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Abstract. This paper presents the results of an overview survey of the following invasive 
alien plant species carried out in managed biotopes across the former open-cast mining 
districts in the Luxembourgish Minette region: Ailanthus altissima (tree of heaven), Bud-
dleja davidii (summer lilac), Bunias orientalis (Turkish wartycabbage), Fallopia japonica 
(Japanese knotweed), Heracleum mantegazzianum (giant hogweed), Lupinus polyphyllus 
(big-leaved lupine), Mahonia aquifolium (Oregon grape), Pinus nigra (black pine), Prunus 
laurocerasus (cherry laurel), Rhus typhina (staghorn sumac), Robinia pseudoacacia (black 
locust), Senecio inaequidens (narrow-leaved ragwort), Solidago canadensis (Canada gold-
enrod), Solidago gigantea (tall goldenrod) and Syringa vulgaris (common lilac). The results 
indicate that some of the surveyed species are widely spread across the former mining dis-
tricts, whereas others were only sporadically recorded or not found at all. The recorded data 
provide a basis for further control efforts and suggestions for suitable eradication measures 
are given.

Keywords. Biological invasions, invasive alien species, neophytes, plant invasions, vascular 
plants, open-cast mining, semi-natural biotopes, Terres Rouges, Minette, Gutland, Luxembourg.

1. Introduction
With the end of open-cast ore mining in 
the Luxembourgish Minette region in the 
late 1970s, large excavation and backfill 
areas fell into disuse (Leytem & Muschang 
2017). Since then, most of these abandoned 
surfaces were reclaimed by nature. In many 
places, nutrient-poor substrates and dry site 
conditions led to the development of small-
scale mosaics of biotopes with high ecologi-
cal value (e.g. scree, rocky slopes, dry grass-
lands). Besides natural succession and urban 
development, the spread of invasive alien 
plant species with the ability to grow under 
dry site conditions are a potential threat to 
these biotopes.
In order to gain insight into what extent 
the Luxembourgish post-mining areas are 
already populated by potentially problem-
atic neophytes, we conducted a systematic 

survey in 2018 and 2019. During this survey, 
transect inspections were carried out on sites 
with high ecological value and occurrences 
of the following plant species were recorded: 
Ailanthus altissima (Mill.) (tree of heaven), 
Buddleja davidii Franch. (summer lilac), 
Bunias orientalis L. (Turkish wartycabbage), 
Fallopia japonica (Houtt.) (Japanese knot-
weed), Heracleum mantegazzianum Somm. 
& Lev. (giant hogweed), Lupinus polyphyl-
lus Lindl. (big-leaved lupine), Mahonia 
aquifolium (Pursh) (Oregon grape), Pinus 
nigra Arnold (black pine), Prunus lau-
rocerasus L. (cherry laurel), Rhus typhina 
L. (staghorn sumac), Robinia pseudoacacia 
L. (black locust), Senecio inaequidens DC. 
(narrow-leaved ragwort), Solidago canaden-
sis L. (Canada goldenrod), Solidago gigantea 
Ait. (tall goldenrod) and Syringa vulgaris L. 
(common lilac).
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These species can establish themselves on 
dry and rocky sites, in natural grasslands 
or at forest edges (Nehring et al. 2013) and 
therefore pose a potential risk to the bio-
topes present in the study area. Ries et al. 
(2013) rated six of these species as being of 
high ecological impact and thus assigned 
them to the national black list of invasive 
species (Fallopia japonica, Heracleum man-
tegazzianum, Pinus nigra, Robinia pseu-
doacacia, Solidago canadensis and Solidago 
gigantea). Three other species were assigned 
to the national watch list (medium ecologi-
cal impact): Mahonia aquifolium, Rhus typh-
ina and Senecio inaequidens.
The present article gives an overview of the 
study results. The nomenclature of the vas-
cular plants follows Lambinon & Verloove 
(2015).

