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Abstract

Based on a thorough literature review and expert consultation, this study provides an inventory 
of all introduced non-indigenous species (iNIS) reported for Belgian marine and brackish waters. 
The data indicate a strong increase in iNIS in the study area from the 1990s onward, averaging 2.2 
newly detected species per year, with a cumulative total of 108 iNIS between 1800 and 2024. The 
majority of these iNIS have the Northwestern Pacific or Northwestern Atlantic as their native region 
and are primarily introduced in Western Europe via shipping or aquaculture. In addition to compil-
ing the inventory, the context in which the iNIS are detected is examined, distinguishing between 
official monitoring programs, project-based data collection efforts, and citizen science initiatives. 
Our findings indicate that while the EU aims to promote coordination between its Marine Strategy 
Framework Directive (MSFD) and Water Framework Directive (WFD), a misalignment occurs in 
the practical implementation of iNIS monitoring at the Belgian level. For example, a coherent and 
integrated monitoring framework across marine, brackish, and freshwater systems is still lacking. 
Furthermore, despite the EU’s ambition to ensure comprehensive iNIS monitoring, no legal frame-
work currently mandates targeted monitoring in coastal ports, despite their well-documented role 
as hotspots for new marine introductions. After all, iNIS monitoring is only mandatory under the 
MSFD, which in essence applies only seaward from the coastal baseline and therefore does not cover 
waters within these ports. In addition, while the EU’s IAS Regulation has recently incorporated a few 
marine species on the Union list, its monitoring requirements remain primarily focused on terrestrial 
and freshwater species. As a result, observations published by citizens with significant expertise in 
the field represent the primary source of marine iNIS data in coastal port areas in recent decades in 
Belgium. The fragmentary nature of iNIS data complicates the efficient flow of information to in-
ternational or European iNIS reference databases that support policy and decision-making. Yet, even 
species officially reported by Member States under MSFD Descriptor 2 are not always included in 
these reference databases. Nonetheless, accurate data on iNIS presence and distribution are essential 
for effectively targeting and managing iNIS.
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Introduction

Introduced non-indigenous species (iNIS) are organisms that do not naturally occur in 
a geographically defined region and whose presence results from human activities that 
enabled them to overcome fundamental biogeographical barriers, either intentional-
ly or unintentionally (Carlton 2001). The non-standardized use of the term “NIS” 
(or “NNS”: non-native species), which in some contexts is applied more broadly to 
also include natural range expanders (including those shifting due to climate change), 
however, creates interpretational inconsistencies (e.g., Pederson et al. 2011; Hettinger 
2012; Soto et al. 2024). In the present study, the focus is explicitly on human-me-
diated introductions only, in line with the European Union (EU) Marine Strategy 
Framework Directive 2008/56/EC (MSFD). For this reason, the term “iNIS” was 
adopted to clearly indicate that the scope of this study excludes natural range expand-
ers. While many iNIS pose little risk to their new environment, others may cause 
impacts ranging from negligible to severe, including predation, introduction of par-
asites or diseases, competition for resources, or habitat modification (IUCN 2020). 
When such effects adversely affect biodiversity and ecosystem services, the species 
are classified as invasive alien species (IAS) under Regulation (EU) No 1143/2014. 
IAS thus represents a subset of iNIS (see also IAS Regulation Art. 2.2a). The severity 
of biological invasions depends on the ecological and biological traits of the invader, 
interactions with native species, and prevailing environmental conditions (Katsaneva-
kis et al. 2023). Beyond disrupting ecosystems, IAS can also negatively affect human 
health, the economy, and food security (Katsanevakis et al. 2014; Mazza et al. 2014; 
Ojaveer et al. 2015; Tsirintanis et al. 2022; IPBES 2023; Turbelin et al. 2024).

Due to their potential far-reaching environmental and socio-economic impacts 
and the associated costs related to eradication and management, iNIS and IAS have 
gained increased attention in global and European regulations and policy initiatives 
in recent decades, such as the United Nations Convention on Biological Diversity 
– Kunming-Montreal Global Biodiversity Framework (CBD-COP15); the MSFD; 
the IAS Regulation; the EU Biodiversity Strategy for 2030; and the International 
Maritime Organization (IMO) Ballast Water Management Convention (BWMC). 
Despite the growing policy attention, data point toward a strong increase in the intro-
duction rate of new marine and brackish iNIS during recent decades due to acceler-
ated globalization and the increasing trend in intercontinental trade through various 
pathways, such as shipping, aquaculture, and canals (Hulme et al. 2008; Katsanevakis 
et al. 2013; Ojaveer et al. 2018). Therefore, most policy frameworks focus on preven-
tion and mitigation of new introductions due to anthropogenic activities.

One of the key elements for a targeted and effective policy approach, includ-
ing the evaluation of preventive policy measures, is the reliance on publicly avail-
able, accurate, and up-to-date information (Tsiamis et al. 2019; Katsanevakis et 
al. 2023). Several databases have been developed that may serve this purpose, for 
example, the World Register of Introduced Marine Species (WRiMS), focusing on 
brackish and marine iNIS (Costello et al. 2021, 2025); AquaNIS, which covers 
aquatic NIS and species of uncertain origin (AquaNIS 2025); and the European 
Alien Species Information Network (EASIN), specifically developed to support EU 
iNIS management policy (Katsanevakis et al. 2015). It should be noted that the 
local, national, and regional application of global or EU biodiversity data systems 
for developing effective iNIS policies is dependent on their coverage within specific 
regions (i.e., integration of area-specific data into these systems). This coverage, in 
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turn, is influenced by the presence or absence of dedicated monitoring programs 
(Lehtiniemi et al. 2015; Katsanevakis et al. 2023), the availability of taxonomic 
expertise, and regional biases in sampling and data collection efforts (Troudet et al. 
2017; McClain et al. 2024).

This study aims to conduct a comprehensive assessment of iNIS in the Belgian 
part of the North Sea and adjacent estuaries to create a complete inventory of cur-
rent records of iNIS within these ecosystems. Building upon the work of Verleye 
et al. (2024), this updated species inventory includes data on the year of introduc-
tion, the native regions, the current distribution within Belgium, and the prima-
ry introduction vectors. The context of the data collection (iNIS observations) is 
also analyzed, distinguishing between official monitoring programs, project-based 
data collection efforts, and citizen science initiatives. The latter are defined here 
as independent individuals who are not affiliated with a scientific institution but 
possess extensive expertise in specific taxonomic groups. Furthermore, the study 
evaluates the efficiency of the Belgian marine iNIS monitoring programs as part of 
the implementation of EU policies (MSFD, Water Framework Directive (WFD), 
IAS Regulation). Additionally, the study examines the flow of information toward 
reference databases such as EASIN, AquaNIS, and WRiMS. By first completing 
WRiMS (which can then serve to feed other databases), this study will improve 
the accuracy and completeness of these reference databases, ensuring that the data 
reflect local marine and brackish iNIS in Belgium.

