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Abstract. Recolonization of two experimentally cleared 9 m2-
patches by macrophytes in a former channel of the Rhône
River, France, was investigated from May to July 1994. Two
patterns of recolonization were recognized: (1) Groenlandia
densa, Luronium natans and Potamogeton natans invaded the
bare areas by propagation from the adjacent vegetation (bor-
der effect); (2) Potamogeton pusillus colonized the disturbed
areas at random, apparently independently from the position
of nearby clumps. An intermediate recolonization pattern was
shown by Callitriche platycarpa, Elodea canadensis, Hippuris
vulgaris, Ranunculus circinatus and Sparganium emersum.
Species recolonization patterns and associated strategies were
related to species traits, particularly vegetative and sexual
reproduction.
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Introduction

Disturbances affect the spatial and temporal hetero-
geneity of ecosystems and the relative abundance of
species, leading to a patchy vegetation structure (e.g.
Whittaker & Levin 1977; Pickett & Thompson 1978;
Denslow 1985; Pickett & White 1985; Reice et al.
1990). Within any community, a patch can be defined as
a locally distinct assemblage of species, potentially re-
peatable over space and time (Forman & Godron 1986).
The relationship between patch dynamics and the dis-
turbance regime has been highlighted by Sousa (1984),
Pickett & White (1985), Pickett et al. (1989) and others.
As a result of certain disturbances vegetation patches
may be cleared and recovery from this disturbance
involves the recolonization by organisms or propagules
from outside sources or internal refugia (Yount &
Niemi 1990).

Effects of disturbances in river systems have been
studied regarding macro-invertebrates, benthos and
macrophytes. Stream macro-invertebrate communities

were studied by Hoopes (1974), Gray & Fisher (1981)
and Fisher et al. (1982); recolonization patterns of stream
benthos byWilliams & Hynes (1976), Williams (1980),
Scrimgeour & Winterbourn (1989) and Reice et al.
(1990). Most macro-invertebrates are mobile in at least
one stage of their life cycle and the recolonization of
disturbed areas appears to be rapid, both through active
migration and by passive transport. Paine & Levin (1981),
Connell & Keough (1985) and Sousa (1985) reported on
the recolonization of patches created in intertidal com-
munities. They showed that a patch of open space may
be colonized by dispersed propagules and/or by
vegetatively propagating organisms from the perimeter
of the patch. In plant communities, species may invade
bare areas by both dispersed propagules — i.e. a struc-
ture produced by an organism, which becomes detached
from the parent and gives rise to another individual; see
Noble & Slatyer (1980) — and by vegetative propaga-
tion from adjacent vegetation (Sculthorpe 1967; Webb
et al. 1972; Salonen et al. 1992; van der Valk 1992).
Recolonization surveys have demonstrated that aquatic
vegetation can quickly re-establish in cleared patches in
frequently disturbed ecosystems (Henry et al. 1994, in
press; Barrat-Segretain & Amoros 1995). In a previous
experiment on the recovery of macrophytes in such an
ecosystem (Barrat-Segretain & Amoros 1996) it was
shown that recolonization occurred rapidly. However,
the ‘competitive lottery’ in the establishment of species
— sensu Sale (1977) and Hubbell (1979) was much
more limited than has been hypothesized. It was there-
fore assumed that recolonization by macrophytes of
cleared patches would occur particularly from border-
ing intact vegetation — the border effect. In the present
paper the question is: when a patch is cleared by a
disturbance such as a flood, to what extent does
recolonization result from the border effect? The
macrophyte recolonization of two experimentally cleared
patches was investigated in a former channel of the
Rhône River, France, with particular attention to the
border effect. The survey was limited to the beginning
of colonization (three months) as it focused on the
spatial patterns of establishment in order to evaluate the
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role of the border effect versus stochastic colonization
from seed banks or from propagule drift.

Methods

The study was carried out in the Méant, a former
channel of the Rhône River (France), which is located 30
km upstream from Lyon (45° 49' N, 5° 10' E). An em-
bankment built in 1870 separated the downstream part of
the channel from the river and its upstream end has been
blocked by alluvial deposition since 1940. The former
channel is connected to the river at the downstream end.
When the river discharge exceeds 1000 m3/s  water flows
over the embankment and the former channel is scoured
by the flood (ca. 40 - 50 days/yr).