2. Material and methods

2.1. Study area
The study area is situated in the former 
open-cast mining area in southern Lux-
embourg (Minette region). It covers a total 
surface of 347 hectares and consists of 296 
individual plots. Plot borders were adopted 
from the data set for biotope management 
of the national Administration for Nature 
and Forestry (ANF). The individual plots 
are situated in the former mining districts: 

Brucherbierg, Carrière Cloos, Dëmptges-
grond, Ellergronn, Giele Botter, Haard, 
Heedefeldchen, Hérenterbierg, Hesselbierg, 
Hiel-Eisekaul, Kallek, Kiemerchen, Klees-
grënnchen, Kolscheed, Lalléngerbierg, Lan-
nebierg, Léiffrächen, Nossbierg, Perches-
bierg, Quäschebierg, Ronnebierg, Scheier-
bierg, Um Suebel, Weimeschkëppchen, and 
Weissewee (Fig. 1). The size of the surveyed 
plots ranges from 144 square meters to 10 
hectares.
Due to time constraints, some smaller open-
cast mining districts could not be included 
in the survey. However, considering the total 
surface and number of the surveyed plots as 
well as their distribution across the former 
mining area, the study results provide a rep-
resentative overview of the distribution of 
the surveyed species in ecologically sensitive 
areas of the Luxembourg post-mining land-
scapes.

2.2. Survey
In 2018, a preliminary study was launched 
in the former mining districts of Giele 
Botter and Kiemerchen. In this study, occur-
rences of the surveyed species were precisely 
recorded via handheld GPS units (Garmin 
GPSMap 64s) and reported as point data 
without connection to survey plots. The aim 
of the pilot study was to test the recording 
method and to estimate the effort required 
for a larger study.

Fig. 1. Overview map 
of the Luxembourgish 
Minette region (light grey) 
with indication of survey 
plots (dark grey) and 
former mining districts 
(1: Giele Botter; 2: Kallek, 
Kiemerchen, Ronnebierg, 
Scheierbierg, Um Suebel; 
3: Brucherbierg, Weime-
schkëppchen, Weissewee; 
4: Léiffrächen; 5: Heedefel-
dchen, Kleesgrënnchen; 6: 
Ellergronn, Hiel-Eisekaul; 
7: Léiffrächen; 8: Haard, 
Carrière Cloos; 9: Dëmpt-
gesgrond, Hérenterbierg, 
Hesselbierg, Kolscheed, 
Lannebierg, Perchesbierg, 
Quäschebierg).
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In the 2019 follow-up study, the study area 
was extended to the above-mentioned areas 
(section 2.1). The first surveys of the follow-
up study were carried out in the Lallénger-
bierg district using the method tested in 
2018 (collection of point data). However, 
since some of the surveyed plots contained 
large scale plantations of black pine trees, 
the measurement of individual plants with 
GPS proved to be too time-consuming, 
detailed and ineffective. In view of the broad 
aim of the study to provide a general over-
view, the survey method was thus changed 
to the recording of cover-abundance classes 
according to Braun-Blanquet (cf. Glavac 
1996). Previously recorded point data were 
converted accordingly.

3. Results
Some of the considered species were fre-
quently found on the surveyed plots; in some 
places in large numbers or with high cover-
ages. These include Pinus nigra (black pine), 
Robinia pseudoacacia (black locust) and 
Solidago canadensis (Canada goldenrod). 
Moreover, Cotoneaster horizontalis (wall 
cotoneaster) was frequently recorded on the 
survey plots and is therefore discussed below, 
although this species was not considered in 
the original study design. On the other hand, 
Fallopia japonica (Japanese knotweed), Sene-
cio inaequidens (narrow-leaved ragwort), 

Rhus typhina (staghorn sumac), Prunus lau-
rocerasus (cherry laurel), Buddleja davidii 
(summer lilac), Syringa vulgaris (common 
lilac) and Mahonia aquifolium (Oregon 
grape) were found only sporadically and with 
low numbers of individuals.
The following species were not recorded at 
all in the present survey: Ailanthus altissima 
(tree of heaven), Bunias orientalis (Turkish 
wartycabbage), Heracleum mantegazzianum 
(giant hogweed), Lupinus polyphyllus (big-
leaved lupine) and Solidago gigantea (tall 
goldenrod).
Individual results for the recorded species 
are described in the following subsections. 
On map figures, spatial distribution and 
cover-abundance of the different species 
were converted to a 1 × 1 km raster for dis-
play reasons. In terms of cover-abundance, 
the highest degree of coverage found in the 
respective 1 × 1 km square is delineated.