Methods

iNIS inventory of Belgian marine and brackish waters

Geographical scope and species inventory

This study builds upon the inventory of iNIS in Belgian marine and brackish water 
systems of Verleye et al. (2024) as a primary reference, covering the Belgian part of 
the North Sea, the marine intertidal zone, coastal port areas, estuaries, mudflats, 
salt marshes, and brackish inland waters. For inland waters, only habitats with 
some seawater influence (mesohaline or polyhaline) were taken into account (Fig. 
1). Only iNIS first observed after 1800 were included in the inventory, as earlier 
occurrences could not be reliably confirmed. At the iNIS level, key information 
was collected related to the introduction vectors, the native regions, the year of first 
observation, and the level of species establishment (Suppl. material 1).

The data for the inventory were sourced via the VLIZ Alien Species Consor-
tium, a community of 32 experts from 17 institutes across four countries. This 
national species inventory, based on the taxonomy of the World Register of Marine 
Species (WoRMS; WoRMS Editorial Board 2025) – which is a key contributor to 
the Global Biodiversity Information Facility (GBIF) Backbone Taxonomy – builds 
upon previous reviews (Kerckhof et al. 2007; Vandepitte et al. 2012; Verleye et al. 
2020) and was further enhanced by data from monitoring initiatives under the 
MSFD and the WFD, as well as citizen science initiatives and project-based data 
collection efforts.

Starting from this initial inventory, expert consultations were conducted to cap-
ture diverse taxonomic expertise and ensure a robust dataset. Online biodiversity 
information systems such as GBIF and waarnemingen.be (Observation.org 2025) 
– a citizen science platform in Belgium managed by the NGOs Natuurpunt and 
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Natagora – provided supplementary local distribution data on species already re-
tained in the inventory. Next, this Belgian iNIS inventory for marine and brack-
ish waters was compared with WRiMS data to identify any discrepancies in iNIS 
listings for the Exclusive Economic Zone (EEZ) and other relevant territories in 
Belgium. These differences were subsequently analyzed in detail to align and opti-
mize both inventories (Suppl. material 2). This included, among other things, the 
removal of false positives (endemic species, species not yet observed in Belgium) 
as well as the addition of new species in WRiMS. Remaining differences between 
the final inventory and the WRiMS data at the Belgian level are due to differing 
approaches in both lists. For example, WRiMS includes some freshwater species 
that tolerate brackish water environments. However, if these species are only ob-
served in freshwater systems in Belgium, they fall outside the geographical scope 
of the present study. Additionally, a single observation of marine or brackish iNIS 
from decades ago without recent records could be included in WRiMS but is not 
necessarily retained in the current inventory (Suppl. material 2).

Taxonomic bias

Taxonomically biased records present a well-documented limitation of conven-
tional monitoring approaches (Troudet et al. 2017; McClain et al. 2024). By com-
bining the diverse individual expertise within the VLIZ Alien Species Consortium, 

Figure 1. Study area showing the demarcation of the Belgian part of the North Sea (including the exclusive economic zone and territorial 
waters), the position of the coastal baseline (i.e., low-water line), the marine intertidal zone, the zones of the ports in permanent connec-
tion with the sea, the enclosed euhaline (>30 psu) port zones, and the brackish (polyhaline, mesohaline) water zones.
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efforts were made to minimize this bias. However, bias persists for species that are 
difficult to detect, historically underrepresented in marine sciences, part of species 
complexes (cryptic species), or lacking effective monitoring techniques. In this 
context, information on the pelagic environment, including phytoplankton and 
zooplankton, was limited until recently, meaning these species are likely underrep-
resented in the current inventory (see also Lescrauwaet et al. 2015).

Year of first observation

Except in cases of intentional introduction, the exact introduction date is generally 
unknown. However, the date of the first recorded observation is available. There-
fore, this study uses “year of first observation” rather than “year of introduction.” 
Similarly, if sessile organisms appear to be several years old at the time of first 
observation, the observation date was recorded instead of estimating an earlier 
introduction date based on their age.

Native distribution ranges

Each species was assigned to its likely native region. A distinction was made be-
tween the following regions: NE-NW-SE-SW Atlantic (ATL), NE-NW-SE-SW 
Pacific (PAC), Indian Ocean (IND), Mediterranean Sea (MED), Pontocaspian 
region (POCA), and cosmopolitan (sub)tropical species (COS). For this study, the 
attribution was based on a screening of the scientific literature supplemented by 
peer-reviewed expert evaluation (one or two experts per species). However, in some 
cases, the natural biogeographic range of a species spans two or more regions, while 
for a few species, uncertainty remains regarding their exact native distribution. If 
there was uncertainty between a few regions, all were assigned to the respective 
iNIS. If the native distribution range was unknown, it was categorized as “un-
known.” However, in cases where there was a strong suspicion regarding a specific 
native region that has not yet been confirmed, both the suspected region and the 
classification “unknown” were assigned. When a species was attributed to multiple 
native regions, each was given equal weight, ensuring that the total contribution of 
the areas per species summed to one.

Introduction pathways and vectors

Each iNIS was categorized according to the primary human-induced pathway(s) 
and vector(s) through which it was introduced to Western Europe, defined here as 
the Greater North Sea area and the Bay of Biscay, encompassing Belgium and its 
neighboring countries: the Netherlands, France, Germany, and the United King-
dom. A pathway refers to a process (i.e., broader means) through which a species 
is introduced to a new environment (e.g., shipping), while the vector refers to the 
actual dispersal mechanism or physical medium that facilitates the movement of the 
species along the pathway (e.g., hull fouling or ballast water) (Genovesi and Shine 
2004; Pyšek et al. 2011; Harrower et al. 2017). In this study, the categorization was 
based on a screening of the scientific literature supplemented by peer-reviewed expert 
evaluation (one or two experts per species) and followed the pathway categorization 
of the CBD (Harrower et al. 2017), as summarized in Table 1. However, in many 
cases, definitive evidence regarding the primary introduction pathway or vector was 



192NeoBiota 103: 187–214 (2025), DOI: 10.3897/neobiota.103.159848

Thomas J. Verleye et al.: Introduced non-indigenous species in Belgian marine and brackish waters

lacking. In such situations, multiple “potential” CBD-(sub)categories of pathways/
vectors were attributed to the concerned species. Furthermore, certain species were 
introduced multiple times, independently and via different pathways or vectors. 
Lastly, some species were introduced through a combination of (sub)categories. For 
example, the construction of canals (C-IW in Table 1) facilitated the spread of spe-
cies by allowing them to be transported by ships (TS-HH, TS-BW, TS-HF) through 
these newly connected water systems, or parasites (TC-PA) and fouling organisms 
(TC-CA) were introduced alongside species imported for aquaculture (EC-AQ). 
When multiple subcategories were assigned to a species, they were weighted equally 
(see also European Environment Agency 2024) so that their total always equaled one. 
Additionally, non-target species that accidentally hitchhiked to new regions alongside 
targeted aquaculture species – without being dependent on these species in the con-
text of parasitism, pathogens, symbiosis, or fouling – were assigned to the subcategory 
“Escape from confinement – Aquaculture/mariculture” (EC-AQ). These species were 
not categorized under the subcategories Food contaminant (including live food), 
Contaminant on animals (excluding parasites and species transported by host and 
vector), or Parasites on animals (including species transported by host and vector).