Two 9-m2 (3 m× 3 m) sampling sets (called set A
and set B), which appeared visually similar when con-
sidering water depth, substrate and species composition,
were established. An artificial disturbance was per-
formed in the summer of 1993 in these sets, and again in
mid-April 1994 by uprooting all the plants and com-
pletely eliminating their underground parts. Each set
and its direct periphery were divided into 30 cm × 30 cm
sampling plots coded by a number (from 1 to 12) and a
letter (from a to l) (Fig. 1). In each plot the aquatic plants
were surveyed using the Braun-Blanquet (1932) cover
scale: 1 = cover < 5%; 2 = 5 - 25%; 3= 25 -50 %; 4= 50 -
75 %; 5= cover > 75%. The survey was carried out on
the 144 plots of each set (100 disturbed sampling plots
and 44 surrounding adjacent plots) on three dates: 5 May
1994 (date 1), 7 June 1994 (date 2) and 24 July 1994
(date 3). The former channel was not scoured by floods
during the experiment.

The Braun-Blanquet cover scale values had to be
converted into percentage cover in order to calculate the
total cover of each sampling plot. First the cover scale
values were replaced by the average cover % of the class

– for example, 62.5 % for cover class 4. Second, total
cover of a plot on a given sampling date was calculated by
adding the converted cover values for the species re-
corded. The total cover could therefore exceed 100 %
because the macrophytes may occupy several strata above
the same ground surface.

For each set and for each species, we counted the
number of plots that were either colonized by the border
effect or randomly and noted the first date of occurrence
of the species considered. For a given species, a plot was
considered as having been colonized by the border
effect when the species was included in a continuous
clump from the periphery of the set. In contrast, a plot
was considered as randomly colonized if it had no
contact either with a plot colonized by the border effect,
or with a peripheric plot where the species was already
present. For some species it was not possible to deter-
mine whether the plots were colonized randomly or
from the border because of the great number of plots
colonized at the first sampling date. For each set, the
number of plots of each class were then converted into
percentages of the total number of plots colonized by the
given species. It must be noted that the analysis of the
colonization data is slightly biased in favour of the
border effect, because there is no way to tell that a plot
has not been colonized by both border ingrowth and
random dispersal.

Results

Total vegetation cover

Aquatic macrophytes were present after disturbance
on most plots of the two sets only three weeks after the
disturbance (date 1). The total vegetation cover of sets A
and B exhibited similar temporal changes. At date 1, the
total vegetation cover was generally lower than 50 %,

Fig. 1. Experimental design of
the study.
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except on a few plots of each set. At date 3 almost all the
plots of both set A and set B were covered with dense
vegetation and several species were present on the same
plots. The total vegetation cover exceeded 100 % in
more than half the plots of set A and in more than 80 %
of the plots of set B.

Recovery patterns of the macrophyte species

Nine macrophyte species were present on at least
one date on the sets, including the peripheric plots:
Callitriche platycarpa, Elodea canadensis, Hippuris
vulgaris, Ranunculus circinatus and Sparganium
emersum from date 1 to 3 on sets A and B; Potamogeton
natans, Groenlandia densa from date 1 to 3 only on set
B; Potamogeton pusillus on sets A and B, only at dates
2 and 3; Luronium natans on sets A and B, only at date
3.

Species could be classified as having different re-
colonization patterns, but only the species with the most
representative recolonization patterns are illustrated in
Fig. 2. When a species occurred on sets A and B, it
exhibited the same recolonization pattern on both sets.
Therefore the temporal changes in abundance are illus-

trated only for set B, where all species were present. For
each species, the percentage of plots colonized by the
border effect and by propagules are given in Table 1.

