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Actions reported 
 
3.1 Field trials of managing invasive species – invasive shrubs in the dunes 
3.2 Demonstration projects of managing invasive species – invasive shrubs in the dunes 
 
Partners involved 
 
INBO 
 
Target species 
 
The management demonstration and trial focused on the removal of invasive shrubs, more 

specifically on Mahonia aquifolium and Rosa rugosa. Both species represent a major 

management challenge in the dunes and information on potential management techniques 

was urgently needed. The species were also chosen on a more pragmatic basis because the 

others are more rare (e.g. Ribes species), less well known (e.g. Cotoneaster species) or 

because other species are already being controlled quite effectively (Prunus serotina). For 

Mahonia, comprehensive management options were largely unavailable yet urgently asked 

for by the site managers. Furthermore, both species differ in their ecology and invasiveness 

and provide good model species for a range of invasive shrubs with clonal growth.  

 

Figure 1: Mahonia aquifolium invading a grey dune (Westhoek, De Panne). 

Mahonia aquifolium (Oregon grape) is a shrub species with compound pinnate evergreen 

leaves and yellow flowers. The numerous blue berries are easily spread over large distances 

by birds. Therefore the plant can appear everywhere within the dune sites, also on places 

which are hardly accessible for managers. Furthermore, the plant shows a rapid clonal 

growth with stolons (Auge & Brandl 1997). Through its highly branched root system, it 
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attaches itself firmly in the sand (figure 1). Manual pulling of mature individuals is therefore 

extremely difficult. The species is native to western North America but is a very popular 

ornamental plant in gardens, parks and public greenery. Many of the invasive Mahonia 

populations in central Europe may have arisen from hybridized cultivars of M. aquifolium and 

M. repens or M. pinnata which were often selected for faster growth and higher biomass 

production (Ross & Auge 2008; Manual of The Alien Plants of Belgium, 

alienplantsbelgium.be). The phenomenon that hybrids are more invasive than the parent 

plants is also known from other invasive species such as F. x bohemica (Mandak et al 

2004). Possibly, the recent expansion of Mahonia in Western Europe is linked to global 

warming (Keil & Loos 2011; Walther 2002). This successful neophyte colonizes both natural 

and anthropogenic habitats and is found in a wide range of habitat types (grasslands, 

forests, dunes …). The species is shade tolerant and prefers dry to slightly moist, calcareous 

soils (Verloove 2006). It often seems to perform less in completely sun-exposed conditions 

(pers. observation). In central and eastern Germany, Mahonia is considered one of the most 

important invasive shrub species in forests (Auge & Brandl 1997, K. Schneider pers. 

comm.).  

 

Figure 2: Distribution of Mahonia aquifolium in Flanders with the location of the management trials in red 

(Verloove 2006). 

In Flanders, Mahonia established recently but the species is expanding its range rapidly. The 

highest densities are found in urban environments and in the dunes on the western part of 

the coast (Verloove 2002; Verloove 2006, figure 2). In the dunes, Mahonia grows in a wide 

variety of vegetation types ranging from moss dunes and grasslands to scrub and woodland. 

Through its strong vegetative growth using root suckers, the species can locally appear as 

monospecific stands, overgrowing and eventually displacing native species and thoroughly 

impacting dune succession and ecosystem integrity. 

Rosa rugosa (Japanese rose) is a shrubby rose species with large white to pink flowers. In 

late summer, the plant bears large, round, shiny and deep red fruits (figure 3). The species is 

native to the Pacific coasts of China, Korea and Japan, where it is a member of a species-

rich shrub community (Nakanishi & Fukumoto 1994). Due to its vegetative propagation by 

root suckers, it can rapidly occupy large areas, forming dense, mono-specific stands. Rosa 

rugosa is used worldwide as a functional and ornamental plant. It is appreciated for its 

tolerance to dry sandy soils and salt spray and therefore it is often planted along roads. In 

coastal dunes, it is also used for sand fixation. For this reason, in many European countries 
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Rosa rugosa is present in coastal dunes where it often invades natural habitat (Weidema 

2006). In Flanders, the species is widespread but it has a clear coastal stronghold (figure 4). 

  

Figure 3: Rosa rugosa flowering (left) and fruiting (right). 

