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Abstract  Aquatic neophytes are among the most 
harmful invasive species worldwide. Here we report 
the finding of the semi-aquatic invasive plant Cras-
sula helmsii, naturalized in a freshwater reservoir 
that provides water to the large city of A Coruña, NW 
Spain. To better understand the extent and potential 
environmental correlates of C. helmsii invasion, we 
recorded the presence and frequency of C. helmsii in 
its emerged and floating mat forms at twelve sampling 
sites along the reservoir margins, and characterized 
the soil characteristics, plant community and envi-
ronmental factors. Crassula helmsii is dispersed by 
fragmentation of the stems, potentially aided through 
shredding by local fauna such as the invasive crayfish 
Procambarus clarkii. We hypothesize that this could 

be a case of an invasional meltdown, when multiple 
invasive species facilitate one another and have syn-
ergistic effects on native ecosystems. The emerged 
form of C. helmsii was found in ten out of twelve sites 
with a mean cover value of 9.8 ± 10.4% (mean ± SD). 
We found no correlation between frequency of the 
emerged form of C. helmsii and abundance of Pro-
cambarus clarkii, but frequency of the emerged form 
of C. helmsii increased with higher soil nitrogen and 
vascular plant richness. We outline emergency actions 
for management of C. helmsii at this stage of the inva-
sion, focusing on containment and avoiding spread to 
nearby water bodies.

Keywords  Aquatic ecosystems · Crassulaceae · 
Freshwater reservoir · Invasional meltdown · 
Procambarus clarkii · Water quality

Introduction

Invasive alien species are a major threat to global bio-
diversity. Aquatic neophytes are considered especially 
harmful as they can alter hydrological conditions, 
nutrient and light cycles, affect water quality and out-
compete native species (Lazzaro et  al. 2020). Some 
invasive aquatic species can trigger changes on the 
ecosystem that may facilitate other invasive species 
(Tasker et  al. 2022), resulting in an invasional melt-
down (Simberloff and Von Holle 1999).

Supplementary Information  The online version 
contains supplementary material available at https://​doi.​
org/​10.​1007/​s10530-​024-​03300-x.

J. Fagúndez (*) 
Biocost Research Group, Center of Advanced Scientific 
Research (CICA), University of A Coruña, As 
Carballeiras, s/n, Campus de Elviña, 15071 A Coruña, 
Spain
e-mail: jaime.fagundez@udc.es

J. Fagúndez · A. Balado · E. Martínez‑Veiga · M. J. Servia 
Departamento de Bioloxía, Facultade de Ciencias, 
Universidade da Coruña, 15071 A Coruña, Spain

M. A. Fernández 
Ecoplanin Xestión E Información Ambiental S.L., Urzaiz 
48 2, Of. 2, 36201 Vigo, Spain

http://crossmark.crossref.org/dialog/?doi=10.1007/s10530-024-03300-x&domain=pdf
http://orcid.org/0000-0001-6605-7278
https://doi.org/10.1007/s10530-024-03300-x
https://doi.org/10.1007/s10530-024-03300-x


1998	 J. Fagúndez et al.

1 3
Vol:. (1234567890)

Here we report the occurrence of Crassula helmsii 
(Kirk) Cockayne (Australian swamp stonecrop, New 
Zealand pigmyweed) in a freshwater reservoir in NW 
Spain, to our knowledge the first confirmed record 
from the Iberian Peninsula. Crassula helmsii, native 
to New Zealand and Australia, has been reported 
as invasive in the British Isles, continental western 
Europe and the United States, invading freshwater 
systems like lakes, ponds and reservoirs (Dawson 
and Warman 1987; Van der Loop et al. 2019; Smith 
and Buckley 2020). In Spain, no occurrences have 
previously been reported, but C. helmsii is consid-
ered a species of concern (MITECO 2013) and was 
listed as having a “very high risk” of future invasion 
in a recent horizon scan for potential aquatic invaders 
(Cano-Barbacil et al. 2023).