Groenlandia densa (Fig. 2) and Potamogeton natans
were present only on set B, both at the periphery of the
set and on the disturbed plots. The areas they covered
increased from date 1 to 3 towards the centre of the set,
and there was a gradient of abundance from the periph-
ery to the centre of the clump. The plots where the
species appeared were always adjacent to undisturbed
plots on which they were previously present (Table 1).
The surface of the clump and the abundance index of
Groenlandia densa increased on the plots from date 1 to
3. Meanwhile, the clump of Potamogeton natans in-
creased on the set  but its abundance index never ex-
ceeded 2. Luronium natans exhibited a similar recoloni-
zation pattern. It occurred on the sets only at date 3, both
for the peripheric and the disturbed plots, but the dis-
turbed plots on which it appeared were always adjacent
to peripheric plots where it was already present
(Table 1). Its abundance index was 2 or 3 on most
disturbed plots.

Sparganium emersum and Ranunculus circinatus
also appeared most often on disturbed plots adjacent to

Fig. 2. Recolonization patterns: temporal changes in abundance of selected species on the plots of set B.



772 Barrat-Segretain, M.H.  & Amoros, C.

peripheric undisturbed plots on which they were already
present. However, the species also appeared on plots
randomly dispersed on the disturbed set, without any
contact with plots on which they were already present
(Table 1). The abundance index of Sparganium emersum
reached 4 or 5 on a few peripheric plots at date 3, but was
most often 2 or 3 on the disturbed plots and that of
Ranunculus circinatus  was most often 4 or 5.

Callitriche platycarpa (Fig. 2) appeared on a great
number of disturbed plots at the first sampling date, and
by date 3 it had largely colonized the disturbed area. At
the first date it appeared in clumps of  high density in the
centre and a low abundance on the edge. The species
was dispersed across all the disturbed plots of set A, but
appeared in a large clump on set B, with only a few
isolated plots being colonized (e.g. set B, date 1, plots 6k
and 8i). Because of the great number of plots colonized
by the species at the first date, it was difficult to deter-
mine if their recolonization involved the border effect or
propagules (Table 1). At dates 2 and 3 the clumps
extended their surface cover and the abundance of the
species increased on the plots where it was already
present. At date 3 the abundance index was 5 on 57 plots
of set A, and 24 plots of set B and was the most abundant
species on both sets. Elodea canadensis also colonized
many disturbed plots at date 1 and the abundance index
reached 5 on several of these plots. The disturbed plots
on which Elodea canadensis appeared at date 1 were
either in contact with peripheric ones where the species
was already present, or totally isolated from all peripheric
undisturbed plos. The surface area covered by Elodea

canadensis increased from date 1 to date 2, but had
decreased by date 3. The abundance index on a given
plot (peripheric or disturbed) decreased from date 2 to
date 3 in a few cases and increased in others.

Hippuris vulgaris and Potamogeton appeared ran-
domly on disturbed plots that were not necessarily in
direct contact with peripheric plots where the species
were present. For Hippuris vulgaris some of the colo-
nized plots were adjacent to peripheric occupied plots
but for Potamogeton pusillus all the colonized plots
were independent from peripheric occupied plots
(Table 1). Furthermore, many disturbed plots in contact
with peripheric plots where the species were present,
remained uncolonized. By the later dates the cover of
the colonized areas had increased, both by extension of
the previously settled clumps, and by colonization of
new plots independent of the clumps. The abundance
index of Potamogeton pusillus never exceeded 2, whereas
that of Hippuris vulgaris reached 4 on several plots by
date 3. However the abundance of the latter species
decreased on a few plots, both at the periphery of the
sets and on the disturbed areas by date 3.

Discussion

The experimental design of our study was limited, in
that only two replicates of the same disturbance treat-
ment were used. This is because of the difficulty of
uprooting all the plants in between 1.20 to 1.50 m of
water and eliminating all their underground parts. The

Table 1. Number of colonized plots and percentage of the colonized plots of each set that were colonized by border effect versus
randomly at the first date of occurrence of each species (see text for further details). ND: percentage of the colonized plots for which
it was not possible to determine the colonization pattern.

