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Abstract

Multiple species of land planarians have become established outside their natural ranges. Some are
considered invasive because of their rapid spread and adverse effects on ecosystems. Once established,
land planarians are difficult to manage. Therefore, it is crucial to document their presence and spread
and assess their risk. This study provides an annotated checklist and distribution maps of all non-na-
tive land planarians recorded in Belgium, as well as a climate-matching analysis and a Harmonia' risk
assessment for each species. A climate-matching analysis and a risk assessment were also conducted
for two species that do not occur in Belgium but are included in the European Union’s list of invasive
alien species of Union Concern: Platydemus manokwari and Arthurdendyus triangulatus. Thus far,
nine non-native land planarian species have been recorded in Belgium: Anisorhynchodemus cf. signata,
Bipalium kewense, Caenoplana coerulea, C. variegata, Diversibipalium multilineatum, Dolichoplana
striata, Marionfyfea adventor, Obama nungara, and Parakontikia ventrolineata. Climate-matching per-
centages were highest for A. triangulatus, M. adventor, C. variegata, and O. nungara. Obama nungara
is the only species that received a very high environmental risk score. Diversibipalium multilineatum
and P manokwari both received high environmental risk scores. The overall risk score was medium
for O. nungara and D. multilineatum and low for all other species. The information presented in this
review may provide a basis for developing suitable detection and monitoring methods and rapid-re-

sponse strategies for high-risk non-native land planarians.
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Introduction

Currently, more than 1,000 species of land planarians are known to science (Geo-
planidae in GBIF Secretariat 2025), and this number will undoubtedly continue
to increase because the most species-rich subtropical and tropical regions are un-
dersampled (Murchie and Justine 2021). Several land planarians have successfully
colonized areas outside their native ranges (Winsor et al. 2004; Sluys 2016; Mur-
chie and Justine 2021; Thunnissen et al. 2022). In Europe, at least 30 non-native
land planarian species have been found in heated glasshouses of botanical gardens
and plant nurseries or in outdoor environments, including urbanized areas, gar-
dens, and agricultural fields (Cannon et al. 1999; Alvarez-Presas et al. 2014; Jus-
tine et al. 2022; Mori et al. 2022a; Thunnissen et al. 2022).

The horticultural trade is considered the primary pathway for the introduction
of non-native land planarians worldwide. The commercial trade and transport of
potted plants allow land planarians to spread easily as contaminants. Other means
of introduction and spread may include the movement of topsoil, agricultural pro-
duce, and farm goods such as silage bales and farmyard manure (Winsor 1983;
Cannon et al. 1999; Alvarez-Presas et al. 2014; Sluys 2016; Murchie and Justine
2021). Several land planarians have become established in humid outdoor envi-
ronments outside their natural ranges (Winsor et al. 2004; Sluys 2016; Murchie
and Justine 2021; Thunnissen et al. 2022). The spread of land planarians and the
subsequent colonization of new environments may be facilitated by several re-
productive traits, such as hermaphroditism, sperm storage, the production of egg
capsules containing multiple offspring, and asexual reproduction by fragmentation
(Ducey etal. 2005, 2006). Egg capsules of land planarians usually contain between
one and 15 offspring. The number of offspring per capsule may vary among pop-
ulations of the same species, depending on food availability (Ducey et al. 2005).
Asexual fragmentation can be the primary means of reproduction in some species
(Connella and Stern 1969; Ducey et al. 2006). The invasive potential of land pla-
narians may also be attributed to the lack of natural predators. Rhabditogen cells
(i.e., gland cells that secrete rodlike structures referred to as rhabdites) produce
a distasteful mucous secretion that may repel most potential predators (Denny
1989; Winsor et al. 2004; Sluys 2016). Only a handful of natural enemies of land
planarians have been reported, including some birds, shrews, carabid and staphyli-
nid beetles, a predatory fungus gnat, a carnivorous snail, and other planarians, but
planarians are generally not preferred prey (Hickman 1965; Cannon et al. 1999;
Winsor et al. 2004; Lemos et al. 2012; Boll and Leal-Zanchet 2016). Parasites
and pathogens of land planarians are almost unknown, although recent research
demonstrated the presence of two species of Microsporidia in land planarians in
Northern Ireland (Gastineau et al. 2025a).

Some non-native land planarians are considered invasive because of their rapid
spread and adverse effects on ecosystems (Winsor et al. 2004; Sluys 2016; Murchie
and Justine 2021; Thunnissen et al. 2022). Four land planarians, Arthurdendyus
triangulatus, Bipalium kewense, Obama nungara, and Platydemus manokwari, are
listed as invasive alien species of Union Concern (European Commission, Direc-
torate-General for Environment 2019, 2025). The list of Union Concern lies at
the heart of European Regulation (EU) 1143/2014, which is intended to prevent
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the introduction and spread of invasive species (European Parliament, Council of
the European Union 2014). Among other measures, it obliges European Member
States to draft action plans to prevent unintentional introductions. The New Zea-
land flatworm, A. triangulatus, was added to the list of Union Concern in 2019
(European Commission, Directorate-General for Environment 2019). It has es-
tablished populations in the UK, Ireland, and the Faroe Islands, where it was most
likely introduced via potted plants and soil (Cannon et al. 1999). Climate-match-
ing models suggest that the species may be capable of surviving in parts of main-
land Europe as well, with coastal regions in the Atlantic and Continental biogeo-
graphical regions from France to Germany and the southern tips of Norway and
Sweden especially at risk of establishment (Boag et al. 1995a, 1995b; Boag and
Yeates 2001; Murchie 2017). Arthurdendyus triangulatus probably feeds exclusively
on earthworms (Cannon et al. 1999), which are considered beneficial soil organ-
isms in their native ranges (Edwards and Arancon 2022; Gérard et al. 2025). The
New Guinea flatworm, P manokwari, was added to the list of Union Concern
in 2025, along with B. kewense and O. nungara (European Commission, Direc-
torate-General for Environment 2025), but it had been recognized much earlier
as one of the world’s worst invasive alien species (Lowe et al. 2000). Platydemus
manokwari has spread to a variety of (semi)natural habitats and urban areas in
many countries outside its natural range, including multiple Atlantic and Pacific
islands (Winsor et al. 2004; Justine et al. 2014, 2015, 2021; Hu et al. 2019). The
species was deliberately introduced into the Philippines, Japan, and the Maldives
to control the giant African snail Lissachatina fulica (Bowdich, 1822) (Justine et
al. 2014), although the potted plant trade is likely its main introduction pathway
(Sugiura 2009). It is a voracious predator of gastropods and other invertebrates and
is considered a major threat to endemic partulid snails on several Pacific islands
(Hopper and Smith 1992; Ogren 1995; Okochi et al. 2004; Winsor et al. 2004).
Platydemus manokwari is a host and transmission vector for the rat lungworm An-
giostrongylus cantonensis (Chen, 1935), which can infect humans and cause menin-
gitis (Asato et al. 2004; Qvarnstrom et al. 2013).

