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† Background and Aims While within-species competition for light is generally found to be asymmetric – larger
plants absorbing more than proportional amounts of light – between-species competition tends to be more sym-
metric. Here, the light capture was analysed in a 5-year-old competition experiment that started with ten genotypes
of the clonal plant Potentilla reptans. The following hypotheses were tested: (a) if different genotypes would do
better in different layers of the canopy, thereby promoting coexistence, and (b) if leaves and genotypes with
higher total mass captured more than proportional amounts of light, possibly explaining the observed dominance
of the abundant genotypes.
† Methods In eight plots, 100 leaves were harvested at various depths in the canopy and their genotype determined to
test for differences in leaf biomass allocation, leaf characteristics and the resulting light capture, calculated through a
canopy model using the actual vertical light and leaf area profiles. Light capture was related to biomass to determine
whether light competition between genotypes was asymmetric.
† Key Results All genotypes could reach the top of the canopy. The genotypes differed in morphology, but did not
differ significantly in light capture per unit mass (Fmass) for leaves with the laminae placed at the same light levels.
Light capture did increase disproportionately with leaf mass for all genotypes. However, the more abundant geno-
types did not capture disproportionately more light relative to their mass than less-abundant genotypes.
† Conclusions Vertical niche differentiation in light acquisition does not appear to be a factor that could promote
coexistence between these genotypes. Contrary to what is generally assumed, light competition among genetic indi-
viduals of the same species was size-symmetric, even if taller individual leaves did capture disproportionately more
light. The observed shifts in genotype frequency cannot therefore be explained by asymmetric competition for light.
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INTRODUCTION

Plants in nutrient-rich environments are thought to compete
predominantly for light (Goldberg and Miller, 1990; Tilman
and Pacala, 2006). Because light is a unidirectional resource,
successful competitors are usually described as having ‘traits
leading to overtopping of the neighbours’ (Aerts, 1999).
Taller individuals can increase their fitness directly by
increasing their light capture, and indirectly by making the
resource unavailable to competitors (Falster and Westoby,
2003). As a result taller plants may catch a disproportional
share of incident light, i.e. they can catch more light per
unit biomass than smaller individuals, a phenomenon that is
also called asymmetric competition (Weiner, 1990; Anten
and Hirose, 1998; Schwinning and Weiner, 1998; Berntson
and Wayne, 2000). At high densities, this may lead to high
mortality of subordinate plants (Weiner and Solbrig, 1984;
Weiner and Thomas, 1986; Nagashima et al., 1995).

Increased height growth, however, occurs at a cost. To
maintain mechanical stability, tall plants invest disproportio-
nately more in stems and relatively less in leaves (Ballaré
et al., 1987). Therefore the leaf mass ratio (LMR, g invested
in leaves g21 total biomass) generally decreases with plant
height (Givnish, 1982, 1995; Anten and Hirose, 1998).
Plants also increase the leaf area per unit leaf mass invested

in leaves (specific leaf area, SLA, m2 g21 leaf biomass) in
response to shade (Corré, 1983a, b). Consequently, tall
plants with leaves exposed to higher light availability have
a relatively low leaf area per unit plant mass (LAR; LAR ¼
SLA � LMR; Hirose and Werger, 1995). To analyse the
benefits (light capture) and costs (above-ground biomass)
of different plants within a dense canopy, Hirose and
Werger (1995) developed an approach in which they calcu-
lated the light captured per unit biomass (Fmass), with
Fmass being the product of the light interception per unit of
leaf area (Farea) and the LAR of a plant. They showed that
within a multi-species grassland, tall dominant species cap-
tured more light per unit of leaf area than subordinate ones.
Subordinate species on the other hand had considerably
higher LMR, SLA and thus LAR values, which compensated
for their lower Farea, resulting in similar or even higher Fmass

(Fmass ¼ LAR � Farea ). Thus in spite of the strong gradient
in light availability in the canopy, taller and shorter species
captured light in proportion to their size expressed in terms
of mass, i.e. light competition was size symmetric (sensu
Weiner, 1990). Size-symmetric competition for light has
been demonstrated to result in size-symmetric growth
(growth being proportional to size) and the maintenance of
a relatively constant size distribution among plants
of different species in crowded populations
(van Kuijk et al., 2008). The large difference in LAR* For correspondence: E-mail p.j.vermeulen@uu.nl
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between species probably largely resulted from contrasting
intrinsic architectures. This may contribute to coexistence
of differently sized species in dense grasslands (Hirose and
Werger, 1995; Anten and Hirose, 1999; Werger et al., 2002).

