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ARTICLE INFO ABSTRACT

Keywords: The once abundant European eel (Anguilla anguilla) is currently classified as a Critically Endan-
Europ?an eeI. gered species by the International Union for Conservation of Nature. Although both the European
Delphi technique Union (through the 2007 Eel Regulation) and its member states have implemented various
Conservation . . - . . . .
Policy conservation actions, many uncertainties remain regarding the actual and anticipated effective-
Management ness of these measures. This study aimed to identify and prioritise the conservation and recovery

measures for the European eel, using the expert-based Delphi technique. We conducted a two-
round Delphi survey on eel conservation measures (these measures were derived from an
extensive review of the peer-reviewed literature). The findings highlight the need for establishing
a pan-European eel recruitment monitoring programme (to obtain reliable eel population esti-
mates), restoring access to suitable inland habitats by removing migration barriers and improving
habitat quality. Experts also emphasized the necessity for a more stringent silver eel escapement
target and stronger enforcement of this target. While restocking of eel remains a contentious
issue, a set of preconditions could render it conditionally acceptable. This study offers important
insights into the areas of consensus and divergence among eel experts in the challenging field of
eel conservation. We hope these results strengthen eel management decision-making such that
this Critically Endangered species does not become a museum specimen for future generations.

1. Introduction

The European eel (Anguilla anguilla) has been listed as a Critically Endangered species on the IUCN Red List of Threatened Species
since 2008 (Pike et al., 2020). It is a widely distributed species found in most coastal countries of Europe and North Africa during its
continental life phase, with its northern distribution limit in the Barents Sea (72°N) and its southern limit in Morocco (30°N), spanning
the entire Mediterranean basin (van Ginneken, Maes, 2005; see map in Fig. 1 in Righton et al., 2025 for distribution of the species). The
species is considered semelparous and panmictic (Als et al., 2011) and undergoes transformation through distinct life stages (egg;
leptocephalus larva; glass, yellow and silver eel, respectively).

European eels have a complex life cycle, including spawning migration to the Sargasso Sea and migration to coastal- and freshwater
areas for growth (van Ginneken, Maes, 2005). The growth stage is known as yellow eel and it may occur in marine, brackish, tran-
sitional, or freshwater zones (ICES, 2024). The yellow eel stage may last anywhere between two to 25 years, but can exceed 50 years,
prior to development into the silver eel stage, maturation and spawning migration (ICES, 2024). Some individuals exhibit facultative
catadromy, never migrating to freshwater during their growth phase (Tzeng et al., 2000). Although artificial reproduction is possible,
the life cycle of European eel has not yet been completed in captivity (Sgrensen et al., 2016). Consequently, eel aquaculture production
relies entirely on a supply of wild-caught glass eels (Podda et al., 2021).

The European eel has been closely intertwined with human populations in Europe and the Mediterranean basin, as evidenced by
archaeological and palaeontological records (Kettle et al., 2008). Eels have been a significant food source since the Mesolithic period
(Robson et al., 2013), and were an important fishery resource for the ancient Greeks and Romans (Cataudella et al., 2015; Ganias et al.,
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2017). Eels were also traded towards northern Europe (Van Neer and Lentacker, 1994) and the Middle East (De Grossi Mazzorin,
2000).

Since the late 1800s, traditional local eel fisheries have expanded with the introduction of new fishing areas, methods, and markets
(Dekker, 2019). During the same period, concerns about stock abundance prompted proposals to facilitate migration in inland waters
and implementation of restocking schemes (Dekker, 2019). Since the early 1980s, however, the abundance of glass eels arriving in
continental waters drastically declined, reaching a historical low in 2011. Unfortunately, the abundance has not recovered since then.
Recruitment of glass eels in the North Sea index area was 1.1% of its 1960-1979 levels in 2024 and 0.5% in 2023 (ICES, 2024).
Similarly, the yellow eel recruitment index in 2023 was only 11.4% of the 1960-1979 geometric mean (ICES, 2024). Commercial
landings, which were around 10,000 tonnes in the 1960s, had dropped to 2028 tonnes by 2022 (ICES, 2023).