3.1. Pinus nigra
Among the studied species, Pinus nigra 
(black pine) was most frequently recorded 
with occurrences in 94 out of 296 plots (31.8 
percent). The species is widely spread over 
the Minette region and occurs in nearly every 
larger mining district (Fig. 2). In the districts 
of Lalléngerbierg and Brucherbierg, cover-
abundance rates of the species were particu-
larly high (Braun-Blanquet scale 2 and 3).

Fig. 2. Distribution and 
cover-abundances of Pinus 
nigra (black pine) across 
the study area. 
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3.2. Robinia pseudoacacia

Robinia pseudoacacia (black locust) was 
found second most frequently, in 59 out of 
296 plots (19.9 percent). It is also widely 
spread over the former mining districts. 
Sporadically, the species reaches high 
cover-abundance rates in the districts of 
Kiemerchen, Hiel-Eisekaul, Kleesgrën-
nchen, Lalléngerbierg, Léiffrächen (Braun-
Blanquet scale 2 and 3) and especially in the 
Haard area, where the species reaches cov-
erage rates of more than five percent in six 
different plots (Fig. 3).

3.3. Solidago canadensis
Solidago canadensis (Canada goldenrod) 
was found in 30 out of 296 plots (10.1 per-
cent). The species forms larger populations, 
especially in the districts of Hiel-Eisekaul 
and Carrière Cloos, as well as on two indi-
vidual plots in the districts of Scheierbierg 
and Lalléngerbierg. On the other surveyed 
plots, the species currently only reaches cov-
erage rates of less than five percent (Fig. 4).

3.4. Cotoneaster horizontalis
Though not part of the original list of sur-
veyed species, Cotoneaster horizontalis (wall 

Fig. 4. Distribution and 
cover-abundances of Soli-
dago canadensis (Canada 
goldenrod) across the 
study area. 

Fig. 3. Distribution and 
cover-abundances of Rob-
inia pseudoacacia (black 
locust) across the study 
area.
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cotoneaster) was found relatively frequently 
on 15 out of 296 plots (5.1 percent). How-
ever, throughout the various survey plots, 
the species was recorded with very low 
cover-abundance rates (single plants to 
sparse occurrence) (Fig. 5).

3.5. Fallopia japonica
Fallopia japonica (Japanese knotweed) was 
recorded in 7 out of 296 plots (2.4 percent). 
On one plot in the Haard district, the spe-
cies formed a dominance stand with a cover 
density of more than five percent of the plot 
area. On another plot in the Kolscheed dis-

trict, it was found with a larger number of 
individuals. The other recorded occurrences 
of the species consisted of very small stands 
(Fig. 6). Japanese knotweed was found 
exclusively in marginal areas of the study 
plots, or in areas with more profound soils 
and higher soil moisture. By contrast, the 
species was not found on scree slopes and in 
semi-natural dry grasslands.

3.6. Buddleja davidii
Buddleja davidii (summer lilac) was only 
found in 3 out of 296 survey plots (1 per-
cent). Two of these plots are adjacent and 

Fig. 6. Distribution and 
cover-abundances of Fal-
lopia japonica (Japanese 
knotweed) across the 
study area. 

Fig. 5. Distribution and 
cover-abundances of 
Cotoneaster horizontalis 
(wall cotoneaster) across 
the study area. 



158 Bull. Soc. Nat. luxemb. 122 (2020)

located in the Lannebierg district, where 
the species forms a larger, coherent stand on 
the slopes of a small valley. The third occur-
rence of the species consists of a single plant 
recorded at the edge of the Haard area close 
to the southern entry gate (Fig. 7).

