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Abstract

Aims: In agro-ecosystems, crop types, i.e., the crop species and its associated

agricultural practices, have been shown to influence the taxonomic as well as

functional composition of weed communities. However, the processes underly-

ing weed community assembly within a crop type are poorly understood, espe-

cially regarding the contributions of local factors and stochastic processes. In this

study, we investigate the effects of the crop type in shaping local weed commu-

nities.

Location: LTER Zone Atelier Plaine et Val de S�evre, an intensive cereal system

inwestern France.

Methods: We selected 105 fields of five crop types and investigated the func-

tional structure of weed communities for those traits that define the Leaf–

Height–Seed (L-H-S) strategy as well as phenological traits. We compared

the observed trait distribution to trait distributions expected under random

assembly. The trait distributions were described by the range, the community-

weighted mean and the dispersion of each trait, and simulated communities

were generated with a null model approach that randomizes the ‘spe-

cies 9 traits’ matrix to maintain equiprobable the occurrence of each trait com-

bination. The relationship between trait values and species abundance within

each community was investigated using Kendall rank correlation tests.

Results: Our results showed that, in ca. 90% of the fields, the functional diver-

sity of weed communities did not differ from what would be expected under

random assembly. Departures from random expectations essentially resulted

from shifts in weighted mean values for phenological traits. Weed communities

of sunflower, maize and spring pea had later onsets of emergence and flowering

than randomly expected. Communities of winter wheat had smaller species and

earlier onset of flowering, and communities from oilseed rape had a larger dura-

tion of the emergence period and earlier onset of flowering. In addition, we

found a positive significant relationship between species abundance and trait

values for phenology for spring pea, sunflower and maize, suggesting that spe-

cies with a later onset of emergence and flowering period have higher perfor-

mance in these weed communities.

Conclusions: At landscape scale, weed communities generally showed patterns

of functional diversity in accordance with those expected under random com-

munity assembly, except for phenological traits in spring and summer crops,

where patterns were rather consistent with environmental filtering.

Introduction

How plant communities assemble is one of the oldest ques-

tions in ecology. Its recent revival may be credited to the

neutral theory, which turns out to explain a surprising

range of complex patterns despite extremely simple mech-

anisms being involved, i.e., dispersal and demographic

stochasticity (Hubbell 2001; Alonso et al. 2006). Recently,

the consensus that has emerged among most community

ecologists is that niche-based and stochastic processes
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jointly affect community assembly (Chave 2004; Tilman

2004; Leibold & McPeek 2006). The neutral theory seems

to better explain species-rich community assembly where

stochastic processes (i.e., at the local scale, the stochastic

balance between immigration and extinction) are presum-

ably more important than competitive ability differences

among species (Hubbell 2001). In contrast, niche theory

considers that stabilizing niche differences and relative fit-

ness differences are essential to understand community

assembly at a fine scale, and better explains species-poor

communities (Chave 2004). However, species generally

interact in a network of local communities where spatial

dynamics can also affect their structure (Leibold et al.

2004). The metacommunity theory seeks to investigate

how spatial and local dynamics affect local species diversity

by altering local community processes that feed back to the

regional scale processes (Leibold et al. 2004). Among the

paradigms proposed in this theory, three take into account

the relative importance of dispersal and niche-based pro-

cesses, constituting special cases of species sorting (Wine-

gardner et al. 2012). Since the ‘patch dynamics’ paradigm

assumes homogeneous environmental conditions among

communities, hereafter we only consider the ‘mass effects’

and ‘species sorting’ paradigms. Under the ‘mass effects’

paradigm, dispersal predominates over local niche-based

processes, allowing poorly adapted species to persist

locally, whereas under the ‘species sorting’ paradigm, local

environmental conditions and interactions among species

represent the predominant factors.

In agro-ecosystems, the processes underlying weed

assembly remain to be established. Agro-ecosystems can

be seen as a mosaic of crop types characterized by specific

environmental conditions. Crop type, which refers to the

combination of the crop species and its associated manage-

ment practices, has been shown to strongly influence taxo-

nomic and functional aspects of weed communities

(Hallgren et al. 1999; Fried et al. 2008; Smith et al. 2008;

Gunton et al. 2011). Weed functional traits (seed weight,

canopy height and phenological traits) have been shown

to be related to sowing season or crop architecture, empha-

sizing the strong role of crop phenology in weed commu-

nity composition (Gunton et al. 2011). More generally,

specific weed traits have been identified and described as a

syndrome characterizing both rare and common species

responses to crop type characteristics (Storkey et al. 2010;

Fried et al. 2012). Together, these results suggest that crop

types exert a filtering effect that structures local weed com-

munities according to the species functional traits. More-

over, at the regional landscape scale, association between

variation in the composition of weed communities and

landscape structure suggests that dispersal processes can

have a large effect on weed communities (Gaba et al.

