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Abstract In naturally colonised species-rich grassland
communities, we examined the properties of a plant’s
aboveground neighbourhood that affect its performance
(aboveground biomass). To this end a range of neigh-
bourhood parameters were measured: number, biomass
and species richness of the neighbours, number and
biomass of the conspecific neighbours, and light avail-
ability at the base of the target plant. We also deter-
mined at which neighbourhood size the strongest target
plant-neighbour interactions occurred, and whether
conspecific neighbours affected competitively stronger or
weaker target species differently. Target plant perfor-
mance varied with target identity, and was significantly
affected by light availability and the number of neigh-
bouring plants (neighbourhood density). Depending on
the target species, there was also an effect of total
neighbour biomass on plant performance. The target
plants were most strongly affected by their neighbours
within a 3-cm distance, which could account for 78% of
the variance in target biomass. Number or biomass of
the conspecific neighbours did not contribute to the
explanation of target performance in any of the target
species. Whereas in an 8-cm neighbourhood the amount
of light penetration was the strongest predictor of target
performance, the number of neighbours was more
important in a 3-cm neighbourhood. These experimental
results might be useful to extend existing neighbourhood
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Introduction

The neighbourhood approach to analysing plant com-
petition was pioneered by Mack and Harper (1977) and
involves relating the performance of an individual target
plant to the number, biomass, cover, aggregation, or
distance of the neighbouring species. In most neigh-
bourhood studies (e.g. Gates 1980; Waller 1981; Weiner
1982; Watkinson et al. 1983; Goldberg 1987) a small
number of neighbourhood characteristics are examined
for few target species, mostly grown in monocultures or
two-species mixtures under artificial conditions in
greenhouses. Silander and Pacala (1985) improved this
approach by trying to assess the relative importance of
different neighbourhood parameters as well as the size of
a plant’s neighbourhood based on the number of
neighbours. However, in order to achieve a detailed and
complete understanding of neighbourhood competition
in relation to spatial scale, multiple neighbourhood
parameters measured over several distances need to be
studied simultaneously in multi-species communities.

Some well-known determinants of plant competition
are neighbour number (density) and biomass, which
both negatively affect plant performance due to in-
creased competition for light, nutrients and water (Julita
and Grace 2002; Barot 2004; Milbau et al. 2005a). A
high species-richness of neighbours might lead to com-
plementary resource use (Wardle 2001), which could
increase the amount of resources consumed by the
neighbours, and thus decrease the amount left available
to the target plant (Foster et al. 2002; Fridley 2003).
Target performance would therefore also decrease as
the species-richness of the neighbouring community
increases.



Little is known about the size of a plant’s neigh-
bourhood in which most of these plant-neighbour
interactions occur. Although competition is primarily
local, more distant belowground neighbours are most
likely to be important (Molofsky 1999; Casper et al.
2003). Additionally, recent research on plant competi-
tion has indicated that intraspecific competition affects
weaker and stronger competitors differently. Stoll and
Prati (2001) and Monzeglio and Stoll (2005) found that
weaker competitors (those species with the lowest bio-
mass) increase their fitness when grown in the neigh-
bourhood of conspecifics, while stronger competitors are
suppressed. This implies that the spatial arrangement of
plants in a community can be an important determinant
of species performance and coexistence.

A previous experiment (Milbau et al. 2005b) gave us
the opportunity to examine plant-neighbour interac-
tions with different neighbourhood sizes in recently
colonised species-rich grassland communities after a se-
vere disturbance. In the current study we address the
following questions:

1. What properties of a plant’s neighbourhood affect its
performance?

2. How big is a plant’s neigbourhood?

3. Does intraspecific competition affects stronger and
weaker competitors differently?

Materials and methods
Colonisation of the containers

One hundred and forty-four containers
(20 x 15 x 14.5 cm deep) containing the remains of
plant communities that were previously exposed to se-
vere heat and drought (Milbau et al. 2005b), were placed
in species-rich grassland to be colonised over almost a 1-
year period (summer 2003 to summer 2004). In the
previous experiment these containers had been planted
with monocultures of eight different grass species (18
containers per species; 30 plants per container) and were
subsequently exposed to a simulated heat wave (infrared
irradiation) in the field. At the end of the experiment
most plants had died, with 77% of the containers con-
taining less than five surviving plants.