Over the last 30 years, a debate has emerged regarding the measures necessary to protect the European eel stock and ensure its
recovery, while maintaining its use by commercial and recreational fisheries (ICES, 2023). Due to its wide distribution range and
panmixia, the European eel population is a shared resource, exploited at all life stages across Europe and North Africa (Hanel et al.,
2019). The species is impacted by a range of anthropogenic and oceanic factors (Feunteun, 2002; Bevacqua et al., 2015; Jacoby et al.,
2015). The intensity of fishing on each life stage varies greatly depending on region and catchment (Nielsen and Prouzet, 2008), as well
as cultural fishing and consumption patterns (Dekker, 2003). This poses a challenge to the identification of a framework for its pro-
tection, and of measures that allow the recovery of this iconic species.

In 2007, the European Union (EU) adopted Regulation (EC) n° 1100/2007 (hereafter referred to as the “Eel Regulation™), which
directs EU member states to develop and implement eel management plans aimed at stock recovery (EU, 2007). The Eel Regulation
obliges EU member states to reduce anthropogenic mortality such that at least 40% of the silver eel biomass that would have existed in
the absence of human impacts, escapes to the sea. Efforts specific to the Mediterranean region have led to the adoption of Recom-
mendation GFCM/42/2018/1 and Recommendation GFCM/46/2023/16, which outline a long-term management plan for European
eel in the Mediterranean Sea. In addition, EU member states are required to regularly collect information on stock parameters,
landings, restocking, and time-series (ICES, 2024). However, there are differences in the way the data is collected by different
countries. Furthermore, some regions suffer from poor data quality and a lack of monitoring (ICES, 2024).

Despite emerging regulations and stock assessment methods, responding to the plight of the European eel requires expert input
from across the species extensive geographic range. Though spatial modelling approaches may surmount some stock assessment
challenges (Charsley et al., 2023, ICES, 2023), effective conservation still requires detailed knowledge of the specific threats to the
species and the identification of effective measures to mitigate or remediate them. Our current understanding of these impacts remains
fragmented and there is a lack of cumulative or broader scale assessments on the European eel (but see Righton et al., 2021 for all
anguillid eels). Given the vast diversity of eel conservation measures in the literature (including those in the Eel Regulation) with each
having a merit of its own, it can be difficult to identify priority measures for eel recovery and conservation without broader expert
engagement.

The aim of this study is to initiate a wider discussion on the areas of consensus (or dissensus) among eel experts regarding the
conservation and management of the European eel, focusing on the impacts, ongoing efforts, and their effectiveness. Thus, the ob-
jectives of this study are to:
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Fig. 1. Distribution of nationalities of the participants from Round 1 of the Delphi technique.
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o identify priority conservation topics for the European eel based on a thorough review of the literature;

e identify key monitoring and assessment challenges, knowledge gaps, and points of consensus based on expert knowledge on the
European eel;

e prioritise European eel conservation measures suggested in the literature based on expert knowledge and deliberation.

2. Methods

We used a two-pronged approach for this study comprising (i) a literature review and (ii) an expert-based Delphi technique
(Mukherjee et al., 2015). The literature review was used to develop the evidence base for this project and the Delphi survey. Spe-
cifically, it aimed to identify the main management measures presented in the literature to conserve the European eel and to identify
key authors (hereafter referred to as ‘experts’) engaged in research on the European eel. In Delphi technique-based studies, it is
common to include an outgroup of experts to mitigate biases. Accordingly, experts working on the American eel (Anguilla rostrata)
were included. The American eel shares the same spawning area and faces conservation threats and stock assessment challenges
similar to the European eel (Cairns et al., 2022). Thus, studies on A. rostrata were included in the literature review.

The literature review was followed by a Delphi survey (Mukherjee et al., 2015) designed to identify priority topics in European eel
conservation, including challenges in monitoring and assessment. The Delphi technique is an anonymous consensus-building quali-
tative method for expert elicitation (Mukherjee et al., 2015). It consists of iterative rounds of structured questions that need to be
answered by expert respondents individually. After each round, an anonymized synthesis of all responses is sent to the respondents,
allowing participants to reflect on the perspectives of their peers. The Delphi technique is useful for decision making as it is relatively
free from a range of psychological biases which routinely plague other expert-based techniques (such as “Ego effect” or “Groupthink™).
It allows experts from different geographic locations to participate in a safe (and anonymous) setting without the undue influence of
power (e.g., dominance effect) (Mukherjee et al., 2015). It is especially useful when potentially conflicting interests need to be
addressed simultaneously. Unlike traditional surveys, the Delphi technique does not require a representative sample as it is based on
expert knowledge. Reported sample sizes in published studies range from 2 to 58 participants (Mukherjee et al., 2018).