Crassula helmsii is known to have negative 
impacts on aquatic ecosystems and species, water 
quality and hydrological problems associated to 
the accumulation of large mats on the water surface 
(EPPO 2007; Smith and Buckley 2020; Van der Loop 
et al. 2020). Once introduced, C. helmsii reproduces 
and spreads by stem fragmentation and clonal growth 
(Dawson and Warman 1987; Hussner 2009; Smith 
and Buckley 2020) or seed production (Denys et  al. 
2014, D`hondt et al. 2016). Local fauna may play an 
important role in fragmenting the stems of C. helm-
sii, thus aiding its dispersal (Crane et al. 2021). Pro-
cambarus clarkii Girard, the red swamp crayfish, is 
one animal species that shreds and promotes clonal 
dispersal of aquatic plants (Carreira et  al. 2014; 
Thouvenot et al. 2017). Procambarus clarkii has been 
introduced to many areas of the world from its native 
range of the southeastern United States and causes 
several environmental issues including competition 
with and predation on local fauna, transmission of 
diseases, modification of the resident plant commu-
nity and impoverishment of drinking water quality 
(Loureiro et  al. 2015; McMahon et  al. 2013; Ofi-
cialdegui et al. 2019; Gao et al. 2022; Souty-Grosset 
et al. 2016). Here we hypothesized that invasion of C. 
helmsii may be facilitated through fragmentation and 
dispersal by P. clarkii resulting in an invasional melt-
down that may pose a risk to local biodiversity.

Environmental factors are also known to be rel-
evant for the establishment and cover of C. helmsii, 
including native plant species richness and cover 
(Dean et al. 2015; Van der Loop et al. 2023b) or soil 
and water conditions (Dawson and Warman 1987; 

Smith and Buckley 2020). Therefore, we quantified 
the frequency and cover of C. helmsii, abundance of 
P. clarkii, soil texture and nutrient levels, and com-
position and cover of the vascular plant community 
at twelve sampling sites in the Abegondo-Cecebre 
reservoir. These data were used to i) provide an ini-
tial description of the extent and severity of C. helm-
sii invasion; ii) assess potential for invasional melt-
down between C. helmsii and P. clarkii; and iii) test 
the potential link between C. helmsii invasion and 
environmental variables, including soil condition and 
composition and diversity of the plant community.

Materials and methods

The reservoir of Abegondo-Cecebre covers an area 
of 365 ha in the confluence of the Mero and Barcés 
rivers in Abegondo, Galicia, NW Spain (Fig. 1). The 
reservoir and its surroundings are included in the Bio-
sphere Reserve “Mariñas Coruñesas e Terras do Man-
deo”, a Special Area of Conservation (SAC) within 
the Natura 2000 network of EU protected areas.

To quantify the occurrence and abundance of the 
two invasive species C. helmsii and P. clarkii, we 
sampled at twelve sites located at approximately regu-
lar intervals along the reservoir shoreline (Fig. 1, Fig-
ure  S1). At each site, we recorded the frequency of 
C. helmsii in three forms: emerged, submerged, and 
floating mats (Dawson and Warman 1987, Smith and 
Buckley 2020, supplementary materials and meth-
ods). Presence and cover of all vascular plant spe-
cies was recorded in each site, and whenever needed, 
samples were collected to confirm field identification 
(supplementary materials and methods). The pres-
ence and cover of C. helmsii was recorded at each site 
using twenty 0.25 m2 plots located at the beginning of 
each meter along a 20 m transect following the cur-
rent water line. In order to sample a similar position 
across the study sites, we used the current waterline 
as the reference and placed the plots alternately on 
the wet and dry sides of the transect. In each plot, we 
estimated visual cover of C. helmsii to the nearest 5%. 
Species with very low cover were allocated a standard 
2.5%, such as single plants of small annual species 
(supplementary materials and methods).

The presence and density of P. clarkii was assessed 
by direct capture of individuals. Captures were per-
formed using underwater traps from May to June 
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2023. Number of adults captured were counted and 
summed for a final abundance data at each sampling 
site (supplementary materials and methods). To eval-
uate the potential link between the forms of C. helm-
sii (emerged, submerged, floating), and abundance of 
P. clarkii, we calculated Spearman rank correlations 
(Rho, supplementary materials and methods).

To test the relationship between environmental 
factors and the occurrence and cover of emerged 
C. helmsii, each sampling site was characterized 
according to a number of environmental variables 
(Table  S1). A mixed sample of the topsoil of the 
emerged zone was collected at each sampling site. 
Soil texture was calculated as percentage of coarse 
(particles > 2 mm diameter), sand (2 – 0.05 mm) 

and fine fraction (< 0.05 mm). Acidity (pH) and 
soil organic matter (OM) were calculated for each 
sample. Total carbon (C), nitrogen (N) and phos-
phorus (P) were also measured in the soil fine frac-
tion (supplementary materials and methods and 
Table  S1). We applied a generalized linear model 
(GLM) with a Poisson distribution and logarith-
mic link function with emerged C. helmsii cover as 
the dependent variable to select the best explana-
tory model from the set of environmental variables 
based on Akaike’s information criterion adjusted 
for small sample sizes (AICc). The statistical sig-
nificance of the selected variables was tested by 
Wald χ2 statistic (supplementary materials and 
methods).