On 8 September 2003 the containers were randomly
placed in a closed array in species-rich grassland. After
winter, survivorship of the original monocultures had
further decreased and new plants were allowed to
establish from seed. On 19 July 2004, at the peak of the
growing season, a vegetation survey was carried out on
all containers to determine the number of colonising
species and individuals. One thousand eight hundred
and nine new plants had established, belonging to 19
species. The most abundant colonisers were: Trifolium
repens L., Holcus lanatus L., Juncus bufonius L., Agrostis
tenuis Sibth., Poa annua L., Achillea millefolium L., Poa
trivialis L. and Sonchus asper (L.) Hill. Except for J.
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bufonius, all species were common in the surrounding
vegetation. Because grasses were the most abundant, the
four most frequent grass species (A. tenuis, H. lanatus, P.
annua, and P. trivialis) were chosen as target species for
the neighbourhood experiment. For each target species,
containers of different previous monocultures were
chosen in which a target plant was located near the
centre. Only containers with less than five surviving
monoculture plants were selected, on condition that
those survivors were positioned outside the study area of
8 cm around the target plant. For A. tenuis, H. lanatus,
P. annua and P. trivialis 22, 23, 14 and 13 containers
respectively were selected for the neighbourhood exper-
iment.

Neighbourhood experiment

On 4 and 5 August 2004, in each container the target
individual was cut, its position (centre of the plant)
marked on transparency paper, and its standing above-
ground biomass (hereafter ‘‘target performance”)
determined after oven-drying for 48 h at 75°C. After
removing the target, the extent to which it was shaded by
its neighbours was estimated by measuring photosyn-
thetic photon flux density (PPFD) above the canopy and
at the centre of the target at 2 cm above the soil surface,
yielding percentage light penetration (hereafter “light
availability’). To this end, a small quantum sensor with
a gallium arsenide photodiode (Pontailler 1990) was
used, attached to a thin metal rod. Subsequently all
neighbouring plants within 8 cm of the target plant were
identified, their standing biomass measured, and their
position within the circle measuring 16 cm in diameter
noted. Marks on transparency paper allowed us to
measure the axes connecting the centre of the target
plant to those of its neighbours.

Analyses

Prior to the planned analyses, we checked the data for
possible remainder effects from the drought experiment.
An ANOVA with target performance as dependent
variable, target identity and original monoculture iden-
tity as fixed factors, and survival of the drought exper-
iment as covariable showed no history effect
(monoculture identity or survival) of the containers on
target performance (P > 0.05 in all cases). There was
only an (expected) significant effect of target identity on
target biomass (F34, = 22.189, P < 0.001).

From the raw data we calculated the number, the
species richness, and the total biomass of neighbouring
plants within neighbourhoods of different radii (2, 3, 4,
5,6, 7 and 8 cm from the target plant). Also, the number
and total biomass of conspecific neighbours within
the specified radii were determined. This allowed us to
explore which radius gave the best fit for predicting
target performance from the observed neighbourhood
parameters.
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As a first step, we determined which neighbourhood
parameters significantly affected target plant perfor-
mance in an §-cm neighbourhood. To this end we per-
formed a multiple regression with a stepwise removal
procedure (F, = 4, Fyo, = 3.9; Glantz and Slinker
2001). The independent variables used were the mea-
sured neighbourhood parameters from the 8-cm radius
(number, biomass and species richness of all neighbours;
number and biomass of conspecific neighbours; light
availability), three dummy variables to encode target
identity (“‘effects coding” method: T4, = 1 if species A.
tenuis, T4, = —1 if species P. trivialis, T4, = 0 other-
wise; Ty, = 1 if species H. lanatus, Ty; = —1 if species
P. trivialis, Ty; = 0 otherwise; Tp, = 1 if species P.
annua, Tp, = —1 if species P. trivialis, Tp, = 0 other-
wise; Glantz and Slinker 2001), and all species by
neighbourhood parameter interactions. Effects coding
provides a means by which n-way analysis of variance
problems can be addressed using multiple regression. We
used it because it produces results that are immediately
comparable with standard ANOVA procedures when
interactions are included. With effects coding, the
intercept is equal to the grand mean of the dependent
variable and each regression coefficient represents devi-
ations from the grand mean, thereby reflecting a treat-
ment effect (Pedhazur 1997). Only data from the 8-cm
radius were used, because we would not be able to
interpret the results if the neighbour parameters of all
radii and their interactions were included in one analy-
sis.