2.1. Literature review

In order to develop a holistic understanding of European eel conservation and recovery, we conducted a comprehensive review of
the peer reviewed literature. We trialled different combinations of keywords (see Supplementary Information [SI], Annex 1). Given the
vast volume of literature, the search for peer-reviewed articles and reviews was limited to the last 10 years (2012-2022), following
common practice in Delphi-based studies (e.g. Donfrancesco et al., 2019). The searches were conducted in the Web of Science and
Scopus databases on 14 October 2022. The resulting list of publications was collated using EndNote, and duplicates of articles were
removed using the “de-duplication method” described by Bramer et al., (2016).

The list of publications was screened for relevance to European eel recovery, conservation and management. Four researchers
independently screened the titles and abstracts using the online platform Rayyan.ai (Ouzzani et al., 2016). Any differences in inter-
pretation regarding the relevance of publications were resolved through discussion until consensus was achieved (see SI, Annex 2 for
exclusion criteria).

The resulting relevant articles were used to identify firstly the experts for the Delphi survey and secondly the measures relevant to
European eel recovery. A thematic analysis yielded 33 recovery measures, which were subsequently formulated into 33 statements
following several rounds of deliberation (see Annexes 4 and 5).

2.2. Expert-based approach: the Delphi technique

The Delphi technique consisted of two rounds. The first round was a mix of open-ended and closed-ended questions while the
second round consisted entirely of closed-ended questions. In each round, respondents were asked to score each statement on a scale of
1 (totally disagree) to 7 (totally agree).

(i) Selection of experts
Experts were identified through the screening of the literature following established practice in Delphi studies (Mukherjee
et al., 2015). The preliminary expert list was cross-checked by the advisory group (which included a member of the Joint
EIFAAC/ICES/GFCM Working Group on Eels (WGEEL) responsible for the annual stock assessment for the European eel) to
ensure that no key experts were omitted. A total of 295 experts were invited to participate in the Delphi technique for Round 1.
Participation in the Delphi process was voluntary, with experts effectively self-selecting by responding to the first-round
invitation.
(i) Round 1
In the first round (henceforth R1), we asked experts to identify their country of affiliation, academic disciplines, the
geographic region of their research and the number of years of experience in eel research (see Annex 3 for the full questionnaire
in SI). Experts were also asked to identify the main challenges to eel monitoring and assessment as well as the most robust
method for eel stock assessment. This was followed by the evaluation of 33 eel conservation and recovery statements. The
survey was kept open from 1st to 20th March, 2023 with a reminder being sent on 14 March, 2023.
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In the second round (henceforth R2), the experts who had completed R1 were invited to re-rank the 33 statements in light of
the anonymized feedback from R1. In addition, as opinions diverged on restocking, several additional statements on this topic

were included (Annex 4 in SI):

In R2, respondents were also asked to indicate their confidence in each response alongside their scores for each statement. The
R2 survey was open from 6 July to 25 August 2023. Spearman correlation was calculated to assess consistency between rounds.

Data analysis was conducted in R version 4.3 (Team, R. Core, 2024).
3. Results

3.1. Literature search

The literature search resulted in 944 unique peer reviewed articles (after removing 507 duplicates). The screening resulted in 206
relevant abstracts which were used to identify eel experts and the thirty-three eel conservation and recovery statements for the Delphi

Table 1

Ranking of statements by experts in R1 and R2 of the Delphi technique based on average scores for each statement. The ranking is ordered
according to the average scores (from high to low, with score 1 indicating: totally disagree, to score 7 indicating: totally agree) from Round 2 of the

Delphi survey.

Statements mean mean Rank Rank
R1 R2 R1 R2

A Europe-wide eel recruitment monitoring scheme is required. 6.14 6.53 33 33

Wetland destruction and loss of habitat quality plays a major role in European eel decline. 5.45 6.44 30 32

The loss of upstream habitat availability due to obstacles in watercourses plays a major role in European eel 5.49 6.23 31 31
decline.

Climate change creates additional threats to eels. This means eel managers should follow a precautionary 5.55 6.19 32 30
approach, to minimise additional (cumulative) negative effects on eel conservation.