Several factors contribute to the relative success of R. rugosa as an invasive species in the 

dunes. First, due to the high fragmentation of the dunes along the Belgian coast, the 

potential for escapes from surrounding urban areas is high. Rosa rugosa is planted in 

gardens, public parks as well as along roads. A recent Danish study illustrates the 

correlation of the distribution in dunes with plantations in adjacent urban areas (Jorgensen & 

Kollmann 2009). Second, the species is well adapted to coastal dune environments. It is 

highly tolerant to salt and wind (Dirr 1978; Zwaenepoel 2006) and grows easily in unstable 

sandy soil (Belcher 1977). Nutrient uptake is facilitated by mycorrhizal species that also 

occur on roots of Ammophila (Gemma & Koske 1997). Finally, most authors state that R. 

rugosa has a broader ecological amplitude outside its native range. 

 

Figure 4: Distribution of Rosa rugosa in Flanders (Zwaenepoel 2006). 

Rosa rugosa is pollinated by insects (Bruun 2005). Seeds remain viable for several years 

(Essl 2009). Both fruits and seeds have a good floating capacity, enabling transport by 

water. However, the most likely means of long distance transport is probably by birds. 

Thrushes and greenfinches are known to feed on the rosehips. However, colonization by 

seed is not commonly seen along the Belgian coast. Most of the populations arose from 
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clonal growth through rhizomes, which can attain about half a meter per year (Kollmann et al 

2009). Small fragments of rhizome can grow into new plants, which is an essential nuisance 

with many removal techniques. The effects of Rosa rugosa on native dune vegetation are 

well studied. Closed thickets of native shrubs such as Hippophae rhamnoides accommodate 

more typical, often annual dune species than the dense R. rugosa scrub (Isermann 2008b). 

Especially the early successional stages are affected (Thiele et al 2010). The species has an 

influence on the humus composition (Vander Hoeven et al 2005), can act as a reservoir for 

potential pests and can hybridize with other rose species (Kellner et al 2012; Bleeke et al. 

2007). Invasion by R. rugosa has an impact on the natural dune succession. It stimulates 

germination of late successional species through fixation and nutrient enrichment (Kollmann 

et al 2007). Among these, relatively more alien species are found compared to the natural 

vegetation (Isermann 2008c).  

 
Reason for performing management trial and demonstrations 
 
Coastal dunes are a unique ecosystem and home to a large number of red list species. 

Embryonic dunes, shifting white or fixed grey dunes, humid and wet dune slacks, dune 

grasslands and moss dunes are high conservation value habitats of European importance. 

However, many of the dune areas are small and fragmented, making them very susceptible 

to external influences. Surveys have shown that the surrounding gardens are an important 

source of invasive plant species occurring in these natural areas. Some of these plants are 

starting to cause problems for native biodiversity. Currently, invasive non-native plant 

species are considered one of the most important threats to biodiversity in the Belgian 

coastal dunes. The share of the non-indigenous flora within the area has increased from 

about 5 to 20 % since the 1970’s, mainly due to garden escapes (Provoost et al. 2010, 

Rappé et al. 1996). About 20 species are considered problematic invasives in the Flemish 

dunes. These are mainly shrubs or trees. They are presented in table 1, together with their 

score according to the ISEIA Environmental Impact Assessment protocol (Branquart 2007; 

Belgian Forum on Invasive Species 2009). The impact of invasive shrubs and trees on the 

dune ecosystem is well documented for a number of species such as P. serotina (Ehrenburg 

2008) or R. rugosa (Isermann 2008a & b). Studies have shown negative effects of invasion 

on local biodiversity, mainly by shading out the plant communities dominated by herbaceous 

plants, mosses or lichens.  

At this stage, full eradication of the species is still a potential management provided cost 

effective methods of removal are available. Management therefore urgently needs to build 

experience on the practical aspects of removal. The North American Oregon grape M. 

aquifolium is an evergreen shrub and a very popular garden plant in the area. It performs 

well on sandy soil along the coast and with its yellow flowers has great ornamental value. 

However, with its strong clonal growth it can strongly proliferate and overgrow native 

vegetation. Its blue berries are easily spread by birds. The root suckers of the plant fix the 

sand, thereby radically changing the dynamic nature of the dune ecosystem. Little is known 

about management of this invasive species. 
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Table 1. Most problematic invasive alien shrub or tree species along the Belgian coast. 