Although most land planarians are likely not harmful, vigilance is required
regarding non-native species other than those listed as invasive alien species of
Union Concern because all land planarians are predators of a variety of ground-
and soil-dwelling invertebrates, including gastropods, earthworms, and arthropods
such as isopods and spiders (Winsor et al. 2004; Murchie and Justine 2021; Car-
doso etal. 2023). Once established, land planarians are difficult to manage because
of their cryptic and soil-dwelling behavior (Murchie 2017; Murchie and Justine
2021). Documenting the presence and spread of (potentially) invasive land pla-
narians is therefore crucial for identifying introduction pathways and sources, as-
sessing the risk of establishment, and evaluating potential adverse effects on native
ecosystems. An overview of the non-native land planarians occurring in Belgium,
their distribution, and their potential risks was lacking. To address this knowledge
gap, the objectives of this study are threefold: (1) to provide a checklist and up-to-
date distribution maps of all non-native land planarians recorded in Belgium, (2)
to assess the similarity between each species’ current climatic distribution and the
Belgian climate through a climate-matching analysis, and (3) to assess the risk they
pose to Belgium using a Harmonia® risk assessment.
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Methods
Non-native land planarians in Belgium

An annotated checklist and distribution maps of non-native land planarians oc-
curring in Belgium were compiled using data collected by the authors and citizen
scientists. These observation data are available via iNaturalist (2025) and Waar-
nemingen.be/Observations.be (2025) (Vanreusel et al. 2025). The latter has prov-
en to be a valuable tool for monitoring non-native species in Belgium (Swinnen et
al. 2018). The Waarnemingen.be/Observations.be dataset includes land planarian
observations collected as part of the ongoing FlatwormWatch citizen science proj-
ect (heeps://www.iasregulation.be/nl/flatwormwatch). The project, launched on 6
May 2024, encourages citizens to report observations of non-native land planarians
on Waarnemingen.be/Observations.be by providing online identification tools. It
ensures community engagement through a newsletter and various articles in spe-
cialized media. Validation of these observations was carried out by the authors.
Information on the worldwide distribution and prey preferences of the non-native
land planarians occurring in Belgium was also included in the annotations because
this information is valuable for assessing their invasion and impact risks.

Climate matching

Open data from the Global Biodiversity Information Facility (GBIF Occurrence
Download 2025) and Képpen—Geiger climate maps (Beck et al. 2023) were used
to perform climate matching for the non-native land planarians recorded in Bel-
gium, as well as for Arthurdendyus triangulatus and Platydemus manokwari. Arthur-
dendyus triangulatus and P manokwari do not occur in Belgium but are included
in the list of invasive alien species of Union Concern. Képpen—Geiger climate
matching was applied as a first-line screening method. It provides a consistent
baseline for assessing the climatic suitability of a new territory for non-native spe-
cies based on their known distribution across climatic zones. Specifically, a cli-
mate-match value was assigned to each Képpen—Geiger climate zone based on
the percentage of a species’ recorded outdoor occurrences within that zone. These
values were then linked to the Képpen—Geiger climate zones defined for Belgium
under current and future conditions to obtain a final climate-match score for the
country. Currently, Belgium is situated almost entirely within Képpen—Geiger cli-
mate zone Cfb (i.e., a temperate climate with warm summers and no dry season),
except for a very narrow zone in the eastern part of the country that is classified as
Dfb (i.e., a cold climate with warm summers and no dry season). Future climate
conditions were derived from projections provided by Beck et al. (2023) for the
periods 2041-2070 and 2071-2099 under four shared socioeconomic pathways
(SSPs) representing scenarios with low, intermediate, high, and very high emis-
sions. Under scenarios with high and very high emissions, climate zone Cfa (i.e.,
a temperate climate with hot summers and no dry season) is expected to become
relevant. All climate-matching analyses were performed using R v. 4.5.0 (R Core
Team 2025), and only species with a minimum of 20 GBIF records were retained
for analysis. A detailed overview of the data selection and analyses can be found in
the supplementary material (Suppl. material 1).
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Harmonia®* risk assessment

A Harmonia* risk assessment (D’hondt et al. 2015; Vanderhoeven et al. 2015) was car-
ried out for the non-native land planarians recorded in Belgium, as well as for Arthur-
dendyus triangulatus and Platydemus manokwari, using the default settings of the Har-
monia* protocol. The assessment considers the arithmetic mean of scores derived from
answers provided to different questions within each Harmonia® module (introduction,
establishment, spread, and impact) and uses the geometric mean to combine the scores
of the introduction, establishment, and spread modules into an invasion risk score (also
termed the “exposure score”). Using the default settings of Harmonia®, an overall risk
score is obtained by multiplying the invasion risk score by the maximum score of the
individual impact risk modules (environment, plants, animals, humans, and other)
(D’hondt et al. 2015). An environmental risk score is obtained by multiplying the in-
vasion risk score by the environmental impact module score (D’hondt et al. 2025). The
assessment was performed by TVdAN, ]S, AJ, and JR based on a literature review and
was discussed until consensus was reached. The assessors used the same literature sourc-
es. The consensus-building method was applied to effectively capture the opinions of
the assessors and address uncertainty (Vanderhoeven et al. 2017). The assessment was
conducted using the online version of the protocol, which is freely available at hetp://
ias.biodiversity.be/harmoniaplus. The Harmonia* risk-scoring system yields a score
ranging from 0 to 1. The assessment emphasized the invasion, environmental, and
overall risk scores. To facilitate interpretation, the invasion, environmental, and overall
risk scores were classified as very low, low, medium, high, and very high (Table 1).
Cutoff values for the risk classes were adopted from D’hondt et al. (2025). The cutoff
values for all Harmonia® modules (introduction, establishment, spread, environment,
plants, animals, humans, and other) used to determine the invasion, environmental,
and overall risk scores are provided in the supplementary material (Suppl. material 2).

Results
Non-native land planarians in Belgium

Thus far, nine non-native land planarian species have been recorded in Belgium:
Anisorhynchodemus cf. signata, Bipalium kewense, Caenoplana coerulea, Caenoplana
variegata, Diversibipalium multilineatum, Dolichoplana striata, Marionfyfea adven-
tor, Obama nungara, and Parakontikia ventrolineata. Distribution data for each
species are shown in Fig. 1. Obama nungara is the most widespread species.

Table 1. Cutoff values for risk scores used for the Harmonia* risk classification of non-native land

planarians in Belgium, adopted from D’hondt et al. (2025).

Color code risk | Risk classification | Invasion risk score | Environmental risk score | Overall risk score

_ Very low 0 0 0
Low 10, 0.397] 10,0.172] 10, 0.294]
Medium 10.397, 0.478] 10.172, 0.237] 10.294, 0.375]
R High 10.478, 0.593] 10.237, 0.315] 10.375, 0.472]
B Ve high 10593, 1] 10315, 1] 10.472, 1]
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O Indoor B Indoor and outdoor B Qutdoor

Anisorhynchodemus cf. signata Bipalium kewense Caenoplana coerulea

51.5°N -

50.5°N -

49.5°N 1

{Caenoplana variegata] Diversibipalium multilineatum Dolichoplana striata

51.5°N -

50.5°N -

49.5°N 1

Marionfyfea adventor Parakontikia ventrolineata

51.5°N -

50.5°N -

49.5°N 1
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Figure 1. Distribution of the nine non-native land planarian species recorded in Belgium through 31 December 2025.

