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ABSTRACT

1. Luronium natans is a rare macrophyte that seems to be disappearing from lakes and rivers
throughout its distribution area. In Denmark L. natans is most often found in man-made canals and
ditches, and its presence seems to be favoured by regular physical disturbance. Hence, management
by cutting presents a possible method of preserving the few remaining populations of L. natans in
Denmark and throughout its distribution area.
2. The objective of this study was to elucidate the effect of different weed cutting frequencies on

L. natans in order to propose recommendations for management with weed cutting for future
conservation of L. natans.
3. Three reaches of a river with L. natans were subjected to the following weed cutting frequencies:

no cutting, twice per year, and four times per year, and the cover of L. natans and of other plants was
monitored from June 2003 to October 2004.
4. L. natans developed highest cover when subjected to weed cutting four times per year, but the

frequency of flowering was then very low, resulting in a reduction in sexual reproduction, which
could lead to a lower genetic diversity and possibly fatal effects in the long term. At a cutting
frequency of twice per year L. natans was able to maintain healthy and sexually reproducing
populations.
5. Future management in canals should consist of weed cutting once or twice per year to prevent a

population from being outcompeted by other species and to secure production of flowers and seeds.
Alternatively, high frequencies of weed cutting could be performed in order to suppress competitive
species, but should then be accompanied by a weed cutting-free zone where flowering can occur.
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INTRODUCTION

Luronium natans (L.) Raf. is a rare aquatic plant endemic to Europe which in most parts of its distribution
area is endangered or threatened (Willby and Eaton, 1993). It is included in the Habitats Directive and the
Bern Convention, and habitats with L. natansmust therefore be preserved (Anon. 1996; Pihl et al., 2001). In
Denmark there are six special areas of conservation for L. natans designated under the Habitats Directive.
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L. natans can be found in a wide variety of habitats. In Poland (Szankowski and Klosowski, 2001),
Germany (Hanspach and Krausch, 1987) and the Netherlands (Roelofs, 1996) L. natans usually occurs in
oligotrophic lakes, whereas it is found in more eutrophic and disturbed rivers in France (Greulich et al.,
2001) and Denmark (Pihl et al., 2001; pers. obs.). In Britain and Denmark it is also found in disturbed,
eutrophic, man-made canals (Willby and Eaton, 1993; Pihl et al., 2001; pers. obs.). In Britain L. natans was
previously only found in oligotrophic, upland lakes, but during the last 150 years it has spread into some
lowland, man-made canals with higher nutrient content, where it seems to be favoured by disturbance
caused by light boat traffic, dredging or weed cutting (Willby and Eaton, 1993). This indicates that the
presence of L. natans in eutrophic habitats depends on a certain level of disturbance.

In contrast to most other macrophytes L. natans persists in sites subject to frequent cutting, and this
offers L. natans a refuge in potentially competitive but managed habitats. Previous studies have shown that
weed cutting and dredging have an overall negative effect on species richness and diversity of aquatic plants
in streams (Baattrup-Pedersen and Riis, 1999; Baattrup-Pedersen et al., 2002, 2003). Two factors are
responsible for this. First, harsh management alters the physical environment towards less heterogeneous
habitats, resulting in less diversity in macrophyte habitats, and, second, the actual cutting of biomass
favours fast-growing species with basal meristems and suppresses slow-growing species with apical
meristems, and often leads to dominance by one or two species.

Since L. natans seems to be favoured by disturbance in eutrophic habitats, weed cutting, which is already
used extensively in lowland streams to secure drainage, could probably be used as a management tool in the
conservation of the species. However, more knowledge about the effects of different cutting frequencies is
required.

The objective of this study was to assess the effects of different weed cutting frequencies on the growth of
L. natans. Three stream reaches were cut 0, 2 or 4 times annually, respectively, during two growth seasons,
and the cover and flowering frequency of L. natans were monitored. The results are used to propose
recommendations for using weed cutting as a management tool for the conservation of L. natans.

