ecological systems, from enhancing trans-boundary protective
measures at a range of scales (Drouineau et al., 2018; Limburg and
Waldman, 2009; Podda et al., 2021; Waldman & Quinn, 2022).

Practical examples of application of the matrix approach

Hattam et al. (2021) and Jacobs et al., (2015) identify the matrix
approach has been established as one of the most popular ecosystem
service assessment methods available. As a tool, the approach allows for
rapid assessment of ecosystem service supply and/or demand for a
specific area from multiple habitats and, or species (Burkhard et al.,
2012). As such, results have been used to inform policy and the devel-
opment of management measures for target areas, such as, assessing
changes in ecosystem service supply and demand in response to land use
and cover change in the Yangtze river delta, China (Tao et al., 2018).
Matrices have also been applied to assess potential for ecosystem service
contribution within UK marine protected area (MPA) networks, related
to contribution of habitats and species designated as protected features
within individual MPAs (Potts et al., 2014) and to inform marine spatial
planning decisions (Depellegrin et al., 2017). Extension of existing
matrices to provide evidence on particular taxa such as seabirds has
increased the capacity of an integrated tool to support local and regional
assessment in marine planning (Burdon et al., 2017). At a European
level, the provision of an evidence base on key diadromous species ex-
tends this evidence base to better represent European marine and
freshwater biodiversity.

The evidence provided by the matrix approach has also been inte-
grated into risk registers to inform management and marine planning in
the UK. For instance, Rees et al. (2022) and Ashley et al., (2020) assessed
spatial interaction of marine and estuarine habitats and species with
environmental and anthropogenic pressures, to assess implications on
contributions to ecosystems services. By assessing when environmental
features within an ecosystem services matrix were adversely impacted.
This allowed for assessment of risk to delivery of benefits and so, iden-
tification of management priorities to reduce risk within UNESCO
Biosphere Reserves (Rees et al., 2022) and assessment of implications of
potential fisheries management scenarios within MPAs (Ashley et al.,
2020).

The reviewed evidence on contribution of diadromous species to
individual ecosystem services and associated reviewed valuation data is
also relevant as input to ecosystem service cascade models that identify
how biological resources drive the availability of ecosystem services and
their benefits to society (Haines-Young and Potschin, 2010a). Wor-
thington et al., (2020) have evidenced impact pathways for a cultural
ecosystem service (recreational angling) related to Atlantic salmon
population data, over multiple decades. This was achieved by displaying
that salmon population monitoring data and data on annual rod catches
and angling effort can provide data inputs across an ecosystem services
cascade model. The evidence supporting the matrix also highlights po-
tential indicators to assess contribution of salmon populations to other
ecosystem services. For instance, the flow of regulating services such as
nutrient inputs to freshwaters. From returning adult salmon populations
and means of assessing replacement costs, or costs of restoring habitats
and species, that are otherwise supported by returning salmon and
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related nutrient inputs (Enbom, 2015). The lack of monitoring and
available indicator data for multiple species and multiple ecosystem
services remains an issue. It is recognised that although methods are
identified from evidence for single species and case study locations,
biological and ecosystem service indicator and value data inputs are not
available for all regions and species (Worthington et al., 2020). Appling
evidence from an ecosystem services matrix, thereby, also provides a
scoping tool to identify other ecosystem services to prioritize data
collection at site specific scales to populate further cascade models.

Informing Water Framework Directive Catchment Management
Plans and actions under the EU Biodiversity Strategy for 2030

Catchment Management Plans are the primary tool with which EU
member states aim to achieve targets under The Water Framework
Directive 2000/60/EC, an EU directive which commits European Union
member states to achieve good status of water bodies. The Biodiversity
Strategy 2030 calls for efforts to restore freshwater ecosystems and the
natural functions that support the provision of ecosystem services. The
evidence supporting the matrix provides further benefit quantification
and economic valuation examples (S2), that can be applied to populate
ecosystem service cascade models, across multiple species and multiple
ecosystem services. As such, the evidence may inform a tool to inform
and support decisions in management plans that aim to undertake an
aggregated, multiple-species approach to restoration of natural hydro-
logical systems. For instance, the evidence base provides a scoping tool
to assess the ecosystem service benefits related to actions to achieve
Biodiversity Strategy 2030 targets, such as barrier removal.