Anisorhynchodemus cf. signata (von Graff, 1899)

Note. Planarians with the external characteristics of Anisorhynchodemus signata
(von Graff, 1899), except for length, were first found in Belgium on 29 May 2019
in the tropical rainforest glasshouse of Meise Botanic Garden (50°55'31.0"N,
4°19'51.3"E). Subsequently, A. cf. signata has been observed on multiple oc-
casions in this glasshouse and in the anthropogenic biome glasshouse. On 23
November 2022, A. cf. signata was found in the Victoria glasshouse of the
Ghent University Botanical Garden (51°02'06.2"N, 3°43'22.3"E). On 14 May
2025, a specimen of A. cf. signata was found in the glasshouse of the University
of Liége at Domaine du Sart Tilman in Angleur (50°34'41.2"N, 5°35'16.5"E).

In most cases, A. cf. signata was found on damp, bare soil. Anisorhynchodemus
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cf. signata was first reported in Belgium as Dolichoplana cf. signata (Van den
Neucker et al. 2020). This may explain why Thunnissen et al. (2022) grouped
this species with Dolichoplana sp. in their checklist of non-native planarians in
Europe. However, Belgian specimens of A. cf. signata are much smaller (up to
approximately 16 mm in stretched length) than the specimen described by von
Graff (1899) (100 mm) and have a single dark dorsal line, whereas Dolichoplana
sp. from the Netherlands is larger (up to 110 mm) and has five parallel dorsal
lines (Thunnissen et al. 2022: fig. 1G). In addition, Anisorhynchodemus sp. de-
picted in Thunnissen et al. (2022: fig. 1A) differs from A. cf. signata in having
a dark, almost black body with two parallel pale dorsal lines. In Belgium, A. cf.
signata appears to be restricted to heated glasshouses. The glasshouses in the
botanical gardens of Meise and Ghent maintain tropical regimes with air hu-
midity > 70%.

Distribution. Anisorhynchodemus signata was originally described from Indo-
nesia (von Graff 1899). Introduced specimens of A. cf. signara have been reported
from Australia, Israel, Italy, and the USA (Mienis 2022a; Mori et al. 2022a; iNat-
uralist 2025; Mienis and Vaisman 2025a). A specimen reported from Israel was
found in a commercial shipment of mosses from the Netherlands (Mienis and
Vaisman 2025a), where the species has thus far not been detected (Thunnissen et
al. 2022; de Waart et al. 2025).

Prey preference. The prey preference of A. cf. signata is largely unknown, but
gastropods are part of its diet because it has been observed feeding on Eopolita
protensa jebusitica (J. R. Roth, 1855) (Mienis 2022a).

Bipalium kewense Moseley, 1878

Note. The earliest Belgian records of B. kewense date to December 1906 and are
from the Ghent University Botanical Garden (Van De Woestijne 1907). However,
the species has not subsequently been reported from Ghent. On 29 May 2019,
B. kewense was discovered in the anthropogenic biome glasshouse of Meise Botanic
Garden (50°55'29.1"N, 4°19'49.2"E) (Van den Neucker et al. 2020). Subsequent-
ly, B. kewense has been found on several other occasions in both the anthropogenic
biome and rainforest glasshouses, on bare ground, among leaf litter, and under
wooden planks. In Belgium, the species has thus far been found only in glasshouses
with tropical temperatures and high humidity.

Distribution. Bipalium kewense was first described from Kew Gardens (UK)
(Winsor 1983) but probably originates from Southeast Asia. Currently, the species
occurs in at least 78 countries worldwide (de Luna et al. 2022; Boll and de Luna
2025; Gastineau et al. 2025b; iNaturalist 2025), most likely through the transport
of potted plants. In tropical and subtropical regions, B. kewense can survive in
outdoor environments. In Europe, it has been found outdoors in France, Italy,
Portugal (including the Azores and Madeira), and Spain (including the Canary
Islands), but in temperate regions, it seems to be found most commonly in heated
glasshouses. In Austria, Germany, the Netherlands, and Sweden, it has been found
exclusively in heated glasshouses, although detailed information about older re-
cords is often lacking (Marcus and Marcus 1959; Winsor 1983; Sanchez-Garcia
2014; Sluys 2016; Justine et al. 2018, 2024b; Fourcade et al. 2022; Thunnissen et
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al. 2022; Glaw et al. 2024; de Waart et al. 2025; Gastineau et al. 2025b; iNatural-
ist 2025; Bouguerche et al. 2026).

Prey preference. Bipalium kewense feeds on earthworms and other invertebrates
(Justine et al. 2018; Thunnissen et al. 2022).

Caenoplana coerulea Moseley, 1877

Note. Land planarians belonging to the Caenoplana coerulea species complex
(Alvarez-Presas et al. 2014; Mori et al. 2023) were recorded for the first time in
Belgium on 6 March 2019 in the research glasshouses of Meise Botanic Garden
(50°55'30.4"N, 4°19'49.7"E). Thereafter, multiple observations were reported from
the anthropogenic biome and Victoria glasshouses in Meise. From 26 May 2021
onward, Caenoplana coerulea was also found on three occasions in the glasshouse of
the University of Lieége at Domaine du Sart Tilman in Angleur, and a single obser-
vation was reported from a garden center. The specimen from the garden center was
found in a plant pot from Italy, where C. coerulea has not yet been detected. The
species has been found in and under plant pots, on bare soil, among leaf litter, and
under wooden planks. All Belgian records of C. coerulea are indoor observations.

Distribution. Caenoplana coerulea is native to eastern Australia and has been
introduced to Western Australia, Lord Howe Island, Norfolk Island, New Zealand,
Canada, the USA, Mexico, Argentina, South Africa, and Israel. In Europe, C. coe-
rulea has been introduced to Austria, Denmark, France, Germany, Greece, Italy, the
Netherlands, Portugal (including the Azores), Spain (including Menorca and the
Canary Islands), and the UK (Negrete et al. 2011; Breugelmans et al. 2012; Sluys
2016; Sudrez et al. 2018; Mienis 2022b; Mori et al. 2022a; Thunnissen et al. 2022;
de Luna and Boll 2023; de Waart and Thunnissen 2023; Glaw et al. 2024; Justine
et al. 2024b; Boll and de Luna 2025; iNaturalist 2025).

Prey preference. Caenoplana coerulea feeds on a variety of invertebrates, includ-

ing earthworms, isopods, diplopods, earwigs, beetles, dipteran larvae, and snails
(Negrete et al. 2011; Alvarez-Presas et al. 2014).

Caenoplana variegata (von Graff, 1899)

Note. Caenoplana variegata was first observed in Belgium on 22 April 2015 in a
private garden in Hamme (51°05'38.5"N, 4°04'34.0"E) (Soors et al. 2017). Multi-
ple observations have been reported from Hamme. Currently, the species is known
from 25 localities in Belgium. Most of these are outdoor observations from private
gardens, but the species has also been found indoors in private houses, glasshouses,
and verandas. The species has been observed under wooden planks, plant pots, and
other man-made objects, as well as on stone tiles and damp soil.