Within species, however, the variation in SLA and LMR
depends on mean values and plasticity that modifies a
common architectural design and it might not be large
enough to allow subordinate individuals to persist in the
lower layers of the vegetation (Anten and Hirose, 1998).
Indeed several studies found that in dense monospecific
stands taller dominant individuals had higher Fmass values
than subordinate individuals (Anten and Hirose, 1998;
Hikosaka et al., 1999, 2003). It could hence be argued
that, within species, selection should favour genotypes that
have a strong height growth, enabling them to capture a dis-
proportional amount of light relative to their size.

However, selection within a monospecific stand of a stolo-
niferous species that can only increase its height through
petiole elongation could still favour different height growth
strategies. In general, meristems are placed in the axils of
leaves (Bell, 1991). The activity of these meristems are sup-
pressed by low light and low R : FR ratio (Schmitt and
Wulff, 1993; Bonser and Aarssen, 2003). Light levels and
R : FR ratio increase with height in the vegetation (Ballaré
et al., 1990; Schmitt et al., 2003). An erect-growing plant
can place its meristems at higher levels through stem
elongation, which could reduce the apical dominance
(Ongaro and Leyser, 2008), allowing the plant to branch,
and consequently to increase its growth by placing more
leaves at more favorable light conditions. This will increase
the benefits of increased height growth. Since stoloniferous
plants that form basal rosettes can only increase in height
through the elongation of their petioles (Dong, 1995;
Huber, 1996; Huber et al., 1998), each leaf has to be supported
separately. As this is less efficient in terms of biomass use
than producing a single stem (Liu et al., 2007), they have to
invest relatively more in height than erect plants in order to
place every leaf at the top of the canopy. This in turn might
allow subordinate stoloniferous plants with smaller invest-
ment in petioles to capture similar amounts of light per unit
mass (Fmass) values as their taller competitors.

In 1998 an experiment was started with ten genotypes of
the clonal stoloniferous plant Potentilla reptans, all growing
together in competition starting at equal frequencies.
Analysis of the relative frequency of these genotypes after 5
years using ISSR markers revealed that one genotype had
become the most abundant genotype (+40 % of all leaves),
while several others were still present in approximately the
same frequency as at the start of the experiment, an indication
that the increase in abundance of the dominant genotypes had
not reduced the frequency of these genotypes (Fig. 1; data
from J. F. Stuefer et al., detailed results to be published at a
later date). Still other genotypes, however, had declined in fre-
quency, which suggests that selection had occurred.

Data collected from this experiment were used to
compare leaf biomass allocation, leaf characteristics and
the resulting light capture between genotypes. Different
genotypes were tested to see if they were able to capture
light efficiently at different layers in the canopy and, if
so, whether this resulted in differences in light acquisition

between genotypes being proportional to their size. This
would support the idea that the genotypes may coexist
due to vertical niche space differentiation. Alternatively,
if this did not occur, it was expected that the few dominant
genotypes would capture disproportionately more light rela-
tive to their mass, i.e. that competition for light would be
asymmetric, which would in part explain the abundance
of a few dominant genotypes.

MATERIALS AND METHODS

Plant material

Potentilla reptans is a stoloniferous herb found in moder-
ately disturbed, productive pastures and mown grasslands,
and on lake and river shores, road margins and other
man-made habitats (Van der Meijden, 1996). This species
has been found to form dense mono-specific stands (P.
J.Vermeulen, pers. obs.). The plant produces sympodially
growing stolons with rooted ramets on its nodes. In the
absence of physical disturbance, the ramets remain inter-
connected throughout one growing season (Stuefer et al.,
2002). Because internodes between rosette leaves do not
elongate, height growth is exclusively achieved by petiole
elongation (Huber, 1995). Each leaf consists of five to
seven palmately arranged leaflets borne on a vertically
orientated petiole attached to the ground rosette. Petiole
elongation stops when the lamina reaches the top of the
canopy (see Vermeulen et al., 2008).

