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Competitive  abilities  of  Lagarosiphon  major  (Ridley)  Moss  (invasive  in  Belgium)  and  native  Ceratophyllum
demersum  L. were  assessed  experimentally  in relation  to sediment  dredging.  We  mimicked  these  con-
ditions  by  taking  undisturbed  sediment  (‘before  dredging’  treatment)  and  by using restored  sediment
where  the  uppermost  nutrient  rich  top  layer  was  removed  (‘after  dredging’  treatment).  Both  the  species
were allowed  to  grow  for seven  weeks  in monocultures  and  mixed  cultures  at different  planting  densities.
Overall,  invasive  L. major  performed  better  than  native  C.  demersum  independent  of  the  characteristics  of
nvasive species
elative growth rate
ompetition
quatic vegetation management
quatic ecosystem
ediment dredging

the  growth  environment.  L. major  achieved  a  higher  relative  growth  rate (RGR)  in both  treatments  based
on  total  length  (0.17–0.21  week−1) and  weight  (0.10–0.19  week−1) compared  to C.  demersum  (length:
0.04–0.07  week−1; weight:  0.03–0.17  week−1). The  better  performance  of L. major  was  due  to a  high
plasticity  under  stressful  conditions  of low  free  CO2 and high  pH.  Intraspecific  competition  and  niche  par-
titioning  were  observed  between  the  two  species  indicating  that  species  coexistence  is favoured  instead
of competitive  exclusion.  L.  major  performed  better  in  the  ‘after dredging’  treatment.  Consequently,  we

dgin
deduce  that  sediment  dre

. Introduction

Increased worldwide travel and trade has led to the introduc-
ion of many invasive plant species beyond their native range
Westphal et al., 2008). The invasion of freshwater ecosystems
y highly competitive new species is a global phenomenon with
cological and economic consequences, especially with the high
ulnerability of these environments to invasion (Pimentel et al.,
000; Shea and Chesson, 2002; Strayer, 2010). New species interact
ith native species and competition is one of the most important

iotic interactions. Competitive capacity determines the establish-
ent success of newly introduced species as well as resistance to

nvasion (Lockwood et al., 2007). In aquatic ecosystems, the most
ntense competition is expected to occur between plants of simi-
ar growth form occupying the same position in the water column
Gopal and Goel, 1993).

Invasive Lagarosiphon major (Ridley) Moss and native Cerato-

hyllum demersum L. occur potentially in similar habitats as they
oth have a wide ecological range. L. major,  a rooted, submerged
quatic species native to southern Africa, is recognized as a nox-
ous, invasive aquatic weed in several European countries (DAISIE,

∗ Corresponding author. Tel.: +32 6293726; fax: +32 6293413.
E-mail address: istiers@vub.ac.be (I. Stiers).

304-3770/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.aquabot.2011.05.011
g  will  not  lead  to a decline  of  the  invasive  L.  major.
© 2011 Elsevier B.V. All rights reserved.

2009) with few isolated populations in Belgium (Branquart et al.,
2009). As observed for most alien Hydrocharitaceae species, this
submerged perennial aquatic plant develops dense monospecific
stands which often occupy the entire water volume from the bot-
tom to the surface, restrict water movement, cut off light and
interfere with recreation activities (McGregor and Gourlay, 2002).
L. major has been reported to outcompete native submerged aquatic
vegetation (e.g. Charophytes, Myriophyllum spp., Potamogeton spp.)
and affect associated assemblages of aquatic invertebrates and ver-
tebrates (Rattray et al., 1994; Keenan et al., 2009). C. demersum
is a submerged free-floating species native to Europe and widely
distributed in Belgium (Van Landuyt et al., 2006). C. demersum how-
ever is considered as a pest in New Zealand, where it has spread
rapidly and outcompeted other invasive plants (Wells et al., 1997).
Like L. major, C. demersum has been observed to displace native
aquatic vegetation by shading due to the formation of a closed
canopy and to present problems in lakes and waterways. Also in
its native range C. demersum can be locally abundant and dominate
entire water bodies. This suggests that both species have a high
competitive ability. In Flanders (northern Belgium) we visited three

meso-eutrophic ponds (two private ponds: N 51◦12′; E 4◦40′ and
N 51◦02′ E 4◦05′; one pond in a nature reserve: N 51◦01′; E 4◦52′)
where both species co-occur. In the nature reserve L. major was the
dominant macrophyte with some patches of C. demersum.  In the
two private ponds both species were equally abundant and formed
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Table 1
Main nutrients of the aquarium water (range) and of the two  sediment types.