Assessing policy frameworks for effective iNIS monitoring and early 
detection

The key EU regulatory frameworks for detecting, monitoring, and managing iNIS – 
both generally and from a marine perspective – were analyzed, including their objec-
tives, targets, implementation, and challenges in addressing marine iNIS. Further, 
based on the iNIS inventory, an analysis was conducted to determine how often the 
first detection of iNIS species actually occurred within the context of official moni-
toring programs, thereby assessing the adequacy of these programs for detecting new 
iNIS (Suppl. material 3). This analysis was only conducted for species introduced 
after 2011, i.e., the baseline year of the first reporting cycle on Good Environmental 
Status under MSFD Descriptor 2 (Belgian State 2018a). Four main detection con-
texts were distinguished: MSFD monitoring, WFD monitoring, project-based data 

Table 1. Overview of the relevant CBD pathway/vector (sub)categories as described in Harrower et al. (2017).

Relevant CBD pathway categories Subcategories Code

Release in nature Erosion control/dune stabilization RN-EC

Fishery in the wild RN-F

Landscape / flora / fauna “improvement” in the wild RN-L

Escape from confinement Aquaculture / mariculture EC-AQ

Live food and live bait EC-LB

Transport – Contaminant Contaminants on animals (excluding parasites and species transported by host and vector) TC-CA

Parasites on animals (including species transported by host and vector) TC-PA

Contaminants on plants (excluding parasites and species transported by host and vector) TC-CP

Transport – Stowaway Container/bulk TS-CB

Hitchhikers on ship/boat (excluding ballast water and hull fouling) TS-HH

Ship/boat ballast water TS-BW

Ship/boat hull fouling TS-HF

Corridors Interconnected waterways/basins/seas C-IW
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collection, and citizen science observations. Furthermore, the extent to which the 
brackish and marine iNIS observed in Belgium were already recorded in interna-
tional and European iNIS reference data repositories was examined.

Results

iNIS in Belgian marine and brackish waters

As of 2024, 108 iNIS have been confirmed in the Belgian part of the North Sea and 
adjacent estuaries (Suppl. material 1). Five iNIS were already reported in Belgium 
as early as the 19th century. The number of new iNIS records exhibited a steady 
increase throughout most of the 20th century (until 1990), with no more than five 
new iNIS observations per decade. By 1990, a total of 33 iNIS had been record-
ed in the study area. However, for the period 1991–2000, a sudden surge in the 
number of new iNIS records can be observed, with 25 new iNIS detections within 
a decade. This sharp increase is followed by the addition of 14 new iNIS between 
2001 and 2010 and another 25 between 2011 and 2020. In the period from 2021 
to 2024, an additional 10 new iNIS were identified (Fig. 2). The increasing trend 
in the number of iNIS over the study period was confirmed by a Poisson regression 
(β = 0.186, SE = 0.028, p < 0.001), corresponding to an average increase of ~20% 
per decade. A piecewise Poisson regression further indicated a significant structural 
break in the upward trend after 1990, with the number of new iNIS records being 
on average more than six times higher after 1990 compared to previous decades 
(β = 1.846, SE = 0.425, p < 0.001). Unlike species recorded before 1990, of which 
85% are now considered widely established in the study area, only 50% of the spe-
cies introduced after 1990 have become widely established. Of the remaining 50%, 
27% currently exhibit a localized presence within a highly specific (isolated) area, 
8% are characterized by very low abundances but are still considered established, 
and for the remaining 15% it is unclear whether they have successfully established.

At the taxonomic group level, arthropods represent the largest proportion of 
identified iNIS, accounting for 35% of the total. This diverse group includes crabs, 
copepods, amphipods, isopods, sea spiders, barnacles, and shrimp. Arthropods are 
followed by mollusks (14%), worms (annelids, flatworms, nematodes, and nemer-
teans) (11%), and algae and seaweeds (11%). Other groups include cnidarians 
(6%), bryozoans (6%), ascidians (6%), fish (5%), vascular plants (2%), non-algal 
unicellular eukaryotes (1%), rotifers (1%), ctenophores (1%), and sponges (1%) 
(Fig. 2; Suppl. material 1).

Native distribution ranges of iNIS

The native regions of the iNIS in the study area are highly diverse, and for 13% 
of the species, the native distribution range is considered “unknown.” The main 
native regions are the Northwestern Pacific and Northwestern Atlantic, accounting 
for 31% (weighted score of 33.8 species) and 27% (28.7 species) of the iNIS in 
the study area, respectively. In total, the Pacific region as a whole is the native area 
of 44% (47.2 species) of the identified iNIS, and the Atlantic region accounts for 
30% (32.4 species). The Pontocaspian region is the home range of 5% of the iNIS 
(5.5 species), the Mediterranean of 3% (3.5 species), and the Indian Ocean of 2% 
(1.8 species) (Fig. 3; Suppl. material 1).
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Main introduction pathways and vectors

When examining the primary introduction pathways toward Western Europe for 
iNIS occurring in the study area, shipping – including the vectors “ballast water 
transport” and “hull fouling” – and aquaculture are by far the predominant trans-
port pathways (Fig. 4; Suppl. material 1). Due to the frequent uncertainty regarding 
the actual pathway and/or vector responsible for a given species introduction, mul-
tiple potential introduction modes are often considered. For instance, ballast water 
transport is linked to 59 iNIS, hull fouling to 54 iNIS, and aquaculture to 49 iNIS. 
After weighting (cf. methodology), ballast water transport is considered responsible 
for the introduction of 32% of all iNIS (34.6 species), hull fouling for 26% (27.9 
species), and aquaculture for 22% (23.7 species). The different species groups can 
clearly be associated with distinct types of transport pathways. For example, algae 
and seaweeds are mainly introduced through aquaculture, whereas arthropods are 
primarily associated with transport via shipping (ballast water transport, hull foul-
ing). These differences in pathway distribution were statistically significant (χ2(9) = 
27.61, p = 0.0011). In the case of mollusks, both shipping (ballast water transport) 
and aquaculture play a significant role (Fig. 4; Suppl. material 1).