Common stock assessment methods should be designed and applied across the whole range of the European eel. 5.40 6.14 29 29

Acoustic telemetry (hydrophones) is a good method to assess migration behaviour of silver eels. 5.02 6.11 27 28

River rehabilitation (e.g. re-meandering) is an effective measure for eel conservation. 4.55 6.05 24 27

Satisfactory implementation of European environmental directives (such as the Water Framework Directive) 5.14 6.03 28 26
would contribute to solving pollution and connectivity issues affecting eels.

In case restocking of eels is used, it is advised to restock with wild-caught glass eels. 4.69 5.85 26 25

Shutting down hydro power plant turbines at night is an effective measure to help reduce eel mortality. 4.49 5.54 22 24

Restocking eels to some upstream freshwater environments is a futile measure. Better escapement is achieved in ~ 4.25 5.43 20 23
restocking eels to coastal waters or undammed freshwater systems with a direct connection to the sea.

The integrated management of water level control structures and abstraction rates is an effective way to minimise ~ 4.03 5.42 19 22
eel entrainment and delay.

Limited opening of tidal barriers during tidal rise is an effective measure to improve upstream glass eel migration,  3.85 5.40 17 21
without significant intrusion of saltwater.

Allowing -regulated- eel fisheries to continue is an effective way to ensure societal support for eel stock recovery,  4.42 5.33 21 20
as it maintains the cultural linkages between humans and eels.

Even if stocking could increase the number of eels escaping to the sea, there is no indication these eels contribute ~ 4.62 4.95 25 19
to the spawning biomass.

Using selective and appropriate fishing gear (e.g. large J hooks) to reduce deep hooking and the catch of 3.60 4.79 14 18
undersized eel is an effective way to avoid unwanted eel mortality.

"Maximum anthropogenic mortality" would be a better management objective than the 40% escapement 3.74 4.77 16 17
management objective.

A total closure of eel fisheries should be implemented across Europe. 4.54 4.67 23 16

Fish return systems at nuclear power plants are effective in reducing eel mortality. 3.28 4.40 7 15

Stocking of yellow eels that have matured from glass eels in captivity leads to anthropogenic spreading of viruses ~ 3.98 4.33 18 14
(such as Anguillid Herpesvirus 1 AngHV1), and should hence be avoided.

Illegal fishing is likely to cause larger fishing mortality on eels compared to legal fishing in Europe. 3.62 4.29 15 13

Motion-activated eel ladder camera (ELC) works just as well as a monitoring tool as physical methods. 3.37 4.25 9.5 12

Installing fish passages is not effective. Only removing all obstacles to eel migration will significantly increase 3.51 4.03 11 11
habitat connectivity for eels. (Please qualify your response based on downstream...

Aquaculture is a threat to eel population recovery as it creates more incentives for fishing. 3.57 3.91 13 10

Guiding eels through passages by way of facilitating technology (e.g. light (LED) adjustment; electrified 3.37 3.84 9.5 9
horizontal bar rack bypass systems; infrasound deterrents) is an effective way to reduce eel mortality.

Trap & transport (T&T) of landlocked eels beyond obstacles is a cost-effective eel conservation measure. 3.54 3.69 12 8

Restocking of glass eels is an effective measure for eel conservation. 3.32 3.61 8 7

As eels are bottom dwellers, only deep bypass structures with entrances near the bottom increase eel passage 3.11 3.48 5 6
effectiveness.

Defining minimum landing size (MLS) is an effective measure for eel conservation. 2.57 3.45 1 5

Currently available fisheries data are reliable to inform eel management and conservation. 3.17 3.29 6 4

Liming of freshwater habitats increases eel abundance. 2.69 3.27 2 3

Fishing has a limited impact on silver eel escapement from the Baltic Sea. 2.80 3.11 3 2

Limiting the number of eel predators, like seals and cormorants, is an effective measure for eel conservation. 3.08 2.98 4 1
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technique.