Evidence within this review enables decision-makers to consider the
nature and value of trade-offs, especially the potential loss or gain of
flow of the benefits diadromous species populations contribute to.
Taking full account of the ecosystem services provided by all diadro-
mous species and resulting benefit and value will aid decisions makers to
make accurate trade-offs when faced with planning and landscape/
catchment-scape decisions (Gacutan, Galparsoro & Murillas-Maza,
2019; He et al., 2021; Worthington et al., 2020).

Assessing implications from pressures impacting species
populations

Multiple anthropogenic and environmental pressures are identified
to have already adversely impacted diadromous species populations
(Almeida et al., 2021; Azeiteiro et al., 2021; Bjorkvik et al., 2020;
Cheung et al., 2012; Drouineau et al., 2018; Limburg et al., 2003; Braga
etal., 2022; Hammer, 2009). Existing management plans might consider
a re-prioritization of an activity, such as hydropower production, if the
net loss of net economic benefits diadromous species contribute to
(fishing, angling, nutrient cycling etc.) were to be assessed more thor-
oughly (Morton et al., 2017). If not assessed and ecosystem-based
management is not adopted, species contributions to ecosystem ser-
vices are unlikely to be fully considered. In the case of pressures, such as,
creation of barriers to migration or loss of habitat, complete loss of
certain ecosystem service might result (Pope et al., 2016).

Diadromous species are especially vulnerable to broader environ-
mental pressures, such as climate change, due to life cycles that rely on
freshwater and marine habitats (Poulet et al., 2022).

Climate change is likely to influence habitat suitability for diadro-
mous species and lead to a latitudinal range shift in species distributions
(Barber-O’Malley et al., 2022; Perry et al., 2005). As such, climate
change has been identified as a threat to maintaining delivery of pro-
visioning services from diadromos species in Europe and globally for
over a decade (Cheung et al., 2012; Graham and Harrod, 2009). Pro-
jected population trends, modelled under 21st century climate scenarios
for allis shad and twaite shad in European Atlantic area catchments
suggested habitat suitability to increase for twaite shad but decrease for
allis shad (Barber-O’Malley et al., 2022). An increase in the rate of
annual variability for allis shad was also predicted in the southern part
of its (Atlantic Area) range (Barber-O’Malley et al., 2022). Allis shad
provide culturally important commercial and recreational fishing op-
portunities as well as acting as important nutrient vectors between
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marine and freshwater habitats across their European range (Poulet
et al., 2022). The flow of benefits and associated values from the
ecosystem services these species contribute to will, thereby, change as
habitat suitability changes for these species.

Combining monitoring of predicted population changes and biolog-
ical data with collection of data on flow of ecosystem service use and
related value, as identified in the evidence review, across catchments
will aid managers and decision makers, as well as local communities and
resource users to mitigate impacts of climate change and other pressures
(ICES, 2020; Worthington et al., 2020). Interpreting projected popula-
tion trends, in combination with assessed contribution of species to each
ecosystem service, will enable early mitigation for impacted commu-
nities, where projections suggest a decline in species abundance in a
region, or identification of benefits where an increase is likely to occur.

4.2. Benefits and limitations of application of the matrix approach

Existing practical examples have displayed the benefits of a matrix
approach identified by Burkhard et al., (2012) to provide efficient, rapid
assessment of ecosystem service supply within a location. However, the
need for the most accurate evidence possible raises the limitations in
evidence supporting the matrix, either that derived from expert work-
shops or literature review (Burkhard et al., 2012; Jacobs et al., 2015).
When revisiting the matrix approach, Jacobs et al., (2015) and Cam-
pagne et al., (2020) highlight it is important to interpret matrix results in
association with supporting evidence and confidence scores for each
assessment. For instance, there may be a limited number of studies
directly applied to certain species - ecosystem service interactions, or
limited agreement to support evidence bases from reviewed literature,
which result in the interpretation that they are not present. Likewise,
reliance on expert judgement may produce unacknowledged or hard-to-
quantify uncertainties (Hou et al., 2013). By combining evidence from
literature review with local expert knowledge, this study aimed to
reduce these limitations. However, interpretation of results still needs to
be mindful of these challenges. As such, the matrix provides an efficient
tool to highlight implications to ecosystem service supply from man-
agement or species distribution changes, and is intended to provide a
tool to aid communication and assessment at a scoping phase, to guide
detailed site assessment, data gathering and monitoring.