As a second step, we tried to determine the neigh-
bourhood size in which the strongest target-neighbour
interactions occurred. To this end a multiple regression
with stepwise removal was performed with only the
variables that were retained in the first model, but now
the values from each radius were used. Again all species—
parameter interaction terms were added.

Target biomass was log;o-transformed and percent-
age of light penetration was arcsine transformed to im-
prove linearity of the relationships and normality of the
residuals. Statistical analyses were performed with SPSS
13.0 (SPSS, Chicago, IL, USA).

Results

What properties of a plant’s neighbourhood affect its
performance?

The four species differed in their overall performance. 4.
tenuis reached the highest aboveground biomass of
1.72 ¢ plant™', followed by H. lanatus with 0.70 g
plant™! and P. anuua with 0.34 g plant™'. P. trivialis,
with an average of 0.11 g plant™', showed the lowest
performance. In the 8-cm neighbourhoods, target per-
formance was significantly affected by target identity (in
A. tenuis biomass was higher, and in P. trivialis lower
than overall average target biomass), light availability
(positive influence), and the number of neighbours
(negative influence; Table 1). There were also significant
interactions between target identity and the number of
neighbours and between target identity and neighbour
biomass, indicating that both the effects of neighbour
number and neighbour biomass depended on target
species (see Fig. la for neighbour biomass). This
regression model explained 66% of the variance in target
performance and was highly significant (Fs5¢4 = 25.044,
P < 0.001). According to the tolerance values there
were no problems with multicolinearity (tolerance sta-
tistics all far above 0.2; Menard 1995). Neighbour bio-
mass (main effect), species richness, and the number and
biomass of conspecific neighbours did not significantly
contribute to the regression model.

How big is the plant’s neighbourhood?

A second stepwise multiple regression was performed
with the values from each radius (2, 3, 4, 5, 6, 7 and
8 cm) for the neighbourhood parameters retained from
the first model, to determine the neighbourhood size in
which the neighbourhood parameters most strongly af-
fected target performance. The variables kept in the best
model were the dummy variable 74, light availability,
the number of neighbours within 3 cm, and two species

Table 1 Results of stepwise multiple regression with target biomass as dependent variable and as independent variables: target species
(encoded by three dummy variables: T4, T; and Tp,); number, biomass, and species richness of the neighbours within 8 cm of the target;
number and biomass of the conspecific neighbours within 8 cm; light availability and all interactions with target species

Source of variation Unstandardised Standardised t P Tolerance
coeflicients coefficients
(Constant) —1.181 - —4.251 < 0.001 -

4 0.301 0.267 2.198 0.032 0.357
Light availability 0.462 0.302 3.982 < 0.001 0.919
Number of neighbours (8 cm) —0.046 —0.230 —-2.921 0.005 0.856
T X number (8 cm) 0.027 0.247 3.057 0.003 0.809
T4, X biomass (8 cm) 0.040 0.236 2.080 0.042 0.411

The variables retained in the model are shown with their coefficients, significance and tolerance
Dummy variables: Ta, = 1 if species 4. tenuis, Ta, = —1 if species P. trivialis, T4, = 0 otherwise; Ty, = 1 if species H. lanatus,
Ty = —1 if species P. trivialis, Ty; = 0 otherwise; Tp, = 1 if species P. annua, Tp, = —1 if species P. trivialis, Tp, = 0 otherwise
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Fig. 1 Relationships between target performance and the biomass
of all neighbours within a 8 cm and b 3 cm of the target plant, for
the four target species

by neighbour biomass (3 cm) interaction terms (Ta-
ble 2). This model explained 78% of the variation in
target performance (Fsgq = 44.332, P < 0.001). Simi-
lar to the first model, performance increased with light
availability, and A4. tenuis and P. trivialis had respec-
tively a higher and a lower biomass than the overall
average. The number of neighbours affected target per-
formance the most in a 3-cm radius neighbourhood,
which was also found for neighbour biomass, but the