Fig. 1   Location of twelve sampling sites on the margin of the 
Abegondo-Cecebre reservoir in northern Galicia (upper-right 
box, arrow), NW Iberian Peninsula (upper-left box), Spain. 
At each site, three columns represent the value of emerged 
and floating mat forms of Crassula helmsii and the number 
of Procambarus clarkii adults captured. Values for C. helmsii 

are the number of plots with presence for each form (emerged 
or floating mat) out of twenty. A reference value of 25 is indi-
cated in the legend and applies to the three parameters. The 
highest value in each site is also given in numbers. All values 
are shown in Table S4. Red arrows in the reservoir depict the 
direction of the water flow
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Results

Floating mats of Crassula helmsii were first observed 
and identified in the Abegondo-Cecebre reservoir in 
March 2023. We then confirmed the occurrence of 
established plants at several sites along the margins 
of the reservoir (Figs. 1, 2B). Plant samples were col-
lected, and herbarium sheets will be deposited in the 
public herbarium SANT at Santiago de Compostela 
University facilities.

Crassula helmsii was found in its emerged 
form at ten of the twelve sites, with a mean fre-
quency (number of 0.25 m2 plots with presence of 
the species out of a total of 20 per sampling site) of 
6.1 ± 5.7 (mean ± SD) plots, ranging between 0 and 
17 plots, and cover ranging from 0 to 35.6% (mean 
9.8% ± 10.4%, Table  S2). Floating mats of C. helm-
sii were recorded at nine sites, but no correlation was 
found between frequencies of emerged and float-
ing mat forms (correlation coefficient Rho − 0.251; 
p = 0.432). We recorded maximum cover values of 
floating mats of 71.9% (mean 19.8% ± 21.9%). In 
contrast, the submerged form was only observed at 
one site (Table S2 and supplementary Results).

The cumulative number of P. clarkii adults per 
study site ranged from 1 to 87 with a mean value 
of 19.25. A high variation was observed among 

sampling periods, with higher numbers in late June 
(Table  S3). We found no significant relationships 
between P. clarkii abundance and emerged (correla-
tion coefficient Rho 0.465; p = 0.128) or floating C. 
helmsii cover (-0.424; p = 0.170).

Site conditions varied in their width, slope and 
vegetation condition (Table S4). The three mineral 
soil fractions were roughly balanced (coarse: mean 
29.7%; sand: 27.4%; fine: 42.7%). Soils had a mean 
organic matter fraction of 5.6% (SD 2.52%; range 
1.0%–9.6%), with low values for total N (mean 
0.11 ± 0.084%, range 0.01—0.28%) and C (mean 
1.31 ± 1.00%, range 0.14—3.19%). Soil P was found 
in a mean concentration of 33.1 mg per g in the fine 
fraction (SD 14.56) (Table  S4). Herbaceous plant 
cover at each site ranged from 5 to 100% (mean 
33.6%, SD 32.78%). We recorded a mean of 10.8 
plant species per site, SD 4.17 and ranging from 
three to 18 per site, from a total of 48 plant species. 
Two other exotic species were recorded: Cyperus 
eragrostis Lam. and Conyza sp. (Table S5).

Emerged C. helmsii cover increased with a com-
bination of higher soil total nitrogen and plant spe-
cies richness (supplementary Results, Table  S7, 
Figure S3). Other combinations of environmental 
variables did not have any effect on emerged C. 
helmsii (supplementary Results).