Water

TP (mg  P l−1) SRP (mg  P l−1) NO3
− (mg N l−1) NH4

+ (mg  N l−1)

0.018–0.087 0.001–0.007 0.044–0.139 0.088–0.188

Sediment

Corg (%) N-Kj (mg  g−1) P (mg  g−1) NO3
− (mg  N g−1)

Before dredging 2.7 2.68 0.12 0.028
62 I. Stiers et al. / Aquatic

ense canopies. Therefore competitive interactions for resources
eem inevitable, particularly because both species are canopy form-
ng submerged hydrophytes that inhabit shallow as well as deep
ittoral habitats (Wells et al., 1997), and can grow in a wide range
f aquatic habitats (Vestergaard and Sand-Jensen, 2000; National
eritage Trust, 2003).

Today, many European lakes and ponds suffer from eutroph-
cation as a result of increased agricultural intensification and
rbanization, which has led to a considerable accumulation of
hosphorus in the sediment. High nutrient loading is thought to

ncrease ecosystem invasibility (Davis et al., 2000) and lend com-
etitive advantage of invasive species relative to native species
Daehler, 2003). In pond ecosystems, sediment dredging has been
hown to be a successful restoration measure in reducing internal
utrient load (Søndergaard et al., 2000) and restoring local biodi-
ersity (Louette et al., 2009). However, little is known on how pond
estoration by dredging would affect the performance of invasive
pecies relative to native species. Previous studies on the influ-
nce of eutrophication on aquatic weeds invasiveness have mainly
ocused on manipulation of nutrient levels by adding fertilizers
Van et al., 1999; Kercher and Zedler, 2004; Mony et al., 2007;
ennedy et al., 2009).

In the present study, we have investigated experimentally the
mpact of sediment conditions before and after dredging on the
nterference competition between L. major and C. demersum.  We

imicked these conditions by using sediments which were (a)
ndisturbed with a high amount of organic sediments (‘before
redging’ treatment) and (b) restored – removal of upper layer –
ith a lower amount of nutrients in the remaining soil (‘after dredg-

ng’ treatment). The objectives were (1) to compare growth of L.
ajor and C. demersum and (2) to examine the possible competitive

ffects between L. major and C. demersum,  both in monocultures and
ixed cultures at various planting densities under the two different

ediment conditions.

. Materials and methods

.1. Experimental design

The experiment was carried out at the Vrije Universiteit Brussel,
elgium over 7 weeks in July–August 2008. Plants of Ceratophyl-

um demersum and Lagarosiphon major were collected in a private
ond (N 51◦12′; E 4◦40′) where they co-occur and were kept in
ap water of 20 ◦C for one night before planting. Apical shoot tips,
f 10 cm in length, were deposited without roots and ramifica-
ions into 2.5 L plastic pots (18 cm diameter, 14 cm deep) filled with
ediment (either sediment condition (a) or (b)) to a depth of approx-
mately 5 cm.  To avoid soil loss and to stabilize the plants, a 0.5 cm
ayer of gravel was placed at the top. The pots were placed in filled
0 L outdoor plastic tanks (30 cm diameter, 31 cm deep, one pot
er tank). Two-thirds of the aquarium water was replaced each
ther day to reduce the potential for algal growth and to replenish
utrients in the water column. All tanks were randomly rearranged
ach day to reduce the variation of light climate. Pond sediments
nd overlying water were collected from the Tenreuken pond (N
0◦48′; E 4◦25′), a peri-urban hypereutrophic pond in the Brussels
apital Region where C. demersum is the dominant macrophyte
Peretyatko et al., 2007). Intact sediment cores between 30 and
0 cm long were taken with a hand-held coring tube. Undisturbed
ores were used as the ‘before dredging’ treatment. For mimicking

he ‘after dredging’ treatment, the uppermost 10–15 cm sediment
ayer from undisturbed cores was removed. The most essential sed-
ment components of the two sediment types are given in Table 1.

We used a complete additive design (Spitters, 1983) with L.
ajor/C. demersum planting densities as 0/4; 0/8; 4/0; 8/0; 4/4;
After dredging 2.7 2.28 0.10 0.006

Abbreviations: SRP, soluble reactive phosphorus; TP, total phosphorus; N-Kj, Kjeldahl
nitrogen; Corg, organic carbon.