3.7. Other recorded species
Prunus laurocerasus (cherry laurel), Syringa 
vulgaris (common lilac), Senecio inaequidens 
(narrow-leaved ragwort), Mahonia aqui-
folium (Oregon grape) and Rhus typhina 
(staghorn sumac) were only found in one or 
two plots and in very small numbers.

4. Discussion

4.1. Pinus nigra
The largest stands of black pine exist in 
the area of the former open-cast mining 
districts of Lalléngerbierg, Nossbierg and 
Brucherbierg. The probable reason for its 
high abundance in these areas is cultivation 
of black pine in the course of reforestation, 
which was originally planned as subsequent 
use for the former open-cast mining areas 
(Frankenberg & Colling 2019). This is parti-
cularly evident at the southern cuesta in the 
Brucherbierg area, where black pine is the 
dominant forest tree in the wooded hillside 
areas. Other areas with larger occurrences of 

black pine exist in the district Hiel-Eisekaul, 
on the northern edge of Léiffrächen and on 
a single plot in the Haard district. In these 
areas, plantation of the species as a forest 
tree is also the most probable cause for its 
occurrence.
Due to its resistance to drought, black pine 
can grow on scree, rocky slopes and within 
dry semi-natural grasslands (Kowarik 2003). 
A few years after older black pine trees have 
started seed production, ring-shaped zones 
with sometimes several hundred shoots 
form around these trees. As the shoots grow 
larger, shading leads to a change of site con-
ditions underneath the canopies which, in 
turn, enables other fringe and woodland 
species to colonize these areas. As a result, 
these areas are subject to succession towards 
forest. In addition, the seeds of black pine 
trees on wind-exposed growing sites can be 
dispersed over long distances (Buckley et al. 
2005). This allows the species to colonize 
also more distant areas.
Apart from black pines, the spread of the 
native Pinus sylvestris (Scots pine) has a sim-
ilar impact on dry semi-natural grasslands 
in the former open-cast mining areas. Thus, 
both pine species present in sensitive areas 
should be assessed similarly in terms of their 
risk potential to grassland biotopes of high 
ecological value.
In terms of control measures, removal of 
pine species from colonized sites before they 

Fig. 7. Distribution and 
cover-abundances of Bud-
dleja davidii (summer 
lilac) across the study area. 
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reach the age of seed production is essential 
for successful eradication. Once seed pro-
duction takes place, simply removing trees 
and shoots from a site is no longer enough, 
because the stands can regenerate from their 
seed bank. Although black pine seeds have a 
short life span in soil (Kaliniewicz & Tylek 
2019), all upcoming shoots in these areas 
should be uprooted or cut annually over a 
period of several years until no more germi-
nation of pine seeds occurs (Schmiedel et al. 
2015).

4.2. Robinia pseudoacacia
Black locust was most frequently found in 
the districts Haard and Hiel-Eisekaul. Dom-
inance stands of this species also exist in 
the districts of Kiemerchen, Lalléngerbierg, 
Kleesgrënnchen and on a single plot in the 
district of Léiffrächen. Within the other 
plots, black locust was found frequently, but 
mostly in low numbers and densities.
The spread of black locust in Kleesgrënnchen 
was apparently caused by garden escapes 
from neighbouring private gardens. Most 
other dominance stands can be assumed to 
originate from plantations in the context of 
the originally planned, subsequent forestry 
use of former open-cast mining areas (Cier-
jacks et al. 2013, Frankenberg & Colling 
2019). In some places, specifically on backfill 
sites, black locust was apparently planted on 
upper slope edges as an erosion control plant.
Two ecological characteristics make black 
locust a potentially dangerous invader for 
nutrient-poor, semi-natural grasslands: 
Firstly, the species belongs to the pea family 
(Fabaceae) and can fix atmospheric nitrogen 
within nodules in their root system (in sym-
biosis with nitrogen-fixing bacteria). This abil-
ity leads to an accumulation of nitrogen in the 
soil and, in the long term, to a shift towards 
eutrophic site conditions (DAISIE 2009). 
Secondly, the species can reproduce very effi-
ciently via suckers and thus colonize grassland 
areas quickly starting from single trees at the 
edges (Kowarik 2003, Pyšek et al. 2012).
Control of black locust is difficult, as simple 
felling of older trees leads to strongly 
increased root breeding with a multitude 
of suckers emerging from the roots around 