Distribution. Caenoplana variegata is native to Australia and has been introduced
to Austria, Croatia, France, Germany, Gibraltar, Greece, Ireland, Italy, the Nether-
lands, Spain, Sweden, Switzerland, the UK, Morocco, and Russia (Sluys 2016; Vard-
inoyannis and Alexandrakis 2019; Mori et al. 2022a; Thunnissen et al. 2022; Glaw
et al. 2024; Justine et al. 2024b; iNaturalist 2025; Bouguerche et al. 2026).

Prey preference. Caenoplana variegata feeds on a variety of invertebrates, in-
cluding isopods and spiders (Jones et al. 2020).
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Diversibipalium multilineatum (Makino & Shirasawa, 1983)

Note. Diversibipalium multilineatum has been observed only once in Belgium, in
a private garden in Keerbergen (51°00'26.1"N, 4°38'46.3"E). On 22 September
2024, a single specimen was found under dead wood in tall grass.

Distribution. The species is native to Japan and occurs as an introduced species
in Austria, Croatia, France, Germany, Hungary, Italy, the Netherlands, Slovenia,
Switzerland, Tiirkiye, the USA, and South Korea (Mazza et al. 2016; Sluys 2016;
Justine et al. 2018, 2024b; Fourcade et al. 2022; Mori et al. 2022a; Thunnissen et
al. 2022; Lazdnyi et al. 2024; iNaturalist 2025; Ritter 2025).

Prey preference. Diversibipalium multilineatum feeds on earthworms (Thun-
nissen et al. 2022).

Dolichoplana striata Moseley, 1877

Note. Thus far, only two Belgian records of Dolichoplana striata exist. On 30 No-
vember 2019, a single specimen was found on waterlogged silty soil along the
edge of an indoor pond in the Orangery of the Hortus Botanicus Lovaniensis
(50°52'41.9"N, 4°41'23.8"E), the botanical garden of Leuven (Van den Neucker et
al. 2020). Another specimen was found on 27 December 2025 at the same location.
The glasshouse in Leuven where the specimens were found has a tropical regime.
Distribution. Dolichoplana striata originates from Indonesia and Malaysia and
has been introduced to several other Asian countries, including China, India, the
Philippines, Sri Lanka, Thailand, and Vietnam. It also occurs as a non-native species
on several Caribbean islands, in French Guiana, in most Central American coun-
tries from Panama to Mexico, and in the USA, including Hawaii. It has also been
introduced to South Africa, Comoros, Mayotte, Réunion Island, Australia, Fiji,
French Polynesia, and New Caledonia. In Europe, D. striata has been introduced to
glasshouses in Bulgaria, Denmark, Germany, Ireland, Italy, Jersey, Slovakia, Spain,
and the UK (Pfitzner 1956, 1958; Anderson 1986; Sluys 2016; Brown et al. 2022;
Mori et al. 2022b; Thunnissen et al. 2022; de Luna and Boll 2023; Glaw et al. 2024;
Justine et al. 2024b; Boll and de Luna 2025; iNaturalist 2025; Simov et al. 2025).
Prey preference. The species feeds on earthworms (Thunnissen et al. 2022).

Marionfyfea adventor Jones & Sluys, 2016

Note. The first Belgian record of Marionfyfea adventor occurred on 20 February
2021 in Merendree (51°05'13,9"N, 3°35'08,2"E) (Soors et al. 2022). The species
is currently reported from 19 localities. It has been found on limestone, stone
tiles, tree bark, and under dead wood, mostly in private gardens (five localities)
and woodland areas (nine localities). On one occasion, it was found on driftwood
along the Scheldt River (Soors 2024). In Belgium, M. adventor has been reported
only from outdoor environments.

Distribution. The exact origins of M. adventor are unknown (Jones and Sluys
2016), but it is considered an introduced species in Denmark, France, Germany,
Ireland, the Netherlands, Spain, and the UK (Thunnissen et al. 2022; Glaw et al.
2024; Justine et al. 2024b; Rojo et al. 2024; iNaturalist 2025).
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Prey preference. The prey preference of M. adventor was previously unknown.
However, Belgian citizen scientists have photographed M. adventor feeding on sev-
eral small gastropods: the snails Alinda biplicata (Montagu, 1803) (Fig. 2) and
Vitrina pellucida (O.F. Miiller, 1774), and a slug belonging to the Arion hortensis
A. Férussac, 1819 species complex (Callens 2022; Bronne 2024; Hindricq 2024;
Salmon 2024).

Figure 2. Marionfyfea adventor feeding on Alinda biplicata (photo: Louis Bronne).
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Obama nungara Carbayo, Alvarez-Presas, Jones & Riutort, 2016

Note. Obama nungara was first found in Belgium on 15 June 2017 in Elsene
(50°50'2.8"N, 4°21'52.0"E) (Soors et al. 2019). It is the most widespread non-na-
tive land planarian in Belgium and is currently reported from 63 localities. These
localities mainly include private gardens or courtyards (30 localities) and plant
nurseries or garden centers (29 localities). The species has mostly been observed
outdoors, but indoor observations have also been reported from glasshouses at
five localities and private houses at two localities. Citizen scientists photographed
O. nungara on a variety of hard surfaces, such as stone tiles, bricks, concrete, and
wooden planks; on plastic plant pots and trays; and on geotextile and damp soil
(iNaturalist 2025; Waarnemingen.be 2025).

Distribution. Obama nungara is probably native to Brazil and Argentina (La-
go-Barcia et al. 2015, 2019; Negrete et al. 2020) and has been reported outside its
native range from Austria, Bulgaria, Croatia, the Czech Republic, France, Finland,
Germany, Greece, Guernsey, Hungary, Ireland, Italy, Malta, the Netherlands, Por-
tugal (including the Azores and Madeira), Slovakia, Sweden, Switzerland, Slove-
nia, Spain, Tiirkiye, the UK, Réunion Island, and the USA (Carbayo et al. 2016;
Lago-Barcia et al. 2019, 2020; Justine et al. 2020, 2022, 2024a, 2024b; Capka
and Cejka 2021; Thunnissen et al. 2022; Mori et al. 2023; Cilia 2024; Glaw et al.
2024; Lazanyi et al. 2024; Bouguerche et al. 2025; de Waart et al. 2025; Greilhuber
et al. 2025; iNaturalist 2025; Mienis and Vaisman 2025b; Antonova et al. 2026).
Obama nungara has recently been reported from Israel, where it was detected in a
plant shipment originating from the Netherlands (Mienis and Vaisman 2025b).

Prey preference. The species feeds on a variety of invertebrates, including gastro-
pods, earthworms, and other planarians (Boll and Leal-Zanchet 2016; Roy et al. 2022).