2010). In addition, weed communities usually display

classic species-abundance distributions, i.e., with few

abundant and numerous subordinate species (Dornelas

et al. 2009), a pattern that can be predicted from both neu-

tral and nichemodels (Chave 2004).

Weed community assembly can therefore result from (i)

stochastic dispersal and demographic processes, here con-

sidering no functional differences among species; or (ii) dif-

ferences in species’ performances in each set of given local

environmental conditions, thus considering both the biotic

and abiotic context (respectively, the competition with the

crop and local pedoclimatic conditions as well as agricul-

tural practices). Under the predominance of the first

scenario, no association is expected between patterns of

local species abundances and variations of functional traits.

Considering the second scenario, an association is expected

between the local abundances of species and their perfor-

mance-related functional traits. However, based on cur-

rent knowledge about the assembly of weed communities,

the weed community within a field can be viewed as the

result of the interaction between local filtering processes

due to biotic (competition with the crop) and abiotic fac-

tors (pedoclimatic conditions and agricultural practices),

and dynamics involving spatial dispersal (Petit et al. 2013)

and seed persistence in the seed bank (B�arberi et al. 1998).

This scenario takes into account the relative importance of

dispersal and niche-based processes. Under this third sce-

nario, the most abundant species have a range of response

trait values allowing them to persist and grow despite local

filtering, reflecting their adaptations to specific biotic and

abiotic local conditions. In contrast, the less abundant spe-

cies are those that display suboptimal trait values prevent-

ing the persistence of large populations, and their presence

is driven mainly by non-local factors, such as random dis-

persal and demographic processes.

Our aims in the present study were to assess (i) whether

crop types shape arable weed communities with regard to

their functional traits and cause non-random patterns in

the distribution of weed functional trait values among crop

types; and (ii) whether a relationship between trait values

and species abundances exists in these different crop types,

considering that local abundances reflect the success of

species in passing through the filtering effects of the local

environmental factors. First, to detect filtering processes

using a trait-based approach, we relied on a null model

approach (Stubbs & Wilson 2004), which required testing

for alternative null structure of community combined with

functional metrics describing the mean, the spread and the

range of the functional trait distributions (e.g., Mouchet

et al. 2010). Second, we investigated whether there was a

significant correlation between trait values and species

abundances within each community, following Cornwell

& Ackerly (2010). We investigated these two questions in

five annual crops (i.e., winter oilseed rape, winter wheat,
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spring pea, sunflower and maize) and analysed three

functional traits commonly used to define the Leaf–

Height–Seed (L-H-S) strategy scheme (Westoby 1998).

One of these traits is related to seed dispersal and establish-

ment, i.e., seed weight, whereas the two others are related

to plant performance (resource acquisition and competi-

tive ability). In addition, we analysed three phenological

traits, considered as important descriptors of weed commu-

nities in view of the recent literature (Storkey et al. 2010;

Gunton et al. 2011; Fried et al. 2012; Gaba et al. 2014).

Methods

Study site and farming practices

The survey was carried out in 2006, between 20 March in

winter oilseed rape and 8 June in sunflower, in an agricul-

tural landscape located in central-western France. The

study site is the LTER Zone Atelier Plaine et Val de S�evre

(http://www.zaplainevaldesevre.fr/), an intensive cereal

agro-ecosystem area (450 km2, 190 00 fields), located in

the Poitou-Charentes region, south Deux-S�evres district

(46.23°N, 0.41 W). Cereal crops are dominant (44.6% of

the cultivated area in 2011), in particular winter wheat

(39.6%), but winter oilseed rape, maize and sunflower also

constitute important annual crops (ca. 10–14% each).