Figure 2. Number of newly observed iNIS in the study area per decade (with species introduced between 1801 and 1900 grouped together), 
categorized by species groups. The group “algae and seaweeds” includes eukaryotic algae, both unicellular and multicellular forms, including 
diatoms, green algae, brown algae, and red algae. The collective term “worms” encompasses organisms from several different phyla, including 
Annelida (segmented worms), Platyhelminthes (flatworms), Nematoda (roundworms or nematodes), and Nemertea (ribbon worms).
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Geographic patterns in first detection in Western Europe

Of the 108 identified iNIS in the study area, 103 originate from outside Europe. 
For 83 species, the first detection on European territory occurred in Western Eu-
rope. For 12 of the 108 iNIS (11%), it is likely that they reached Western Europe 
via Belgium. For two other species (2%), it remains unclear whether they were first 
observed in Belgium or the Netherlands. For the remaining 87% of marine and 
brackish iNIS found in Belgium, first observations were made in one of the neigh-
boring countries: 31% (33 species) were first recorded in the Netherlands, 23% 
(25 species) in the United Kingdom, 19% (20 species) in France, 12% (13 species) 
in Germany, 2% (two species) in the broader North Sea region (unspecified), and 
for 1% (one species), uncertainty remains regarding the exact location of its first 
introduction in Western Europe (Suppl. material 1).

iNIS observation context and reporting coverage of newly detected 
species

In order to assess the adequacy of the Belgian monitoring programs for iNIS de-
tection, the context in which new iNIS were first observed was examined. Of the 
35 iNIS first recorded in the study area after 2011, nine iNIS were observed in the 

Figure 3. Weighted number of iNIS in Belgian marine and brackish waters for each native region, with species groups shown as col-
or-coded bars.
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context of formal monitoring programs (MSFD, WFD), six were detected within 
the framework of a research project, and 20 were found through citizen science 
initiatives (Suppl. material 3).

To assess the completeness of the Belgian marine iNIS reporting on MSFD 
Descriptor 2, only marine iNIS detected between 2011 and 2021 were considered, 
as this timeframe corresponds to the MSFD reporting periods covered thus far. 
Within this subset, only 10 out of 20 newly introduced marine iNIS in the study 
area appear to have been included in the official national MSFD reports (Fig. 5).

Discussion

Anthropogenic drivers of increasing iNIS

The recorded increase in the number of iNIS between 1800 and 2024, and partic-
ularly the sharp acceleration since the 1990s, reflects a dynamic and intensifying 
pattern of species introductions in the study area. This trend is consistent with 
broader global patterns (e.g., Seebens et al. 2017) and, in particular, aligns with 
findings from the Netherlands, which show a sharp increase from 1990 onward 
(Gittenberger et al. 2017), and from the French Northern Seas, where the number 
of iNIS has risen significantly since 2000 (Massé et al. 2023). Similar trends are 
also observed in the Mediterranean Sea (Zenetos et al. 2012). Aside from potential 

Figure 4. Number of iNIS per species group in Belgian marine and brackish waters, broken down by (potential) CBD pathway/vector 
subcategories (see Table 1) of primary introductions in Western Europe, using the weighting approach described in the methodology.
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effects of monitoring biases (see further), this increasing trend is likely driven by 
accelerated globalization and the growing volume of intercontinental trade, which 
facilitates species introductions through multiple pathways, including shipping, 
aquaculture, and canals (Hulme et al. 2008; Katsanevakis et al. 2013; Ojaveer et 
al. 2018). The fact that the vast majority (95%) of iNIS recorded in the study area 
have their native distribution outside Europe underscores the role of globalized 
economic activities as key drivers of marine and brackish species introductions.

The geographical pattern of first detections, with most species initially observed 
in neighboring Western European countries, suggests a regional stepping-stone 
effect, where species establish in nearby coastal systems before expanding their 

Figure 5. Flowchart illustrating the monitoring and data collection contexts leading to the first detection of iNIS in Belgian marine and 
brackish waters (estuaries) in the period 2011–2021 (n = 28). The diagram highlights the significant role of citizen science for marine iNIS 
detections. It also visualizes the challenges in data flow from diverse sources to overarching iNIS data repositories, which underpin EU 
policy. Furthermore, it underscores the importance of this study in compiling a comprehensive species inventory for marine and brackish 
waters, which feeds into WRiMS, establishing it as the primary future data source for Belgian records.

Data collection contexts 
leading to the first 

detection of marine and 
brackish iNIS in Belgium 

between 2011-2021 

Focus monitoring 
between 2011-2021 

Numbers of first
iNIS detections

Area specific numbers
between 2011-2021

Availability of data on 
species occurrence

(Each iNIS attributed to only 
one category, if included in 

official MSFD reportings, 
the species is not listed 

under publications)

Belgian brackish/marine 
iNIS data in WRiMS & 

added value of this study

WRiMS as a reference 
dataset for marine and 

brackish water species in 
Belgium

Informing policy based on 
the best available 

scientific data

IAS Regulation
(n=0)

EASIN / AquaNIS / etc.

EU Policy on iNIS and IAS in marine and 
brackish water systems

EU Policy on iNIS and IAS in marine and 
brackish water systems

Water Framework 
Directive

(n=5)

iNIS in brackish waters
(n=8)

iNIS in marine waters 
offshore from baseline 
and intertidal (n=12)

Official national MSFD 
iNIS reporting (2011-2021)

(n=10)

iNIS observed between 
2011-2021 listed in 

WRiMS before this study
(n=11)

Confirmed by experts, 
data not published 
anno 2021 (n=6)

Scientific publications but 
not included in MSFD 

reporting (n=12)

iNIS occurring exclusively in 
euhaline port zones (n=8)

iNIS in euhaline 
environments (n=20)

Monitoring for Good 
Ecological Status; No focus 
on iNIS; No monitoring of 

coastal ports

Focus on Union list Monitoring offshore from 
baseline and intertidal

Marine Strategy 
Framework Directive

(n=3)

Project based 
data collection

(n=6)

iNIS observed between 
2011-2021 listed in 

WRiMS after this study
(n=28)

iNIS observed between 
2011-2021 not yet listed 

in WRiMS before this 
study (added as part 
of this study) (n=17)

Citizen science based
data collection

(n=14)

n=3 n=7

n=9
n=1

n=1

n=7 n=4

n=11

n=3

n=3
n=7

n=2

n=5

n=1
n=4

n=1
n=2 n=2

n=3 n=5

n=6 n=8

n=17



198NeoBiota 103: 187–214 (2025), DOI: 10.3897/neobiota.103.159848

Thomas J. Verleye et al.: Introduced non-indigenous species in Belgian marine and brackish waters

range into Belgian waters. Only a small proportion of species (11%) are likely to 
have reached Western Europe via Belgium directly (i.e., primary introduction). For 
these species, shipping appears to be the most important pathway. The interconti-
nental nature of shipping – particularly in the port of Antwerp – has significantly 
increased since 1990, with maritime trade volumes to and from Asia increasing 
sevenfold over the past three decades, while cargo transport with the Americas and 
Africa has doubled (Merckx Jean-Pierre, personal communication). These vessels 
frequently visit multiple Northeastern Atlantic and North Sea ports, facilitating 
both the primary introduction and secondary spread of iNIS. Regarding ballast 
water transport, the IMO BWMC (which entered into force on 8 September 
2017) aims to prevent the introduction of species from one region to another by 
establishing global standards and procedures for the management and control of 
ships’ ballast water and sediments. But given that only on 8 September 2024 did 
all ships have to be in compliance with the D-2 standard for ballast water manage-
ment, it is not yet possible to assess the effectiveness of this measure for Belgium.