MATERIALS AND METHODS

Plant description

L. natans is a partial wintergreen aquatic macrophyte with a basal rosette of linear leaves as well as floating
leaves when growing in shallow water. According to Lansdown and Wade (2003) the term ‘expanded
leaves’ is a more accurate description of the floating leaves and will be used throughout this paper. Four
different growth forms of L. natans have been described: (i) in lakes at water depths above 1m it grows as
an isoetid with a rosette of small linear leaves; (ii) in shallow areas of lakes and rivers it develops expanded
leaves and flowers; (iii) in the deeper areas of large, slow-flowing rivers it develops linear leaves up to 60 cm
long (pers. obs.), and (iv) at the margins of lakes and ponds during low water it grows as a densely flowering
small terrestrial plant (Kay et al., 1999). Lateral propagation results from production of numerous
pseudostolons on which multiple new daughter shoots are formed. These can either attach next to the
parent plant or detach and disperse within the water system (Barrat-Segretain and Amoros, 1996).

Study site description and experimental set-up

The experiment was conducted in Southern Parallel Canal, a tributary to River Skjern, Denmark. This
canal was formerly connected upstream to the River Skjern, but was separated from the river during its
restoration in 2000. Since then the canal has been used as a water drainage system for the township of
Tarm, and is left with low water flow, resulting in current velocity 50.1m s�1 and dominance of sandy
substrate.
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A stream reach of 750m was chosen and was divided into three zones. Zone 1 with a length of ca. 200m
was located upstream in the reach and was left uncut ð0� cutsÞ; zone 2 with a length of ca. 275m was
located downstream of zone 1 and was cut twice per year ð2� cutsÞ; and zone 3 with a length of ca. 275m
was located downstream of zone 2 and was cut four times per year ð4� cutsÞ. Cutting was done by a
mechanical weed cutting boat, which cuts the plants at a depth of about 5–10 cm above the sediment
surface. During the years before the experiment, weed cutting was performed twice per year in the reach
(J�rgen Jensen, pers. comm.).

In the middle of each cutting zone a reach of 90m was chosen for vegetation monitoring to minimize
effects from the other treatments. Ten transects were placed ca. 10m apart and marked with poles at the
banks. At survey dates plant cover and other parameters were monitored at fixed positions for each
metre across the transects using observation quadrats ð25� 25 cmÞ. Water depth was measured in each
quadrat and the percentage cover of each plant species was estimated using a cover index (Table 1).
Plant height, leaf types (linear or expanded) and presence of flowers was noted for L. natans. A small boat
was used for observations to avoid disturbance of the sediment, which would cause increased turbidity of
the water.

Mean water depths and canal widths for the three treatment zones were calculated for the middle part of
the canal with open water, and excluding the riparian vegetation, using measures from all survey dates.
Mean water depth differed somewhat between the three reaches: The upper reach ð0� cutsÞ had at all
observation dates a significantly lower water depth (0.7� 0.1m) than the other reaches, and the middle
reach ð2� cutsÞ had the deepest water (1.1� 0.2m; Kruskal–Wallis, p50:05). The width of the reaches
increased downstream from 9.5� 1.2m, 10.8� 1.0m to 12� 0.7m (Kruskal–Wallis, p50:05). The scale
of differences in mean depth is probably too small to have a clear impact on the extent of flowering and
expanded leaf production.

The experiment was conducted over two growth seasons to give an indication of the consistency of the
weed cutting effects. Observations were first made on 12 June 2003 before weed cutting, and then once each
month just before the next weed cutting (11/7, 11/8, 22/9 and 27/10). The experiment continued in 2004
where observations were made at 6/5, 6/8 and 15/10.

Data analysis

The area of the canal with riparian vegetation was excluded from investigation because weed cutting was
not performed in this area, and hence the riparian species were not included in the calculations of species
cover. Cover of L. natans and of other species in each transect was calculated from the sum of cover in the
quadrats and the total number of quadrats. From the 10 measurements of transect cover a mean cover
ð�SDÞ of L. natans and of other species per transect was calculated for each treatment reach. A total of 18

Table 1. Cover indices used in the field, and conversion factors used to
calculate mean cover of the aquatic macrophytes within transects

Cover
index

Cover
range (%)

Cover used for calculation
of average cover (%)

1 0–5 2.5
2 6–25 15
3 26–50 37.5
4 51–75 62.5
5 76–95 85
6 96–100 97.5
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other species occurred within the treatment areas during the experiment. To gain a usable measure for cover
of other species, the cover of all species was summed within observation points. The occurrence of
expanded leaves and flowers was measured as the percentage of observation points with L. natans where
expanded leaves or flowers occurred.