the felled tree (Kowarik 2003). Black locust 
trees should therefore be “incompletely gir-
dled” (cutting most of the phloem around 
the stem, but leaving a small bark bridge), 
to weaken the plant over several years and 
eventually cause it to dry out (Böcker & 
Dirk 2008). Schiffleithner & Essl (2016) 
describe this method as most effective for 
black locust control, and when carried out 
correctly, black locust stands can thus be 
completely eradicated. However, even when 
older trees are girdled and suckers are regu-
larly cut, complete eradication of the species 
on a site can easily take more than a decade 
(Schiffleithner & Essl 2016). Along motor-
ways and railways, as well as in the Haard 
district, this method is already used to eradi-
cate the largest stands of black locust.

4.3. Solidago canadensis
The largest populations of Canada gold-
enrod were found in the districts of Hiel-
Eisekaul and Carrière Cloos, where the spe-
cies is forming large dominance stands in 
nutrient-poor grassland communities. Two 
further dominance stands of the species 
were recorded on single plots in the districts 
of Scheierbierg and Lalléngerbierg. Within 
the other surveyed plots, Canada goldenrod 
was sporadically found, but always in lower 
numbers or small patches.
In Central Europe, Canadian goldenrod usu-
ally settles on urban and industrial waste-
lands. However, the species can also spread 
into nutrient-poor (fallow or neglected) 
grasslands, where it can accelerate the suc-
cession process and thus lead to a decline 
of typical nutrient-poor grassland species 
(Kowarik 2003). This effect is especially 
apparent in some plots at Hiel-Eisekaul.
Eradication of Canadian goldenrod in sensi-
tive biotopes is difficult when the species is 
already widespread. Suitable control meth-
ods with little impact on the surrounding 
vegetation are manual uprooting shortly 
before flowering and regular, extensive graz-
ing of goldenrod stands (Schmiedel et al. 
2015). However, since these methods are 
expensive and time-consuming, they should 
only be employed on biotope complexes 
with high ecological value.
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4.4. Cotoneaster horizontalis
Originating from China and introduced as 
an ornamental plant, wall cotoneaster is now 
also found in natural habitats, like rock for-
mations, dry bushland, forest edges and dry 
grassland (Nehring et al. 2013). 
Existing data from the database of the National 
Museum of Natural History (MNHNL 2000-) 
do not provide any indication of a wide distri-
bution of the species in the former open-cast 
mining areas. By contrast, within the course 
of the present study, the species was found 
to be present in nine different former open-
cast mining districts on a total of 15 different 
plots. However, the recorded stands consisted 
either of single plants or of very small stands 
of few individuals.
Uprooting of single plants with removal of 
the complete rootstock or cutting the above-
ground plant in autumn with subsequent 
covering of the rootstock with black foil are 
possible control measures for wall cotoneas-
ter eradication (Schmiedel et al. 2015). Since 
wall cotoneaster appears to be widespread 
over the former open-cast mining areas, but 
so far only seems to form small populations, 
its complete elimination from managed bio-
tope plots areas should be relatively easy if 
carried out promptly and consistently.