3.2. Delphi technique

Of the 295 researchers invited, 65 participated in R1 (22% response rate). Of the 65 participants in R1, 45 participated in R2 (69%).
Collectively, respondents had worked on a wide range of topics relating to the European eel across the species’ global distribution
(Annex 5). Fig. 1 provides an overview of the nationalities of R1 respondents (Fig. 1). The nationality of the respondents included
Sweden, United Kingdom, Spain, France, Canada, Germany, Finland, Estonia, Italy, the Czech Republic, The Netherlands, Belgium,
USA, Lithuania, Portugal, Ireland, New Zealand and Austria (Fig. 1). The majority of respondents stated that they had a disciplinary
background in environmental sciences and ecology. The respondents had a median of 15.35 years (range 2-53 years) of research
experience on eels.

3.2.1. Prioritisation of eel conservation and management measures

The Delphi survey identified priority measures for European eel conservation based on expert evaluations across two rounds. The
highest average score was assigned to implementing a Europe-wide eel recruitment monitoring scheme, followed by addressing the
loss of habitat quality and availability (Table 1). Reducing migration obstacles in inland waters and mitigating the impacts of climate
change also received high average scores. Most experts acknowledged the existence of a regulated eel fishery, but opinions diverged.
Some supported maintaining small-scale fisheries for socio-economic, cultural, and stewardship reasons, while others questioned
whether such arguments justify continued fishing given the species’ critical status. By contrast, liming of freshwater habitats and
limiting the number of eel predators (seals, cormorants) had some of the lowest scores and were therefore rated as lower priorities by
most experts. Overall, there was a significant correlation in the responses between the rounds (Spearman’s correlation, rho=0.94,
p < 0.001). The consensus increased from R1 to R2. The mean score and rank of each statement in both rounds can be found in Table 1.

3.2.2. Main challenges in eel monitoring and assessment

There was strong consensus among experts that the most pressing challenge for eel conservation and management is the need to
improve monitoring and assessment methods and to have a consistent Europe wide recruitment monitoring scheme. Ideally, stock
assessment estimates should be differentiated by river basins as well as by age categories and life history stages. The general difficulty
of observing and detecting eels was identified as a major challenge to assess eel population according to life history stages. The lack of
international coordination and strategic planning for monitoring and stock assessment, as well as the lack of standardisation and
harmonisation of eel data collection and analysis methods were also identified as challenges (e.g. sampling station selection and
sampling equipment needs to be better defined and standardised). Related to this, respondents mentioned the need for improved
reporting to the EU and the International Council for the Exploration of the Sea (ICES). Non-fishery impacts such as habitat loss,
hydropower, migration obstacles were considered difficult to quantify for stock assessment purposes. Several experts further high-
lighted the lack of funding and political commitment as persistent barriers to effective monitoring and assessment.

The need for long-term, consistent eel monitoring was strongly emphasised, as such data enabled time series analyses. Next to the
current indicator of silver (adult) eel escapement to the sea, additional metrics are suggested such as the age of migrating adults (i.e.
generation time or length), the prevalence of Anguillicola crassus (a parasitic nematode worm) among eels, the eel population sex ratio,
contaminant loads, and the impacts of climate change. A. crassus is a swim bladder parasite, that naturally occurs in the Japanese eel
and was probably introduced into Europe in the early 1980s, through imports of live eels from Taiwan (Koops and Hartmann, 1989).
The extent to which this parasite has contributed to the decline of the European eel remains uncertain.

3.2.3. Best method for eel sampling and stock assessment

Experts provided a range of recommendations regarding suitable methods for eel sampling and stock assessment. Suggested
sampling methods included: mark recapture studies, electrofishing, eDNA collection, fyke-net surveys in rearing habitat (ideally
combined with otolith sampling for age analysis), chemical analysis of otoliths to identify individual life history traits, and telemetry
(which consists of applying electronic tags to eels to study their behaviour and/or migration). Suggested assessment methods included:
spatial modelling, scenario-based modelling, analysis of time series of glass eel recruitment, mortality estimates, habitat-based
catchment models, and trend-based assessments of eel recruitment. A differentiation of sampling methods by life stage was also
proposed.

3.2.4. Pollution

Experts were asked to identify the three pollutants they considered to have the greatest negative effect on eel spawner quality,
based on a predefined list of seven pollutants compiled from the literature: - Heavy metals, Fipronil, Cocaine, PCBs, Toxic textile dyes,
Flame retardants (PBDEs), PAHs and Tributyl phosphate. Heavy metals, PCBs and flame retardants (PBDEs) were the most frequently
selected pollutants. One expert highlighted the risks posed by lipophilic contaminants:

Q1: “The highly lipophilic contaminants such as PCBs and PBDEs may accumulate in fat stores of yellow eels prior to silvering and will
not be eliminated during migration. In fact, they may be mobilized and affect reproduction and the offspring. A strong correlation has
also been found between heavy metals and a reduced condition of eels.”