Additionally, economic activities such as aquaculture can also contribute to the 
introduction of new iNIS via deliberate introductions of species for cultivation 
(“aquaculture”) or accidentally, as certain species may be transported alongside 
imported shellfish (“contaminants”, “parasites”). The dates of first introduction 
indicate that aquaculture serves as a primary pathway for new introductions in 
neighboring countries such as France and the Netherlands. From there, these spe-
cies subsequently spread to Belgium through secondary routes (see also Kerckhof 
2014; Kerckhof et al. 2012), whereas to date, direct primary introductions via 
aquaculture in Belgium remain limited.

Linking native distribution regions and introduction pathways

The predominant introduction pathways not only show associations with specific 
species groups (Fig. 4; Suppl. material 1) but also reflect the nature of human-me-
diated connections between the native regions and Western Europe. Clear associa-
tions can be identified between these native distribution regions and the modes of 
transport involved in species introductions (Table 2). For instance, five out of six 
iNIS (83%) originating from the Pontocaspian region were introduced as a result 
of the construction of canals connecting the Black Sea basin to Western European 
waterways (e.g., Bij de Vaate et al. 2002). For species originating from the North-
western and Southwestern Atlantic, shipping (ballast water, hull fouling) was the 
predominant pathway for introduction, reflecting the strong maritime connectiv-
ity between these continents (MarineTraffic 2025). This pattern differs from that 
observed in the Northwestern Pacific, where aquaculture was the most significant 
mode of transport, with numerous species being introduced – both intentionally 
and unintentionally – as a result of the introduction of Japanese oyster spat Ma-
gallana gigas (e.g., Buizer 1989; Critchley et al. 1990; Eno et al. 1997; Verlaque 
2001; Dankers et al. 2004; Gosliner and Behrens 2006).

Observational biases and future perspectives

Beyond changes in the intensity and nature of economic activities, the likelihood 
of detecting new species has also increased due to improved monitoring practic-
es. Since the 1990s, biological monitoring in Belgian waters has expanded and 
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improved significantly (Verleye et al. 2024), although it is not specifically focused 
on iNIS. Enhanced and more frequent analyses of biological samples have in-
creased the chances of detecting new iNIS. However, this mainly results in earlier 
detection of new introductions, but not necessarily in more detections in the long 
term. Citizen scientists, on the other hand, have been actively searching for new 
iNIS in the coastal region since the 1970s.

Despite the expanded and improved biological monitoring, observational biases 
remain. Compared to benthic habitats (Breine et al. 2018), research on pelagic 
habitats in the Belgian part of the North Sea is still in its early stages (Van Ginder-
deuren et al. 2014). As a result, pelagic data are limited, likely leading to an under-
representation of phytoplankton and zooplankton species in the current inventory. 
Recent efforts have started to address this gap, with increased monitoring of the 
pelagic environment, primarily in the context of MSFD Descriptor 1 (biodiversi-
ty) (Belgian State 2020; Lagaisse et al. 2024; VLIZ 2025). However, these efforts 
may also provide new opportunities for the systematic detection of pelagic iNIS.

To further reduce taxonomic and habitat-related biases, molecular tools such 
as (environmental) DNA-based methods, including metabarcoding and quanti-
tative polymerase chain reaction (qPCR), are being explored as potential tools to 
complement traditional observation methods for the detection of aquatic iNIS 
(Fonseca et al. 2023; Hablützel et al. 2023). While these approaches show prom-
ise, their applicability and reliability for comprehensive monitoring still require 
further evaluation (Kopp et al. 2023). If further refined, these approaches could 
potentially contribute to early detection, the identification of cryptic species, and 
expanded taxonomic coverage.

Challenges concerning marine iNIS in EU regulation and national policy

Building on the Belgian iNIS inventory for marine and brackish water systems, 
the capacity of current monitoring approaches to detect new iNIS in Belgium was 
assessed. However, prior to this assessment, it is crucial to first examine the key EU 

Table 2. Matrix showing the relative percentage of iNIS originating from specific regions in relation to their (potential) primary intro-
duction vectors. Row totals may exceed 100% because species can have multiple potential vectors.

Native 
region

RN-EC RN-F RN-L EC-AQ EC-LB TC-CA TC-PA TC-CP TS-CB TS-HH TS-BW TS-HF C-IW Unknown

NE ATL 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

NW ATL 0% 3% 3% 29% 0% 14% 0% 3% 0% 11% 63% 40% 0% 6%

SE ATL – – – – – – – – – – – – – –

SW ATL 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 80% 20% 0% 0%

NE PAC 0% 0% 0% 57% 0% 36% 7% 0% 0% 0% 57% 79% 0% 0%

NW PAC 0% 0% 0% 69% 0% 29% 2% 0% 0% 2% 43% 50% 0% 0%

SE PAC 0% 0% 0% 50% 0% 0% 0% 0% 0% 0% 50% 50% 0% 0%

SW PAC 0% 0% 0% 33% 0% 0% 0% 0% 17% 0% 83% 67% 0% 0%

IND 0% 0% 0% 50% 0% 25% 0% 0% 0% 0% 50% 25% 0% 0%

MED 0% 0% 0% 25% 0% 0% 25% 0% 0% 0% 50% 50% 50% 0%

POCA 0% 0% 0% 0% 17% 0% 0% 0% 0% 0% 100% 50% 83% 0%

COS 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 67% 67% 0% 0%

Unknown 0% 0% 0% 50% 0% 39% 0% 0% 0% 6% 33% 72% 0% 0%
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regulatory frameworks that govern the detection, monitoring, and management of 
iNIS and IAS, both in general and from a marine perspective.