Parakontikia ventrolineata (Dendy, 1892)

Note. Parakontikia ventrolineata has thus far been reported from 12 localities in
Belgium. The first Belgian record dates from 26 February 2017 at the Victoria
glasshouse of the Ghent University Botanical Garden. On 30 May 2019, the spe-
cies was reported from the tropical glasshouse of Meise Botanic Garden (Van den
Neucker et al. 2020). Parakontikia ventrolineata was subsequently reported repeat-
edly from both botanical gardens, where it is commonly found under plant pots,
on bare soil, and among leaf litter and wood chips. In addition, from 11 May 2019
onward, several outdoor observations of P ventrolineata were recorded, including
one from a plant nursery, six from private gardens, and three from woodland areas.
Citizen scientists photographed P ventrolineata outdoors on stone, wood, and soil
(iNaturalist 2025; Waarnemingen.be 2025).

Distribution. Parakontikia ventrolineata is native to Australia and has been in-
troduced to Fiji, Lord Howe Island, New Zealand, France, Germany, Ireland, Italy,
the Netherlands, Portugal (including Madeira), Spain, the UK, Réunion Island,
South Africa, Brazil, Chile, Colombia, Costa Rica, Ecuador, Mexico, Canada, and
the USA, including Hawaii (Sanchez-Garcia 2014; Sluys 2016; Thunnissen et al.
2022; Kappes 2023; Justine et al. 2024b; Mori et al. 2024; iNaturalist 2025).

Prey preference. The species feeds on a variety of invertebrates, including iso-
pods, earthworms, and gastropods (Alvarez-Presas et al. 2014).
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Climate matching

Under current climatic conditions in Belgium and future projections for the pe-
riod 2041-2070, climate-matching percentages (Table 2) were highest for Ar-
thurdendyus triangulatus, Marionfyfea adventor, Caenoplana variegata, and Obama
nungara. Climate-matching percentages were low for Platydemus manokwari,
Dolichoplana striata, Bipalium kewense, and Diversibipalium multilineatum. For
the period 2041-2070, there were no differences in climate-matching percent-
ages among the different SSPs (Beck et al. 2023). However, using the climate
projections for the period 2071-2099, climate-matching percentages under the
high-emissions scenario SSP3-7.0 and the very-high-emissions scenario SSP5-
8.5 decreased for A. triangulatus, Caenoplana coerulea, C. variegata, M. adventor,
O. nungara, and Parakontikia ventrolineata, whereas climate-matching percent-
ages increased for B. kewense, D. multilineatum, D. striata, and P manokwari
(Table 2; Suppl. material 1). Anisorhynchodemus cf. signata was excluded from
the climate-matching analyses because there were fewer than 20 records of this
species in GBIF (2025).

Harmonia* risk assessment

The invasion, environmental, and overall risk scores are presented in Table 3.
Scores, confidence levels, and classifications for each Harmonia* module (intro-
duction, establishment, spread, environment, plants, animals, humans, and other)
are provided in the supplementary material (Suppl. material 2). Obama nungara
is the only non-native land planarian that received a very high environmental risk
score, resulting from a very high invasion risk score and a medium environmental
impact score. Note that the environmental and overall risk scores are identical for
all species (Table 3), although their risk classifications differ (Table 1). The overall
risk scores were classified as medium for D. multilineatum and O. nungara and as
low for all other species.

Table 2. Climate-matching percentages for the non-native land planarians recorded in Belgium, as well as for Arthurdendyus triangulatus

and Platydemus manokwari. Percentages are shown for current climatic conditions in Belgium and future climate projections under four
SSPs (Beck et al. 2023) (n.d. = no data). Percentages > 50% are highlighted in bold.

Taxon

Anisorhynchodemus cf. signata
Arthurdendyus triangulatus
Bipalium kewense

Caenoplana coerulea
Caenoplana variegata
Diversibipalium multilineatum
Dolichoplana striata
Marionfyfea adventor

Obama nungara

Parakontikia ventrolineata

Platydemus manokwari

Current climate

Climate projection 20412070 Climate projection 2071-2099
SSP1-2.6 = SSP2-4.5 | SSP3-7.0 = SSP5-8.5 @ SSP1-2.6 & SSP2-4.5 SSP3-7.0 | SSP5-8.5

n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
99.9 99.9 99.9 99.9 99.9 99.9 99.9 69.7 10.7
6.8 6.8 6.8 6.8 6.8 6.8 6.8 24.4 58.7
48.8 48.8 48.8 48.8 48.8 48.8 48.8 44.1 35
74.5 74.5 74.5 74.5 74.5 74.5 74.5 57.6 24.5
12.5 12.5 12.5 12,5 12.5 12.5 12.5 33.8 75.4
1.9 1.9 1.9 1.9 1.9 1.9 1.9 8.6 21.9
95.8 95.8 95.8 95.8 95.8 95.8 95.8 66.9 10.2
68.5 68.5 68.5 68.5 68.5 68.5 68.5 52.9 22.5
53.7 53.7 53.7 53.7 53.7 53.7 53.7 39.7 12.4
0.2 0.2 0.2 0.2 0.2 0.2 0.2 8 23.4
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Table 3. Harmonia" risk assessment scores for the non-native land planarians reported from indoor and outdoor environments in Bel-

gium, as well as for Arthurdendyus triangulatus and Platydemus manokwari. Risk classifications and color coding are explained in Table 1.

Information on their presence in indoor and outdoor environments in Belgium is also provided.

Taxon Indoor re'cords in Outdoor r‘ecords in Invasion risk score  Environmental risk score | Overall risk score
Belgium Belgium
Anisorhynchodemus cf. signata yes no
Arthurdendyus triangulatus no no
Bipalium kewense yes no
Cuaenoplana coerulea yes no
Caenoplana variegata yes yes
Diversibipalium multilineatum no yes
Dolichoplana striata yes no
Marionfyfea adventor no yes
Obama nungara yes yes
Parakontikia ventrolineata yes yes
Platydemus manokwari no no
Discussion

Thus far, nine non-native land planarians have been observed in Belgium. Five of these,
Caenoplana variegata, Diversibipalium multilineatum, Marionfyfea adventor, Obama
nungara, and Parakontikia ventrolineata, were reported from outdoor environments.