Species ISEIA 

Ailanthus altissima 
Baccharis halimifolia 
Cotoneaster horizontalis 
Cotoneaster (other species) 
Mahonia aquifolium 
Populus alba/canescens 
Populus candicans 
Prunus serotina 
Ribes aureum 
Ribes sanguineum 
Robinia pseudacacia 
Rosa rugosa 

A2 
A1 
A2 
 
A2 
 
 
A3 
 
 
B3 
A3 

 

Invasion impacts of most herbaceous plants in the dunes are less obvious. On the one hand 

most herbaceous aliens seem to ‘integrate’ in the natural dune vegetation. Claytonia 

perfoliata, Conyza canadensis, Corispermum leptopterum or Oenothera species for example 

do not seem to have a major impact on the surrounding vegetation. However, this statement 

is not based on scientific findings and more detailed research might reveal impact on for 

example invertebrate communities. On the other hand, removal of such species is regarded 

impossible because they are too widespread. Tolerance towards herbaceous non-native 

plants in the dunes is therefore more a pragmatic than a principle approach. However, for 

various reasons, it would be desirable to tackle a number of herbaceous invasive plant 

species as well. Actually, Australian swamp stonecrop Crassula helmsii, Galliardia x 

grandiflora, Fallopia species (F. japonica, F. sachalinensis, F. x bohemica), giant hogweed 

Heracleum mantegazzianum and Iberis umbellata are the most important herbaceous aliens 

that should be removed from the dunes along the Belgian coast. On top of that, some more 

recent acquisitions (e.g. Yucca spp.) which still have fairly limited distributions along the 

coast, could still be tackled at very low cost. However, more potentially invasive species are 

to be expected and setting up preventive programs and awareness raising campaigns that 

complement active management strategies is of major concern.  

 

Time frame with basic breakdown 

Spring 2013: Inventory of target species and other non-native plant species in the dunes (T0) 

March-May 2013: Trial design, treatment of individual plants on four locations 

November 2013: Mid-term follow-up of treated plants on two locations, removal with crane 

May 2014: Follow-up of treated plants on all locations, data input and analysis 

 

Original objectives 

 

Objectives were to perform a trial into efficacy of different management techniques for M. 

aquifolium, to provide documentation on management demonstrations using heavy 

machinery for M. aquifolium and R. rugosa and to obtain a reduction of the abundance of 

these species on the demonstration sites. 
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Target audience 
 
Conservation managers of dune reserves, officials of Agency for Nature and forest, social 

economy companies working in the field of INNS management along the coast, other RINSE 

partners, conservationists, scientific community. 

 
Method or approach adopted and why 
 
To build experience on eradication techniques, a number of experiments were set up. Firstly, 

different techniques of removal were applied to individual plants or clones of the same plant. 

These techniques are particularly useful in dunes which are inaccessible for heavy 

machinery, or in situations where mechanical removal using machines is inappropriate 

because of great conservation value or sensitivity of the habitat at hand. The direct effect of 

these treatments was compared so that a clear advice could be given to the manager of the 

area. Besides this field trial, which targets individual plants and small infestations in sensitive 

areas, secondly, removal demonstrations were carried out on a large clonal patch of the 

species. Here, we applied mechanical removal with a heavy crane (42 tons) equipped with a 

barred shovel. On such locations, invasive shrub removal was combined with large scale 

landscape restoration. The effort was documented (cost, effort, aftercare) and the outcome 

monitored in terms of regrowth from different depths.  

 

Experiments on individual plants 

Four treatments were compared (figure 5):  (1) Cutting and stem treatment with saturated 

salt solution (SALT), (2) Cutting and stem treatment with glyphosate 5% solution (Round Up 

Max) (STEM), (3) Digging out manually with a spade (DIGGING) and (4) Leaf treatment with 

glyphosate 5% solution (Round Up Max) (LEAF). 

  
Figure 5. Leaf treatment with a glyphosate solution (left) and stem treatment (cut & paint) with 

saturated salt solution after cutting (right). 
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Treatments were carried out in April and May 2013 at four dune sites (from west to east): 

Westhoek, Houtsaegerduinen, Noordduinen en Plaatsduinen (figure 6, annex 1).  

 

Figure 6: Sites where management trial and demonstrations on M. aquifolium were performed. 

In total, 127 individuals were treated, more or less equally spread over sites and treatments 

(table 2). Before treatment, height and width of each individual was estimated and the 

number of stems was counted to get an idea of the dimension of each individual or clone. 

Furthermore, photographs were taken of each plant before and after treatment and locations 

were measured using hand-held garmin foretrex GPS (annex 1). One year later, in May 

2014, each location was re-visited with the aid of GPS and photographs. Regrowth of the 

plants was noted in three categories: vital regrowth, limited regrowth or no regrowth.  