4.5. Fallopia japonica
Japanese knotweed was most frequently found 
in the Haard district, but is also present in Giele 
Botter, Um Suebel, Lalléngerbierg, Léiffrächen, 
Dëmptgesgrond, Lannebierg and Kolscheed. 
Though widely spread over the former open-
cast mining areas, the species was not seen to 
invade nutrient-poor dry habitats. Instead, the 
species grows on backfill sites with allochtho-
nous, more profound soil material (i.e. in the 
Haard district) and in places with better water 
and nutrient supply (usually in depressions 
and valleys). For this reason, Japanese knot-
weed, which is highly invasive in other habitats 
(Pfeiffenschneider 2007, Glesener et al. 2009, 
Pfeiffenschneider et al. 2014a, b), is only con-
sidered a minor threat to the dry and nutrient-
poor scree, rock and grassland biotopes of the 
former open-cast mining areas.
On a backfill site in the Haard district, a 
smaller stand of Japanese knotweed was 

successfully eliminated by cutting and sub-
sequent covering with black foil (Jacques 
Mersch - Biomonitor, pers. comm.). In the 
context of the present study, the elimination 
of this stand could be confirmed.

4.6. Buddleja davidii
The only larger stand of summer lilac found 
in the present study is located in the Lan-
nebierg district, where the species grows 
on the slopes of a small valley between two 
adjacent plots. Another occurrence of an 
individual plant was recorded in the Haard 
district, which was apparently established by 
a garden escape.
Since the distribution of summer lilac across 
the surveyed plots is limited to a few indi-
vidual stands, elimination would be possible 
with manageable effort. Suitable measures 
are the excavation of plants with the whole 
rootstock or manual uprooting of seedlings 
and smaller plants (Schmiedel et al. 2015).

4.7. Other recorded species
Within the surveyed plots, Prunus laurocer-
asus (cherry laurel), Syringa vulgaris (common 
lilac), Senecio inaequidens (narrow-leaved rag-
wort), Mahonia aquifolium (Oregon grape) and 
Rhus typhina (staghorn sumac) only occurred 
in one or two single plots and with low num-
bers of individual plants. Thus, eradication of 
these species across the surveyed plots would 
be feasible with little effort in terms of time and 
money. However, two of these finds should be 
closely monitored, as they concern potentially 
problematic species on disturbed sites where 
suitable conditions for quick further disper-
sal exist: 1. Staghorn sumac was found next 
to the former Nardecchia landfill site in the 
district of Ronnebierg. Since the landfill is cur-
rently being removed within the course of site 
decontamination, staghorn sumac could easily 
spread across the newly created raw soil areas. 
2. Narrow-leaved ragwort was found in the 
district of Lalléngerbierg (vis-à-vis the Noss-
bierg district) on the edge of a driveway and a 
nearby cul-de-sac. The ruderal embankments 
along the driveway and a neighbouring scree 
slope offer potentially suitable habitats for a 
quick dispersal of the species.
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Conclusions
In the authors’ opinion, further control 
measures should initially focus on small 
and isolated stands of problematic species in 
otherwise unpopulated areas. Thus, further 
spread of these species could be efficiently 
prevented with little effort. In addition, 
regular survey visits to particularly valuable 
biotope complexes would be an effective 
method to detect new stands of problematic 
species at an early stage.
In a next step, larger occurrences of prob-
lematic species in sensitive areas or adjacent 
to particularly valuable biotopes should be 
eliminated.  In this context, we emphasise 
the necessity of a sound follow-up moni-
toring over several years to prevent stand 
regeneration from the seed bank or root 
parts left in the soil. 
By contrast, with regard to larger stands of 
problematic species without any biotopes 
or sensitive areas in their immediate vicin-
ity, the cost of eradication measures is likely 
to exceed the expected benefit. For the time 
being, these stands should be left in place 
but nevertheless be monitored regularly to 
limit further expansion if necessary.
A minor drawback of the current study was 
the strong focus on predefined survey plots. 
Thus, in some places, large stands of poten-
tially invasive species found in areas directly 
adjacent to the surveyed plots were not sys-
tematically documented, although they can 
act as sources for dispersal and further colo-
nization. Additional investigations should 
therefore not only focus on the actual survey 
plots, but also include the surroundings.
Data collected in the present study will be 
integrated into the database on the natural 
heritage of the Grand Duchy of Luxembourg 
(MNHNL 2000-) and will also be shared 
with the ANF to serve as a basis for further 
control measures.
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