Land planarians reported from outdoor environments

Obama nungara is the most widespread species and is the only species that received
a very high environmental risk score, resulting from a very high invasion risk score
and a medium environmental impact score. Its overall risk was classified as medi-
um. The species is found almost exclusively in gardens, courtyards, garden centers,
and plant nurseries (Waarnemingen.be 2025). Therefore, it is highly likely that
dispersal through the transport of potted plants and topsoil is its main means of
introduction and secondary spread. French and Dutch populations of O. nungara
may be capable of reaching Belgium without human intervention, as there are
outdoor observations of the species near the Belgian border in France (Justine et al.
2024b) and the Netherlands (de Waart et al. 2025; Waarneming.nl 2025). How-
ever, man-made and natural obstacles such as roads, canals, and rivers may limit its
capacity to spread by natural means. Moreover, movement over longer distances
may be possible only under humid conditions because land planarians are sensi-
tive to desiccation (Winsor et al. 2004; Murchie and Justine 2021). Nonetheless,
O. nungara already appears to be firmly established in Belgium. Predictions from
species distribution models suggest that the species tolerates a broad climatic range
and that the Belgian climate is suitable for O. nungara (Negrete et al. 2020; Four-
cade 2021). These findings are consistent with our climate-matching analysis. The
private gardens and plant nurseries where O. nungara occurs likely provide ample
refuges and suitable prey. Obama nungara feeds on gastropods and earthworms
(Boll and Leal-Zanchet 2016; Noél et al. 2026), including deep-dwelling (endoge-
ic) earthworms (Roy et al. 2022). Earthworms are beneficial soil organisms because
they play a major role in soil aeration, drainage, and nutrient recycling (Edwards
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and Arancon 2022; Gérard et al. 2025). Gastropods may also play an important
role in plant decomposition, nutrient recycling, and soil formation (Stephenson
1968; Keller and Snell 2002; Buschmann et al. 2005; Kappes 2006). Predation
on earthworms and gastropods may therefore affect soil properties, with cascading
effects on the food web. However, a qualitative model by Fourcade et al. (2025)
suggests that the soil ecosystem is resilient to invasion by O. nungara, although
the authors emphasize that several improvements to the model are needed to en-
hance its predictive accuracy. Nonetheless, O. nungara can attain high densities
in gardens (cumulative abundances of up to 1,585 individuals per month), and
its populations can rebound after dry periods (Noél et al. 2025). Moreover, the
opportunistic feeding behavior of O. nungara, along with its ability to shrink to
survive starvation and produce egg capsules after several weeks in isolation, may
add to its invasive potential (Noél et al. 2026).

Diversibipalium multilineatum, another species found outdoors in Belgium,
received a high environmental risk score, and its overall risk was classified as me-
dium. Its invasion risk was scored slightly lower than that of O. nungara because
D. multilineatum is not as widespread and has not yet been detected close to the
Belgian border in neighboring countries (Justine et al. 2024b; de Waart et al. 2025;
Waarneming.nl 2025), making additional introductions into Belgium by natural
means less likely. Records from Belgium and the Netherlands (de Waart 2022)
are from gardens, suggesting that the horticultural trade is the most likely path-
way of introduction. There is some uncertainty as to whether the Belgian climate
is suitable for D. multilineatum. Our climate-matching analysis showed very low
climatic similarity between the current distribution of D. multilineatum and both
the present climate in Belgium and the projected conditions for 2041-2070. These
findings are supported by predictions from species distribution models, which sug-
gest that the current Belgian climate is suboptimal for D. multilineatum (Fourcade
et al. 2022). Interestingly, most European records of D. multilineatum are outdoor
observations, and the species appears to be expanding its range northward (de
Waart et al. 2025), which contributes to the uncertainty regarding its climatic tol-
erance. Diversibipalium multilineatum received a medium environmental impact
score, although it was assigned a low confidence level because little information
has been published on its prey preferences and predation rate. According to Thun-
nissen et al. (2022), D. multilineatum feeds on earthworms. Because it is a large
species, it may be capable of preying on a wide variety of earthworms.

The three other non-native land planarians that occur outdoors in Belgium,
Caenoplana variegata, Marionfyfea adventor, and Parakontikia ventrolineata, were
given medium environmental risk scores, resulting from very high invasion risk
scores and very low environmental impact scores. The horticultural trade is the
most likely introduction pathway for C. variegata, M. adventor, and P ventrolineata
because C. variegata was found almost exclusively in private gardens, and a large
proportion of the observations of M. adventor and P ventrolineata were also from
private gardens. Caenoplana variegata occurs near the Belgian border in France
(Justine et al. 2024b) and the Netherlands (Waarneming.nl 2025), and M. ad-
ventor has been found at two localities near the Belgian border in the Netherlands
(Waarneming.nl 2025). Therefore, additional specimens of C. variegata and M. ad-
ventor may reach Belgium by hitchhiking on equipment and materials stored near
and transported across the border or even without human intervention. However,
their capacity to spread by natural means was rated as low because of the presence
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of man-made and natural obstacles and their sensitivity to desiccation (Winsor et
al. 2004; Murchie and Justine 2021). Nonetheless, the low score was assigned with
a low confidence level because M. adventor and P ventrolineata have been found
in woodland areas, which may suggest that they can spread naturally, although it
cannot be ruled out that they were introduced into such areas through discarded
garden waste or forestry equipment. The occurrence of M. adventor on driftwood
in a tidal marsh of the Scheldt River suggests that the species can spread without
human assistance. During a spring tide, a single ebb or flow phase can move an
object up to 20 km upstream or downstream in the Scheldt River (Meire et al.
2005). Transport by domestic animals may contribute to the spread of C. variegata
(Justine and Winsor 2026). Caenoplana variegata, M. adventor, and P, ventrolineata
are likely already firmly established in Belgium because these species have been
repeatedly observed outdoors and their climate-matching percentages were high.
Whereas C. variegata is found mostly in private gardens, M. adventor and P ven-
trolineata occur in a variety of outdoor environments. Refuges and suitable prey
items are likely abundant in private gardens and (semi)natural environments in
Belgium. The environmental impact of C. variegata and M. adventor was scored as
very low, mainly because they do not feed on earthworms and therefore probably
do not substantially affect abiotic soil properties, such as soil structure or drainage.
Caenoplana variegata feeds mostly on isopods (Jones et al. 2020), and photograph-
ic evidence provided by citizen scientists suggests that M. adventor feeds on small
gastropods. Both C. variegata and M. adventor may therefore adversely affect the
biotic properties of the soil because isopods and gastropods play an important
role in plant decomposition, nutrient recycling, and soil formation (Stephenson
1968; Keller and Snell 2002; Buschmann et al. 2005; Kappes 2006; Spaldoflové
and Frouz 2014; Jia et al. 2015; Yang et al. 2020). In addition, as a predator of
small gastropods, M. adventor could potentially prey on Vertigo angustior Jeflreys,
1830 and V. moulinsiana (Dupuy, 1849), which are both listed in Annex II of the
Habitats and Species Directive [92/43/EEC]. Parakontikia ventrolineata preys on
earthworms, although not exclusively (Alvarez-Presas et al. 2014). Because it likely
preys only on small prey, its effects on abiotic soil properties may be less severe than
those of larger land planarians.