To measure the effect of weed cutting on other species, the frequencies of individual species were
compared between August 2003 and August 2004. The frequency of a species is calculated as the number of
observation points where this species occurs divided by the total number of observation points within the
experimental reach (Table 3).

Two-way ANOVA was used to analyse the effects of time and cutting treatment on cover of L. natans
and of other species. Due to a lack of homogeneity in variances the nonparametric Kruskal–Wallis test was
used to compare occurrence of expanded leaves and flowers within dates. Differences in cover of L. natans,
and of other species within treatments between the two growth seasons, were tested in pairs using one-way
ANOVAs. Statistical tests were run in StatGraphics Plus 4.1 (Manugistics, Inc., MD, USA).

RESULTS

Cover of Luronium natans

The cutting frequency affected the cover of L. natans significantly throughout the two growth seasons
(Table 2). The cover was significantly higher overall in the 4� cuts treatment than in the 0� cuts and
2� cuts treatments (Figure 1(a)). There was no difference between treatments at the beginning of the
experiment, but already in August 2003 after two cuttings the cover in the 4� cuts treatment was
significantly higher than in the 0� cuts and 2� cuts treatment (Kruskal–Wallis, p50:01) and the cover
remained significantly higher in 4� cuts throughout the experiment (Figure 1(a)). The cover in the reach
with 0� cuts was similar to that in 2� cuts throughout most of the experiment except in July 2003, where
the cover in 2� cuts was significantly higher (Kruskal–Wallis, p50:05). The cover varied significantly over
the sampling period as shown by the significant main effect of date in the ANOVA (Table 2). Moreover,
there was a significant interaction between date and cutting treatment indicating that the cover of L. natans
within treatments develops differently (Table 2). To test for difference between the two growth seasons, data
of individual cutting treatments from August 2003 and August 2004 were compared. The test showed that
the cover of L. natans in the 4� cuts treatment increased from August 2003 to August 2004, while the cover
in the 0� cuts and 2� cuts treatments remained at the same level in both years. Moreover, the cover of
L. natans in the 0� cuts and 2� cuts treatments was at the same level indicating that cutting with a
frequency of up to twice per year does not affect the cover of L. natans (one-way ANOVA, p50:05). It
should be noted, however, that prior to the experiment all reaches were cut twice per year.

Table 2. Results of two-way ANOVA for cover of L. natans and cover of other species
in relation to observation date and weed cutting treatment

Source of variation Cover of L. natans
(F-ratio)

Cover of other
species (F-ratio)

Main effects:
Cutting treatment: 59.8*** 37.4***

Date: 8.2*** 74.9***

Interactions:
Date� cutting treatment: 2.6** 5.2***

***p50:001; **p50:01.
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Flowering and expanded leaves

The proportion of observation points containing L. natans with expanded leaves and flowers was negatively
affected by weed cutting. On the first observation date there were no differences between occurrence of
expanded leaves, but after the first weed cutting in 4� cuts the occurrence of expanded leaves dropped to a
lower level than in the other two reaches and this was consistent throughout the growth season (Kruskal–
Wallis, p50:05) (Figure 1(b)). The same occurred in 2� cuts after the first cutting in this reach between
observation dates 2 and 3. The occurrence of expanded leaves in the 2� cuts reach was lower than 0� cuts
from observation date 3 and throughout the season (Kruskal–Wallis, p50:05). The same pattern was
observed in 2004, indicating consistency between years.

Flowering was observed within observation quadrats from July to September in 2003 and in August
2004. The highest flowering percentage was observed in August in the 0� cuts zone in both growth seasons
(Kruskal–Wallis, p50:05). In 2� cuts flowers were found in 21% of the quadrats in the first year but only
4% in the second year. There were only a few flowers in 4� cuts transects in the first year and none in the
second year (Figure 1(d)).