Table 2 Results of stepwise multiple regression with target biomass
as dependent variable and as independent variables: T, light
availability, number of neighbours (for the different radii: 2-8 cm),
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nature of the latter effect depended on target species.
According to Table 2, performance of H. lanatus in-
creased with neighbour biomass (0.259 x (+1) +
(—0.158) x 0), whereas the influence was negative in P.
annua (0.259 x 0 + (—0.158) x (+1)) and P. trivialis
(0.259 x (—1) + (—0.158) x (—1)), and not significant
in A. tenuis (0.259 x 0 + (—0.158) x 0) (see also
Fig. 1b). The positive effect of neighbour biomass on H.
lanatus might be due to facilitation, which is extremely
common in plant communities (Cheng et al. 2006).
Comparison of the standardised regression coeffi-
cients for the 8- and 3-cm neighbourhoods (Tables 1, 2)
suggests that the relative importance of the different
parameters in determining target performance changes
with neighbourhood size. In the 8-cm neighbourhood
light availability had the largest standardised regression
coefficient, indicating that changes in this parameter
have the largest effect on target performance. On the
other hand, in the 3-cm neighbourhood the number of
neighbours was the most important determinant of
performance, followed by target species (7 4,).

Does intraspecific competition affect stronger
and weaker competitors differently?

Neither number nor biomass of conspecific neighbours
was retained in our first regression model. This implies
that number and biomass of all neighbouring plants
together were more important in determining target
performance than number and biomass of only the
conspecific neighbours. In addition, no significant
interactions between number or biomass of conspecific
neighbours and target species were observed, indicating
that the influence of conspecific neighbours did not differ
among the target species.

Discussion

What properties of a plant’s neighbourhood affect
its performance?

The results from our pot experiment showed that most
(almost 80%) of the variation in individual plant per-

target species (T 4;, Ty and Tp,) X number of neighbours (2-8 cm),
and target species (T4, Ty and Tp,) X neighbour biomass (2—
8 cm)

Source of variation Unstandardised coefficients Standardised coefficients T P Tolerance
(Constant) —1.120 - -5.579 < 0.001 -

T4 0.464 0.412 6.232 < 0.001 0.802
Light availability 0.403 0.264 4.232 < 0.001 0.902
Number of neighbours (3 cm) —0.163 —0.414 —6.305 < 0.001 0.811

T X biomass (3 cm) 0.259 0.403 4.810 < 0.001 0.500

Tp, X biomass (3 cm) —0.158 -0.219 —2.538 0.014 0.472

The variables retained in the model are shown with their coefficients, significance and tolerance. T 4;, Ty and Tp, are dummy variables to

encode target species
Dummy variables: 7y, = 1 if species A. tenuis, T4, =

—1 if species P. trivialis, T4, = 0 otherwise; Ty, = 1 if species H. lanatus,

Ty = —1 if species P. trivialis, Ty; = 0 otherwise; Tp, = 1 if species P. annua, Tp, = —1 if species P. trivialis, Tp, = 0 otherwise



246

formance in young, species-rich grassland communities
could be explained by target identity, light availability,
neighbour number and neighbour biomass (the latter
depending on the species). These characteristics were
more important than the parameters that represent the
identity of the neighbours (neighbour species richness
and number and biomass of the conspecific neighbours).
The retained parameters are all rather easy to measure
and might be used to extend neighbourhood competition
models for one species (e.g. Molofsky 1999; Purves and
Law 2002) to multi-species models.

The number of neighbours within a certain distance
from the target (or neighbour density) negatively influ-
enced target performance, and this characteristic became
relatively more important in a smaller neighbourhood
(see standardised regression coefficients). Because
neighbour number was not correlated with light avail-
ability (data not shown) and because there was no water
shortage during the experiment, we might suppose that
the negative effect of neighbour number on target per-
formance worked at least partly through increased
competition for soil nutrients. This result supports the
idea that in this system competition for soil resources
might be stronger than competition for light (Casper
and Jackson 1997), especially on a small neighbourhood
scale.

A possible explanation why species richness was not
retained in the regression model is that the effects of this
parameter on target plants are indirect (Milbau and Nijs
2004), which makes it a less important predictor. For
example, high neighbour richness might reduce target
performance by means of reduced light availability, be-
cause diverse communities absorb more light through
better three-dimensional space filling and greater bio-
mass (Spehn et al. 2000; significant negative correlations
between species richness and light in the 4-, 5- and 6-cm
neighbourhoods, data not shown). High species richness
might also indirectly reduce target performance by
affecting nutrient availability through complementarity
for resource use (Dukes 2001).