Although confidence scoring and reviewed evidence are provided to
support the matrix tool, it is acknowledge this could be improved. Evi-
dence provided within workshops gathering local expert knowledge
would benefit from a separate confidence score, based on judgement by
workshop participants, relative to the evidence across species -
ecosystem service interactions being provided. Evidence provided by
peer reviewed and grey literature would benefit from greater weight
attributed to study quality in terms of study design and relevance of the
study (summarised in S1, Table S1), irrespective of publication source.
Thereby, increasing confidence associated with evidence from rigorous
studies provided by grey literature (Pullin & Stewart, 2006).

4.3. Conclusions and future research

Specific evidence gaps identified within this review require
addressing, to ensure all diadromous species contributions to ecosystem
services are assessed in impact assessments. In particular, the implica-
tions of ecosystem services losess or gains in relation to change in
population distributions, under anthropogenic and environmental
pressures. For example, despite a wealth of studies on salmon pop-
ulations in relation to nutrient cycling, there is a geographical bias to
North America and a limited evidence base for other diadromous spe-
cies, including species that have a high mortality rate after spawning and
those that make repeated journeys, between marine and terrestrial
systems. Poulet et al. (2022) also identified differences between the
delivery of nutrient subsidies between marine and freshwater habitats
by allis shad in European sites compared to North American studies.
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Thereby, suggesting region specific research is required to improve the
evidence base supporting assessment of levels of contribution to regu-
lating ecosystem services for a given site.

Availability of ecosystem services and associated wellbeing benefits
are dynamic over space and time (Blythe et al., 2020). Diadromous
species interact with multiple habitats and geographic regions and
provide benefits across their range. However, almost all the reviewed
papers measured ecosystem services at a single point in time and space,
potentially under-assessing benefits provided, or under-assessing the
multiple locations that may be impacted by poor management in one
region, or distribution changes within climate change scenarios. Local
benefits related to diadromous species often depend on the state of
habitat and populations in other regions. To this respect, studies are
required to identify ecological linkages between multiple areas, within a
diadromous species range. Likewise, it is important to consider contri-
bution of diadromous species to ecosystem services across multiple lo-
cations within their range, to support trans-boundary management
strategies. For instance, Semmens et al. (2011) combined population
models for salmon species with economic valuation of ocean and river
sport and commercial fisheries, across Pacific North America, to identify
how one ocean or river location supports benefits at another location.

The challenge of empirical knowledge integration in decision-
making processes also remains. Few reviewed studies involved local
expert knowledge and resource user input in ecosystem service identi-
fication and monetary assessments. Drakou et al., (2017) recognised that
existing application of ecosystem service assessments were limited by
lack of shared understanding of the ecosystem service concept, and lack
of integrating resource users and wider stakeholder in the process.
Leading to subsequent limitations accounting for social-ecological sys-
tems. Hattam et al. (2015) remarks that not all experts are familiar with
the ecosystem service terminology, which implies the necessity of
making an additional effort, and improving communication approaches
to fully involve them. In this study we display the potential of incor-
porating local expert knowledge at an early stage. Workshop processes
and collaborative partnership provided familiarisation of regional rep-
resentatives with the concepts, frameworks and terminology within
ecosystem service assessments, to support future adaptation of social-
ecological system approaches to ecosystem based management (Bur-
don et al., 2017; Hattam et al., 2015). Local expert knowledge also
addressed evidence gaps and increased confidence in matrix assessments
and application within European sites.

The current literature displays a bias towards studies of flagship
species such as salmon, whereas the inclusion of local expert knowledge
highlighted the importance of all diadromous species to provision of
ecosystem services at a continental scale. Inclusion of local expert
knowledge, thereby, ensures full recognition of the diversity of species
present within a site and the combined contribution to ecosystem ser-
vices. The evidence presented within a simplified matrix approach also
provides communication tools including spatial mapping of matrix
outputs or graphics for engagement with stakeholders, such as local
resource users and general public, on the positive implications of man-
agement benefitting diadromous species (Burdon et al., 2017). Where
once, the wider implications of benefits to flow of ecosystem service
benefits from responsible management decisions were not considered,
the matrix approach provides a tool to raise awareness of their relevance
and importance (Daily 1997; Burkhard et al., 2012). The matrix pro-
vided, extends the evidence base that can be rapidly shared, commu-
nicated and discussed with relevant interested parties and decision
makers, to ensure wider implications of decisions are considered and
biodiversity and marine and freshwater planning policy targets are met.
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