In addition to PCBs, the impact of cocaine was also noted by some of the respondents:
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Q2: “The high concentration of cocaine present in some rivers causes the loss of orientation of the species. Also, it turns out to be more
vulnerable to predators. PCBs cause endocrine problems that interfere with reproduction.”

Most experts emphasised that further research is urgently needed in this area:
Q3: “This is highly under discussion. Needs further studies on eel quality and survival to spawning areas.”

Q4: “In order to truly investigate this question, we would need to know the effects on fitness (reproduction and offspring survival), which
currently cannot be done.”

The experts also noted the following pollutants which were not mentioned in the list: a) Substituted diphenylamines: these have
been found in very high concentrations in eels and have a high fish toxicity; b) DDT, c¢) HCB, d) Bisphenol A, e) Dioxins/furans, f)
Anxiolytic and psychiatric drugs frequently detected in wastewater treatment plant effluents.

3.2.5. Escapement target

Experts were asked whether the 40% escapement target set by the Eel regulation in 2007 was sufficient for eel stock recovery, or
whether a different escapement percentage should be adopted. There were a range of opinions on this topic. Most respondents sug-
gested a higher target (ranging from 50% to 100%) noting that many silver eels do not survive migration. One expert commented:

Q5 “In general, while the eel stock status is as poor as it is the target should be as indicated by WGEEL: all anthropogenic mortality 0. If
the signs of recovery via improved recruitment appears the targets should be re-evaluated, and set accordingly to support recovery.”

Other experts commented on the challenges in implementing the existing target:

Q6 “We haven’t seen countries reduce mortality and increase escapement enough to see an effect. The lack of a time scale is also a
hindrance. We need a timescale and hard actions to demonstrate compliance with the EU regulation.”

3.2.6. Restocking conditions

An additional question on restocking was included in R2 to understand which conditions should be met in order to make restocking
better aligned with eel population recovery. Among respondents, there was agreement on most of the hypothetical conditions for
restocking with “restocking should be performed in eel habitats where there is a high probability of escapement” (88%) and restocking being
done from “donor areas with a demonstrable surplus of arriving glass eels” (81%) being ranked the highest (Fig. 2). Respondents showed a

Performed in eel habitats with escpmt
Performance of restocked eels
Biosecurity risk should be negligible
There should be a surplus

Should not cause major shifts in prey
Help achieve bm escapement targets

No disruption to migration behaviour
Transport mortality lower than the natural
mortality

All 8 conditions need to be met

100 50 0 25 50 75 100
Percentage Mean confidence score
+ standard deviation
Response | disagree even if the condition is met I do not know . | agree if the condition is met

Fig. 2. Left: Responses to the conditions for successful eel restocking in R2 of the Delphi technique. Right: Mean confidence score for each of the
conditions. [Full list of labels: S1: For restocking to be acceptable, restocking should be performed in eel habitats where there is a high probability of
escapement (i.e. no significant barriers that impede migration, no fishery or hydropower, or polluted areas). S2: For restocking to be acceptable, the
performance of restocked eels in terms of survival, growth, navigation and reproductive fitness should be similar to those of naturally recruited eels.
S3: For restocking to be acceptable, the biosecurity risk (e.g. spreading of disease and/or parasites) of harvesting and restocking glass eels should be
negligible. S4: For restocking to be acceptable, there should be a demonstrable surplus (recruitment above the carrying capacity of the system) of
arriving glass eels in the donor areas. (A “surplus” is defined as the proportion of the glass eel population in the donor areas which can be safely
harvested without endangering the escapement targets). S5: For restocking to be acceptable, restocking should not cause major shifts in prey
abundance and other aquatic biota at both donor and release site. S6: For restocking to be acceptable, restocking should help achieve biomass
escapement targets (like the 40 % target of the European eel regulation) in receiving countries without jeopardising escapement in donor countries
such as France and Spain. S7: For restocking to be acceptable, the movement of eels from the eel donor basin to the recipient basin should not
disrupt their migration behaviour. S8: For restocking to be acceptable, mortality during harvest, transport, quarantine and releasing of glass eels
should be lower than the natural mortality which glass eels would have experienced if they were allowed to stay, during the same period, in the
waters they were naturally recruited. S9: For restocking to be acceptable, all 8 above mentioned conditions need to be met.].
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relatively high degree of consensus on each of the individual conditions for restocking. Disagreement arose, however, on the question
of whether or not all eight conditions needed to be met. Only 28% percent of respondents considered meeting all eight conditions
essential.