Average annual precipitation is 890 mm and mean tem-

perature 6 °C in January and 18 °C in June. The regional

scale was chosen tominimize the possible influence of pre-

cipitation and temperature differences among localities

and to ensure relative homogeneity of soil conditions (i.e.,

mainly shallow, stony calcareous soils such as Rendzic

Leptosols; see Table 1 for details) while encompassing a

large number of farms corresponding to the diversity of

agricultural practices. The main crop sequence (65% of

fields; Table 1) can be summarized as ‘winter wheat – oil-

seed rape – winter wheat – sunflower’. The other crop

sequences were either based on maize (e.g., maize mono-

culture or dominance of maize in the crop sequence) or

contained a significant proportion of spring pea.

Weed sampling and species selection

Plant surveys were performed at least 3 wk after the last

herbicide treatment. Weeds were sampled in five different

crop types, which represent the diversity of conventional

agricultural practices, for a total number of 105 fields (i.e.,

21 fields per crop type): winter wheat (WW), winter

oilseed rape (OR), spring pea (SP), maize (MA) and sun-

flower (SU). Weed occurrence was sampled on an eight

arms, star-shaped sampling design. On each arm, four

4 m² (2 m 9 2 m) plots located at 4, 12, 38 and 60 m from

the centre of the star were sampled (see Gaba et al. 2010

for details). The outermost plot of the array was at least

5 m from any field margin. Thus all plots were located

within the core of each field. Presence–absence data

recorded in the 32 plots were cumulated to calculate

species frequency – ranging from 0 to 32 – at the field scale,

and considered as a reasonable proxy for the relative abun-

dance of each species in the following analyses.

Based on expert assessment (B. Chauvel pers. comm.),

we deleted woody plants and species specific to roadsides

that could have colonized arable fields from their margins

(i.e., 11 species). We excluded these species that are not

arable weeds per se. Four taxa known to be inconsistently

identified at the seedling stage were grouped at the genus

level and were assigned the trait values from the species

that is regionally the most common (i.e., Lolium multiflo-

rum,Mentha spicata, Panicum miliaceum, Valerianella locusta).

Temporary grassland species and volunteer crops were

retained. For each field, we calculated the species richness

and species evenness (Hill 1973; Table 1).

Functional traits

We chose several widely used vegetative (canopy height

and specific leaf area, hereafter SLA) and dispersal-related

reproductive traits (seed weight). These traits define the

L-H-S strategy scheme proposed by Westoby (1998), and

were shown to respond to different crop types and their

associated management practices (Gaba et al. 2014). SLA

is considered as a surrogate for plant ability to use light

efficiently, depending on its position relative to the crop

canopy (Storkey 2005), while canopy height characterizes

the ability to compete for light with neighbouring plants

and especially with crop individuals (Cudney et al. 1991).

Seed weight is related to dispersal, including colonization

and persistence capabilities (Moles & Westoby 2006). We

also selected three phenological traits: onset of emergence

period, onset of flowering period and duration of emer-

gence period. These traits determine the adequacy of the

weeds’ life cycle with the cultivation period of each crop

and their ability to escape from potentially destructive

farming practices such as herbicides (Storkey et al. 2010;

Gunton et al. 2011; Fried et al. 2012; Gaba et al. 2014).

Functional trait values were mainly retrieved from the

LEDA trait database (Kleyer et al. 2008). Trait values mea-

sured under arable field conditions when available in the

literature were added (Storkey 2005; Storkey et al. 2010).

Expert assessments were used to more precisely character-

ize phenological traits per a time step of 10 d. As the onset

of emergence period of weeds is related to sowing date of

crops, and given the differences between crop types, we

chose to code this phenological trait from the first 10 d of

September, the average date of emergence of oilseed rape

in the area (following the codification of Fried et al. 2012).

In the sameway, the onset of flowering is based on the first
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10 d of January. SLA values were not available for one

species among the 114 species observed in our study (Sily-

bum marianum); this species was thus removed from the

analyses.We applied a log10 transformation on seed weight

data in order to reach normality in distribution.