To this day, Regulation (EU) No 1143/2014 (IAS Regulation) on the preven-
tion and management of the introduction and spread of IAS primarily targets ter-
restrial and freshwater species. The regularly updated list of IAS of Union concern 
(Union list) prioritizes the approach to certain species, selected by the European 
Commission in consultation with the EU Member States (Commission Imple-
menting Regulation (EU) 2016/1141, amended by Implementing Regulations 
(EU) 2017/1263, 2019/1262, 2022/1203, and 2025/1422). However, the criteria 
for inclusion on the Union list (Article 4.3a–e), all of which must be met, make 
it difficult to include marine species, resulting in only five strictly marine species 
listed to date, of which only one currently occurs in Belgian waters. Specifical-
ly, the adverse impacts on biodiversity, human health, and the economy (Article 
4.3c) are often not straightforward to demonstrate for marine species. Further-
more, successful eradication of marine IAS in open systems, such as the sea and 
the ocean, becomes virtually impossible if the critical window for a rapid response 
following the initial introduction is missed (Katsanevakis et al. 2023). Moreover, 
cost-benefit analyses entail considerable uncertainty when it comes to assessing the 
effectiveness of coordinated Union-level action in preventing the introduction, 
establishment, or spread of a species, or in mitigating the adverse effects of marine 
IAS (Articles 4.3d–e). Due to the limited practical and cost-effective means to 
eradicate or manage IAS in the marine environment without harming local ecosys-
tems, preventing the introduction of IAS is currently considered the only feasible 
management option for the marine environment (OSPAR 2023). This approach is 
attempted, among other efforts, by the IMO BWMC, the IMO 2023 Ships’ Bio-
fouling Guidelines (resolution MEPC.378(80)), the International Council for the 
Exploration of the Sea (ICES) Code of Practice on the Introduction and Transfer 
of Marine Organisms (1994, revised in 2005) (ICES 2005), and Regulation (EC) 
No 708/2007 concerning the use of alien and locally absent species in aquaculture.

For marine iNIS in particular, the Working Group on Introductions and 
Transfers of Marine Organisms (WGITMO) was established within ICES in 
1970. WGITMO maintains annual records of new introductions in the ICES 
area and provides management advice on request. However, a legally binding 
framework for the monitoring and reporting of newly introduced marine spe-
cies only emerged with the entry into force of the MSFD, the primary EU 
policy instrument for this purpose. It aims to ensure that iNIS remain at lev-
els that do not adversely alter ecosystems, i.e., the Good Environmental Status 
(GES) for Descriptor 2. The Commission Decision (EU) 2017/848 introduced 
criteria and methodological standards to streamline monitoring and track the 
progression toward GES. The primary criterion D2C1 requires reporting the 
number of new iNIS records into the wild for each six-year assessment period, 
aiming to minimize (and ideally reduce to zero) such introductions, while the 
OSPAR “NIS Common Indicator” (NIS3) was developed in alignment with 
the MSFD to enable Contracting Parties that are EU Member States to use its 
results for MSFD reporting (OSPAR 2018). Within this context, Belgium has 
decided to focus only on monitoring newly introduced macrofauna and macro-
flora (>1 mm) that could lead to significant changes to the ecosystem, excluding 
species with taxonomic uncertainty or negligible effects from permanent intro-
duction (Kerkhove and Kerckhof 2024).
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Secondary MSFD criteria D2C2 and D2C3 focus, respectively, on the abun-
dances and spatial distribution of iNIS (with emphasis on IAS, i.e., those on the 
Union list or species relevant for D2C3) and the species groups and habitats that are 
adversely altered by iNIS, with particular attention to IAS. However, assessing the 
degree of competition or potential negative ecosystem effects associated with a par-
ticular iNIS is challenging to measure unambiguously, which complicates reporting 
on and achieving D2C3. To gain better scientific insights into (local) ecosystem 
interactions, significant investments should be made, preferably at the regional sea 
level (see also OSPAR 2018). The challenge of setting targets that are ambitious, 
measurable, and realistic is not unique to the MSFD but also occurs in other policy 
frameworks, such as the EU Biodiversity Strategy 2030, which includes a commit-
ment to reduce the number of Red List species threatened by IAS by 50% by 2030. 
This approach is complicated and hardly measurable for the marine environment, 
given that it deals with multiple challenges and uncertainties, including: (1) the 
frequent lack of a comprehensive overview of all IAS in a specific region or Member 
State due to the absence of targeted monitoring programs (e.g., Lehtiniemi et al. 
2015), (2) concerns raised in the literature about overreliance on the IUCN Red 
List in conservation policies, highlighting its incompleteness, partial outdatedness, 
and potential misuse in priority setting (e.g., Palacio et al. 2023), and (3) the gen-
erally poor knowledge base on often complex species interactions, which presents a 
critical limiting factor in assessing this target (OSPAR 2018; Ojaveer et al. 2024).

In addition to monitoring obligations for EU Member States, the MSFD re-
quires the development of a program of measures, which is subject to a six-year 
revision cycle. The program should address each of the MSFD descriptors, while 
individual measures should aim to ensure that environmental targets are met and 
GES is achieved or maintained (initial target year: 2020). A listing of the Belgian 
MSFD measures contributing to the achievement of GES for Descriptor 2 is pro-
vided in Table 3 (Belgian State 2022). Some measures were designed within other 
legal frameworks, such as the IMO-related obligations, and are thus reused within 
the context of the MSFD. However, many measures lack sufficient concreteness, 
and, although developed by the federal authority responsible for environmental 
policy at sea, their implementation may exceed this authority’s competence, as mea-
sures related to the stricter implementation of the IMO BWMC fall under the com-
petence of the federal authority for mobility and transport. Further, a recent Euro-
pean Commission evaluation (COM (2025) 3; SWD (2025) 1) rated the adequacy 
of Belgium’s program of measures for Descriptor 2 as “moderate”. While progress 
was noted in addressing iNIS introductions via shipping, gaps remain concerning 
aquaculture and offshore wind farms, both identified as potential future pathways 
given their provisional spatial allocations in the draft marine spatial plan (MSP) for 
2026–2034 (subject to final approval; see also Federal Government 2025).

Constraints of current monitoring approaches for detecting new iNIS 
in marine and brackish waters

To assess the effectiveness of national measures (Table 3) and to measure progress to-
ward GES according to the criteria listed for Descriptor 2 in Commission Decision 
(EU) 2017/848, five official monitoring programs were selected or established in the 
framework of the MSFD by the Belgian federal authorities responsible for environ-
mental policy at sea (Belgian State 2020) (Table 4). However, three of these monitoring 
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programs are essentially executed within the obligations of their environmental license 
(i.e., for sand extraction, dumping sites, and offshore wind farms) and do not specifical-
ly focus on iNIS. Neither does the fourth program, in which the general state of natural 
hard substrates is monitored. Only the fifth monitoring program focuses specifically on 
iNIS, but only for artificial hard substrates such as groynes, navigation buoys, offshore 
wind turbines, and other artificial structures. The current monitoring approach for De-
scriptor 2, in which dedicated monitoring activities for iNIS are thus limited, reflects a 
pragmatic strategy within a context of constrained budgets.

