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Abstract

To address the increasing global issue of biological invasions adequate long-term monitoring data
is crucial. Due to substantial resource requirements such continuous monitoring remains largely
underdeveloped across many countries. In recent years, experiential knowledge of the public, or spe-
cific stakeholder groups, has become increasingly popular to gather species” occurrence data. In the
context of aquatic alien species recreational fishermen often represent a valuable stakeholder group.
Using the case study of alien European flounder (Platichthys flesus, Linneaus, 1758) in Iceland, we
explore the benefits of incorporating stakeholder observation-based information with traditionally
obtained data on the occurrence and distribution of an alien fish. We compiled records of European
flounder reported by the recreational fishing community both when directly approached with an
anonymous online survey as well as via social media conversations applying the approach of iEcology.
We then contrasted this data with a compilation of European flounder records from databases at the
Icelandic Marine and Freshwater Research Institute (MFRI). Our results show that including stake-
holder-observation based distribution data in the monitoring of alien species offers significant ad-
vantage. While all data sources indicated similar patterns in the spread and distribution of European
flounder in Iceland, they differed in the number of unique sites provided as well as their geographic
distribution. Combining sources therefore allows to counteract inherent biases present across diverse
sources. Our study furthermore indicates that interest in voluntarily reporting European flounder
sightings decreased over time, but reemerged when stakeholders and/or the public were presented
with an easily accessible opportunity to share information in the form of an online survey. We recom-
mend implementing a monitoring approach for alien species that incorporates diverse sources of in-
formation and provides clear venues to report information for the public, and where possible involve

stakeholders throughout the entire research process to holistically address biological invasions.

Key words: Biological invasions, European flounder, iEcology, local ecological knowledge, moni-

toring, recreational fishermen, stakeholder observations

Introduction

Biological invasions are an increasing global phenomenon (Seebens et al. 2017;
Seebens et al. 2020) that can cause severe negative impacts on the recipient envi-
ronment (IPBES 2023; Schwindt et al. 2023) and result in substantial economic
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costs (Cuthbert et al. 2021). Managing the emerging alien species depends on
the availability of timely data regarding their occurrence and spread (Groom et
al. 2015; Cardoso et al. 2017; Latombe et al. 2017). Unfortunately, systematic
management and monitoring of alien species is underdeveloped across many
countries (Lehtiniemi et al. 2015; Latombe et al. 2017; Schwindt et al. 2023),
often driven by the mismatch between the resources required for adequate mon-
itoring and the funding available to the relevant management agencies and in-
stitutions (Piria et al. 2017; Robinson et al. 2020). As the detection rate of new
aquatic alien species remains high (Bailey et al. 2020), diverse data sources are
increasingly being used to refine distribution estimates (Hargrove et al. 2015;
Jari¢ et al. 2020b; Robinson et al. 2020). These sources include public reposito-
ries, unpublished data and interviews with experts, such as those used by Ferrei-
ra-Rodriguez et al. (2020) to investigate the historical spread of the Asian clam
Corbicula sp. in the Lower Danube region. Generally, it is increasingly recog-
nized that collaborations between local stakeholders and researchers can greatly
improve the collection of geospatial data (See et al. 2016). Information provided
by the public or other stakeholders has often been utilized in invasion science
for mapping and monitoring purposes, including studies on plants (Marchante
et al. 2016; César de S4 et al. 2019; Gervazoni et al. 2023) and aquatic species
(Ferreira-Rodriguez et al. 2020; Herrero et al. 2023).

Under the premise that people either possess valuable information based on
their experiences and observations or are willing to learn new skills and contribute
to the scientific process, the public can participate at various levels in survey proj-
ects (See et al. 2016). Local ecological knowledge (LEK) is defined as knowledge
that has established within a specific group of people over time through their in-
teractions with the local ecosystems and/or the utilization of local natural resourc-
es. It can be described as a knowledge-practice-belief concept (Olsson and Folke
2001; Loki et al. 2023). At a minimum this entails incorporating stakeholder
observations as part of LEK in monitoring activities but ideally, stakeholders are
involved throughout the entire research process, allowing them to holistically in-
tegrate their knowledge, experiences, and opinions to shape the process and out-
come of projects beyond the simple provision of occurrence data. Information on
stakeholder observations can be collected via a variety of sources and approaches,
such as by directly interacting with target groups through interviews and online
questionnaires (Loki et al. 2023) or accessing biodiversity platforms like iNatu-
ralist (Howard et al. 2022). Finally, the emerging field of iEcology, defined as “the
study of ecological patterns and processes using online data generated for other
purposes and stored digitally” (Jari¢ et al. 2020a), offers promising, low-cost ap-
proaches to collect ecologically relevant data (Jari¢ et al. 2020a; Jari¢ et al. 2021).
Following the approach of iEcology, data can be harnessed from various sources
including social media platforms like Facebook (Pace et al. 2019).