8/8; 4/8 and 8/4 plants per pot (following Barrat-Segretain and
Elger (2004)). Each density had four replicates. Monocultures and
mixed cultures of L. major and C. demersum were grown for seven
weeks. The mean individual plant dry weight measured at the start
of the experiment (20 stem apices of 10 cm length for each species)
after drying at 70 ◦C for 48 h was  0.180 ± 0.012 g (mean ± SE) for
L. major and 0.140 ± 0.009 g (mean ± SE) for C. demersum.  Two
weeks after the start of the experiment the plants of both species
were established. From this date (week 3 = sampling week 1),
the total cumulative length of four plants (including ramifica-
tions) of each species in each tank was  measured weekly. At the
end of week seven, all the plants were harvested, the number of
roots was  counted and the plants were dried at 70 ◦C for 48 h.
The dry weight of shoots, roots and whole plants (all g plant−1)
was measured. Water temperature (range 20.3–26.0 ◦C), pH (range
7.00–9.71) and light intensity (2 cm under water surface, range
882–3615 �mol  m−2 s−1 PAR) were measured weekly. Chemical
characteristics of the aquarium water were measured at weeks 3,
5 and 7 and revealed meso- to eutrophic conditions (UNEP, 1999)
(Table 1).

2.2. Statistical analysis

The relative growth rate (RGR) of the two species was
calculated at the end of the experiment by the formula
RGR = (ln X2 − ln X1)/(t2 − t1), where X1 and X2 are the plant mean
length (L) or plant dry weight (W) at time t1 and t2, respec-
tively (Hunt, 1990). Before all statistical analyses, data were
log-transformed if required to ensure normality and homogeneity
of variance (Sokal and Rohlf, 2003).

The difference between the growth curves of the two  species and
between treatments within species was tested with ANCOVA with
sampling week as covariate and species and pond management
condition as fixed factors. The different RGR mean values were com-
pared using t-tests or ANOVA (followed by Tukey post-hoc tests
after significant ANOVA).

Competitive abilities of each species were estimated using the
reciprocal yield model (Spitters, 1983). This procedure uses linear
multiple regressions of the form:

1
XL

= bL0 + bLLNL + bLCNC

1
XC

= bC0 + bCCNC + bCLNL

where XL and XC are the mean length or mean dry weight per plant

and NL and NC are densities of L. major and C. demersum,  respec-
tively. The intercepts (bL0 and bC0) estimate the reciprocal of the
maximum weight of individual plants. The regression coefficients
bCC and bLL are measures of intraspecific competition, while bLC
and bCL measure interspecific competition in mixed cultures. In
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ig. 1. Growth curves (mean ± SE) of L. major and C. demersum under two  different s
lled  symbols: ‘before dredging’ treatment; open symbols: ‘after dredging’ treatme

wo species mixed cultures, the coefficients provide quantitative
stimates of the reduction in growth of an individual of species 1
ue to the addition of individuals of species 1 or species 2. The sig-
ificance of these coefficients was tested with F-tests. All analyses
ere performed using STATISTICA v8.

. Results

.1. Stem elongation and biomass

In all experimental conditions the stem length of C. demersum
as significantly lower than the stem length of L. major (ANCOVA,

 < 0.001, Fig. 1), and for each species the sediment condition had
o effect on the stem elongation. L. major reached the water sur-

ace within a week, then started to grow laterally and formed a
anopy near the surface, while C. demersum stayed subsurface. Two-
ay ANOVA showed that the significant difference in stem length

etween the two species increased with time in monocultures and

ixed cultures (significant effect of sampling week × species inter-

ction, P < 0.001).
Averaged across all planting densities, L. major accumulated sig-

ificantly more total biomass (mean ± SE) compared to C. demersum
nder the ‘after dredging’ treatment (0.91 ± 0.04 g plant−1 versus
 week

nt conditions at different planting densities. Squares: L. major;  circles: C. demersum;

0.49 ± 0.06 g plant−1, P < 0.001) as well as under the ‘before dredg-
ing’ treatment (0.67 ± 0.03 g plant−1 versus 0.37 ± 0.05 g plant−1,
P < 0.001). Mean individual shoot biomass (±SE) of L. major
was higher under the ‘after dredging’ treatment than under
the ‘before dredging’ treatment (0.78 ± 0.03 g plant−1 versus
0.54 ± 0.02 g plant−1, P < 0.001), while mean individual root mass
and number of roots did not change. For C. demersum there was  no
significant difference in accumulated biomass for the two  sediment
conditions.