Comparisons of weed taxonomic community

composition among crop types

We compared the species pool of one crop type to the spe-

cies pool of each of the other four crop types with pair-wise

comparisons. The species pool for a given crop type was

composed of all the species found in the 21 fields of this

crop type. We used the Sørensen dissimilarity metric (for-

mula 1 – S8 in Legendre & Legendre 1998) and the Bray-

Curtis dissimilarity metric (formula 1 – S17 in Legendre &

Legendre 1998) to compute dissimilarity between species

pools based on species presence–absence or relative abun-

dance, respectively. A log(1 + x) transformation was

applied before Bray-Curtis calculation following Legendre

& Legendre (1998). The significance of the dissimilarity

among crop type species pools was analysed using a

randomization procedure, which maintains both species

richness and species abundance distribution per crop type

species pool. We generated 10 000 species pools per crop

type by randomly sampling species based on the combined

list of species observed in the two chosen pools. Then, for

each pair-wise comparison of the crop type species pools,

the observed dissimilarity was compared with the distribu-

tion of 10 000 dissimilarity values calculated for randomly

sampled species pools.We used a one-tailed direct test with

a significant threshold of P < 0.05, and applied a sequen-

tial Bonferroni adjustment to account for multiple

pair-wise comparisons (Holm 1979). Taxonomic dissimi-

larity metrics were computed using the package ‘vegan’

(http://cran.r-project.org/web/packages/vegan/) of the

software R 2.15.1 (R Foundation for Statistical Computing,

Vienna, AT).

Comparisons of functional traits distributions and

functional diversity among crop types

Weed community functional diversity was characterized

using the range, the mean (i.e., community-level weighted

mean, CWM; Garnier et al. 2004) and the spread (func-

tional dispersion index, FDis; Lalibert�e & Legendre 2010)

of the trait distribution. The comparisons of the five crop

types for each metric 9 trait combination were made with

a non-parametric Kruskal-Wallis test associated with a

post-hoc test for multiple pair-wise comparisons. All the

traits studied are quantitative. Functional metrics were

computed using the R package ‘FD’ (http://cran.r-project.

org/web/packages/FD/).

In order to test the potential unwanted effects of crop-

ping history and soil properties, we performed a prelimin-

ary single-trait linear model analysis on CWM and FDis

metrics for each trait. Model selection was based on AIC,

and sum to zero contrasts were applied to fit the model

(see App. S1 for further details). The analyses revealed a

highly significant effect of crop type for eight of the 12

‘metric 9 trait’ combinations, and no or only a marginal

effect of crop history and soil, respectively (App. S1). Lin-

ear models were performed using the R package ‘car’

(http://cran.r-project.org/web/packages/car/). In addition,

we tested for spatial autocorrelation among sites separately

for each diversity metric using Moran’s I statistic, available

Table 1. Field characteristics according to crop type. Pedology: major soil groups in the area based on World Reference Base for Soil Resources (1998).

Crop succession type: group of fields with a similar crop sequence based on the last 5 yrs. The main crop sequence can be summarized as a ‘winter

wheat – oilseed rape – winter wheat – sunflower’ sequence, and also includes more complex but less represented variants (e.g., one crop with a higher

return period). The other crop sequences were either based on maize (e.g., maize monoculture or dominance of maize in the crop sequence) or contained

a significant proportion of spring pea or, to a lesser extent, pluri-annual crops. For ‘pedology’ and ‘crop succession type’, numbers refer to the number of

relevant fields. Taxonomic metrics: for each crop and eachmetric, the mean and SD are given.

Oilseed Rape Winter Wheat Spring Pea Sunflower Maize

Pedology

Cambisols (Eutric to Hypereutric) 1 2 2 3 0

Cambisols (Calcaric and Hypereutric) 2 2 2 0 0

Fluvisols 1 2 0 1 5

Rendzic Leptosols 4 7 6 12 5

Rendzic Leptosols and Cambisols (Calcaric) 13 8 10 5 11

Crop Succession Type

Main Crop Sequence 19 14 8 18 5

Others 2 5 12 2 16

Taxonomic Metrics

Species Richness 15.76 (�4.49) 15.86 (�5.90) 18.71 (�6.66) 16.57 (�4.32) 15.43 (�6.82)

Species Evenness 0.48 (�0.09) 0.48 (�0.11) 0.49 (�0.10) 0.46 (�0.09) 0.48 (�0.08)

Total Species Richness 69 68 67 62 67
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in the R package ‘ape’ (http://cran.r-project.org/web/

packages/ape/).