European flounder (Platichthys flesus Linneaus, 1758) is a flatfish species that has
been documented in Icelandic waters since 1999 (Jénsson et al. 2001) and is cur-
rently classified as potentially invasive (Gunnarsson et al. 2015). The species” native
range is in Western Europe ranging from the Mediterranean Sea to the White Sea
(Wilson and Veneranta 2019) where it is found in marine, estuarine and fresh-
water habitats (Skerritt 2010). The European flounder is catadromous (Summers
1979) but plasticity in life history and habitat utilization have been documented in
several studies (Daverat et al. 2012; Le Pichon et al. 2014). Previous introductions
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of European flounder are known from the Great Lakes in North America, where
it was introduced via ballast water but failed to establish (Cudmore-Vokey and
Crossman 2000; Ricciardi and Maclsaac 2000). In the years following its first
identification in Iceland, European flounder has rapidly spread throughout the
country (Kristinsson 2011; Ragnarsdéttir and Mettisalemsson 2020) and while
it is mostly encountered in nearshore habitats and estuaries (Henke et al. 2020),
it also enters rivers and lakes (O’Farrell 2012; Hlinason 2013). Current informa-
tion on the distribution of European flounder in Icelandic waters has accumulated
through various sources, both formal (i.e. collected by scientific institutions) and
informal (i.e. newspaper articles, interviews and similar) (Ludviksson 2013; Gun-
narsson et al. 2015; NA 2017; Ragnarsdéttir and Mettsalemsson 2020), but there
is no ongoing scientific monitoring program for this species. Investigations on the
impacts of European flounder are limited but indicate potential competition with
and direct predation on native fishes such as European plaice (Pleuronectes platessa)
(Henke et al. 2020) and salmonids (O’Farrell 2012; Hlinason 2013). Further-
more, recreational anglers in Iceland perceive European flounder to negatively im-
pact their angling activities (Henke et al. 2024). Globally, recreational fishermen
have been successfully involved in various studies across different research fields
(Loki et al. 2023) and the recreational fishing community in Iceland represents an
important stakeholder group that frequently encounters the European flounder
(Henke et al. 2024). In Iceland, recreational fishing is popular, with approximately
32.5% of the population participating (Toivonen et al. 2000), and with a revenue
of approximately 4.9 billion krona (37 million USD) in angling permits purchased
for Atlantic salmon and brown trout (Institute of Economic Studies 2018).

The Marine and Freshwater Research Institute (MFRI) in Iceland conducts
many annual surveys targeting native species, for example to evaluate commer-
cial marine ground fish species, and to monitor salmonid stocks in fishing rivers
(Jakobsdéttir et al. 2023; Helgason and Bardarson 2024). Additionally, previous
research has shown a high willingness among recreational anglers in Iceland to par-
ticipate in and contribute to research (Henke et al. 2024). Considering these two
aspects, the case study of European flounder in Icelandic waters offers a valuable
opportunity to explore the potential of incorporating stakeholder observations in
the monitoring of an alien fish species in countries that, despite developed survey-
ing system for many aquatic resources, has no established approach for the moni-
toring of aquatic alien species.

In the current study we contrast occurrence data of European flounder based
on stakeholder observations to data from monitoring and research programs of
the MFRI with the goal of evaluating if stakeholder observation-based data can
supplement alien fish species monitoring in Iceland. First, we specifically targeted
the recreational fishing community in Iceland as a source for occurrence data of
European flounder, both with an online survey and with an iEcology approach by
mining Facebook posts for location data. Moreover, we used multiple data sources
available from the MFRI, marine ground fish surveys and salmonid monitoring,
but also logbooks from recreational fishing rivers and voluntary reports of unusual
or occurrences of rare fishes received by the MFRI (rare fish database). Specifical-
ly, we ask 1) Does European flounder distribution and spread estimates differ by
different data sources, that is, regular surveys vs. stakeholder observation-based
methods?; and 2) Is stakeholder observation-based data, including MFRI data pro-
vided by the public (logbooks and rare fish), a viable option for monitoring alien
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fish species in Iceland? We discuss the findings in the context of strengths and
weaknesses of different data sources as a tool for monitoring and how the data
availability indicates public and stakeholder willingness to contribute data.

Methods

For the purpose of this study, we have obtained occurrence data of European floun-
der in Iceland from six different sources (Fig. 1). In the following paragraphs we will
introduce each source and provide additional information including how the data
for each source was collected, indicate available parameters (i.e. time stamps and ex-
act coordinates), as well as steps that have been taken to address differences in these
available parameters. Furthermore, we outline the subsequent steps of analysis.