Fig. 2   A View of the 
reservoir transition zone 
with limited vegetation and 
dead tree cover. B. Photo of 
C. helmsii. C. An example 
0.25 m2 plot with sparse C. 
helmsii in its emerged form, 
and other species includ-
ing Pseudognaphalium 
luteoalbum (Pl), Hypericum 
humifusum (Hh) and Lotus 
hispidus (Lh). D. C. helmsii 
(Ch) plants in the vicinity 
of a Procambarus clarkii 
burrow (Bu)
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Discussion

This record of C. helmsii in the Abegondo-Cecebre 
reservoir is the first confirmed from the Iberian Pen-
insula. According to the literature review and avail-
able databases, including gbif (www.​gbif.​org) and 
anthos (www.​anthos.​es), there are no published 
records of the species from the Iberian Peninsula. 
Two localities have been reported in the citizen sci-
ence website iNaturalist (www.​inatu​ralist.​org) in cen-
tral Portugal and central South Spain, but these need 
to be confirmed.

The new invasion is a serious issue with potential 
implications for biodiversity and water quality. We 
found that sites ranged from heavily invaded to unin-
vaded compared to other areas (e.g. Van der Loop 
et  al. 2023b), suggesting that this is a recent intro-
duction. However, an alternative explanation to the 
low cover values recorded could be that the habitat is 
not suitable for increased dominance of the invader. 
This could be due to the depth and size of the res-
ervoir, but previous studies have shown that although 
C. helmsii generally invades smaller lakes and ponds 
with shallow waters, it can also adapt to water bodies 
of greater depth (Diaz 2012).

Emerged C. helmsii cover was not related with P. 
clarkii abundance. Since C. helmsii can grow new 
plants from fragments as short as 20 mm (Coughlan 
et  al. 2022), there is potential for its spread to be 
facilitated through shredding by crayfish (Dean et al. 
2015). Procambarus clarkii is known to aid in clonal 
dispersal of aquatic species such as Ludwigia gran-
diflora (Michx.) Greuter & Burdet, another invasive 
aquatic species from South America (Thouvenot et al. 
2017). Although crayfish consume large quantities of 
L. grandiflora, they promote its dispersal and coloni-
zation of new areas through fragmentation of rooting 
stems, which is a common clonal strategy in hydro-
phytes (Santamaria 2002). This relationship was not 
observed in our study, either because this facilitation 
effect does not occur between these two invasive spe-
cies, or due to small sample sizes or inadequate study 
scale. Further investigation could include manipula-
tion experiments of the species to address this poten-
tial invasional meltdown.

Cover of floating and emerged C. helmsii were 
not correlated, suggesting that other factors such as 
dominant winds or hydrological dynamics may define 
the movement and accumulation of the floating mats 

(red arrows in Fig.  1). Previous studies have shown 
that the submerged form of C. helmsii is linked to 
water level fluctuations that expose deeper substrate 
for a period of time (Diaz 2012). This form was only 
observed in one site, further indicating a recent intro-
duction as seasonal fluctuations are common in the 
reservoir water levels. This evidence suggests that C. 
helmsii could be in the process of colonizing the res-
ervoir and has not yet reached an equilibrium.

Emerged C. helmsii cover was positively related to 
native plant species richness, whereas other variables 
such as total plant cover or tree cover had no relation-
ship with the invader. This contradicts the general 
assumption that high cover of native vegetation can 
counteract the invasion process (Dean et  al. 2015), 
and the diversity-invasibility hypothesis that claims a 
higher resistance to invasion linked to species diver-
sity of the resident community (Levine and D’Antonio 
1999). The vascular plants recorded in the sampling 
sites showed a mixed community with hygrophilous 
and opportunistic species, which may not be suitable 
to counteract the spread of the invader (Van der Loop 
et al. 2023b). Soil nitrogen had the strongest predic-
tive value on C. helmsii cover, especially when com-
bined with native species richness, suggesting that a 
nutrient rich soil environment may be best suited both 
for native species and the new invader C. helmsii. 
This also contradicts previous studies that consider 
the probability of C. helmsii invasion as indifferent to 
nutrient availability (Van der Loop et al. 2019).

Implications for management

Eradication of C. helmsii is unlikely once the species 
is established. Therefore, control and mitigation or 
containment plans should be established to counter-
act future impacts. Management approaches trialed 
to control C. helmsii have used physical, chemical 
and biological control. The use of non-specific her-
bicides has proven mostly unsuccessful in areas with 
an established population (Brunet 2002), although 
aerial plant cover can be reduced by up to 80% after 
its application (Anon 2004). Regarding biological 
control, the mite Aculus crassulae has been shown to 
reduce C. helmsii height and development of lateral 
shoots, although this agent is still under development 
(Varia et al. 2022).