Cover of other plant species

Eighteen aquatic plant species besides L. natans were found in the survey transects during the study
(Table 3). The cutting frequency affected the total cover of these species significantly (Table 2), and the
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Figure 1. (a) Mean ð�SDÞ cover of L. natans in the three treatment areas during the experiment. (b) Mean ð�SDÞ percentage of
observation points with L. natans where expanded leaves occur. (c) Mean ð�SDÞ cover of other species within treatment areas during
the experiment. (d) Mean ð�SDÞ percentage of observation points with L. natans where flowers occur. indicates time of weed cutting

in only 4� cuts and indicates time of weed cutting in both 2� cuts and 4� cuts.
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cover also varied significantly throughout the sampling period as shown by the date effect in the ANOVA
(Table 2). The significant interaction term in the ANOVA indicates that the seasonal variation in cover
differs between the cutting treatments. In 2003 the mean cover of other species was 25% in 0� cuts, 20% in
2� cuts and 15% in 4� cuts from June to August (Figure 1(c)), but in 2004 the cover decreased to less than
5% for all treatments. The cover in 0� cuts was significantly higher than that in 2� cuts and 4� cuts from
July 2003 until August 2004 (Kruskal–Wallis, p50:05). When data from the different cutting treatments
were tested individually between August 2003 and August 2004 all reaches showed a significant decrease in
cover (one-way ANOVA, p50:05).

DISCUSSION

Effect of weed cutting

The weed cutting experiment showed that four annual cuttings in the survey canal resulted in higher overall
cover but lower flower production of L. natans than no and two annual cuttings.

The cover of L. natans was probably not affected by interspecific competition at the different weed
cutting frequencies. Between the two survey years the cover of species other than L. natans decreased in all
reaches. In 0� cuts and 2� cuts the cover of L. natans did not increase simultaneously, suggesting that
L. natans was not suppressed by competition with other species. The decreased cover in 2� cuts could not
be ascribed to weed cutting because before the experiment the reach was also cut twice a year. In 0� cuts
the decreased cover of other species could, in principle, be caused by decreased cutting frequency negatively
affecting species favoured by cutting. However, the species decreasing in cover was especially Callitriche sp.
(Table 3), which is usually also present in reaches without weed cutting (Baattrup-Pedersen et al., 2002).
Most likely the decreased cover of other species in 0� cuts and 2� cuts was caused by the decreased water
flow in the reach. This led to a shift in vegetation composition dominated by species usually present in fast-
flowing water (e.g. Callitriche sp.) to a possible future dominance by species usually present in still or slow-
flowing water (e.g. Nuphar lutea).

Table 3. Frequencies of species found in the three experimental reaches of the canal in August of the two study years

August 2003 August 2004
Species 0� cuts 2� cuts 4� cuts 0� cuts 2� cuts 4� cuts

Alisma-plantago aquatica L. 1.1
Callitriche sp. 50.5
Chara sp. 0.9 1.1
Elodea canadensis L.C. Rich 8.4 10.1 5.8
Helosciadium inundatum (L.) Koch 5.3
Hottonia palustris L. 1.1 0.9
Myriophyllum alterniflorum DC 8.4
M. spicatum L. 2.1 0.8
Nitella flexilis (L.) Agardh 9.5 8.4
Nuphar lutea (Timm) DC 1.1
Potamogeton alpinus Balbis 6.3 0.9 1.1
P. natans L. 0.9
Ranunculus aquatilis (L.) Wimmer 6.3
Sagittaria sagittifolia L. 3.2 9.2 10.8 7.4 10.1 13.3
Sparganium emersum Rehman 6.3 34.9 65 2.1 9.2 21.7
S. erectum L. 1.8
Utricularia vulgaris L. 1.1
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In 4� cuts the cover of other species also decreased and here it was accompanied by an increase in cover
of L. natans, probably reflecting the effect of weed cutting rather than a change in the competitive
relationship between L. natans and other species. The total vegetation cover was about 55% in August 2003
even though the open stream-bed offered similar types of habitats as the stream bed occupied by plants,
indicating that space was not limiting and accordingly suppression of L. natans by other species should not
occur. The decreased cover of other species and the increased cover of L. natans are more likely occurring
because weed cutting favours vegetative growth of L. natans and restricts growth of other species. This
effect was most clear in 4� cuts because the pre-experiment management was 2� cuts and the vegetation
composition had therefore adapted to this treatment.