Occurrence data collected from recreational anglers

First, we conducted an online survey targeting recreational anglers in Iceland to
explore their experience with and perceptions of European flounder between Oc-
tober 2019 and June 2020. The anonymous survey, along with information about
the aims of the scientific project, was predominantly shared through public Face-
book pages of research institutions and a dedicated Icelandic recreational angling
Facebook group (15.924 members as of November 2024). We chose Facebook as

PROJECT DATA MFRI DATABASES
SCIENTIFIC
Sl ERBIEDI AR PL A MONITORING/RESEARCH
STAKEHOLDER OBSERVATION MFRI EXTRA MFRI SURVEYS
ONLINE . MARINE
SURVEYS iECOLOGY LOGBOOKS SURVEYS
96 40 23 26 8 50
unique sites unique sites unique sites unique sites unique sites unique sites
2020 2022 2003 - 2023 1999 - 2006 2008 - 2023 2007 - 2023
OBSERVATION INCLUDED
WHEN ONE CONDITION MET:
¢ unique location name
e provided additional
geographic information
e general survey answers/posts
aided clear identification
REPRESENTATIVE COORDINATES DATABASES PROVIDED SPECIFIC

NEEDED TO BE ASSIGNED COORDINATES

EUROPEAN FLOUNDER DISTRIBUTION IN ICELAND

Figure 1. Overview of the six data sources incorporated in the current study.
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a tool to reach a wide range of potential participants, as this is a highly popular
social media platform in Iceland that around 65% of the population frequently
use (Kemp 2024). In November 2019, an article published in a national Icelan-
dic newspaper (Statistics Iceland 2024) that covered the research project (Jénsson
2019) further encouraged participation in the survey. In total, 209 people submit-
ted responses to the survey.

In this survey we asked participants to provide locations where they encountered,
either seen and/or caught, European flounder. The occurrence data from the sur-
vey was manually reviewed, removing those locations that we could not confident-
ly assign to a specific waterbody. Due to the linguistic characteristics of the place
names of Icelandic freshwater systems there are multiple rivers or lakes with the
same name that can often only be differentiated when additional geographic indica-
tions are provided (e.g. the rivers “Varmd { Mésfellsba” and “Varm4 { Hveragerdi”).
For each location provided by survey participants we checked whether at least one
of the following conditions applied: 1) it is a recreational angling river/lake with a
unique place name not requiring additional geographic information; 2) additional
geographic information were provided allowing a clear identification; 3) additional
information provided by the participant throughout the survey clearly identify the
location such as through information on the region of Iceland they spent most of
their time fishing. Locations were removed when none of these conditions were met.

Second, following the concept of iEcology (Jari¢ et al. 2021), we collected occur-
rence data from recreational fishermen in Iceland based on conversations within the
Facebook group ,, Veididellan er fréber...“ [The fishing passion is great...], a group
highly popular among the target group with 15.4 k members as of 02.05.2024.
We evaluated different social media sources for their data availability on European
flounder in Iceland as well as biodiversity platforms such as iNaturalist. While most
platforms at the end of 2022 indicated a low number of data points relevant to
this study (for example only three records had been submitted to iNaturalist prior
to 2023) Facebook represented a popular tool among the Icelandic public (Kemp
2024) where European flounder has been frequently addressed. We manually iden-
tified Facebook posts and threads mentioning European flounder resulting in 50
recovered conversations occurring between 2013 and 2022 (see detailed informa-
tion on the extraction and reach of the Facebook group in Henke et al. 2024). From
those 50 conversations location reports of either catching or observing European
flounder were extracted. Within this manuscript, this data is referred to as iEcology.

As neither the online survey nor the locations extracted from Facebook provided
specific coordinates, we determined representative locations for each site. For riv-
ers, representative locations were chosen near the lowest part of the river, for lakes
near the mouth of the river through which European flounder most likely entered
the lake, and for fjords within major estuaries. These locations were chosen under
the assumption that they represent the minimum spread of the species. Where
specific location names within habitats were provided, such as fishing beats within
rivers, we pooled these locations together to create unique location records.

Occurrence data in the MFRI databases

Data on European flounder was extracted from all available data in the MFRI
marine database resulting in European flounder occurrences from major annu-
al surveys, such as, the spring groundfish survey (SMB), the autumn groundfish
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survey (SMH), and the gillnetting survey (SMN). The SMB and SMH are annu-
al trawl surveys that sample widely around Icelandic waters in February-March
and September-October respectively (Sélmundsson et al. 2022; Jakobsdéttir et
al. 2023). The SMN is a spring gillnetting survey sampling inshore waters around
Iceland (Bogason et al. 2024). There were also European flounder occurrences
from less regular surveys, such as, a discontinued near-shore beam-trawl survey
(2017-2022) (Thorlacius et al. 2024) and a demersal seine survey (1995-2013)
(Palsson and Sélmundsson 2017). In addition to these surveys, European flounder
was also occasionally reported in marine research projects (Table 1). Survey- and
research-based locations extracted from the MFRI marine database were pooled
together under the group “marine surveys”.