Null model approach to test the filtering effect of the crop

type

For each field separately, 10 000 ‘species 9 traits’ matrices

were generated by randomizing trait values among all spe-

cies from the regional species pool. The regional species

pool corresponds to all species observed in at least one of

the fields. This null model procedure, also proposed by

Spasojevic & Suding (2012), ensures that each species

within the regional species pool was equally likely to act as

a functionally influential species in each null community,

corresponding to an equiprobable randomization. The

observed occurrences and abundances of species within

communities were fixed, while the trait values were ran-

domized, following the Tokeshi principle (Tokeshi 1986),

implying that every feature of the randomized data set

must be maintained, except the one which is the focus of

the test. The null model breaks the link between species

abundance and trait values within the community, follow-

ing the hypothesis that each crop type is characterized

through a community with trait values reflecting specific

local factors. We then calculated the range, the CWM and

the FDis for each randomized matrix. Significant differ-

ences between observed and randomized trait distributions

were based on the number of fields with metric values

lower or higher than expected under a random assembly

hypothesis using a two-tailed test with threshold P-values

of 2.5% and 97.5%.

Relationship between species abundance and trait

values

To test for a non-random association between trait values

and species abundance at the field scale, we computed a

Kendall rank correlation coefficient test for each field and

each trait separately. For each crop type, we compared the

Kendall’s correlation coefficients to the null expectation of

zero with a two-tailed one-sample Wilcoxon test, follow-

ing Cornwell & Ackerly (2010).

Results

Comparison of weed taxonomic community composition

among crop types

The number of species within the regional species pool

(105 fields) was 113. Species richness varied from five

to 31 species per field, and on average from

15.43 � 6.82 in maize to 18.71 � 6.66 in sunflower.

Evenness, on average 0.48 � 0.09, also varied slightly

among crop types (Table 1). There were no significant

differences among crop types in both species richness

and evenness based on Kruskal-Wallis non-parametric

comparisons (Table 1). In addition, no significant spatial

autocorrelation was detected for any of the 20 diversity

metrics used (two taxonomic metrics: species richness

and species evenness, and three functional metrics:

CWM, FDis and range, computed for each of six traits),

with the sole exception of CWM of the onset of emer-

gence period. Permutation tests on dissimilarity metrics

showed significant differences between all crop type

pairs, for both presence–absence and abundance data

(App. S2). Thus, the species pools that characterized

each crop type differed more in their composition than

expected by chance.

Comparisons of functional traits and functional diversity

among crop types

The CWM of all traits, except SLA, significantly differed

among crop types (Fig. 1), while only FDi values of the

onset and duration of emergence were significantly differ-

ent among crop types (Fig. 2). Moreover, the range of val-

ues also showed significant differences for the onset of

emergence and the onset of flowering period (data not

shown). The onset of flowering and emergence period

differed significantly between winter and summer crops –

spring pea having intermediate values (Fig. 1). In addition,

weed communities in maize showed a less variable onset

and duration of emergence period compared to other crop

types (Fig. 2), mainly because of the predominance of

spring germinating weed species.

Filtering effect of crop types

The comparison between the observed metrics and their

expectations under random assembly revealed 14.1%,

5.8% and 3.3% significant deviations, respectively, for

CWM, FDi and range (Table 2). The range was character-

ized by a lack of significant departure for all the traits

(Table 2, top), suggesting that all species from the regional

species pool can establish in all the crops, regardless of their

trait values. Few deviations from the null hypothesis were

observed for trait dispersion, i.e., FDis (Table 2, middle).

However, we observed trends of under-dispersion for seed

weight in winter wheat (24%, corresponding to five of 21

fields) and spring pea (19%) and for the onset of emer-

gence in maize (29%), and trends of over-dispersion in oil-

seed rape for the onset of flowering period (19%) and

duration of emergence period (19%). High deviations from

the hypothesis of random assembly were observed for the

CWM of the onset of emergence period (up to 90% in

maize) and for flowering period (around 40% in both sun-

flower and maize; Table 2, bottom). Deviations were also
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observed for the duration of the emergence period in oil-

seed rape, where species showed a longer period than

expected under the random assembly hypothesis (24%).

Few deviations of the CWMwere observed for L-H-S traits,

although smaller species tend to be more frequent in win-

ter wheat than expected under random sampling from the

regional species pool (24%).