4. Discussion

Our study identified 33 eel conservation and management-related measures through a literature review and identified priority
topics for eel conservation based on collective expert knowledge. While numerical data on the European eel stock is regularly collated
by the ICES Working Group on Eel (WGEEL) and individual country reports submitted to ICES, this is the first Delphi study to engage
with eel experts across the global distribution of the species to prioritise conservation and management measures of this panmictic
species. The systematic, stepwise collection of expert knowledge by way of a Delphi approach sheds light on the convergence and
divergence of international expert opinions on specific eel conservation and management measures. The results highlight the breadth
of views across measures and allow readers to explore these differences in detail (as shown in Table 1).

The experts highlighted the need for a Europe-wide eel recruitment monitoring scheme to improve understanding of the impact of
conservation interventions. Existing methods include methods to track the silver eel escapement limits (e.g. the 40% target of silver eel
biomass according to the Eel Regulation), management targets for individual rivers, river basins, River Basin Districts, eel management
units and nations, and for assessing compliance of current escapement with these limits/targets. Current WGEEL reports note that these
methods require various permutations of data on e.g. landings, recruitment length/age structure, abundance (as biomass and/or
density) or restocking for estimating silver eel biomass, fishing and other anthropogenic mortality rates. However, there is a lack of
standardised, consistent and cost-effective methodological approaches to quantify all life stages of the eel across its range according to
the experts in this study. Experts also note that time series data, though present, is fragmented across different countries. Assessment
and (recruitment) monitoring of eel populations are therefore considered central to eel management, consistent with the conclusions of
Righton et al. (2021).

The other highly ranked topics were addressing the loss of habitat quality and availability. The relative contribution of habitat
(quality) loss is harder to pinpoint and to quantify, due to the complexity in measuring mortality for a migrating species and the
multiplicity of synergistic effects. Despite documented phenotypic plasticity in habitat use (Arai et al., 2006), the overall loss of eel
habitat and degradation of habitat quality is expected to heavily reduce their natural range (Feunteun, 2002; Jacoby et al., 2015). The
WGEEL has recommended shifting focus to “eel management units” (EMUs), but confusion persists regarding definitions, which vary
from river basin districts (as per the Water Framework Directive) to national or regional management units (e.g., Sweden and Tunisia
respectively).

The experts identified that habitat availability issues can be reduced by removing or remediating barriers to fish movement, such as
dams, weirs, and road-culverts. This suggestion to reduce barriers to fish movement has also been highlighted in several country
reports (UK, Belgium, Sweden, Denmark, The Netherlands, and Lithuania) (WGEEL, 2024). Eels can also be trapped and die in turbines
and pumps associated with larger dams. River rehabilitation to restore free flow and habitat connectivity, wetland protection, and
reduced contamination loads were considered to be important by the experts in this study. Effective implementation of EU environ-
mental directives could support these efforts. Research indicates that prioritising high-impact habitat restoration sites is critical for
conservation and recovery of eels (Degerman et al., 2019). This re-emphasizes the need for long-term, site-specific monitoring of eel
abundance and behaviour to identify high-priority river stretches and wetlands. The contribution of hydropower plant mortality to
European eel decline was highlighted by the experts in this study and has also been mentioned in the literature (e.g., by Baker et al.,
2020; Halvorsen et al., 2020).

The cross-cutting effects of climate change motivated the respondents to broadly agree on a precautionary approach to eel con-
servation that accounts for synergistic and poorly understood impacts on eel survival. This is in line with the review of Drouineau et al.,
(2018), who concluded that climate change effects exceed the adaptive capacity of eels. Climate change has also been highlighted in
the country reports and ICES reports for the last decade (WGEEL, 2024). A recent study in Turkey by Mestav et al., (2024) identified the
potential predictors of future climate change effects on eel distribution patterns (based on catch data from 1967 to 2020). Future eel
conservation measures should consider local habitat characteristics and climate variability throughout the entire range of the species
(WGEEL, 2024).