Most of the variation in target performance was ac-
counted for by the measured neighbourhood character-
istics. However, other factors such as variation in
emerging time and initial size (Wyszomirski et al. 1999;
Weigelt et al. 2002), genetic differences among individ-
uals and environmental heterogeneity (Fowler 1984)
could be incorporated into the model to achieve a more
accurate description of the effects of neighbourhoods on
plant performance.

How large is the plant’s neighbourhood?

In our experiment, target performance was best pre-
dicted by neighbourhood characteristics measured
within 3 cm of the target plant. Comparable results were
obtained by Mack and Harper (1977) and by Silander
and Pacala (1985), who found that radii of 2 and 5 cm
respectively gave the best fit for their competition

models. The neighbourhood sizes in spontaneously col-
onised communities thus seem to be comparable with
the neighbourhood sizes observed in studies with artifi-
cially constructed communities or monocultures. Be-
cause plants interact primarily with close neighbours, we
would even expect a better prediction in a 2-cm neigh-
bourhood. A possible explanation for the relatively
small size of the best neighbourhood radius for pre-
dicting plant performance is that neighbours located
more than 3 cm from the target plant may on average
have a net positive effect on that plant by depressing the
growth of the closer neighbours (Silander and Pacala
1985). Neighbour number and biomass became rela-
tively less important in a larger neighbourhood, in which
a larger part of the variation in target performance was
explained by light availability. This suggests that target
plant—neighbour interactions become less intense as the
distance between them increases. Similar results are
found in studies on belowground zones of influence (e.g.
Casper et al. 2003), in which the probability of resource
uptake or competitive interaction with a particular
neighbour declines with distance from the stem, al-
though considerable uptake at great distances from the
stem is still possible.

Does intraspecific competition affect stronger
and weaker competitors differently?

Whereas the total number and total biomass of the
neighbouring plants significantly affected target per-
formance, no significant effects were found if only the
conspecific neighbours were considered. Also, the
interaction terms (target species X number of conspe-
cifics; target species X biomass of conspecifics) were
not retained, so our data do not confirm the hypoth-
esis, based on Stoll and Prati (2001) and Monzeglio
and Stoll (2005), that conspecific neighbours have a
negative effect on stronger competitors and a positive
effect on weaker competitors. However, because our
experiment was not specifically designed to study the
role of conspecifics, we could not separate the effect of
more or less conspecific neighbours from the effect of
more or less neighbours in total. So, a possible effect
of the conspecific neighbours might have been blurred
by the covariation of total neighbour number with
number of conspecifics (data not shown) and remained
undetected. Nevertheless, in our analyses neighbour
density (and neighbour biomass) seem to prevail over
the conspecific parameters in determining target plant
performance, suggesting that the effect of conspecifics
was indeed relatively unimportant in recently colonised
grassland communities.

In conclusion, we demonstrated that individual plant
performance in young, species-rich grassland commu-
nities could be well explained by easily measurable
parameters (target identity, light availability, number
and biomass of all neighbours within a 3-cm distance).
The influence of the conspecifics seemed to be of minor



importance compared with the overall neighbour density
and biomass. The neighbourhood in which the strongest
target—neighbour interactions occurred was small (3-cm
radius), with neighbour density being the strongest
predictor of target performance.

Acknowledgements This research was supported by the Belgian
Federal Science Policy Office, under the programme Global
Change, Ecosystems and Biodiversity.

References

Barot S (2004) Mechanisms promoting plant coexistence: can all
the proposed processes be reconciled? Oikos 106:185-192

Casper BB, Jackson RB (1997) Plant competition underground.
Ann Rev Ecol Syst 28:545-570

Casper BB, Schenk HJ, Jackson RB (2003) Defining a plant’s
belowground zone of influence. Ecology 84:2313-2321

Cheng D-L, Wang G-X, Chen B-M, Wei X-P (2006) Positive
interactions: crucial organizers in a plant community. Plant Biol
48:128-136

Dukes JS (2001) Productivity and complementarity in grassland
microcosms of varying diversity. Oikos 94:468-480

Foster BL, Smith VH, Dickson TL, Hildebrand T (2002) Invasi-
bility and compositional stability in a grassland community:
relationships to diversity and extrinsic factors. Oikos 99:300—
307

Fowler NL (1984) The role of germination date, spatial arrange-
ment, and neighbourhood effects in competitive interactions in
Linum. J Ecol 72:307-318