Combined measures of physical control using geo-
textile with a mesh size of 0.1 mm or less, avoiding 

http://www.gbif.org
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eutrophication, and revegetation of bare soils to 
promote competition seem to be the most promis-
ing management approach to avoid full coloniza-
tion of the reservoir. Reducing nutrient availabil-
ity may promote an environment that favors native 
species (Van der Loop et  al. 2023a), but our results 
show that soil N coupled with native species rich-
ness was the best predictive model of C. helmsii 
cover (Figure S3). Restoring natural vegetation of 
reservoir margins could be an effective management 
action to mitigate against C. helmsii invasion, since 
a diverse native plant community promotes competi-
tion and balances nutrient levels (Bakker and Wilson 
2004; Ewald 2014; CEH 2002; Van der Loop 2020, 
2023b), although this was not supported by our data 
(see above). In addition, avoiding water acidification 
linked to eutrophication will constrain the expansion 
of C. helmsii (Dean 2015; Smith and Buckley 2020). 
Finally, reducing the use of the invaded area by peo-
ple, and promoting good practices such as boot dis-
infection, may aid in avoiding colonization of new 
water bodies in the region.

Conclusion

Crassula helmsii, an invasive semi-aquatic species 
of concern in western Europe, occurs in high fre-
quencies but low to medium cover in the freshwater 
reservoir of Abegondo-Cecebre in NW Spain, to our 
knowledge the first confirmed record from the Iberian 
Peninsula. The singularity of reservoirs as potential 
hotspots for invasive species and the high ecological, 
economic and social impacts of invasional meltdowns 
in these habitats urge increased vigilance to prevent 
the introduction and spread of new exotic species. 
Thus, a rapid response in the containment of C. helm-
sii in the reservoir, and the vigilance of its expansion 
to nearby water bodies, will lower future management 
costs. Future research should focus on the species 
dispersal ability, and continuous monitoring must be 
performed to address the potential expansion of C. 
helmsii at the reservoir and elsewhere.

Acknowledgements  The authors are thankful to the Catedra 
UDC-Hijos de Rivera and the Biosphere Reserve of Terras do 
Mandeo for their support. The Catedra EMALCSA-UDC, and 
Alberto Varela from CARTOLAB provided data used in the 
analyses. Rebeca Marcial and Luis Fernández performed the 

soil analyses at the Research service facilities of the Univer-
sity of a Coruña (SAI). Also, Micheline Sheehy-Skeffington 
reviewed the draft. Two anonymous reviewers made valuable 
comments on the first version of this paper.

Authors contributions  All authors collected field data, J.F. 
and M.J.S. wrote the first draft, and all authors contributed to 
the final version.

Funding  Open Access funding provided thanks to the 
CRUE-CSIC agreement with Springer Nature. The authors 
declare no funds dedicated to this research. Funding for open 
access was provided by Universidade da Coruña/CISUG.

Declarations 

Conflict of interest  The authors declare no conflicts of inter-
est.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

References

Anon (2004) Chemical control of Australian swamp stonecrop 
(New Zealand pygmyweed) Crassula helmsii. NTNC 
Newsletter 8:2–3

Bakker JD, Wilson SD (2004) Using ecological restoration to 
constrain biological invasion. J Appl Ecol 41(6):1058–
1064. https://​doi.​org/​10.​1111/j.​0021-​8901.​2004.​00962.x

Brunet J (2002) Effect of chemical and physical environment 
on Crassula helmsii spread NERC/Centre for Ecology & 
Hydrology 63 pp

Cano-Barbacil C, Carrete M, Castro-Díez P, Delibes-Mateos 
M, Jaques JA, López-Darias M, Nogales M, Pino J, Ros 
M, Traveset A, Turon X, Vilà M, Altamirano M, Álvarez 
I, Arias A, Boix D, Cabido C, Cacabelos E, Cobo F, Cruz 
J, Cuesta JA, Dáder B, Del Estal P, Gallardo B, Gómez 
Laporta M, González-Moreno P, Hernández JC, Jiménez-
Alfaro B, Lázaro Lobo A, Leza M, Montserrat M, Oliva-
Paterna FJ, Piñeiro L, Ponce C, Pons P, Rotchés-Ribalta 
R, Roura-Pascual N, Sánchez M, Trillo A, Viñuela E, 
García-Berthou E (2023) Identification of potential inva-
sive alien species in Spain through horizon scanning. J 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/j.0021-8901.2004.00962.x