Table 2. Number of individuals per treatment and dune site. Figures between brackets indicate plants that 

were not found back. 

Location Leaf Digging Stem Salt Treated Revisited 

Westhoek 8 9 9 7 33 33 

Houtsaegerduinen 7 7 6 (1) 6 (1) 26 24 

Noordduinen 7 (1) 8 (1) 8 (1) 7 (2) 30 25 

Plaatsduinen 10 10 9 (1) 9 (1)  38 36 

Total 31 33 29 25 127 118 
 

Mechanical removal with a crane 

The excavating demonstration was carried out in De Noordduinen (Koksijde) on November 

19th 2013 at a site heavily infested with 100% Mahonia cover over a large surface area. A 

surface area of about 350 m² was dug out on an entire day (figure 7). The crane work was 

accompanied by intensive raking by hand (aftercare), which enabled removal of a lot of the 
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smaller rhizome fragments. For R. rugosa, only excavation was performed. This was done in 

the dunes between De Haan and Wenduine on November 20th 2013 (figure 8).  

 

Figure7: Distribution of Mahonia in De Noordduinen and location of excavation demo (red). 

 

Figure 8: Location of R. rugosa excavation demonstration in the dunes west of Wenduine. Rosa rugosa shrub 

stretches all along the main road (bright green colour). 
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Problems/challenges encountered 

 

Trials and demonstration were performed in nature reserves and were therefore not allowed 

during the breeding season. 

 

Deviations including why and how any problems were overcome 

 

No major deviations from the original setup to report. As Mahonia is an evergreen shrub 

species and its flowers are conspicuous, it is easily detected throughout the year. 

 

Results/achievements 

 

Treatment of individual plants 

Out of 127 treated individuals, 9 were not found back, mostly because the indication flags 

were pulled out by dune visitors. Still, between 25 and 33 replicas were available for each 

treatment (table 2). Figure 6 gives the results of regrowth for each treatment. Except for leaf 

treatment (77%), kill rates are generally low: 38% for stem treatment, 27% for digging and 

4% for salt treatment (which can be considered as a mere cutting treatment) (figure 9).  

 

Figure 9: Regrowth percentages one year after eradication treatments on M. aquifolium. 

These results only give an impression of the aboveground regrowth after one year. 

Excavation of a number of individuals revealed that some roots do reshoot, even if the 

aboveground part of the plant looks completely dead (figure 10). The kill rates are therefore 

probably overestimated. 
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Figure 10: Below ground reshooting of leaf-treated Mahonia. Apparently, only the aboveground parts and a 

limited part of the roots were killed.   

Mechanical removal with a crane 

Due to the relatively high moisture content of the soil, it was sometimes difficult to shake the 
soil out of the M. aquifolium material. Each shovel had to be shaken for about half a minute 
(figure 11) which was clearly time consuming and limited the treated surface area 
considerably.  
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 Figure 11: Excavating Mahonia in De Noordduinen (Koksijde, November 19th 2013). 

The rooting system of M. aquifolium appeared to be relatively shallow: 30-40 cm (figure 11). 
The site was revisited on May 6th 2014. Only limited regrowth was observed. It came from 
rhizome fragments which were superficially buried and could therefore easily be pulled out 
by hand (figure 12). 
 

  
Figure 12: Root system of M. aquifolium (left) and revisiting the Mahonia excavation site six months later 

(Koksijde, May 6th 2014). 

In De Haan, a surface area of about 200 m² of Rosa rugosa was cleared with a crane in one 
day (figure 13). Hand raking of rhizomes was tried but seemed relatively unsuccessful 
because rhizomes easily got fragmented. Therefore, most of the material was removed with 
the crane. The rooting system of R. rugosa reached to about one meter below the soil 
surface. This is not surprising, considering its adaptation to a coastal dune environment in 
which sand burial is an important physical process. The site was revisited on May 19th 2014. 
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A lot of regrowth was observed but most of it originated from superficially buried rhizomes 
(figure 13). The observed shoots were up to about 25 cm long. The depth from which 
reshooting can occur is unclear. The site should be followed for several years and any 
reshooting rhizomes should be dug up. 
 

Figure 13: Excavation of Rosa rugosa (above, De Haan, November 19th 2013) and the treated site six months 

later (De Haan, May 19th 2014). 

On top of these actions performed in the field, the RINSE partnership engaged in networking 

with a local stakeholder forum in order to set up preventive actions towards garden centers, 

public bodies and private owners. Future projects shall further build upon this work.  