Similarly, the freshwater MFRI records comprised European flounder location
data from two sources. First, we extracted all locations where European floun-

Table 1. The number of unique sites where European flounder has been reported using different
data sources. Numbers in brackets indicate the total number of recorded sites. For the MFRI sources
the years of the first and the most recent record are listed as well as the number of individual Euro-
pean flounder reported in the records. For the marine surveys data, we furthermore indicated how

many of these unique sites were based on research activity or surveys.

Quadrant SW NW NE SE Total
Online survey
Unique sites 36 39 10 11 96
n records (136) (121) (15) (21) (293)
iEcology
Unique sites 21 11 3 5 40
n records (31) (30) (5) (7) (73)
Logbooks
Unique sites 11 10 1 1 23
n records (17) (24) (1) (1) (43)
First record 2003 2012 2021 2018 2003
Most recent record 2023 2023 2021 2018 2023
n European flounder 29 434 1 1 465
Rare fish
Unique sites 15 1 0 10 26
n records (20) (1) (0) (10) 31)
First record 1999 2003 - 2000 1999
Most recent record 2006 2003 - 2006 2006
n European flounder 30 1 - 13 44
Freshwater surveys
Unique sites 5 3 1 0 9
n records (14) (3) (1) (0) (18)
First record 2008 2012 2023 - 2008
Most recent record 2023 2023 2023 - 2023
n European flounder 66 5 1 1 53
Marine surveys
Unique sites 34 13 1 2 50
research 9 4 0 0 13
surveys 25 9 1 2 37
n records (50) (25) (1) (2) (78)
First record 2007 2008 2018 2009 2007
Most recent record 2023 2023 2018 2021 2023
n European flounder 370 279 1 2 652
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der had been caught in freshwater surveys conducted by the institute. The MFRI
sampled widely across recreational fishing rivers in Iceland with the main goal of
annual salmonid stock assessment, this sampling is conducted at the same time
of the year, usually in late summer. Second, we extracted flounder catches docu-
mented in logbooks from recreational fishing rivers, a database maintained by the
Freshwater Division of the MFRI. Under the Law on salmon and trout fishing (Act
61/20006), fishing associations in Iceland are required to submit catch information
on salmonids in their rivers. While catch information was traditionally submitted
in the form of physical logbooks, the option of electronic submissions has been
available since 2011 and in 2023 the MFRI established an online form allowing
anyone to register their catches.

In addition to European flounder occurrence in surveys and logbooks we used
data from the “rare fish database” managed within the Demersal Division of the
MEFRI. The rare fish database is an ongoing project logging reports and catches
reported by stakeholders, often fishermen but anyone can report catches. In 20006,
European flounder became part of regular surveying in MFRI marine surveys and
was no longer reported to the rare fish database (personal communication Klara
Jakobsdéttir, MFRI).

Location data from MFRI surveys provided specific coordinates of catches. For
freshwater surveys locations within the same river were pooled together to repre-
sent unique sites. As the marine habitat cannot be divided by similar geographic
boundaries, locations were treated as unique by default and only pooled when the
differences in neither longitude nor latitude between two locations were greater
than 0.01 (approx. 1.11 km). Logbook locations did not include specific coordi-
nates and were therefore treated like the locations obtained from the online survey
and Facebook. A full list of all data used is presented in Suppl. material 1.

Validating sites reported in the online survey

Three sites from each quadrant of Iceland (SW, N'W, NE and SE) that had been re-
ported in the online survey were selected and subsequently sampled using a beach
seine (10 m long, 6 mm mesh) to confirm the presence of European flounder.
Local landowners and/or river managers were contacted for recommendations
on sampling sites to increase the likelihood of accessing likely areas of European
flounder occurrence as well as to ensure safety during the sampling process. Where
the safety of the scientists could not be guaranteed due to known, strong currents,
we selected an alternative site nearby based on local recommendations. The sam-
pling at these 12 sites took place between July and September 2020. Sites where
not at least one European flounder was caught were considered as not validated
and therefore excluded from further analysis.

Data analysis

All data handling, statistics and figures were done using R (version 4.3.2, R De-
velopment Core Team 2023). First, we tested differences in the geographical rep-
resentation of data sources by comparing both latitude and longitude between
all data sources (marine surveys, freshwater surveys, logbooks, online survey and
iEcology) using a pairwise Dunn test with Bonferroni correction implemented in
the R package dunn.test (Dinno 2024).
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To compare the annual detection of unique sites between data sources with
time stamps available (rare fish, marine surveys, freshwater surveys and logbooks),
we fitted a generalized additive model (GAM) to the number of unique sites per
source using the gam() function of the mgcv package in R (Wood 2017). The
statistical family was zero inflated Poisson (-0.593, 1.903) and the link function
identity. We fitted the model with year as fixed and a smooth term.