3.2. Relative growth rate (RGR)

The RGR based on length of L. major was significantly higher than
the length RGR of C. demersum both in monocultures and mixed
cultures at the different densities under both sediment conditions
(Fig. 2a). A comparison between the before and after dredging treat-
ment indicate that neither species length RGR were influenced by
sediment condition. The small variations in length RGR of both

L. major and C. demersum plants when comparing monocultures
versus mixed cultures were not significant (Fig. 2a).

The RGR based on weight of the two species calculated after
seven weeks in monoculture did not differ significantly, but L. major
had a significantly higher weight RGR than C. demersum in the
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lants or C. demersum plants, grown under the two  different sediment conditions);
 and B (L. major plants or C. demersum plants, grown in monocultures versus mixed
ultures); X and Y (L. major plants versus C. demersum plants, grown in monocultures
nd mixed cultures, respectively).

ixed cultures with plants at different densities (Fig. 2b). The dif-
erent sediment conditions influenced the weight RGR, especially
or L. major.  The weight RGR of L. major plants was  significantly
igher in the ‘after dredging’ treatment both in monocultures
P < 0.05) and mixed cultures (P < 0.001). For C. demersum this was
nly the case in the mixed cultures (Fig. 2b). A comparison of the
eight RGR between monocultures and mixed cultures indicate

hat C. demersum performed better when growing with a conspe-
ific than a heterospecific neighbour in both sediment conditions
P < 0.001). For L. major no significant difference between monocul-
ures and mixed cultures was found.

.3. Inter- and intraspecific effects (Spitters model)

Under the ‘after dredging’ treatment, analysis following Spitters
odel calculated on dry weight indicated reduced growth due to

ntraspecific interactions for both species (P < 0.001):

1
WL

= 0.606 + 0.083NL + 0.024NC, R2 = 0.67 (1)

1
WC

= 1.307 + 0.430NC − 0.042NL, R2 = 0.57 (2)
or L. major (Eq. (1)), the ratio of the coefficients comparing the
ntensity of intraspecific to interspecific interactions (bLL/bLC) was
.5. When excluding interspecific competition the R2 only declines
o 0.62. This confirms that intraspecific competition from other L.
ajor plants was more important than interspecific competition
y 95 (2011) 161– 166

from C. demersum plants in mixed cultures. The addition of one L.
major plant to the mixture reduces the mean L. major weight to the
same extent as 3.5 C. demersum plants. This is interpreted to mean
that, L. major is 3.5 times stronger a competitor that C. demersum.

For C. demersum (Eq. (2)), the ratio of the species intra- and
interspecific effects (bCC/bCL) was 10.2 indicating that one C. demer-
sum plant and 10.2 L. major plants would have the same impact on
C. demersum average plant weight. When excluding interspecific
competition the R2 only declines to 0.56. Hence, for both species
the intraspecific competition is greater than the interspecific com-
petition, so they are only partly limited by the same resource or
they partly avoid each other. This is interpreted as niche separa-
tion (Spitters, 1983). In general, there is niche differentiation when
the double quotient (bLL/bLC)/(bCL/bCC) exceeds unity. In this case,
we obtained a value of 35.7.

Interspecific interactions had a smaller effect on the competition
outcome as we detected only a small change in R2 when excluding
interspecific competition and some marginally significant inter-
specific interactions (0.05 < P < 0.1) of L. major on both length and
weight of C. demersum in the ‘before dredging’ treatment. Other
multiple regressions showed no significant competitive effect for
either species.