Land planarians only observed in heated glasshouses

Four non-native land planarians, Anisorhynchodemus cf. signata, Bipalium kewense,
Caenoplana coerulea, and Dolichoplana striata, were observed exclusively in heat-
ed glasshouses in Belgium. Bipalium kewense and C. coerulea received medium
environmental risk scores. The invasion risk score was high for B. kewense and
very high for C. coerulea. The latter received a slightly higher invasion risk score,
partly because there is a single record of C. coerulea close to the Belgian border
in France (Justine et al. 2024b). Outdoor populations of B. kewense have not yet
been found close to the Belgian border in neighboring countries (Glaw et al. 2024;
Justine et al. 2024b; de Waart et al. 2025; Waarneming.nl 2025). Both species
were most likely accidentally introduced via potted plants. There are multiple po-
tential sources of introduction because B. kewense and C. coerulea occur at multiple
locations in Europe, mainly in southern regions (Fourcade et al. 2022; Justine et
al. 2024b; de Waart et al. 2025). Potentially suitable habitats for B. kewense and
C. coerulea are present throughout Belgium, but differences in their potential to
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survive the Belgian climate contributed to the slight difference in their invasion
risk scores. According to the climate-matching model of Fourcade et al. (2022),
conditions in Belgium are suboptimal for B. kewense. In accordance with these
predictions, our analysis shows a low match between the species’ current climatic
distribution and the current Belgian climate. In addition, B. kewense has been pres-
ent for more than a century in glasshouses in Belgium and neighboring countries
(Winsor 1983), whereas European outdoor populations appear to be restricted to
France, Italy, Portugal, and Spain (de Waart et al. 2025). Caenoplana coerulea is
native to eastern Australia, but the Belgian climate may be suitable for the species
because it occurs at high elevations in the Australian Alps (Camac et al. 2021)
and has been recorded outdoors near the Belgian border in France (Justine et al.
2024b). Our climate-matching analysis suggests that C. coerulea is likely able to
tolerate Belgian climatic conditions, as nearly half of its GBIF occurrences were
recorded in climate zones present in Belgium. However, European outdoor re-
cords of C. coerulea appear to be concentrated mainly in southern regions (Justine
et al. 2024b). Secondary spread of B. kewense and C. coerulea by natural means
would probably be limited because of man-made and natural obstacles, but there
is some uncertainty regarding the potential spread rate of C. coerulea. Garrick et
al. (2012) suggested that it has the capacity to persist in and disperse through
moderately dry microhabitats. The environmental impact score was very low for
B. kewense and C. coerulea, mainly because neither species feeds exclusively on
earthworms (Negrete et al. 2011; Alvarez-Presas et al. 2014; Justine et al. 2018;
Thunnissen et al. 2022). Consequently, it is unknown to what extent predation by
B. kewense and C. coerulea may adversely affect earthworm populations or other
invertebrates. Anisorhynchodemus cf. signata and D. striata both received very low
environmental risk scores because of their respective invasion risk scores and very
low environmental impact scores. A medium invasion risk score was assigned to
A. df. signata because, thus far, it has not been found in any country neighboring
Belgium. There is only one other European record of A. cf. signata from a glass-
house in Italy (Mori et al. 2022a), and there are few records worldwide (Mienis
2022a; iNaturalist 2025; Mienis and Vaisman 2025a), which may indicate that
there are few potential sources of introduction. However, its detection in a com-
mercial shipment of mosses (Mienis and Vaisman 2025a) and its presence in at
least three botanical garden glasshouses in Belgium suggest that the species can
spread via plant exchange and could inadvertently be introduced outside the glass-
houses when plants and potting soil are discarded. Detection of A. cf. signata may
be challenging because specimens reported outside its natural range have never
exceeded approximately 30 mm in length (Mienis 2022a; iNaturalist 2025). Un-
certainty regarding its tolerance of cooler outdoor environments also contributed
to the medium invasion risk score. The Belgian records of A. cf. signata are all from
heated glasshouses, but there are also outdoor records from a humid subtropical
climate (Képpen—Geiger Cfa) in the USA and from Mediterranean climates in
Australia and Israel (Koppen—Geiger Csa) (Beck et al. 2023; Mienis 2022a; iNatu-
ralist 2025). The environmental impact score of A. cf. signata was very low because
the species does not appear to attain a large size in Belgium and therefore likely
feeds exclusively on small invertebrates, so its predation probably has a limited
effect on ecosystem integrity. Thus far, A. cf. signata has been observed feeding
only on small gastropods (Mienis 2022a). Potentially, A. cf. signata could prey on
the Vertigp O.E Miiller, 1773 snail species listed in Annex II of the Habitats and
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Species Directive [92/43/EEC]. The Harmonia® risk assessment resulted in a low
invasion risk score for Dolichoplana striata for reasons similar to those for A. cf.
signata. The introduction and spread risks of D. striata are probably limited be-
cause the species has been observed only twice in Belgium, both times in a heated
botanical garden glasshouse. The European records of D. striata closest to Belgium
are from glasshouses in Germany (Pfitzner 1956, 1958; Glaw et al. 2024; Justine
et al. 2024b). European observations of D. striata remain rare and are limited to
glasshouses (Alvarez-Presas et al. 2014; Mori et al. 2022b; Glaw et al. 2024). The
establishment risk of D. striata is probably low in outdoor environments because,
according to Justine et al. (2024b), the species prefers a tropical climate. Accord-
ingly, the potential impact of D. striata received a very low score, although it was
slightly higher than that of A. cf. signata because D. striata is a larger species and
preys on earthworms (Thunnissen et al. 2022; Justine et al. 2024b). However,
D. striata never reaches high densities in the French overseas territories (Justine et
al. 2024b), so its potential impact on earthworm populations is uncertain.