Fridley JD (2003) Diversity effects on production in different light
and fertility environments: an experiment with communities of
annual plants. J Ecol 91:396-406

Gates DJ (1980) Competition between two types of plants with
specific neighbor configurations. Math Biol Sci 48:195-209

Glantz SA, Slinker BK (2001) Primer of applied regression and
analysis of variance, 2nd edn. McGraw-Hill, New York

Goldberg DE (1987) Neighbourhood competition in an old-field
plant community. Ecology 68:1211-1223

Julita HM, Grace JB (2002) Effects of disturbance on germination
and seedling establishment in a coastal prairie grassland: a test
of the competitive release hypothesis. J Ecol 90:291-302

Mack R, Harper JL (1977) Interference in dune annuals: spatial
patterns and neighbourhood effects. J Ecol 65:345-363

247

Menard S (1995) Applied logistic regression analysis. Sage uni-
versity paper series on quantitative applications in the social
sciences. Sage, Thousand Oaks,pp 7-106

Milbau A, Nijs I (2004) The role of species traits (invasiveness) and
ecosystem characteristics (invasibility) in grassland invasions: a
framework. Weed Technol 18:1301-1304

Milbau A, Nijs I, De Raedemaecker F, Reheul D, De Cauwer B
(2005a) Invasion in grassland gaps: the role of neighbourhood
richness, light availability and species complementarity during
two successive years. Funct Ecol 19:27-37

Milbau A, Scheerlinck L, Reheul D, De Cauwer B, Nijs I (2005b)
Ecophysiological and morphological parameters related to
survival in grass species exposed to an extreme climatic event.
Physiol Plant 125:500-512

Molofsky J (1999) The effect of nutrients and spacing on neighbour
relations in Cardamine pensylvanica. Oikos 84:506-514

Monzeglio U, Stoll P (2005) Spatial patterns and species performances
in experimental plant communities. Oecologia 145:619-628

Pedhazur EJ (1997) Multiple regression in behavioural research,
3rd edn. Harcourt Brace, Orlando

Pontailler JY (1990) A cheap quantum sensor using a gallum
arsenide photodiode. Funct Ecol 4:591-596

Purves DW, Law R (2002) Experimental derivation of functions
relating growth of Arabidopsis thaliana to neighbour size and
distance. J Ecol 90:882-894

Silander JA, Pacala SW (1985) Neighborhood predictors of plant
performance. Oecologia 66:256-263

Spehn EM, Joshi J, Schmid B, Diemer M, Ko&rner C (2000)
Aboveground resource use increases with plant species richness
in experimental grassland ecosystems. Funct Ecol 14:326-337

Stoll P, Prati D (2001) Intraspecific aggregation alters competitive
interactions in experimental plant communities. Ecology
82:319-327

Waller DM (1981) Neighborhood competition in several violet
populations. Oecologia 51:116-122

Wardle DA (2001) Experimental demonstration that plant diversity
reduces invasibility—evidence of a biological mechanism or a
consequence of sampling effect? Oikos 95:161-170

Watkinson AR, Lonsdale WM, Firbank LG (1983) A neighbor-
hood approach of self-thinning. Oecologia 56:381-384

Weigelt A, Steinlein T, Beyschlag W (2002) Does plant competition
intensity rather depend on biomass or on species identity? Basic
Appl Ecol 3:85-94

Weiner J (1982) A neighbourhood model of annual-plant inter-
ference. Ecology 63:1237-1241

Wyszomirski T, Wyszomirska I, Jarzyna 1 (1999) Simple mecha-
nisms of size distribution dynamics in crowded and uncrowded
virtual monocultures. Ecol Model 115:253-273



	Factors determining plant--neighbour interactions on different spatial scales in young species-rich grassland communities
	Abstract
	Introduction
	Materials and methods
	Colonisation of the containers
	Neighbourhood experiment
	Analyses
	Results
	What properties of a plant rsquo s neighbourhood affect its performance? 
	How big is the plant rsquo s neighbourhood? 
	Tab1
	Does intraspecific competition affect stronger and weaker competitors differently?
	Discussion
	What properties of a plant 's neighbourhood affect its performance? 
	Fig1
	Tab2
	How large is the plant 's neighbourhood?
	Does intraspecific competition affect stronger and weaker competitors differently?
	Acknowledgements
	References
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