Individual locations per year ~ Year + s (Year, by = Source)

We furthermore examined how well these four sources documented the tempo-
ral spread of European flounder in Iceland. As European flounder was first detect-
ed in the southwest and southeast of Iceland (Jénsson et al. 2001), we used latitude
to approximate the species’ northward spread. We fitted a GAM to the latitude of
documented European flounder sites using gam() to investigate for differences in
the detection of the species’ spread between the four sources. The statistical family
was Gaussian with an identity link function. The model was fitted with year as
fixed effect and a smooth term.

Latitude ~ Year + s (Year, by = Source)

For both models the smooth term was Year with source as an interaction term to
account for the differences between sources. Smoothing parameters were estimated
using restricted maximum likelihood. For the purpose of model diagnostics, we
inspected fitted residuals and tested for autocorrelation using the functions “simu-
late.residuals()” and “test TemporalAutocorrelation()” of the “DHARMa” package
(Hartig 2022), respectively.

Results

The online survey (205 participants; see details in Henke et al. 2024) and the
iEcology approach returned 97 and 40 individual locations, respectively, with
the majority of sites located across western Iceland (Table 1, Suppl. material
1, Fig. 2). In monitoring surveys and research activities, the MFRI recorded
50 unique locations in marine habitats and nine in freshwater habitats, which
were all predominantly located in southwest Iceland (Table 1, Fig. 2). European
flounder was reported via logbooks for 23 individual sites mostly across western
Iceland (Table 1, Fig. 2). There were 26 unique site records stemming from the
‘rare fish’ project and these were widely recorded along the south and southwest
of the country but also in the northwest of Iceland (Fig. 2). These records date
between 1999 and 2006 and represent the early spread of the European flounder
before the species was no longer included in the rare fish database (2006/2007).
The percentage of unique sites identified among the total records of European
flounder differed widely between sources (Table 1). Among all records stemming
from the online survey 32.8% were identified as a unique site. In comparison,
the highest percentage was recorded for locations retrieved from the rare fish
database, where 83.9% were unique sites.

The various data sources differed significantly in their geographical repre-
sentation (Fig. 3). The marine surveys reported significantly more locations
further west than the rare fish database, the iEcology approach and the online
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Figure 2. A map of Iceland showing all identified unique sites. For each site the color indicates from the six sources of European floun-

der locations while the shape highlights the three different data types that we divided the sources into, namely stakeholder observations

(Online survey & iEcology), MFRI extra (Logbooks and Rare fish), and MFRI surveys (including both marine and freshwater surveys).

Locations validated by sampling are indicated with a black asterisk.

survey (all pairwise Dunn-tests p < 0.01). No other pairwise comparisons were
significant for longitude. For latitude the marine surveys had a significantly
higher representation of southern sites than the online survey (pairwise Dunn
test p = 0.0209). Moreover, the rare fish database had significantly higher rep-
resentation of southern sites than any of the other sources apart from marine
surveys (pairwise Dunn-test all p < 0.01). No other pairwise comparisons were
significant for latitude.

Between the four sources that provided distribution data with attributed time
information, the annual detection and overall cumulated number of unique sites
widely differed (Fig. 4). The GAM smooths showed significant differences between
all sources (p < 0.05 for all sources, Table 2). New sites recorded via logbooks in-
creased the strongest in 2016 when nine new sites were added (Fig. 4). In the rare
fish database, the highest number of new sites (n = 8) was recorded in 2002 (Fig.
4). While the number of new sites detected in marine surveys peaked in 2017 with
11 new sites, freshwater surveys recorded the highest number of new sites in 2012
and 2023 with three sites each (Fig. 4).

Within each of the four MFRI sources, the first record was documented in the
southwest of Iceland but the year of first record ranged from 1999 (rare fish) to
2008 (freshwater surveys) but the pattern (Fig. 5). The geographic distribution
of records in the subsequent years differs between sources. Most notably here is
that within four years (2000-2003) the rare fish data indicated European floun-
der distribution ranging from northwest to southeast Iceland (Fig. 5). However,
statistical tests revealed no significant differences between sources in capturing
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number of fish caught). The figure highlights the geographical biases inherent in each survey method. The black points represent each site.
Letters in the graph indicate the results of the pairwise Dunn test with Bonferroni correction where sources that share the same letter are

not significantly different.

the northward spread of European flounder approximated by latitude (Suppl.
materials 2, 3). It should be noted that the number of available data points for
this analysis is low.