2003First record of the semi‑aquatic invasive plant Crassula helmsii in the Iberian Peninsula…

1 3
Vol.: (0123456789)

Environ Manage 1:345–118696. https://​doi.​org/​10.​1016/j.​
jenvm​an.​2023.​118696

Carreira BM, Dias MP, Rebelo R (2014) How consumption 
and fragmentation of macrophytes by the invasive crayfish 
Procambarus clarkii shape the macrophyte communities 
of temporary ponds. Hydrobiologia 721:89–98. https://​
doi.​org/​10.​1007/​s10750-​013-​1651-1

CEH (2002) Crassula helmsii focus on control – an update. 
Centre for Ecology and Hidrology, Natural Environment 
Research Council (GB). http://​dorset.​ceh.​ac.​uk/​River_​
Ecolo​gy/​Botany_​Resea​rch/​Botany_​Resea​rch_ Pictures/
Crassula_Helmsii.pdf. (Accessed: Date [July, 26 2023])

Coughlan NE, Armstrong F, Baker-Arney C, Crane K, Cuth-
bert RN, Jansen MA, Dick JT (2022) Retention of via-
bility by fragmented invasive Crassula helmsii, Elodea 
canadensis and Lagarosiphon major. River Res Appl 
38(8):1356–1361. https://​doi.​org/​10.​1002/​rra.​3952

Crane K, Cuthbert RN, Ricciardi A, Kregting L, Coughlan 
NE, MacIsaac HJ, Reid N, Dick JTA (2021) Gimme 
Shelter: differential utilisation and propagule crea-
tion of invasive macrophytes by native caddisfly larvae. 
Biol Invasions 23(1):95–109. https://​doi.​org/​10.​1007/​
s10530-​020-​02358-7

D’hondt B, Denys L, Jambon W, De Wilde R, Adriaens T, 
Packet J, van Valkenburg J (2016) Reproduction of Cras-
sula helmsii by seed in western Europe. Aquat Invasions 
11(2):125–130. https://​doi.​org/​10.​3391/​ai.​2016.​11.2.​029

Dawson F, Warman E (1987) Crassula helmsii (T. Kirk) Coc-
kayne: is it an aggressive alien aquatic plant in Britain? 
Biol Conserv 42:247–272. https://​doi.​org/​10.​1016/​0006-​
3207(87)​90071-1

Dean CE, Day J, Gozlan RE, Diaz A (2015) Grazing verte-
brates promote invasive Swamp stonecrop (Crassula 
helmsii) abundance. Invasive Plant Sci Manag 8(2):131–
138. https://​doi.​org/​10.​1614/​IPSM-D-​14-​00068.1

Dean CE (2015) The Ecology, impacts and control of Crassula 
helmsii (Doctoral dissertation, Bournemouth University)

Denys L, Packet J, Jambon W, Scheers K (2014) Dispersal of 
the non-native invasive species Crassula helmsii (Cras-
sulaceae) may involve seeds and endozoochorous trans-
port by birds. New J Bot 4(2):104–106. https://​doi.​org/​10.​
1179/​20423​49714Y.​00000​00046

Diaz A (2012) Crassula helmsii (T.Kirk) Cockayne (New Zea-
land Pygmyweed). In R. A. Francis (Ed.), A handbook of 
global freshwater invasive species (pp. 37–46). Oxford, 
UK: Routledge.

EPPO (2007) Data sheets on quarantine pests. Crassula helm-
sii. EPPO Eur Mediterranean Plant Protect Org 37:225–
229. https://​doi.​org/​10.​1111/j.​1365-​2338.​2007.​01111.x

Ewald NC (2014) Crassula helmsii in the New Forest – a 
report on the status, spread and impact of this non-native 
invasive plant, and the efficacy of novel control techniques 
following a 2 year trial. Partner Annex Report for RINSE 
prepared on behalf of the New Forest Non-Native Plants 
Project. Freshwater Habitats Trust

Gao J, Hu S, Yang C, Liu Z, Jeppesen E (2022) Shelter avail-
ability reduces the effects of the invasive Red Swamp 
Crayfish (Procambarus clarkii) on eelgrass-domi-
nated clear-water lakes: a mesocosm approach. Hyd-
robiologia 849:3597–3606. https://​doi.​org/​10.​1007/​
s10750-​022-​04969-8