Between 2011 and 2021, eight new marine iNIS were reported by Belgium for 
the first MSFD benchmarking period, 2011–2016 (Belgian State 2018a), and two 
new species were reported between 2016 and 2021 (Kerkhove and Kerckhof 2024). 
It is important to emphasize that only three out of the 10 iNIS were effectively 
detected through one of the five officially recognized iNIS monitoring programs 
under the MSFD. For six iNIS, initial observations were made by citizen scientists, 
while one species was first reported on a project-based basis (Suppl. material 3).

However, between 2011 and 2021, in total 28 new iNIS have been identified in 
Belgian marine and brackish waters according to our inventory, of which 20 were 
found in euhaline environments (>30 psu) and eight in brackish waters (poly- and 

Table 3. Overview of the Belgian MSFD measures contributing to the achievement of GES for Descriptor 2 of the MSFD (Belgian State 2022).

Year of implementation Measures

Since 2016 (first MSFD cycle) Environmental impact assessment and appropriate assessment (with attention to fouling).

Permit condition (e.g., wind farms): maximum restriction on the introduction of hard substrates.

Permit condition: monitoring during construction and operation – fouling macrobenthos.

Prohibition on the intentional (unless permitted) and unintentional introduction of alien organisms through 
ballast water, regulated by the Marine Environment Act of December 11, 2022.

Anti-fouling measures (2011 IMO Guidelines for the control of biofouling on ships).

Since 2022 (second MSFD cycle) Development of a classification system for alien species (categorized by threat level).

Enforcement of IMO 2023 Ships’ Biofouling Guidelines: cleaning of ship hulls before entering Belgian waters.

Stricter adherence to and implementation of the Ballast Water Convention, with increased attention to ballast 
water exchange monitoring.

Table 4. Overview of the formal national MSFD monitoring programs on iNIS in the Belgian territory (Belgian State 2020).

Monitoring program Activity Implementing institution

ANSBE-P6-Benthos-1-soft-sediment Monitoring of soft-sediment benthos to assess environmental impacts 
of dredge disposal and sand extraction zones in the Belgian part of the 

North Sea.

Institute for Agricultural, Fisheries, 
and Food Research – ILVO

ANSBE-P7-Benthos-2-epi-fish Monitoring of epibenthos and demersal fish for environmental 
impact assessments of dredge disposal and sand extraction zones in 

the Belgian part of the North Sea.

Institute for Agricultural, Fisheries, 
and Food Research – ILVO

ANSBE-P8-Benthos-3-windfarm Monitoring of macrobenthos and sediment within offshore wind 
farm areas.

Ghent University – UGent

ANSBE-P9-Benthos-4-hard-substrate Monitoring of spatial environmental data through remote sensing 
and sedimentological and biological data based on field verification 

via direct physical sampling at selected locations considered 
representative of broader areas.

Royal Belgian Institute of Natural 
Sciences – RBINS

ANSBE-P10-NIS Monitoring of iNIS on hard substrates, including groynes, buoys, 
wind turbines, monitoring poles, and other artificial offshore 
structures such as artificial reefs and islands, once available.

Royal Belgian Institute of Natural 
Sciences – RBINS
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mesohaline environments) (Fig. 5). This significantly exceeds the number of spe-
cies (10) reported by Belgium under the MSFD during the same period. This can 
predominantly be attributed to the spatial implementation limits of the MSFD, 
which, according to the directive, only applies to waters, the seabed, and subsoil 
on the seaward side of the coastal baseline (i.e., the low-water line along the coast; 
cf. United Nations Convention on the Law of the Sea (UNCLOS) Art. 5). This 
means that the marine intertidal zone, coastal ports, estuaries, and inland brackish 
waters are by definition not addressed through the MSFD but through the WFD. 
However, as the WFD does not concern iNIS specifically (Cardoso and Fee 2008; 
Vandekerkhove et al. 2013; Filipe et al. 2019; Boon et al. 2020), Belgium decided 
to also include iNIS observed in the intertidal and open port zones (i.e., port areas 
in permanent open connection to the sea) in its MSFD reporting (Belgian State 
2018a; Kerkhove and Kerckhof 2024). This decision was taken in response to 
EU-level policy encouraging Member States to ensure coordination and alignment 
across directives through existing institutional structures. As a result, our data indi-
cate that, for species occurring in offshore, intertidal, and open port zone habitats, 
the two Belgian MSFD assessments seem to provide moderate coverage for new 
iNIS observed between 2011 and 2021, with 10 out of the 16 observed iNIS with-
in the scope of our inventory being reported under the MSFD (Suppl. material 3).

However, coastal ports  – commonly regarded as hotspots for new introductions 
(Donelan et al. 2022; Verleye et al. 2024) – are not systematically included in 
the MSFD monitoring programs to date as they classify as “internal waters” (i.e., 
landward from the baseline). As a result, former MSFD reportings primarily rely 
on alternative data collection sources for open port zones, such as citizen science, 
which often reports findings with delays or lacks official reporting (see further). In 
addition, euhaline enclosed port zones are not considered at all in Belgian MSFD 
reporting. Consequently, between 2011 and 2021, only one of the eight marine 
iNIS that are confined exclusively to port areas has been reported under the MSFD 
(Fig. 5; Suppl. material 3). Although monitoring in coastal ports should ideally 
fall under the WFD, for which iNIS monitoring is not required, coastal ports are 
currently not embedded into the WFD monitoring network in Belgium.

This approach entails risks regarding the early detection of new iNIS and, con-
sequently, their potential early control. Between 2011 and 2024, 12 new marine 
iNIS have been identified whose distributions are exclusively restricted to ports, of 
which eight species are limited to enclosed euhaline port areas. Of these 12 spe-
cies, nine were observed by citizen scientists, while three were identified through 
targeted project-based data collection (Suppl. material 3). Although these observa-
tions represent an important source of information, they also have some drawbacks 
compared to a systematic, government-led monitoring program. For instance, in 
the context of citizen science, there is often a significant delay between the first 
observation of a species and the publication of the data, or no publication at all, 
which may prevent the relevant authorities from taking prompt action in response 
to a new introduction. Additionally, targeted project-based sampling may also pose 
challenges in terms of data availability. For example, in preparation for the inter-
national implementation of the IMO BWMC, OSPAR/HELCOM developed a 
standardized port-survey protocol for iNIS detection, forming the basis for grant-
ing ballast water management exemptions under Regulation A-4 (G7 Guidelines; 
Resolution MEPC.289(71)) (HELCOM/OSPAR 2015). As the costs had to be 
borne privately (by ports or ship owners), this monitoring was ultimately carried 