The ground truthing of online survey sites confirmed the presence of Europe-
an flounder in 11 out of 12 sites around Iceland. Despite considerable sampling
effort, the sampling at one site in the NE did not capture any European flounder
and the record was consequently excluded from further analysis. Interestingly, one
additional site in the NE was later confirmed by a MFRI freshwater survey in
2023. Therefore, the lack of validation by independent sampling of the NE sites
does not necessarily confirm that European flounder is absent from these sites but
is likely rarer in the NE than in other quadrants (Fig. 2).

Discussion

The current case study of European flounder in Iceland shows the benefits of
stakeholder observation-based approaches, in addition to existing aquatic sur-
veys, to document both the distribution and the spread of alien fish species.
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Figure 4. (a) Cumulated number of unique sites per source with time stamped data available. For comparison, the number of sites collect-

ed by online survey and iEcology are indicated (b) Barplots showing the number of unique sites recorded annually per source.

Table 2. Estimated parameters based on the generalized additive model (GAM) highlight the differ-

ences between data sources in recording unique sites of European flounder in Iceland.

Parametric coefficient Estimate Standard error
Intercept 0.000 0.00

Year -1.163 ™ 7.749 ¢
Smooth term Source Edf
s(Year) Freshwater surveys 1.000
s(Year) Logbooks 3.064
s(Year) Marine surveys 4.888

z value
NaN
-1.501
Ref. df
1.001
3.757
5.826

Pr (>[z])
NaN
0.133
X, p value
6.593 0.0103
45.073 <2e¢lt
86.387 <2elt

Although the different data sources showed similar distributions and indicat-

ed a similar geographic pattern in the spread throughout Iceland, combining

sources counteracted the inherent biases of using methods not specifically tar-

geting European flounder. Furthermore, we show that stakeholders are willing

to share their knowledge when directly approached with an opportunity such as

the online survey, but also based on personal initiative and effort as seen by the

occurrences in the rare fish database collected in the early stages of the European

flounder spread in Iceland.
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Stakeholder observations to document the occurrence of European
flounder

The results of the online survey targeting recreational fishermen generated 96
unique locations and therefore provided a higher number of occurrence locations
than the previously available survey data based on the MFRI databases, which
delivered 50 marine, and nine freshwater locations. Efforts to sample European
flounder at 12 representative sites around Iceland named in the online survey
showed a high validation rate of over 90% as the sampling at 11 out of 12 sites re-
sulted in at least one individual. While the remaining site was consequently omit-
ted from further analysis, the absence of European flounder in the river Hofs4 in
northeast Iceland is likely explained by the overall scarcity of European flounder in
the northeast region of the country as its presence was confirmed in 2023 during
monitoring of salmonid stocks in the same area. The knowledge of recreational
fishing communities has previously proven valuable in addressing conservation
issues in aquatic environments (Giovos et al. 2019; Loki et al. 2023).
Recreational fishers spend substantial time in the aquatic environments gath-
ering experiential knowledge, beyond what is often available to scientists, and can
therefore be more likely to encounter rare or new species (Silvano and Begossi 2012;
Loki et al. 2023). The quantitative advantage of stakeholder observation-based data
we documented in the current study on European flounder is in accordance with
the results of these earlier case studies. While scientific surveying can maximize
data quality by strategic sampling plans, stakeholder observation-based data are less
predictable. In the current study, stakeholders reported unique sites at a lower ratio
than scientific surveys, but the overall higher number of locations provided as well as
the confirmation of persistent flounder occurrence provided by repeated reporting
of some sites, is advantageous to monitoring activities. An additional advantage of
stakeholder observation-based approaches is the increased awareness among stake-
holders, which is crucial in addressing biological invasions especially at early stages
(Dehnen-Schmutz et al. 2018). The advantages of stakeholder observation-based
data were also supported by comparison of the different data sources available with-
in the MFRI. Specifically, large parts of the previously available distribution data
on European flounder were already based on stakeholder knowledge, in the form of
logbook entries and voluntary submissions to the rare fish database. These submis-
sions were predominantly by recreational anglers and commercial fishermen.
When directly targeting stakeholders or local knowledge holders is not feasible,
for example, because of cost, need for prior training etc., iEcology can offer addi-
tional approaches to utilize already existing stakeholder observations stored in the
form of web-based data such as social media conversations (Jari¢ et al. 2020a). In
the current study the locations scraped from Facebook did not provide the same
number of occurrences as the online survey, but it still exceeded the previously
documented distribution data based on the freshwater records of the MFRI. Many
challenges and limitations have been noted for iEcology approaches, such as, po-
tential spatiotemporal biases and validation of data accuracy (Jari¢ et al. 2020a;
Jari¢ et al. 2021). However, in the current study 80% of the locations extract-
ed from social media were also named in the online survey, and the approaches
produced a comparable distribution pattern, validating iEcology as a tool in the
current case study. Overall, in combination with other sources of information and
under considerations of potential limitations and biases, social media data can be
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of great value when addressing conservation issues (Toivonen et al. 2019) as well as
recording new species (Cresson et al. 2021).