Number of plots colonized Colonization pattern (first date of occurrence)

Species Set date 1 date 2 date 3 border effect random ND

Groenlandia densa B 20 30 45 100 0 0

Luronium natans A 0 0 12 100 0 0
B 0 0 15 100 0 0

Potamogeton natans B 2 6 18 100 0 0

Sparganium emersum A 6 7 16 67 33 0
B 9 19 30 100 0 0

Ranunculus circinatus A 5 11 29 100 0 0
B 12 24 45 67 8 25

Callitriche platycarpa A 95 90 96 0 1.5 98.5
B 78 72 78 0 6 94

Elodea canadensis A 57 77 53 0 17 83
B 88 89 59 0 0 100

Hippuris vulgaris A 16 22 36 12.5 87.5 0
B 13 25 31 30 70 0

Potamogeton pusillus A 0 11 30 0 100 0
B 0 17 39 0 100 0
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lack of numerous replicates means that our results
cannot be presented as categorical conclusions. Despite
the limitations of this experimental design, the present
results render a discussion possible on the recolonization
patterns of disturbed areas by macrophytes in the former
channel studied.

The first result is the rapidity of the recolonization of
the cleared patches by the macrophytes. The patches
were disturbed in spring and in only a few weeks the
disturbed area had been recolonized by several species.
This confirms the results of Barrat-Segretain & Amoros
(1995) concerning the rapid re-establishment of vegeta-
tion cover and species richness on patches subjected to
different disturbance timings in the same former river
channel. Our study was limited to three dates (from May
to July 1994) because at the last sampling date the total
vegetation cover on the plots often exceeded 100%, and
sometimes 5 or 6 species occurred on the same plot,
making the vegetation survey very difficult. Further-
more, the investigation was carried out during the pe-
riod of maximal growth of the macrophyte species and
the aim of this investigation was to describe the re-
colonization patterns of the species. A longer study, in
addition to the problems of the vegetation survey men-
tioned above, would have added the problem of senes-
cence of a few species due to their phenology and/or
competition with others, which is not a direct aspect of
colonization. However, it was necessary to survey the
vegetation on the disturbed plots at three dates, in order
to depict the recolonization patterns of the species which
only appeared at dates 2 and 3 because of their phenology
(Luronium natans and Potamogeton pusillus).

The temporal changes in the abundance index of the
nine macrophyte species as well as the spatial patterns
of their establishment show that the recolonization of
cleared patches involves several mechanisms which
depend on the species considered. Groenlandia densa,
Potamogeton natans and Luronium natans all appeared
in the disturbed areas only on plots that were in contact
with peripheric undisturbed plots where the species
were already present. Furthermore, their abundance in-
dex on the newly colonized plots was lower than that on
the plots previously colonized. Therefore, these species
seemed to invade bare areas primarily by peripheric
propagation from the adjacent vegetation. Groenlandia
densa and Potamogeton natans were present only on set
B, both on the peripheric and the disturbed plots. We
must highlight that they were absent from the peripheric
plots of set A, and that they never appeared on the
disturbed plots of this set. This observation confirms
that these species colonize bare areas by propagation
from undisturbed stands. In contrast, Potamogeton
pusillus randomly colonized the disturbed plots in places
that were not connected to peripheric occupied plots.

Once a plot was colonized, the occupied area had ex-
tended onto the adjacent plots by the next dates. How-
ever, at the same time other plots were randomly newly
colonized. The occupation of the bare area by this spe-
cies appeared to be very discontinuous. Sparganium
emersum, Ranunculus circinatus and Hippuris vulgaris
exhibited intermediate recolonization patterns. They in-
vaded the disturbed plots both by propagation from
peripheric clumps and by establishment on randomly
dispatched plots. The recolonization patterns of
Callitriche platycarpa and Elodea canadensis appear
less clear, because these species were already present on
a great number of disturbed plots by date 1. However the
two means of colonization seem to co-occur, explaining
the rapidity of their settlement.