Ten genotypes of P. reptans were collected in a wide
range of habitats in The Netherlands. The sites included
river shores, mown pastures, car parks and relatively undis-
turbed grasslands. Differences between genotypes thus rep-
resent within-species variation. The genotypes were
propagated in the botanical gardens of Utrecht University.
In shading experiments these genotypes differed in
several traits, such as SLA, LMR and petiole length (Liu
et al., 2007; Vermeulen, 2008).

Experimental set-up

In the botanical gardens of Utrecht University 16 plots of
2 � 2 m were established in the spring of 1998 as part of a
larger experiment (J. F. Stuefer et al., unpubl. res.). In this
paper, only the eight plots of the undisturbed control treat-
ment were used. In these plots, 100 planting points were
positioned on a regular grid. For each plot ten similar-sized
juvenile ramets per genotype were taken from the stock
population and randomized over these planting points.
Every genotype thus started with an initial frequency of
10 %. At the beginning of July 2003, 5 years after the
start of the experiment, 100 leaves in each plot were har-
vested at randomly chosen grid points in the vegetation
(the frequency harvest). The vegetation of the plot was visu-
ally divided into three layers and the layer from which the
leaf had to be sampled was drawn randomly. The leaf
closest to the grid point compared with the other leaves
with the lamina placed in the same layer was sampled.
Only leaves with fully developed laminas were taken into
account. Since the plots were part of an ongoing
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experiment, only leaves (i.e. petioles and leaf laminas,
which in this species are the units of vertical growth)
were sampled, leaving stolons and roots intact.

Leaf measurements

For each leaf the height of the lamina above the ground
and the height of the vegetation at the position of the
sampled leaf were measured. From these two measure-
ments, the depth of the vegetation at the height of the
lamina was calculated.

The lamina was separated from the petiole after which the
lamina was cut in two halves. Then the lamina area (LA) of
both halves was measured using a Licor LI-3100 leaf-area
meter. One half was used to determine the identity of the
genotype using ISSR (J. F. Stuefer et al., unpubl. res.). The
other half was used to measure dry weight. This lamina
half and the petiole were dried for at least 3 days at 65 8C.

Dry weight was then determined (accuracy 0.1 mg), after
which the specific lamina area (SLamA, m2 g21) of the dried
lamina part was calculated. The total lamina weight was
then calculated using this SLA and the total leaf area of
both halves together.

The other parameters were then calculated:

total leaf weight ðTLW; gÞ ¼ lamina weight

þ petiole weight

lamina mass ratio ðLamMR; g g�1Þ

¼ total lamina weight=total leaf weight

lamina area ratio ðLamAR;m2g�1Þ

¼ total lamina area/total leaf weight

Light capture

Every plot was divided into four subplots, in each of
which a light profile was measured under an overcast sky.
Starting at the top of the vegetation two measurements
were made at 5-cm intervals using a ceptometer (Delta-T
Devices, Cambridge, UK). Photosynthetic photon flux
density (PPFD) above the canopy (PPFDo) was measured
simultaneously using a Licor Li 185A photometer. The
relative PPFD (rPPFD) was calculated for each point of
measurement and the two values obtained per point were
averaged. The rPPFD within the interval between two
measurement heights was estimated by means of interp-
olation. Because only the differences in relative light
capture were of interest in the present study, an accurate
measurement of the daily PPFD above the canopy was
not necessary. Therefore, the daily light availability for
each height was calculated from the rPPFD, assuming an
average day of 12 h and an average light availability
above the vegetation of 1000 mmol m22 s21, which by

summation gives a reasonable estimate of the total daily
PPFD on a clear summer day at the study site.