Restocking is currently listed as a possible management option beside others in the European eel regulation (EU, 2007). However,
restocking of eel is subject to controversy (ICES, 2021). The restocking issue was illustrated by quotes from respondents in this study
criticising current restocking practices (e.g., regarding site selection, as restocking sites are not necessarily the sites with the most
suitable eel habitat; see also Westin, 2003). Furthermore, translocation of glass eels through restocking programs may negatively
impact the abundance of eels in southern Europe where glass eels are caught and could pose biosecurity risks (ICES; 2021; Kullmann
et al., 2022; Verhelst et al., 2025). This practice does not necessarily support long-term recovery of the eel stock as a whole (Westin,
2003; ICES, 2021). However, experts in this study seem to have pragmatic opinions about restocking, provided certain conditions are
met. The challenge, however, is that the meeting of these conditions can often not be demonstrated, and this uncertainty of the
conditions seems to have influenced responses from some of the respondents. One such example is the condition that restocking is
acceptable if donor areas have a demonstrable surplus of glass eels. As many as 81% of the respondents have answered that restocking
is acceptable if this condition is met. However, at the same time, multiple respondents have responded that the condition is unlikely to
be met anywhere where glass eels are caught for restocking purpose, or that it is currently not possible to demonstrate the existence of a
surplus.

Another example is the statement that the performance of restocked eels in terms of survival, growth, navigation and reproductive
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fitness should be similar to those of naturally recruited eels. There was a strong consensus among the respondents that restocking is
acceptable if this condition is met, but at the same time multiple respondents pointed out that it is not likely. On the contrary, low
survival rates of restocked eels have been documented (Essl et al., 2016; Nzau Matondo et al., 2020; Lyach, 2022). Here, experts were
concerned about the conditions in which eels were transported, density of eel prey, juvenile eel recruitment, sex ratios, eel density, and
the size and age of eels, issues that have been highlighted by several authors (van Ginneken, Maes, 2005; Bevacqua et al., 2015;
Bernotas et al., 2020; Teichert et al., 2020). Overall, the responses indicate that restocking is considered acceptable if, and only if,
certain conditions are met. Whether or not these conditions are met in practice, or if they can be demonstrated to be met, was beyond
the scope of the current Delphi survey.

5. Limitations of the study

The study has some caveats. Firstly, there might be gaps in our study due to our focus on the English language and peer-reviewed
publications (Haddaway and Bayliss, 2015). We might have inadvertently missed out on valuable information published in the grey
literature (non-peer reviewed literature such as reports and the authors therein) or in languages other than English. Secondly, in-
formation on gender was not collected in either round of the Delphi technique. Thirdly, we did not explicitly have representatives from
outside academia. The lack of representation from other groups (e.g. the fishing industry or eel consumers) is a limitation of this study.
However, this was beyond the scope of the study and widening the expert pool might have introduced potential conflicts of interest. We
did not differentiate between experts who had worked on coastal sites versus those who have worked on mountain and upland sites.
Perhaps this can be explored in a subsequent study.

6. Conclusion

The findings of this study includes a broad consensus among experts regarding the priorities for European eel conservation. Most
respondents emphasized similar management actions, such as the removal of migratory barriers, river and wetland habitat restoration,
climate change mitigation efforts and standardized monitoring and assessment efforts. Given the critically endangered status of the eel,
further attention needs to be paid to fishery closures for certain durations where possible, stricter restrictions on pollutants causing eel
decline and improved implementation of escapement targets, including consideration of higher thresholds for silver eels where
relevant. These priorities closely align with previous research and expert assessments (e.g., Dekker and Beaulaton, 2016; Froehlicher
et al., 2023), reinforcing their relevance and urgency. The convergence of expert opinion across different regions suggests a clear
direction for future conservation strategies. We hope that the insights provided by this study will serve as a valuable resource for
policymakers and managers involved in developing and implementing eel management plans across EU member states. There is an
urgent need for enhanced international cooperation. Joint efforts—including the establishment of a standardized monitoring
framework, coordinated habitat restoration initiatives, removal of physical and ecological barriers to migration, and the integration of
climate adaptation strategies—are essential to ensure the survival and recovery of this ecologically and culturally important species.
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