Relationship between species abundance and trait

values

When a significant filtering effect by crop type was

detected, we expected that it primarily involved the most

abundant species, while the presence of the less abundant

species should be mainly explained through stochastic

ab b ab ab a

–0
.4

–0
.2

0.
0

0.
2

0.
4

0.
6

0.
8

Crop type

S
ee

d 
w

ei
gh

t (
lo

g-
tra

ns
fo

rm
at

io
n 

m
g)

**

OR WW SP SU MA

ab b a ab a

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

Crop type

C
an

op
y 

he
ig

ht
 (m

)

**

OR WW SP SU MA

25
30

35

Crop type

S
pe

ci
fic

 le
af

 a
re

a 
(m

m
² m

g–
1 )

n.s.

OR WW SP SU MA

bc c b ab a

8
10

12
14

16
18

20

Crop type

O
ns

et
 o

f f
lo

w
er

in
g 

(x
 1

0 
da

ys
)

***

OR WW SP SU MA

c c b ab a

5
10

15
20

25

Crop type

O
ns

et
 o

f e
m

er
ge

nc
e 

(x
 1

0 
da

ys
)

***

OR WW SP SU MA

a ab ab ab b

8
10

12
14

16

Crop type

D
ur

at
io

n 
of

 e
m

er
ge

nc
e 

(x
 1

0 
da

ys
)

**

OR WW SP SU MA

Fig. 1. Abundance-weighted means per trait split by crop type (n = 21). For each boxplot, the box was delimited by the interquartile values (25–75% lie

within the box), the median is indicated as a horizontal line in bold, while the minimum and maximum values of the distribution are shown as the whiskers.

Crop types are presented below as OR for oilseed rape, WW for winter wheat, SP for spring pea, SU for sunflower and MA for maize. Results of Kruskal–
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processes. Under this hypothesis, abundant species should

have distinct trait values. Trait values were significantly

correlated (either positively or negatively) with species

abundances for several crop types and traits (Fig. 3). Weed

communities in summer crops (i.e., sunflower and maize)

and spring pea showed a significant positive correlation,

both for the onset of emergence and flowering period

(Fig. 3). In these crop types, abundant species thus showed

a later onset of emergence and flowering than the other

species in the weed communities. In winter crops (i.e., oil-

seed rape and winter wheat), a significant relationship was

observed between onset of emergence and species abun-

dance (Fig. 3). Some relationships were also observed

for the L-H-S traits: a significant positive correlation with
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species abundance was detected for the seed weight in

spring pea and sunflower, and for SLA in sunflower and

maize, suggesting that these crop types promote species

with high values of these traits (Fig. 3).

Discussion

In this study, we aimed to detect (i) whether different crop

types shape different weed communities and (ii) whether

there is a relationship between trait values and species

abundance in these different crop types. Broad taxonomic

and functional patterns differences were observed between

crop types, in accordance with previous results (e.g., Gun-

ton et al. 2011). However, we only detected a few devia-

tions from the random patterns expected on the

hypothesis of random assembly of weed species among

crop types from the regional species pool. The largest pro-

portion of fields deviating from the random assembly

hypothesis was detected for phenological traits. Our study

also reveals that in spring and summer crops, the most

abundant species display a distinct range of trait values

compared to the less abundant species in the community.

These complementary results give insights in demonstrat-

ing the interactions between local weed communities due

to heterogeneity in the local environmental conditions

(i.e., crop type) and effects of dispersal in shaping weed

communities. The heterogeneous habitats provided by

crop types across the agricultural landscape may ensure

the regional coexistence of weed species with different

abilities to respond to the local factors (i.e., biotic interac-

tions with the crop and disturbances induced by agricul-

tural practices), while dispersal may promote local

coexistence by ensuring the maintenance of less competi-

tive species. Our results emphasize the important role of

both crop type and dispersal, rather in accordance with the

‘species sorting’ perspective of metacommunity theory,

sensu Leibold et al. (2004). However, multiple complex

scenarios could be envisaged on weed metacommunity

dynamics and diversity depending on the level of hetero-

geneity across the agricultural landscape, and further

investigations are needed to extend and strengthen our

results.

Effects of crop type on the functional diversity of weed

communities

Based on the null model approach, our results revealed

important differences in weed phenological traits among

crop types, highlighting the important role of the crop sow-

ing date in structuring taxonomic (Hallgren et al. 1999)

and functional (Gunton et al. 2011) weed communities.