Daily light availability at the height of the lamina
(PPFDh, mol m22 d21) was taken from the light profile of
the subplot in which the leaf was collected using the
depth of the vegetation at lamina height. Differences in
leaf angle between genotypes were not taken into account
since this variation was small. To determine the light
extinction coefficient (K ) and the leaf area per layer, for
every plot a stratified clipping in a 30 � 30 cm subplot
was done. Every 5 cm the relative light intensity was
measured in the same way as in the subplots. Leaf area
was determined by taking a subsample from the laminas
that were cut from the 5-cm layer, and by calculating the
SLA of the subsample. Total leaf area of the layer was
then calculated using this SLA and the total lamina
weight. The extinction coefficient (K) was then calculated
following Anten and Hirose (2001):

K ¼ ½lnðPPFDb=PPFD0Þ�=Lc ð1Þ

with PPFDb the light at the bottom of the canopy, PPFD0

the light above the canopy and Lc the cumulative LAI,
which ranged between 3.8 and 6.1. K was found to be on
average 0.83+ 0.009 (1 s.e.), a normal value for a dicoty-
ledonous species (Monsi and Saeki, 1953).

Daily light capture per lamina (Fd, mol d21) was calcu-
lated using the PPFDh, the lamina area (LA, m2) and the
leaf absorbance (a) and the K:

Fd ¼ PPDFh � LA� a� K ð2Þ

Leaf absorbance was taken to be 0.8 (Goudriaan, 1977).
Light capture per unit biomass (Fmass, mol g21 d21) was

calculated adjusting the formula from Hirose and Werger
(1995), using the total leaf weight (TLW):

Fmass ¼ Fd=TLW ð3Þ

Note that leaf area, biomass and light acquisition are
defined at the level of individual leaves and not of whole
plants.

Next, the plot Fmass (Fmass,p, mol g21 d21) of each geno-
type, i.e. the total light capture per genotype in a plot
divided by its total mass in that plot, was calculated as a
measure of the overall light capture efficiency of the genotypes
within each plot. Note that in order to do so, two points have to
be considered. First, the three layers in which the leaves were
sampled differed in the amount of leaves and the total lamina
area, which has to be taken into account when calculating plot
Fmass. Secondly, the frequency harvest is a subsample that
does not supply information on the total amount of leaves
(or total lamina area) in the vegetation. For this the total
number of leaves of each genotype within each layer was esti-
mated using the LAI data from the stratified clipping.

The total number of leaves per square metre of each layer
(LNL) for all genotypes combined was estimated using the
LAI of that layer in the stratified clipping (LAIL) and the
average lamina area per leaf of all leaves harvested (all
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genotypes pooled) within that layer in the frequency harvest
(LAT,A):

LNL ¼ LAIL=LAT;A ð4Þ

The total number of leaves per layer per genotype
(LNLG) can then be calculated through the proportion of
lamina area from the harvested leaves in the frequency
harvest that belonged to the genotype:

LNLG ¼ LNLðLALG=LALÞ ð5Þ

with LALG the summarized lamina area of all leaves of that
genotype within the layer and LAL the total lamina area of
all leaves measured in that layer.

Next, using the data from the frequency harvest, the average
layer F per leaf of a given genotype (FL) and the average leaf
weight (TLWL) were calculated by dividing the summarized
total light capture (Fd) and the summarized TLW of all leaves
of a genotype harvested in that layer by the number of leaves
that was harvested in that layer.

Then the weighted plot total light capture (Fp) and plot
total leaf weight (TLWp) for each genotype was calculated
by summarizing the light capture and total leaf weight:

Fp ¼ SðFLLNLGÞ ð6Þ

and

TLWp ¼ SðTLWLLNLGÞ ð7Þ

Plot Fmass (Fmass,p) can be calculated by replacing Fd

and TLW in eqn (3) by Fp and TLWp:

Fmass;p ¼ Fp=TLWp ð8Þ

Statistics

Genotype A was left out of the analyses because only one
leaf was found in all eight plots together.

Two-way covariance analyses (ANCOVA) with plot as a
block factor, genotype as a random factor and rPPFD as the
covariate were used to test for differences between geno-
types for SLamA, LamMR, LamAR and Fmass. All data
were log transformed to meet demands of normality and
homoscedasticity.