The recolonization patterns of all the macrophyte
species mentioned above can be related to two strategies
of vegetative propagation described for terrestrial plant
communities by Lovett-Doust (1981) and applied to
aquatic macrophytes by McCreary & Carpenter (1987)
and McCreary (1991). The strategy called ‘phalanx’
depicts situations in which the ramets remain closely
patched together and physically attached to each other
(‘peripheric propagation’ in our study). The strategy
called ‘guerilla’ corresponds to ramets that become
established at some distance from the parent plant and
become detached from it (‘propagule dispersion’ in our
study). The two strategies were identified in vegetatively
propagating species. The experimental design rendered
the distinction between a plant resulting from an ex-
tended part of the parent plant and one issued from a
propagule impossible. Therefore, there was a doubt
concerning the origin of the plants. However, the di-
mensions of the experimental set were 3 m × 3 m, whereas
the internodes of the rhizomes of species such as Hippuris
vulgaris and Potamogeton pusillus could not exceed 30
or 50 cm (pers. obs.). Therefore it was supposed that a
species establishing on a plot ‘isolated’ from other plants
was issued from a propagule.

The recolonization patterns of Groenlandia densa,
Potamogeton natans and Luronium natans are related to
the strategy of peripheric propagation. Groenlandia
densa and Potamogeton natans have rhizomes with
short internodes, and horizontal growth of rhizomes
results in the expansion and enlargement of the plants
(Wiegleb & Brux 1991; Wiegleb et al. 1991). Luronium
natans forms rosettes with rhizomes from which peti-
oles may arise directly (Willby & Eaton 1993). The
traits of these species relating to vegetative reproduction
explain their recolonization patterns. Their strategy of
colonizing bare areas is a result of production of new
ramets from short rhizomes or from basal buds. These
patterns correspond to clumps that extend their cover
from their periphery. The gradient of the abundance
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index from the edge to the centre of the clump at a given
date must be related to the age of the different parts of
the clump, the most recent being the least developed. At
the next date new areas may be colonized and the
abundance index of the previously present parts of the
plant will have increased because of their growth and
development.

The recolonization patterns of Potamogeton pusillus
is related to the strategy of propagule dispersion, be-
cause new plants most often establish on plots located
separately from any parent plant. This species is
rhizomatous (Haag 1983) and it is likely that it propa-
gates vegetatively and extends its rhizomes to colonize
bare areas. However, the new plants that established on
the disturbed plots may also arise from propagules pro-
duced in previous years that were randomly dispersed
into the bare areas of the sets: indeed, Potamogeton
pusillus produces seeds (Haag 1983; Kadono 1984) and
winter buds (Arber 1920; Crowder et al. 1977) consid-
ered as a secondary strategy of dispersion and coloniza-
tion. Therefore the strategy of Potamogeton pusillus
may be related both to the vegetative extension of the
plants and to the dispersion of vegetative and sexual
propagules.

Sparganium emersum, Ranunculus circinatus,
Hippuris vulgaris, Elodea canadensis and Callitriche
platycarpa exhibited features of both strategies. For
Sparganium emersum and Ranunculus circinatus, propa-
gation via the border effect seems to be the most effi-
cient mean of colonization . They are rhizomatous spe-
cies but propagules such as seeds (produced in previous
years) or rhizome fragments may also be involved in
their dispersion (Westlake 1973; Dethioux 1989; Cook
1990; Kautsky 1990). For Hippuris vulgaris, propaga-
tion through propagules seems to be more efficient. This
species produces rhizomes which can produce several
individuals by fragmentation or random breakages, and
the fragments may be dispersed at some distance from
the parent plant (Arber 1920; Bartley & Spence 1987).
This species also produces seeds, but these sink very

rapidly after their production (Arber 1920; Cook 1990)
and it is unlikely that they were dispersed into disturbed
areas during the season of the experiment.

The recolonization patterns of Callitriche platycarpa
and Elodea canadensis seem difficult to determine.
Callitriche platycarpa has no special means of disper-
sion and colonization, but any detached shoot may grow
into a new individual (Arber 1920; Sculthorpe 1967).
The propagation of Elodea canadensis is known to be
highly dependent on vegetative reproduction by stem
fragments (van der Pijl 1972; Cook & Urmi-König
1985; Nichols & Shaw 1986). However, the expansion
of clumps by the growth of stems and stolons is not
excluded, since this species shows a rapid growth and
forms dense submersed mats (Frank 1975; Nichols &
Shaw 1986). Therefore, these two species exhibit fea-
tures of both strategies (peripheric propagation and
propagule dispersion), which may be explained by the
diversity of their reproduction and dispersion means.