4. Discussion

The co-occurrence of the invasive L. major and the native
C. demersum is expected to lead to competitive interactions for
resources, particularly because both species are canopy forming
submerged hydrophytes that inhabit shallow as well as deep lit-
toral habitats (Wells et al., 1997), and can occupy a wide range
of aquatic habitats (Vestergaard and Sand-Jensen, 2000; National
Heritage Trust, 2003). We  have investigated the effect of a common
management practice against eutrophication in shallow waters on
the performance of invasive species relative to native species. The
new species L. major possesses traits that classify it as a ‘good
invader’ such as vegetative growth habit, broad environmental
tolerance and high relative growth rate (Sutherland, 2004). Due
to its high RGR, L. major develops a dense canopy near the sur-
face, which enables it to shade and overgrow co-occurring, lower
stature species (Hofstra et al., 1999). Rattray et al. (1994) showed
that L. major has a greater ability to increase both height and
biomass during the initial colonization phase than native Myrio-
phyllum triphyllum.  These findings are confirmed by our results
which show that, compared with the native species C. demersum,
the stem elongation and length RGR of L. major are twice as high,
both in monocultures and mixed cultures and in both sediment
conditions; even when initial abundance of L. major is low (e.g. mix
4/8). Furthermore, this species has high light requirements so it is
advantageous to allocate more resources to length growth. In this
experiment the length RGR of L. major is higher than the weight
RGR, which supports the theory that L. major growth resources
are channeled to shoot extension (Rattray et al., 1994). However,
length RGR of both species in this experiment is lower compared
to other studies. Our plants have length RGR values between 0.17
and 0.21 week−1 for L. major and between 0.04 and 0.07 week−1

for C. demersum,  lower than those found by Best and Meulemans
(1979) (up to 0.31 week−1), by Larson (2007) (up to 0.09 day−1) for
C. demersum and by James et al. (2006) (0.063 day−1) for L. major.
This difference in growth rate may  be due to the experimental
conditions: any treatment used for manipulating the plants can

be a potential stress factor to the plants and cause loss of vitality.
This phenomenon was also observed by Larson (2007) for Ranun-
culus circinatus and by Angelstein et al. (2009) for Myriophyllum
spicatum. Another possible explanation is the maximum pH value
recorded in our experiment (up to 10). High pH can cease net pos-
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tive photosynthesis (Allen and Spence, 1981; James et al., 1999)
onsequently affecting growth and this may  explain the lower
GR values observed. Initial plant density has also been reported
o influence the growth (Barrat-Segretain and Elger, 2004). The
igh initial plant density in this study (160–640 plants m−2) can
herefore have caused the lower growth rates. No differences are
bserved between the two species for the RGR calculated on weight
hen they are grown in monocultures for both sediment condi-

ions. This might be explained by the ability of C. demersum to
row at relatively low light intensities (Wells et al., 1997) and
herefore is expected to produce short, dense shoots under the
ater surface with an equal weight to the long, thin shoots of L.
ajor.  The RGR based on weight for C. demersum in the mono-

ultures (0.10–0.17 week−1) is similar with what was reported by
arson (2007) (0.02 day−1). We  could not find comparable val-
es for L. major but the weight RGR observed in this experiment
0.10–0.19 week−1) was similar with the growth rates reported by
ngelstein et al. (2009) for Elodea nuttalli (∼0.03 day−1) but lower

han what was reported by Barrat-Segretain and Elger (2004) for
his species (∼0.28 day−1).

When examining the inter- and intraspecific competition using
he model of Spitters, we find strong intraspecific effects for the
after dredging’ treatment for RGR calculated on weight. This indi-
ates an effect of the species’ initial density on its own biomass,
uggesting a separate niche for this species. These results imply
hat instead of competitive exclusion, coexistence is favoured. Sev-
ral traits of the studied species support the niche separation theory
y Chambers and Prepas (1990) who concluded that interspecific
ompetition plays a minor role in structuring submerged plant
ommunities and that the species coexistence is due to differential
tilization of resources (niche separation). First, because of lack of
rue roots, nutrient uptake by C. demersum is almost entirely foliar
Denny, 1972), while for rooted macrophytes (such as L. major)
ediments can be the main source of both phosphorus and nitro-
en (Barko and Smart, 1980). Second, L. major grows best under
onditions of high light intensity (National Heritage Trust, 2003),
hile C. demersum is classified as a shade-adapted species (Wells

t al., 1997). A strong intraspecific competition effect and niche
ifferentiation have been reported in other competition experi-
ents. Barrat-Segretain and Elger (2004) found a higher sensitivity

o intraspecific neighbours for Elodea canadensis,  probably due to
ompetition for some micro-elements. Similarly, Njambuya et al.
2011) found stronger intra- than interspecific interferences in

 competition experiment conducted with Lemna species. How-
ver, other studies reported equal or stronger interspecific effects
Aguiar et al., 2001; Huckle et al., 2002; Spencer and Rejmánek,
010). Another explanation, besides niche partitioning, is that light
nd nutrients of the water column are not limiting. The experiment
as conducted in full summer with mean high light intensity mea-

ures and chemical analyses of the water showed no decrease of N
nd P nutrients during the experiment.