Despite the apparent advantages of stakeholder observation-based approach-
es for documenting European flounder occurrence it should be noted that they
provided only presence data while data collected as part of scientific surveys most
often provides both presence and absence as well as potential information on size,
age, diet and environmental variables at the catch site, i.e. salinity, water depth,
etc., as well as co-occurring species. These data are all needed to accurately estimate
distribution and habitat suitability as well as the ecological impacts of alien species
(Robinson et al. 2020). Conversely, involving stakeholder observation-based data
in monitoring activities can enable scientists to obtain large amounts of data in a
short amount of time, requiring less resources (Cardoso et al. 2017) and it may be
particularly suitable to document early stages and spread of invasions.

Stakeholder observations to document the temporal spread of alien
species

In addition to documenting occurrences and spread, public and stakeholder ob-
servations are often the first records of an alien species (Thomas et al. 2017; Ep-
anchin-Niell et al. 2021; Kousteni et al. 2022; Pocock et al. 2024). The first official
documentation of European flounder in Iceland was based on the submission of a
specimen to the MFRI by a member of the public after it was caught at the mouth
of the river Olfusé in southwest Iceland (Jénsson et al. 2001). As shown in this
study, stakeholder observation-based sources remain better in reporting European
flounder at sites where this species is still rare. Where preventing the arrival of
alien species, the most desirable scenario (Browne et al. 2009; Pysek and Rich-
ardson 2010; Schwindt et al. 2023), fails, early detection of alien species becomes
crucial (Pysek and Richardson 2010; Schwindt et al. 2023) but often depends on
the premise that the public recognizes and reports unusual observations. Dehnen-
Schmutz et al. (2018) identified raising awareness as one of the main topics that
should be prioritized in policies addressing biological invasions.

Following the first detection of an alien species, the experiential knowledge of
stakeholders can contribute to the reconstruction of the species’ temporal spread
(Latombe et al. 2017). While there was overall no significant difference in the
documentation of the European flounders’ northward spread, the voluntary re-
cords submitted to the ‘rare fish’ project already indicated a distribution expansion
ranging around half of the country in the early 2000s. While the records of Euro-
pean flounder catches in MFRI’s marine surveys generally suggest a similarly fast
expansion northward, note that the surveys only officially started recording Euro-
pean flounder after 2006. The recent catch of European flounder during routine
freshwater surveying in 2023 provided the first confirmation of the species in the
northeast corner of Iceland and the first contribution of formal freshwater surveys
to the reconstruction of the temporal spread.

Maintaining stakeholder willingness to report observations

Stakeholder observations-based data highly depends on the willingness of the pub-
lic and other stakeholders to share their knowledge. The comparably high number
of documented locations of European flounder shown in this study indicate that
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there is quite some willingness among stakeholders, specifically, the recreational
fishing community in Iceland to contribute their experiential knowledge for mon-
itoring purposes. Globally, recreational fishermen have been increasingly involved
in management and conservation (Granek et al. 2008) and the results of Copeland
etal. (2017), suggest that among other incentives there are social factors providing
motivation to get involved.

Our data indicates fluctuations in the number of observations submitted to
the MFRI by fishermen, which has also been reported by Cresson et al. (2021),
who suggest that the reporting of rare species is not only strongly linked to per-
sonal motivation and interest of the fisherman but is also likely to decline once
the familiarity with this species increases. The reporting of European flounder
catches to the MFRI were mostly initiated by stakeholders” personal motivation
although in the years following the first documentation of European flounder
news items and reports discussing its status as a new species were relatively com-
mon (Henke et al. 2024). The willingness to report could potentially be linked
to the general awareness of the public and their interest in the topic of alien
species, which for the European flounder in Iceland has been fluctuating over
the years (Henke et al. 2024), as well as perceptions of European flounder as
novel and “rare” and thereby of interest. In the years following the first official
documentation of European flounder in Iceland (Jénsson et al. 2001) when it
was still a novelty, occurrences were predominantly recorded as part of the ‘rare
fish’ project, but these reports stopped after 2006. The public’s attention towards
conservation issues such as biological invasions is generally rather transient (Jari¢
et al. 2023). The current results suggest that public interest in an alien species is
unlikely to be maintained at a level necessary to document spread after initial es-
tablishment. However, when stakeholders were approached with an opportunity
to share their knowledge and opinions, along with information on the objectives
and the anticipated value of their participation, they provided many more loca-
tions of European flounder occurrences.