To see whether light capture increased disproportionately
with total leaf weight (within genotypes), a linear regression
line was fitted following Anten and Hirose (1998), with light
capture (log-transformed) as dependent variable and total
leaf weight (log transformed) as predictor:

logFd ¼ logaþb log TLW ð9Þ

This was done for every plot, since plot was a significant
factor in the covariance analysis (see Table 1). Since the
genotype was not a significant factor, all leaves within a

plot were pooled. If the coefficient b was larger than one,
light capture increased exponentially and thus disproportio-
nately with total leaf weight. A t-test using the coefficient
bs from the eight plots was performed to test if the coeffi-
cient was significantly larger than one.

To see whether plot light capture increased disproportio-
nately with plot total leaf weight (between genotypes), eqn
(9) was again used, replacing replacing Fd and TLW by Fp

and TLWp. Note that now each point represents one
genotype.

Genotypic differences in Fmass,p were tested in an
ANOVA with plot as a block factor and genotype as a
random factor. For all analyses, SPSS version 12.1 was
used.

RESULTS

Frequency of genotypes

Figure 1 (data from J. F. Stuefer et al., unpubl. res.) shows
the frequency of the ten genotypes in the vegetation after 5
years of competition. One genotype (genotype I) was most
abundant in all three layers of the vegetation. No leaves
were found of genotype B. Of the other genotypes some
had a frequency close to or higher than their initial abun-
dance of 10 % (genotypes D, F and H), while the other gen-
otypes had decreased in frequency after 5 years. All

TABLE 1. Results of two-way analysis of covariance
(ANCOVA)

Dependent Covariate Factor
Among
slopes

Among
intercepts

Specific lamina
area (log)

Relative
PPFD
(log)***

Genotype 0.458 0.012*

Plot 0.205 0.167
G � P 0.794 0.795

Lamina mass
ratio (log)

Relative
PPFD
(log)***

Genotype 0.196 0.035*

Plot 0.932 0.293
G � P 0.423 0.878

Lamina area
ratio (log)

Relative
PPFD
(log)***

Genotype 0.500 0.022*

Plot 0.226 0.499
G � P 0.916 0.909

Total leaf
weight (log)

Relative
PPFD
(log)***

Genotype 0.435 0.000*

Plot 0.106 0.019*
G � P 0.752 0.099

Fmass (log) Relative
PPFD
(log)***

Genotype 0.486 0.099

Plot 0.690 0.401
G � P 0.660 0.787

F (log) Tdw (log)*** Genotype 0.431 0.070
Plot 0.103 0.003*
G � P 0.291 0.915

All values are P values. All data have been log transformed.
*, *** Significant effects: P , 0.05, P , 0.001, respectively.
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remaining genotypes except genotype A were present in all
three layers, but they differed in their frequency of leaves in
the different layers, with some having relatively more
leaves in the lower layer (genotypes C, D and F) while
others had more leaves in the top layer (genotypes G, H
and J). Genotypes E and F had a more or less even distri-
bution of leaves over the three layers (see Fig. 1).

Leaf architecture

Average lamina height of the top leaves, a proxy for the
height of the vegetation, was 28.6 cm+ 0.54 (1 s.e., data
not shown). Light availability increased with height
within the plots. All morphological characteristics
changed with increasing available PPFD. Total leaf
weight increased while SLamA, LamMR and LamAR all
decreased with increasing light availability (Fig. 2). No
interaction was found between the relative PPFD and the
morphological traits of the genotypes (Table 1, Among
slopes). The genotypes, however, did differ in all leaf
characteristics (Table 1, Among intercepts). Although gen-
otypes differed in their LamAR, the variation in this trait
between genotypes appeared to be smaller than that in
SLamA and LamMR. The three genotypes with the highest
SLamA had the lowest LamMR, while for the genotypes
with the lowest SLamA the reverse was true. The most abun-
dant genotype in general had average values for leaf
characteristics.