In contrast, fewer differences between crop types were

observed for L-H-S traits, which are commonly used in

plant ecology studies in many environments (Garnier &

Navas 2012). In a previous study, L-H-S traits were shown

to differ widely between rare and common autumn-germi-

nating weeds (Storkey et al. 2010). Such differences were

also detected here, but to a lesser extent (Table 2). SLA is

commonly used in plant ecology to detect individual

response to environmental conditions, and considered as a

proxy of the rate and intensity of resource acquisition. Sur-

prisingly, we did not detect any differences in the mean,

diversity and range of SLA values among crop types based

on the null model approach. We suggest that considering a

unique fixed mean SLA value per species may be inappro-

priate, as a high intraspecific variation of SLA has been

reported (Pakeman 2013; Perronne et al. 2014), which

may allow weed species to respond to the particular envi-

ronment of different crop types. In the future, considering

the intraspecific variation of L-H-S and other traits under

field conditions would thus be useful to detect any non-

random weed assemblages. Nevertheless, non-random

patterns consisting in under-dispersion were observed for

Table 2. Number of significant deviations from the null model for the

functional assembly of weed communities. The values given are the num-

ber of fields showing a value of the metric (range, FDis or CWM) signifi-

cantly different from expected by assuming an independent relationship

between species abundances and species trait values. For FDis and CWM,

thresholds for significance were set at 2.5% (values lower than expected)

and 97.5% (values higher than expected) and indicated by ‘<’ and ‘>’,

respectively. For the range, only the number of fields showing lower values

than expected can be interpreted in terms of filtering process and are

given. Values in bold indicate significant trends over > 15% of fields.

Metric 9 Trait

Combination

Crop Type

Metric Trait OR WW SP SU MA

Range log (SW) 3 1 0 0 1

CH 2 2 1 2 2

SLA 2 0 0 0 0

OFP 0 0 0 0 0

OEP 1 2 0 0 0

DEP 0 0 0 0 2

FDis log (SW) 2 (<) 5 (<) 4 (<) 0 0

CH 1 (<) 2 (<) 0 0 1 (>)

SLA 2 (<) 1 (>) 0 0 0

OFP 4 (>) 0 0 0 0

OEP 1 (<) 1 (<) 0 1 (<) 6 (<)

DEP 4 (>) 1 (>) 1 (<) 0 0

CWM log (SW) 1 (>) 0 1 (>) 1 (>) 1 (>)

CH 1 (<) 5 (<) 0 0 0

SLA 1 (<) 1 (>) 0 0 1 (>)

OFP 5 (<) 5 (<) 2 (>) 8 (>) 9 (>)

OEP 1 (<) 1 (<) 7 (>) 11 (>) 19 (>)

DEP 6 (>) 1 (>) 0 1 (>) 0

OR, oilseed rape; WW, winter wheat; SP, spring pea; SU, sunflower; MA,

maize. SW, seed weight; CH, canopy height; SLA, specific leaf area; OFP,

onset of flowering period; OEP, onset of emergence period; DEP, duration

of emergence period.
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seed weight in winter wheat and spring pea, which is con-

sistent with some observations in other disturbed environ-

ments (e.g., Franz�en 2004). Similarly, our analysis

revealed a higher proportion of small weeds (lower canopy

height) in winter wheat. This is consistent with the exis-

tence of a ‘winning’ trait combination in winter wheat,

consisting of fast-growing, small-sized plants (Fried et al.

2012).

Significant responses of phenological traits to crop type

have been highlighted in our study, in accordance with

Gunton et al. (2011), who showed high correlations

between crop sowing dates and weed phenology. This

probably explains the non-random patterns of weed emer-

gence in the two summer crops considered here, sunflower

and maize, whose communities are dominated by spring-
emerging weeds, especially their most abundant species.

By contrast, in oilseed rape fields, weeds are evenly divided

into autumn- and spring-germinating species, including

several fast-growing environmentally independent flower-

ing weeds; this may explain the tendency towards over-

dispersion of phenological trait values in this crop type.

The fact that the emergence period represents the main

environmental filter of community assembly has also been

highlighted in other studies focusing on communities

dominated by annual species (Crawley 2004; Smith 2006).

Although potentially relevant, this phenological trait has

rarely been considered in more stable environments.

In conclusion, significant deviations were detected for
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phenological traits, but rarely for L-H-S traits, which sug-

gests a local filtering of phenological traits but not on L-H-

S, and questions the relevancy of L-H-S for studying weed

response to crop type.

Effect of the interaction between local factors and

dispersal on functional patterns

Weed communities are composed of a few abundant and

numerous subordinate species (e.g., Dornelas et al. 2009).