204NeoBiota 103: 187–214 (2025), DOI: 10.3897/neobiota.103.159848

Thomas J. Verleye et al.: Introduced non-indigenous species in Belgian marine and brackish waters

out in only one Belgian port (e.g., Gittenberger et al. 2018), and as potential 
economic concerns existed, the data were not made publicly available. As a result, 
potentially valuable local biodiversity data do not feed into species repositories or 
official public reports, and as such, they are not brought to the attention of policy-
makers. In response to these issues and limitations, the federal authority recently 
decided to expand the monitoring activities under the MSFD (ANSBE-P10) to 
include artificial hard substrates in selected port areas that remain in permanent 
open connection with the sea, even though such areas formally fall outside its 
jurisdiction (Kerkhove and Kerckhof 2024). However, this expansion does not 
provide comprehensive spatial coverage of the area. Further, enclosed euhaline port 
areas remain excluded from any continuous or systematic biodiversity monitoring 
program, nor are they reported under the MSFD.

For brackish water iNIS detections after 2011, five out of the nine observed 
species within the scope of our inventory were observed in the context of the 
WFD biodiversity monitoring programs in inland Belgian brackish water envi-
ronments. Although these efforts do not specifically target iNIS, they are reported 
when encountered. Additionally, if fish listed on the Union list (IAS Regulation) 
are detected, targeted sampling is conducted in high-risk areas to monitor these 
populations (Verreycken Hugo (INBO), personal communication). For the re-
maining four brackish iNIS, three were initially observed by citizen scientists and 
one on a project basis (Fig. 5; Suppl. material 3).

The above underscores the significance of citizen science observations for the ini-
tial detection of new iNIS in Belgian marine and brackish water systems, aligning 
with findings of, e.g., Thiel et al. (2014), Mannino and Balistreri (2018), and Po-
cock et al. (2019), who highlight the growing share of observation data collected by 
citizen scientists. While acknowledging the important contribution of citizen sci-
ence, this also reinforces the need to establish dedicated monitoring programs for 
iNIS and to improve coordination between national implementation efforts under 
the MSFD and WFD. Although the EU encourages alignment through coordinat-
ed implementation across directives, the differing approaches to the binding nature 
of iNIS monitoring under the MSFD and WFD continue to pose challenges at the 
national level. After all, the legal spatial application boundaries between the two 
frameworks are somewhat artificial, as species do not adhere to these boundaries in 
their distribution as long as environmental conditions remain favorable. Address-
ing this limitation requires the development of a comprehensive and systematic 
monitoring approach for port areas, including enclosed euhaline waters.

Integrating and optimizing the local and regional iNIS data flow

In addition to the direct challenges associated with monitoring marine iNIS, it is 
crucial that available data, including local data from different regions, are consol-
idated, quality controlled, and made accessible through integrated data systems. 
Fragmented and/or incomplete data complicate the realistic assessment of new 
species introductions and consequently hinder comprehensive policymaking by 
preventing a well-founded evaluation of the effectiveness of management mea-
sures. For example, of the 28 iNIS first observed in Belgian marine and brack-
ish waters between 2011 and 2021, only 11 were already recorded in the World 
Register of Introduced Marine Species (WRiMS) as present in Belgium prior to 
this study (Fig. 5). As such, this study added 17 iNIS to WRiMS for the period 
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considered (Suppl. materials 2, 3). In comparison, 16 of the 28 species had already 
been attributed to Belgium in EASIN, and 14 in AquaNIS. Many observations 
are published in scientific journals or entered into a range of (local) biodiversity 
databases, such as the citizen science-driven waarnemingen.be (Observation.org 
2025), but these data are not automatically integrated into iNIS reference databas-
es, which is crucial for supporting iNIS policy at the EU and EU Member State 
level. Moreover, even official national reports under the MSFD do not automati-
cally lead to inclusion of the reported iNIS in these repositories. Of the 10 marine 
iNIS officially reported by Belgium under the MSFD between 2011 and 2021, 
seven were listed in WRiMS and eight in both EASIN and AquaNIS prior to this 
study (Suppl. material 3).

The fragmentary nature of iNIS data highlights the importance of developing 
comprehensive iNIS inventories through extensive literature and database screen-
ing, in collaboration with experts from diverse taxonomic fields. The Belgian in-
ventory, for example, was subsequently used to update WRiMS, enhancing its role 
as a reference database for marine and brackish water species in Belgium. The op-
timization of WRiMS, which is Darwin Core (DwC) compatible, ensures that the 
global species list and associated species information for marine and brackish wa-
ters – including the Belgian list – can flow into systems such as EASIN, although 
the optimization of this data flow is still an ongoing process.

Conclusion

The rapid increase in the number of newly reported iNIS in Belgian marine and 
brackish waters – averaging 2.2 species per year since 1991 – underscores the ur-
gent need for effective management through regulatory measures and control. 
Given the limitations of current approaches in controlling further spread of es-
tablished marine iNIS, preventive measures addressing the primary introduction 
pathways remain the most viable strategy for the management of marine iNIS. 
However, the evaluation of the effectiveness of these measures requires a robust 
and standardized monitoring strategy. For the Belgian case, this study highlights a 
misalignment in the practical implementation of marine iNIS monitoring across 
the MSFD and WFD domains. Although the European Commission encourages 
Member States to align and coordinate implementation between the two direc-
tives, only the MSFD legally obliges Member States to monitor iNIS. As a result, 
no systematic and coherent framework exists at the Belgian level for the early de-
tection and management of marine iNIS in euhaline water systems of coastal ports 
(i.e., landward from the coastal baseline), even though these areas act as hotspots 
for introductions. This challenge is further compounded by the lack of targeted 
monitoring obligations for marine species under the IAS Regulation, as the focus 
remains predominantly on terrestrial and freshwater species, with marine species 
often failing to meet the inclusion criteria for the Union list. Consequently, spe-
cies identification in these areas largely depends on citizen science initiatives and 
project-based data collection, with results from these sometimes not being publicly 
available. Therefore, the establishment of a comprehensive, harmonized monitor-
ing program that includes marine iNIS monitoring landward from the coastal 
baseline (in euhaline internal waters) is strongly recommended to enhance and 
accelerate early detection of new iNIS. Furthermore, particular attention is needed 
to ensure that observation data flow efficiently to iNIS reference data repositories, 
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as the present study demonstrates that reporting species within the framework 
of official monitoring programs (such as the MSFD) or citizen science platforms 
(waarnemingen.be) does not currently guarantee the inclusion of a species in these 
reference databases. Ensuring this efficient data flow improves data accessibility 
and is essential for informed decision-making for the sustainable management of 
iNIS and marine ecosystems in general.
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