Land planarians of Union Concern not yet observed in Belgium

Arthurdendyus triangulatus and Platydemus manokwari do not occur in Belgium,
but they were included in the Harmonia* risk assessment because of their status as
highly invasive species and their inclusion in the list of Union Concern (Lowe et al.
2000; European Commission, Directorate-General for Environment 2019, 2025).
Arthurdendyus triangulatus received a medium environmental risk score, resulting
from a medium invasion risk score and a medium environmental impact score.
Platydemus manokwari received a high environmental risk score, resulting from a
medium invasion risk score and a high environmental impact score. The medium
invasion risk scores for both species were partly due to the fact that A. triangulatus
and R manokwari cannot reach Belgium by natural means because there are no
populations on the European mainland. Established non-native populations of A.
triangulatus occur in the UK, Ireland, and the Faroe Islands (Cannon et al. 1999),
and P manokwari occurs in Australia, on several Pacific islands, in the French
Antilles, and in Florida (Justine et al. 2014, 2015, 2021, 2024b). It is reasonable
to assume that A. #riangulatus and P manokwari can be introduced through horti-
cultural activities. However, the risk of introduction through human activities ap-
pears to be low because A. triangulatus was discovered in the UK in 1963 (Cannon
et al. 1999) and has never been detected on the European mainland, whereas P
manokwari has been observed only once in Europe, in 2013 (Justine et al. 2014),
and has not been reported since (Justine et al. 2024b). Horticulturists may be
vigilant regarding the potential presence of A. triangulatus because the species has
been included in the UK Wildlife and Countryside Act since 1992, and a Code of
Practice for nursery stock producers and traders recommends specific measures to
reduce the risk of non-indigenous land planarians being introduced into or spread
between plant nurseries or garden centers (Cannon et al. 1999). Awareness of the
potential invasiveness of P manokwari may have increased after it was included in
an often-cited list containing a selection of the world’s worst invasive alien species
(Lowe et al. 2000), which is considered a valuable communication tool (Luque et
al. 2014). Arthurdendyus triangulatus was included in the list of invasive alien spe-
cies of Union Concern in 2019 (European Commission, Directorate-General for
Environment 2019), and P manokwari was added in 2025, along with B. kewense
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and O. nungara (European Commission, Directorate-General for Environment
2025). The medium invasion risk scores for A. riangulatus and P manokwari also
resulted partly from their potential establishment risk. Both our climate-matching
analysis and predictions made using CLIMEX (Boag et al. 1995a, 1995b; Boag
and Yeates 2001) suggest that the current Belgian climate is highly suitable for
A. triangulatus. The climate in Belgium is similar to that of Britain and Ireland
(Beck et al. 2023), where A. triangulatus is firmly established (Cannon et al. 1999).
Regarding P manokwari, Belgian climatic conditions are probably suboptimal be-
cause the species prefers year-round wet, humid conditions (Justine et al. 2014).
Moreover, Sugiura (2009) suggested that a temperature of 10 °C may be the min-
imum threshold for the establishment of P manokwari and hypothesized that low
winter temperatures may have restricted the invasion and establishment of the
species in temperate countries. However, according to Justine et al. (2014), P ma-
nokwari appears to be an upland species that tolerates a broad climatic range, from
alpine to tropical climates. In its native range, temperatures may drop to near
freezing during the night (Justine et al. 2014). Therefore, it cannot be ruled out
that P manokwari could survive in Belgium, although our climate-matching anal-
ysis indicated very low similarity between the species” current climatic distribution
and the Belgian climate. The spread of A. #riangulatus and P manokwari by nat-
ural means is probably slow (Muniappan 1987; Winsor 1990; Boag and Neilson
2014). Platydemus manokwari appears to be incapable of traveling long distances
without human intervention, and its spread depends on the transport of potted
plants and soil or on deliberate introduction (Winsor 1990; Justine et al. 2014).
Arthurdendyus triangulatus received a medium environmental impact score because
it probably feeds exclusively on earthworms (Cannon et al. 1999), and a decline
in earthworm populations may affect ecosystem integrity (Edwards and Arancon
2022; Gérard et al. 2025). The presence of A. triangulatus can reduce earthworm
densities and pasture grass biomass (Murchie and Gordon 2013; Murchie and
Justine 2021). Platydemus manokwari received a high environmental impact score
because it is a predator of gastropods and other invertebrates and can subdue large
prey. It is therefore considered a threat to native snails (Hopper and Smith 1992;
Winsor et al. 2004; Justine et al. 2014). Potentially suitable prey species in Bel-
gium may include the Roman snail Helix pomatia Linnaeus, 1758, which is listed
in Annex V of the EU Habitats Directive.

Monitoring, risk assessment, and management options

The information about the presence and distribution of non-native land planarians
in Belgium, along with the Képpen—Geiger climate-matching analyses and the
Harmonia® risk assessments presented in this review, can serve as a baseline for
further research and monitoring and allow policymakers to develop preventive and
mitigating measures and set management priorities. Forecasting the distributions
of land planarians remains challenging. Factors such as microclimates, human-me-
diated transport, biotic interactions, and propagule pressure may strongly affect
invasion success (Alvarez-Presas et al. 2014; Fourcade et al. 2022). Despite these
uncertainties, the simple Képpen—Geiger climate-matching analysis applied in our
study appears to be consistent with published climate-matching and species distri-
bution models (Boag et al. 1995a, 1995b; Boag and Yeates 2001; Fourcade et al.
2022). Although this analysis provides a coarse assessment of climatic suitability,
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its simplicity and the similarity of our results to those obtained through species
distribution modeling suggest that Képpen—Geiger climate matching can serve as
a useful tool for first-line risk screening. Management options for land planarians
are limited (Justine et al. 2014; Murchie 2017; Murchie and Justine 2021). There
are no known biological control methods (Cannon et al. 1999; Murchie 2017),
and no pesticides available for land planarians are free of nontarget effects on earth-
worms (Murchie 2017). A combination of removal trapping, removal of refuges,
hot-water treatment, scorching, and turning the soil may be somewhat suitable as
eradication or control measures once an invasive land planarian has been intro-
duced. However, the effectiveness of these measures may depend on the extent of
the infestation and the habitat suitability and complexity of the area where the spe-
cies was introduced. Because a substantial proportion of a land planarian popula-
tion can remain hidden in the soil (Murchie and Harrison 2004) and populations
can spread once established (Boag and Neilson 2014), it is uncertain whether erad-
ication or population-control measures will be effective (Blackshaw et al. 1996;
Murchie 2017). Considering that Geoplanidae is a highly diverse and species-rich
family and that land planarians are primarily introduced unintentionally through
the trade in live plants, a two-tier approach could be applied to prevent new in-
troductions: blacklisting selected high-impact invasive flatworm species to which
restrictions, surveillance, early-warning, and rapid-response obligations under the
EU IAS Regulation apply, and conducting generic biosecurity inspections of live
plants by plant health authorities. Our work contributes by providing a broad-
scale risk assessment of non-native land planarians in Belgium, but more work is
needed to integrate biodiversity and plant health biosecurity regimes.

The role of citizen science in early detection and continued
monitoring

Most land planarian observations were reported by citizen scientists on the Waar-
nemingen.be/Observations.be data platform (Vanreusel et al. 2025; Waarnemin-
gen.be 2025), which includes observations collected in the context of the ongoing
FlatwormWatch citizen science project (https://www.iasregulation.be/nl/flatworm-
watch). The target audience includes gardeners, naturalists, terrarium hobbyists,
visitors to botanical gardens, and the general public, who are asked to look for land
planarians in hiding places in gardens or glasshouses and to check potted plants
and suitable locations in natural environments. The project provides identification
tools, a guide with search guidance, in-person courses and excursions, and feedback
to participants through a newsletter. This citizen science project was established in
response to the EU Regulation on invasive alien species. It raises awareness of land
planarians, both native and alien, and provides a platform for continued mon-
itoring in the wider environment (i.e., post-introduction). However, because it
lacks a formal sampling scheme with a firm statistical basis grounded in detection
probabilities and focused on sites with propagule pressure or impact, the scheme
is relatively passive and only weakly risk-oriented. Because most records originate
from private gardens, botanical gardens, and areas around nurseries, the sampling
effort is biased, which could be addressed through greater effort or more targeted
surveys. Despite these limitations, several new locations and species have been
reported in Belgium since the project began, and the resulting data are reported
here. In addition, the project yields fragmented information on potential active
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introduction pathways (e.g., nurseries and specific plant species) and ecology (e.g.,
photographs of prey). This illustrates the value of citizen science for early detection
as a complement to professional monitoring (Gonzalez-Moreno et al. 2024).
Continued monitoring is important because the nine species reported here may
underestimate the actual number of non-native planarians in Belgium, and ad-
ditional species may be introduced. More species have been found in the neigh-
boring countries of France and the Netherlands (Justine et al. 2024b; de Waart et
al. 2025). In addition, several non-native land planarians that occur in Belgium
may still be in the early stages of their invasion and may expand their ranges. Our
review may provide a basis for developing suitable detection and monitoring meth-
ods, as well as rapid-response strategies for high-risk non-native land planarians.
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