Although there is little evidence for interspecific competition,
he growth of C. demersum in the mixed cultures is significantly
educed in both sediment conditions. The negative effect of L.
ajor on the growth of C. demersum in the mixed cultures can

e attributed to elevations of the pH by L. major.  Many eutrophic
aters have pH values in the range of 7–8, where the concentra-

ion of free CO2 for photosynthetic activity becomes limiting (Kalff,
002). A mechanism that enables species to overcome such limit-

ng conditions will provide an aquatic plant with an advantage in
lkaline waters. One such mechanism is the efficient utilization of

icarbonate ions as a dissolved inorganic carbon source, which has
een described for other Hydrocharitaceae (e.g. Elodea sp.) (Prins
t al., 1979). Macrophytes adapted to utilize bicarbonate are able
o raise pH to 10 (O’Sullivan and Reynolds, 2004). In this experi-

ent, photosynthesis by L. major raises the pH to values of almost
y 95 (2011) 161– 166 165

10 at the water surface. The limit is 10.4 for bicarbonate uptake.
Furthermore, a calcium carbonate marl was  formed rapidly on the
upper surface of the leaves of L. major (I. Stiers, personal observa-
tion), a consequence of bicarbonate uptake by plants (Kalff, 2002).
In a study conducted by James et al. (1999),  L. major was reported
to have the ability to photosynthesize and grow under very stress-
ful conditions of high pH and low free CO2, perhaps due to more
efficient bicarbonate utilization than other species. It seems that
this feature is the key to its success in dominating mixed plant
communities as prolonged periods of high pH will suppress the
photosynthetic performance of less aggressive submerged macro-
phytes.

Sediment dredging as a restoration technique is usually
performed in shallow water bodies that suffer from internal phos-
phorus loading, need water deepening, require removal of toxic
material and have excessive plant growth (Peterson, 1982). Sev-
eral studies indicate that sediment removal is successful in the first
three cases (Hovenkamp-Obbema and Fieggen, 1992; Van der Does
et al., 1992; Søndergaard et al., 2000; Mackie et al., 2007), but the
effectiveness of dredging to control aquatic plants has not been
well documented. Dredging removes aquatic plants and thereby
reduces aquatic weed problems, however, their re-invasion rate
will depend on a combination of depth, light, sediment texture
and sediment nutrient content (Barko and Smart, 1986; Lauridsen
et al., 1993). In our study, the experimental sediment dredging only
has a small effect on lowering the nutrient level probably because
the thickness of the nutrient-rich top layer that we  removed was
limited. However, L. major performs better in the ‘after dredging’
treatment which is lower in nutrients. The species accumulates
more total biomass and a higher weight RGR both in monocultures
and mixed cultures. Lauridsen et al. (1993) showed that the influ-
ence of sediments on growth of submerged aquatic plants might be
due to physical properties rather than chemical composition. In our
experiment, the top layer, used for the ‘before dredging’ treatment,
consisted of a dark unconsolidated fluid mud  layer containing fine-
grained material. L. major has been reported to be favoured by sandy
soil (National Heritage Trust, 2003). The sediment used to simulate
the ‘after dredging’ conditions may  have been more favourable for
the initial anchoring and hence lead to a more successful growth
of L. major.  This may  explain the better performance in the ‘after
dredging’ condition (lower nutrient) relative to ‘before dredging’
condition (higher nutrient). For C. demersum it is not clear why
there is a reduced weight RGR in the ‘before dredging’ treatment
in the mixed cultures as this species does not depend on sediment
for anchoring or nutrient uptake. A possible explanation can be
differences in net diffusion into the overlaying water.

Based on the results of this experimental study, sediment dredg-
ing would not be a solution to reduce performance of invasive
L. major.  Although experimental studies are an important and
essential method for interpreting and understanding species per-
formance, they might represent an over-simplification of reality,
which limits the ability to extrapolate the results to natural ecosys-
tems. Therefore, care has to be taken when using experimental
results for management decisions and the monitoring of the effects
of management practices in natural conditions is essential to gain
full knowledge on the ecology and performance of invasive exotic
species.
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