Light capture efficiency

For all genotypes light capture per unit leaf mass (Fmass)
increased with increasing PPFD (Fig. 3). As the PPFD
decreases with increasing depth, leaves in the top layers
thus had higher Fmass than lower-placed leaves. Light
capture of a leaf (Fd) increased disproportionately with
increasing leaf weight (Fig. 4A). No significant differences
in the light capture efficiency (Fmass) of leaves positioned
at the same light availability were found between geno-
types, indicating that this relationship did not differ
among genotypes (Table 1, among intercepts). Also no
interaction was found between the genotypes and increasing
light availability (among slopes).
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Genotypes with larger amounts of total leaf mass within
a plot (TLWp) did not capture disproportionately more light
in that plot (Fp) than those with less total leaf mass within a
plot (Fig. 4B). Genotypes with relatively more leaves in the
upper layer of the vegetation (genotypes G, H and J; Fig. 1)
had higher Fmass,p values (Fig. 5). However, the most abun-
dant genotype (I) did not have the highest Fmass,p values,
nor did all genotypes that had declined in frequency (such
as G and J) have lower Fmass,p values.

DISCUSSION

Fitness of a modular organism has been argued to be a product
of the response of individual plant parts to the individual
growth conditions they experience (De Kroon et al., 2005).
Therefore it was expected that the long-term performance
of the genotypes would depend on the positioning of the
leaves and the efficiency with which these leaves captured

light per unit of biomass (Fmass). In contrast to expectation,
however, the light capture efficiency was not related to the
observed shifts in frequency.

The genotypes did differ in all leaf characteristics for
leaves that were placed at the same light availability, includ-
ing SLamA and LamMR. This, however, did not result in
differences in Fmass. In general SLA is considered to be
an important factor in determining differences in the rela-
tive growth rate between species, which in turn is linked
with plant performance; the LMR usually is unrelated
(Poorter and Remkes, 1990; Westoby et al., 2002; Reich
et al., 2003; Shipley, 2006). In the present study the most
abundant genotype did not have the highest SLamA. More
remarkably, the genotypes with the highest SLamA had
the lowest LamMR. At this point, no definite explanation
for this apparent trade-off can be offered. As a consequence
the variation in LamAR between the genotypes was small.
Because the genotypes did not differ in leaf angle, this in
turn means that the genotypes differed little in Fmass for
leaves placed at the same height. Also, all genotypes were
present in all layers of the canopy. Thus the idea of vertical
niche space differentiation whereby each genotype uses a
different canopy layer most efficient for light acquisition,
as has been found for species in multi-species stands
(Hirose and Werger, 1995; Anten and Hirose, 1999), did
not apply here for genetically different individuals of the
same species.

Since leaves placed at the same light availability did not
differ in Fmass and Fmass increased with increasing PPFD,
differences between genotypes in light capture efficiency
per plot (Fmass,p) depended on the amount of leaves
placed in the upper layers of the vegetation. Within geno-
types, total daily light capture (Fd) increased disproportio-
nately with total leaf weight, which was reflected in taller
leaves having higher Fmass values than shorter ones.
These results were consistent with other findings for mono-
species stands (Anten and Hirose, 1998; Hikosaka et al.,
2003). Taller, heavier leaves thus capture disproportionately
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more light per unit invested biomass than leaves placed
lower in the canopy. This indicates that it is most efficient
to place leaves at the top of the canopy as there light con-
ditions are better and it results in shading of other, lower
placed leaves. Therefore genotypes that had relatively
more leaves placed in the top layer were on average more
efficient in light capture and thus captured more light per
unit biomass.

This may seem to support the general notion that in dense
vegetation stands within-species competition is asymmetric
(Hikosaka et al., 1999; Anten and Hirose, 1998; Aan et al.,
2006). However, all genotypes could reach the top layers
and therefore the most dominant genotypes were not
larger in terms of absolute height, and the most dominant
genotype did not have relatively more leaves at the top of
the canopy. Therefore neither the final height of a genotype,
nor the relative number of leaves at the top was correlated to
its total mass. As a consequence, total light interception per
genotype was linearly related to their total biomass, indicat-
ing that the more abundant genotypes that constituted most
of the biomass did not capture more than proportionate
amounts of light (i.e. they did not have higher Fmass,p

values). This in turn indicates that competition for light
between different genotypes was size-symmetric, in the
sense that in terms of biomass larger individuals did not
obtain a disproportionate share of the resource (sensu
Weiner, 1990).