Hussner A (2009) Growth and photosynthesis of four invasive 
aquatic plant species in Europe. Weed Res 49(5):506–515. 
https://​doi.​org/​10.​1111/j.​1365-​3180.​2009.​00721.x

Lazzaro L, Bolpagni R, Buffa G, Gentili R, Lonati M, Stinca 
A, Acosta ATR, Adorni M, Aleffi M, Allegrezza M, Angi-
olini C, Assini S, Bagella S, Bonari G, Bovio M, Bracco 
F, Brundu G, Caccianiga M, Carnevali L, Di Cecco V, 
Ceschin S, Ciaschetti G, Cogoni A et  al (2020) Impact 
of invasive alien plants on native plant communities and 
Natura 2000 habitats: State of the art, gap analysis and 
perspectives in Italy. J Environ Manage. https://​doi.​org/​10.​
1016/j.​jenvm​an.​2020.​111140

Levine JM, D’Antonio CM (1999) Elton revisited: a review 
of evidence linking diversity and invasibility. Oikos 
87(1):15–26. https://​doi.​org/​10.​2307/​35469​92

Loureiro G, Anastácio M, Araujo B, Souty-Grosset C, Almerão 
P (2015) Red swamp crayfish: biology, ecology and inva-
sion - an overview. Nauplius 23(1):1–19. https://​doi.​org/​
10.​1590/​S0104-​64972​01400​2214

McMahon TA, Brannelly LA, Chatfield MW, Johnson PT, 
Joseph MB, McKenzie VJ, Richards-Zawacki CL, 
Venesky MD, Rohr JR (2013) Chytrid fungus Batra-
chochytrium dendrobatidis has nonamphibian hosts and 
releases chemicals that cause pathology in the absence of 
infection. PNAS 110(1):210–215. https://​doi.​org/​10.​1073/​
pnas.​12005​92110

MITECO (2023) Catálogo Español de Especies Exóticas Inva-
soras. Version 2.5. Spanish Ministry for Ecological Tran-
sition and Demographic Challenge. Checklist dataset

Oficialdegui FJ, Sánchez MI, Monsalve-Carcaño C, Boy-
ero L, Bosch J (2019) The invasive red swamp crayfish 
(Procambarus clarkii) increases infection of the amphib-
ian chytrid fungus (Batrachochytrium dendrobatidis). 
Biol Invasions 21:3221–3231. https://​doi.​org/​10.​1007/​
s10530-​019-​02041-6

Santamaría L (2002) Why are most aquatic plants widely 
distributed? Dispersal, clonal growth and small-scale 
heterogeneity in a stressful environment. Acta Oecol 
(Montrouge) 23(3):137–154. https://​doi.​org/​10.​1016/​
S1146-​609X(02)​01146-3

Simberloff D, Von Holle B (1999) Positive interactions of non-
indigenous species: Invasional meltdown? Biol Invasions 
1(1):21–32. https://​doi.​org/​10.​1023/A:​10100​86329​619

Smith T, Buckley P (2020) Biological Flora of the British Isles: 
Crassula helmsii. J Ecol 108:797–813. https://​doi.​org/​10.​
1111/​1365-​2745.​13336

Souty-Grosset C, Anastácio PM, Aquiloni L, Banha F, Choquer 
J, Chucholl C, Tricarico E (2016) The red swamp crayfish 
Procambarus clarkii in Europe: Impacts on aquatic eco-
systems and human well-being. Limnologica 58:78–93. 
https://​doi.​org/​10.​1016/j.​limno.​2016.​03.​003

Tasker SJ, Foggo A, Bilton DT (2022) Quantifying the eco-
logical impacts of alien aquatic macrophytes: a global 
meta-analysis of effects on fish, macroinvertebrate and 
macrophyte assemblages. Freshw Biol 67(11):1847–1860. 
https://​doi.​org/​10.​1111/​fwb.​13985