It has been recommended that at a minimum, countries should obtain updat-
ed occurrence records of alien species every five years and make these publicly
available (Latombe et al. 2017). In this study, we have shown that stakeholder
observation-based tools, when designed accordingly, can offer a great contributory
source of data where resources for alien species monitoring are limited. Latombe
et al. (2017) further suggests that national monitoring of alien species could be
improved by building upon already existing structures. In line with previous stud-
ies (Jari¢ et al. 2020a; Loki et al. 2023), we show that there are many ways to
collect stakeholder observation-based data, including logbooks, online question-
naires and iEcology. However, there are certain considerations on how to foster a
continuous two-way knowledge exchange between stakeholders and scientists to
be considered when designing such approaches (Courchamp et al. 2017). Here it
can be beneficial to create platforms that are readily accessible and easy to use for
the targeted stakeholder group. Recreational anglers in Iceland are required by law
to submit catch reports of salmonids (Act 61/2006) and the electronic logbook
of the MFRI offers an existing structure to submit catches of Atlantic salmon,
brown trout and Arctic charr. A fourth option (“other”) allows the records of other
caught species, most applicable to catches of European flounder or pink salmon
(Oncorhynchus gorbuscha), an invasive salmonid species that has shown strongly
increasing abundances not only in Iceland but many other northern European
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countries (Lennox et al. 2023). Simply providing options specific to European
flounder and pink salmon could raise awareness of this information being both
officially recorded and important for management, thereby encouraging anglers to
report catches. In turn, the resulting data could greatly improve the monitoring
of the overall spread of alien fish species in Iceland and provide indications of
abundance at very low cost. However, these considerations regarding accessible
platforms for data collections should not end at the public and stakeholder level. It
should be noted that while we are confident that the underlying data for this study
represents the bulk of the available data on European flounder catches in Iceland,
we are aware that other institutions and/or scientists may have collected addition-
al catch data. A holistic database that keeps updated records across institutions
would greatly benefit not only the monitoring of alien species in Iceland but also
other conservation efforts.

Building upon stakeholder observation in the monitoring of alien
species

We have shown that stakeholder observations can represent a valuable, comple-
mentary source in the monitoring of an alien species. However, considering the
context dependency of biological invasions (Robinson et al. 2017; Catford et al.
2022) approaches involving stakeholders need to be carefully designed on a case-
by-case basis to appropriately address each invasion individually. In the case of
European flounder in Iceland, we selected Facebook over other social media or
biodiversity platforms that are more commonly used in similar studies (Pace et al.
2019; Jari¢ et al. 2021) as Facebook was much more frequently used in this specific
case. In addition to choosing the most appropriate data source(s), the reliability
of observations regarding the correct species identification needs to be evaluated
as this is a crucial aspect of gathering distribution data. In our case, we rated the
reliability of stakeholder observations as high based on the fact that European
flounder is easily distinguishable from other species in rivers and lakes as it rep-
resents the only flatfish species entering these habitats. This was further reinforced
by successfully conducted site validation. We recommend that the approach im-
plemented in this study, can be highly valuable and applicable in small nations
where resources for formal, scientific monitoring of alien species is limited but
collaborations between research institutions, management parties and stakeholder
groups are easier to establish.

We acknowledge that, while stakeholder observations are part of Local ecolog-
ical knowledge (LEK), to holistically incorporate the knowledge of stakeholder
groups in the monitoring of alien species, their involvement must be established
throughout the entire research process. As the phenomenon of biological invasions
is inherently of interdisciplinary and complex nature, embedding LEK in the nec-
essary research and management approaches is becoming increasingly recognized
(Caceres-Escobar et al. 2019; McElwee et al. 2020). While the current study shows
the benefits of including stakeholder observations in monitoring it does not fully
integrate the available LEK. We recommend broadening the approaches to the
monitoring of European flounder in Iceland as well as of other alien species, to
include LEK where the context allows, for a more holistic understanding of the
alien species and their impacts.
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Conclusion

Our results show that even with active aquatic surveying, designed to monitor
commercially and recreationally important species, there can be a significant
advantage to including stakeholder observation-based data sources to monitor
alien species. In the case of the European flounder in Iceland, diverse sourc-
es based on stakeholder observations, ranging from logbook entries to online
questionnaires and social media data, notably improved the information avail-
able from surveys carried out by the national marine and freshwater institute.
Based on these results and the observation that interest in reporting European
flounder as a novel species decreased over time, we therefore recommend mon-
itoring approaches that build upon existing structures providing a clear venue
for reporting European flounder occurrences and increased efforts to increase
awareness about the issue of biological invasions as well as the value of their
contribution. We further recommend expanding on the approach of stakehold-
er observations and integrating the full scope of LEK embedded in the involved
stakeholder group.
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