The reason why competition between species may be
symmetric, while within species competition is asymmetric
might stem from the relatively large variation in LMR, SLA
and thus LAR between species, which results partly from
intrinsic differences in shoot architecture (Anten and
Hirose, 1999; Anten, 2005). Such differences obviously
did not exist between the different genotypes in this
study, and therefore cannot account for the symmetric com-
petition for light that was found among genotypes in this
experiment. It is possible that the symmetry in light compe-
tition found here is associated with the intrinsic architecture
of many stoloniferous plants. It has been pointed out that
the degree of asymmetry may be more related to the

speed of height increment of plants in a stand and not so
much to the height ultimately achieved (Schwinning,
1996; van Kuijk et al., 2008). In stands of stoloniferous
plants such P. reptans each new leaf has to start from the
bottom of the vegetation, which causes height increment
of the vegetation to be slower than in stands of stem
plants where leaves are formed at the top of the canopy.
In an experiment with five of the genotypes that were
used in the present study, it was found that when the
increase in the light gradient was slow, all five genotypes
used could reach the top, despite initial differences in
height and in plasticity therein (Vermeulen et al., 2008).
The height increase in that experiment was comparable to
the height growth measured in the present competition
experiment. This vegetation may thus be an example
where the plasticity of the genotypes and the low height
growth rate of the vegetation allows them all to reach the
top of the canopy, thereby preventing the occurrence of
asymmetric competition for light (Aphalo et al., 1999;
Ballaré, 1999).

The reason why no asymmetric competition for light was
found, while genotypes differed in the relative number of
leaves at the top of the canopy, may be due to the dynamics
of the system. Surveys in 2005 showed that leaf turnover is
very high in this canopy (six to eight leaves were formed
and shed between early April and the end of June;
Vermeulen, 2008). Genotypes of Potentilla reptans place
their leaves at or near the top of a light gradient
(Vermeulen et al., 2008). These leaves will be shaded by
new leaves that are placed above the older ones. A possible
explanation why the dominant genotype still had a lot of
leaves at the lower part of the canopy, and therefore
lower Fmass,p values, is that it retained its old leaves
longer. Other genotypes with relatively more leaves at the
top may have shed their lower-placed leaves, and thus
part of the invested mass has already been lost. Possibly,
there are two opposing mechanisms at work each of
which may promote coexistence: a high leaf turnover that
allows for investing the carbon and nutrients in new
leaves at the top of the canopy (Oikawa et al., 2006;
Boonman et al., 2006; Selaya, 2007), or a longer leaf long-
evity, which could lead to a higher life-time carbon gain of
a leaf (see also Poorter, 1994; Westoby et al., 2000). Yet
measured at one point in time, the light capture per unit
mass will be higher for the former strategy.

Asymmetric competition implies that differences
between plants in relative growth rate will increase and
thus that size inequality increases (Weiner and Thomas,
1986; Weiner, 1990; Hara, 1992). Our finding that compe-
tition is not asymmetric suggests that the differences in fre-
quency between the dominant genotypes and the others will
not increase in this way, and thus that the dominant geno-
type is not able to exclude all other genotypes from the veg-
etation through differences in light capture (see also De
Kroon et al., 1992). Other, so far unknown factors may
be better able to explain the shifts in frequencies that
have occurred over 5 years. Competition for below-ground
resources, for example, has been shown to be asymmetric in
some cases (see Weiner and Thomas, 1986; Hikosaka and
Hirose, 2001). In addition asymmetry in growth results
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not only from asymmetry in resource acquisition but can
also be due to differences in resource-use efficiency and
herbivory levels.

In conclusion, the present data show that spatial niche
differentiation in light acquisition is not a factor that
could explain the possible coexistence between genotypes
in our study. Contrary to what is generally assumed,
however, the present data show that in these vegetation
stands of stoloniferous plants, competition for light
between individuals of the same species can be symmetric,
even if taller leaves capture disproportionately more light
per unit mass. The shifts in genotype frequency that
occurred in the present 5-year study can therefore not be
explained by differences in light-capture efficiency.
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