We hypothesized that local weed diversity was the result

of the interaction between local filtering processes and

spatio-temporal regional dynamics, under a metacommu-

nity concept. We further hypothesized that spatio-tempo-

ral dynamics has a dominant effect on species occurrence,

while local processes mainly act on their relative abun-

dance. We therefore predicted a shift in trait values

between the most abundant species and other species in

the community, leading to a significant relationship

between trait values and species abundance. Our hypoth-

esis was mainly supported in three of the five crop types

(spring pea, sunflower and maize). In these crop types,

the most abundant species exhibited a distinct range of

phenological and some L-H-S trait values compared to the

other species, a result also in agreement with recent analy-

ses (Fried et al. 2009, 2012; Storkey et al. 2010). The sig-

nificant positive correlations observed for seed weight in

spring pea and sunflower does not support a link between

spatial dispersal ability and local abundance. Rather, it

suggests some filtering acting on the success of the estab-

lishment phase and initial growth of weeds in these crops,

for instance by allocating more resources to roots early in

the season (Storkey et al. 2010). In addition, the more

abundant species in sunflower and maize crops were those

with higher SLA values. A main finding of our study is

that much clearer patterns were obtained for phenological

traits than for other traits. More specifically, abundant

species exhibited an onset of emergence period close to

the sowing date of the summer crops in the study area

(early April and mid-April, respectively). This, together

with the significant shift in CWM values observed in com-

parison with a null model, strongly suggests that the prin-

cipal environmental filter set by summer crops is on the

adequate time for emergence. In these crop types, two

processes seem to interact: habitat filtering, for which the

most abundant species positively respond, and stochastic

processes that allow less abundant species to settle and

grow in the fields. In the two winter crops (i.e., winter

wheat and oilseed rape), our results showed a high varia-

tion from field to field in the mean trait values of the weed

communities (Fig. 1), and also a high variation in trait val-

ues among species within a field, irrespective of their

abundance. Low similarity between weed communities in

winter wheat fields has previously been noticed in the

same cropping area (Gaba et al. 2010). In Gaba et al.

(2010), the effects of landscape composition and field size

were shown to affect weed diversity, suggesting an impor-

tant role of weed dispersal. Spatial dispersal was also

shown to contribute to maintaining species richness at

local and landscape scales (Poggio et al. 2010). The pre-

dominantly random patterns observed in winter wheat

and oilseed rape seemed to corroborate this hypothesis. In

addition, both the seed bank – known to act as a buffer

memory of past infestations (B�arberi et al. 1998) and crop

sequence (Bohan et al. 2011) – and the abilities of several

cohorts to grow during the long cultivation period of win-

ter crops may also partially explain the high trait variabil-

ity among fields.

Conclusions and prospects

Our results suggest that the assembly of weed communi-

ties in different annual crops at the regional landscape

scale is determined by the interaction between local fac-

tors (i.e., the local environment defined by the crop itself

and associated farming practices) and spatio-temporal

dynamics. In the majority of the weed communities, the

patterns of functional diversity were consistent with those

resulting solely from stochastic processes, independent of

trait values. However, strong evidence for trait-based fil-

tering was detected in spring and summer crops for phe-

nology-related traits when the relationship between local

abundance and trait values was examined. These results

emphasize the interplay between local processes (i.e.,

crop type) and spatio-temporal dispersal. Since these

results were established using fixed functional trait values

retrieved from existing databases, further studies should,

however, consider the intraspecific trait variability, which

is important for several traits including L-H-S traits, and

may reveal adaptations of weed plants to environmental

conditions (Perronne et al. 2014). The inclusion of intra-

specific variability in null models has proven its useful-

ness in detecting the effects of filtering processes (Jung

et al. 2010; Siefert 2012). Moreover, in order to more

explicitly take into account the performance of weed spe-

cies in different environments, number of individuals, rel-

ative cover or biomass production could be more reliable

indicators than the proxy of abundance used in the pres-

ent study. Finally, to better determine the relative contri-

bution of local, spatial and temporal processes on the

observed compositional differences of weed communities,

it would be helpful to investigate the effects of local biotic

(mainly weed–crop competition for resources) and abiotic

factors (e.g., herbicide pressure and other farming prac-

tices), while monitoring both seed bank dynamics and

seed spatial dispersal.
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