Thouvenot L, Haury J, Pottier G, Thiébaut G (2017) Reciprocal 
indirect facilitation between an invasive macrophyte and 
an invasive crayfish. Aquat Bot 139:1–7. https://​doi.​org/​
10.​1016/j.​aquab​ot.​2017.​02.​002

https://doi.org/10.1016/j.jenvman.2023.118696
https://doi.org/10.1016/j.jenvman.2023.118696
https://doi.org/10.1007/s10750-013-1651-1
https://doi.org/10.1007/s10750-013-1651-1
http://dorset.ceh.ac.uk/River_Ecology/Botany_Research/Botany_Research_
http://dorset.ceh.ac.uk/River_Ecology/Botany_Research/Botany_Research_
https://doi.org/10.1002/rra.3952
https://doi.org/10.1007/s10530-020-02358-7
https://doi.org/10.1007/s10530-020-02358-7
https://doi.org/10.3391/ai.2016.11.2.029
https://doi.org/10.1016/0006-3207(87)90071-1
https://doi.org/10.1016/0006-3207(87)90071-1
https://doi.org/10.1614/IPSM-D-14-00068.1
https://doi.org/10.1179/2042349714Y.0000000046
https://doi.org/10.1179/2042349714Y.0000000046
https://doi.org/10.1111/j.1365-2338.2007.01111.x
https://doi.org/10.1007/s10750-022-04969-8
https://doi.org/10.1007/s10750-022-04969-8
https://doi.org/10.1111/j.1365-3180.2009.00721.x
https://doi.org/10.1016/j.jenvman.2020.111140
https://doi.org/10.1016/j.jenvman.2020.111140
https://doi.org/10.2307/3546992
https://doi.org/10.1590/S0104-64972014002214
https://doi.org/10.1590/S0104-64972014002214
https://doi.org/10.1073/pnas.1200592110
https://doi.org/10.1073/pnas.1200592110
https://doi.org/10.1007/s10530-019-02041-6
https://doi.org/10.1007/s10530-019-02041-6
https://doi.org/10.1016/S1146-609X(02)01146-3
https://doi.org/10.1016/S1146-609X(02)01146-3
https://doi.org/10.1023/A:1010086329619
https://doi.org/10.1111/1365-2745.13336
https://doi.org/10.1111/1365-2745.13336
https://doi.org/10.1016/j.limno.2016.03.003
https://doi.org/10.1111/fwb.13985
https://doi.org/10.1016/j.aquabot.2017.02.002
https://doi.org/10.1016/j.aquabot.2017.02.002


2004	 J. Fagúndez et al.

1 3
Vol:. (1234567890)

Van der Loop JMM, Beringen R, Van Valkenburg J, Van Kleef 
HH, Verhofstad M, Odé B (2019) Risk assessment of 
Australian swamp stonecrop (Crassula helmsii) in Europe 
FLORON report 2019.064

Van der Loop JMM, Tjampens J, Vogels JJ, van Kleef HH, 
Lamers LP, Leuven RSEW (2020) Reducing nutrient 
availability and enhancing biotic resistance limits settle-
ment and growth of the invasive Australian swamp stone-
crop (Crassula helmsii). Biol Invasions 22:3391–3402. 
https://​doi.​org/​10.​1007/​s10530-​020-​02327-0

Van der Loop JMM, Van Veenhuisen LS, Van de Loo M, 
Vogels JJ, Van Kleef HH, Leuven RS (2023a) Invasive 
Australian swamp stonecrop (Crassula helmsii) nega-
tively affects spawning but accelerates larval growth 
of the endangered natterjack toad (Epidalea calamita). 
Hydrobiologia 850(3):699–714. https://​doi.​org/​10.​1007/​
s10750-​022-​05117-y

Van der Loop JMM, van Kleef HH, Van Veenhuisen LS, Lam-
ers LL, Leuven RSEW (2023b) The ecosystem resilience 
approach to control the invasive alien species Austral-
ian swamp stonecrop (Crassula helmsii). Restor Ecol 
31(3):1–14. https://​doi.​org/​10.​1111/​rec.​13844

Varia S, Wood SV, Allen RMS, Murphy ST (2022) Assessment 
of the host-range and impact of the mite, Aculus crassulae, 
a potential biological control agent for Australian swamp 
stonecrop. Crassula Helmsii Biol Control 167:104854. 
https://​doi.​org/​10.​1016/j.​bioco​ntrol.​2022.​104854

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://doi.org/10.1007/s10530-020-02327-0
https://doi.org/10.1007/s10750-022-05117-y
https://doi.org/10.1007/s10750-022-05117-y
https://doi.org/10.1111/rec.13844
https://doi.org/10.1016/j.biocontrol.2022.104854

	First record of the semi-aquatic invasive plant Crassula helmsii in the Iberian Peninsula and its link to potential dispersal drivers
	Abstract 
	Introduction
	Materials and methods
	Results
	Discussion
	Implications for management

	Conclusion
	Acknowledgements 
	References