The above discussion enables a classification of the
recolonization patterns exhibited by the macrophytes in
the present study, and the species traits associated with
these patterns to be proposed (Table 2). It must be noted
that this classification, resulting from the conditions of
the present study, may be modified according to various
factors such as the timing of the clearing of the patches.
For example, one species that has a peripheric propaga-
tion in spring may also exhibit propagule dispersion if the
patches are cleared during the season when seeds are
produced and dispersed. Barrat-Segretain & Amoros
(1996) demonstrated that after a summer disturbance,
species such as Callitriche platycarpa, Ranunculus
circinatus and Hippuris vulgaris were “slowly recover-
ing”, i.e. they reappeared in the disturbed patches only
after two months, but other species such as Elodea
canadensis and Sparganium emersum reappeared on the
disturbed patches immediately after disturbance. There-
fore the rapidity of macrophyte re-establishment appears
to vary according to the season, and recolonization strat-
egies are also likely to depend on the disturbance timing.

Table 2. Recolonization patterns and related species traits. 0 = absent; + = present; ++ = major mean; +++ = single mean.

Species Colonization by peripheric propagation Colonization by quoted Species traits relative to dispersion
from the adjacent vegetation  plants or propagules  and colonization

Groenlandia densa +++ 0 rhizomes with short internodes
Luronium natans +++ 0 rhizomes; formation of rosettes
Potamogeton natans +++ 0 rhizomes with short internodes
Sparganium emersum ++ + rhizomes, rhizome fragments, seeds
Ranunculus circinatus ++ + rhizomes, rhizome fragments, seeds
Elodea canadensis + + stem fragments, stolons
Callitriche platycarpa + + detached fragments
Hippuris vulgaris + ++ rhizome fragments, seeds
Potamogeton pusillus 0 +++ rhizomes, seeds, winter buds



- Recolonization of cleared  riverine macrophyte patches - 775

However, this proposed classification is a first approach
that may stimulate further studies on macrophyte dynam-
ics and aquatic ecosystem management.

In the recolonization patterns of some species (Elodea
canadensis, Hippuris vulgaris) the abundance decreased
on some plots that has been colonized at the first sam-
pling dates. Two hypotheses may explain this phenom-
enon: (1) the phenology of these species corresponds to
a maximum development during early spring and a
decrease of the plants later in the season or (2) competi-
tion among species limits the development of some
species when other are present. The first hypothesis has
to be rejected because the abundances of the two species
increased on some plots whereas they decreased on
others, and their development is usually maximal in
summer. The second hypothesis seems more accept-
able. The area where Elodea canadensis was not present
on set B at date 3 corresponded to the plots of maximum
development of Ranunculus circinatus and Groenlandia
densa. Therefore, a mechanism of exclusive competi-
tion between these species may explain their distribu-
tion. It is more difficult to explain the changes in the
abundance of Hippuris vulgaris because this species
was dispersed across the sets, but competition is also
likely to occur with this species.

In conclusion, the present results describe various
mechanisms of recolonization of disturbed patches by
macrophytes, that are closely related to species traits.
Our results confirm those of Henry et al. (in press) who
demonstrated that the order of species re-establishment
(at the scale of a former channel and over several years)
can be related to different groups of species traits corre-
sponding to different strategies among pioneer species
(van der Valk 1981). Further studies are needed to
investigate the relationships between species traits and
strategies for aquatic macrophytes. Our experimental
design rendered the distinction between a germinating
plant resulting from an extended part of the parent plant
and one issued from a propagule impossible. Also,
plants resulting from vegetative propagules and plants
resulting from seed germination were not distinguished.
Therefore the focus has to be put on species traits of
macrophytes, and particularly on the role of the different
propagules in their establishment in cleared areas. Fur-
thermore, the assumption that the recolonization of a
patch may occur either by the border effect or at random,
may lead to the development of a model of recolonization
patterns, that should be tested through the present ex-
perimental results. The present results should stimulate
two research directions: (1) investigations into species
traits and strategies, both for fundamental and applied
research and (2) predictions of the re-establishment of
aquatic vegetation after natural or artificial disturbance.
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