The negative effect of weed cutting on the production of flowers implies that only low-frequency cutting
would allow sexual reproduction. The occurrence of flowers in the 4� cuts in 2003 was much lower than in
0� cuts and 2� cuts in August when flowering was at its highest. This can be explained by the fact that in
4� cuts there were cuts between every observation date, while in 2� cuts there were cuts between
observation dates 2 and 3 and between observation dates 4 and 5. The production of flowers indicates that
L. natans had time to recover owing to the lower cutting frequency in 2� cuts compared with 4� cuts. In
2004 the flower production in 2� cuts was much lower than in 2003, probably reflecting the fact that the
observation was made only a week after the last cutting compared with 3 weeks after the cutting in 2003.
Thus, flowering seems to be possible owing to longer regeneration time between cutting dates. These results
suggest an upper limit for the frequency of weed cutting at twice a year if L. natans is to be allowed to
produce flowers.

The increased cover in 4� cuts probably occurs only by means of vegetative reproduction. First, a
lowered production of flowers will inevitably result in lower production of seeds and, hence, lower chance
of seed germination. Second, owing to the prior management with two annual cuttings, which showed
lower flower production than 0� cuts, there is probably not a large seed bank from which there could be
establishment from seeds. Third, even if some seeds were produced or present in the sediment they would
probably not be able to germinate because of the high cover of L. natans, which would lower the availability
of suitable habitats. Fourth, if a seed is able to germinate there would be high competition from other
individuals, especially rosettes formed vegetatively, and these would be expected to be better at acquiring
nutrients and light than a seedling. Taken together all this indicates that weed cutting compromises sexual
reproduction within the stream reach.

The results of this study have several implications for the future conservation of L. natans. As four
annual cuttings increase local abundance of L. natans it seems tempting to include frequent cuttings in a
conservation management plan, but to secure a genetically diverse and healthy population over the long
term it is essential that sexual reproduction can occur and genetic diversity be sustained. Even though
aquatic systems in some respects are very stable, and asexual reproduction is considered advantageous
under such conditions (McFarland and Rogers, 1998), a total lack of sexual reproduction could have fatal
consequences in the long term, particularly if environmental changes occur, because genetic adaptations
would be prevented. The seeds of L. natans have a high viability (>50%) and the seed bank in a dense
population was found to decrease from around 2500 seeds per square metre in spring to around 1000 per
square metre in summer, indicating that many seeds germinate in situ and that seeds can be of high
importance to dispersal and the maintenance of populations (Nielsen et al., in press).

Future management

As many existing L. natans populations occur in habitats that require disturbance management to sustain
the population, the main management dilemma is how to create a disturbance regime that supports a
sustainable and healthy population. Two management strategies are recommended to achieve this. The first
option is to perform weed cutting twice a year. This will allow L. natans to remain at high cover, produce
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seeds and still coexist with a number of other species. It is very likely that the same effect could be achieved
by one cutting per year and this should be attempted to give species intolerant of cutting a chance to be
present and to keep costs low. If the population seems to be decreasing, high weed cutting frequency could
be used for one year to lower the abundance of other species and increase the cover of L. natans, but
following this the frequency should be lowered to secure flowering. The second option is to perform weed
cutting four times per year and thus attain high local abundance of L. natans and suppress competitive
species. To secure flowering and production of seeds a zone without weed cutting should be introduced. The
zone should be located in different parts of the site each year to avoid suppression of the flowering plants
through competition with other species. The suggested management strategies are easy to apply within the
existing management of L. natans.

An alternative management practice could be dredging, which favours L. natans by removing most of the
biomass, leaving great opportunities for recruitment from seeds or fragments and securing high genetic
diversity (U.N. Nielsen, unpublished data). A few of the populations in Denmark are found in small canals
subjected to harsh management by dredging and these canals still support dense populations of L. natans.
However, dredging is not an attractive management practice as it is harsh to the overall stream environment
causing homogeneous physical conditions and adverse effects on most of the biota in the stream.

The future of L. natans is certainly unclear. In many of the countries in which it is found it has suffered
great decline, or a drastic change in habitat, and its future presence at many sites is likely to require some
kind of disturbance management. This study shows that weed cutting can be used strategically in the
management of L. natans. A high-frequency cutting regime will boost the local abundance of L. natans but
may prevent sexual reproduction, whereas a low-frequency cutting regime will at the same time prevent a
population from being outcompeted by other species and secure production of flowers and seeds.
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