 

Number of volunteers 

 

All trials and demonstrations were performed by professionals. 

 

Number of jobs created or sustained through delivery of this action 

 

INBO: 0,2 FTE research assistant, 0.2 FTE scientist time 
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Economic or social benefits 
 
This field trial and demonstrations were largely experimental, and therefore probably yielded 
no direct economic benefits. The indirect benefit is that local managers in the field now have 
a better knowledge on potential methods for invasive shrub removal and a better 
understanding of the species ecology. This way, actions can be targeted, increasing overall 
cost efficiency of such work. 
 
Cross border benefits 
 
Actions were only performed in Flanders. Results are, however, applicable and informative 
for the entire RINSE region, where similar management actions on Egyptian goose are 
performed. Therefore, a presentation and demo capture was organised within the best 
practice workshop on managing invasive mammals and birds. The results of the field trials 
were also communicated at the Benelux congress on invasive alien species on April 2, 2014 
(Ghent). 
 
Conclusions and recommendations 
 
Invasive alien plant species (mainly shrubs) are a major threat to biodiversity in the Belgian 
coastal dunes. There is an urgent need for large scale removal of some of these species 
which can heavily impact on dune succession and affect ecosystem integrity. In this case 
study we carried out removal experiments on M. aquifolium and R. rugosa, two important 
invasive shrub species along the coast. Most problems are caused by less than 15 shrub or 
tree species. They have a different ecology and therefore a variety of removal techniques 
should be applied. Important characteristics are means of dispersal and vegetative 
reproduction. Mahonia is one of the worst because of its long distance dispersal potential by 
berry-eating birds and its strong vegetative rhizome growth through root suckers. 
Spontaneous establishment of Rosa is limited along the Belgian coast. However, it has been 
widely planted, shows vigorous vegetative growth and has a deep rooting system, perfectly 
adapted to the coastal dune environment. Therefore, the experience with Mahonia and Rosa 
is useful for a wide range of other invasive species.  
 
Leaf spraying with glyphosate seemed by far the most effective way to remove isolated 
Mahonia individuals. Still, regrowth can occur from belowground parts of the plants. 
Therefore, revisiting of treated sites will be necessary in order to obtain complete removal. 
The non-target effects of glyphosate leaf-treatment are unknown, but visual inspections 
showed very little collateral damage around treated plants. Manual excavating of individuals 
is labour intensive and regrowth from thin root or rhizome fragments is nearly inevitable. 
Cutting, even with glyphosate stem treatment, gives very poor results and is therefore not 
recommended. Optimizing the use of herbicides thus seems the most appropriate way to 
tackle Mahonia. Further experiments should be carried out, testing different types and 
concentrations of herbicide and optimal treatment timing. Large patches of Mahonia and 
Rosa can be removed with a heavy machinery, equipped with a barred shovel. Several 
hundreds of square meters per day can be achieved, depending on the terrain conditions 
(relief) and soil moisture content. Dry conditions are ideal because they facilitate the 
separation of soil fraction and plant material. Manual aftercare on site and revisiting of the 
sites the next growing season is absolutely necessary. Regrowth from rhizome of root 
fragments is inevitable but shoots appear mostly from superficially buried fragments. These 
can easily be removed by hand pulling.  
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book. 
 
Results and experiences with the RINSE Mahonia removal trial and demo were incorporated in a technical 
manual (in prep. Agency for Nature and Forest) on managing invasive alien plant species and were distributed 
via www.ecopedia.be, an online platform for managers. See http://www.ecopedia.be/806/planten/Mahonia 
 
An accessible folder has been written at INBO about the general problem of invasive species in the dunes, aimed 
at local gardeners and people visiting the dunes. 
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Annex 1: Detailed maps of the treated sites with locations and treatment of individual Mahonia 

aquifolium plants. Locations are referred to in figure 5. 

 

Westhoek 

 

Houtsaegerduinen 
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Noordduinen 

 

Plaatsduinen 
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Annex 2: Photos showing some results of treatments in the RINSE management trial for invasive 

M. aquifolium.  

Treatment (April 2013) Follow-up (May 2014) 

Glyphosate leaf treatment 

  
Glyphosate cut and paint treatment 
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Treatment (April 2013) Follow-up (May 2014) 

Salt solution treatment 

  
Manual digging 
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Annex 3: RINSE poster on management trials and demonstrations of invasive Mahonia aquifolium 

in the dunes. 

 


