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Landscape effects on arable weed communities have mainly been studied in areas dominated by intensive
agricultural land use, while less attention has been paid to the same effects in cultivated fields close to the
rural-urban interface. Our objective was to assess the effects of ongoing agricultural land abandonment
and urban sprawl on arable weed communities since this is a widespread phenomena in Mediterranean
landscapes.

Weeds were sampled at three different distances (5, 10, 15m) from the field margin in 21 maize
fields located within a 75 km? area in Liguria and Tuscany, Italy. Species were aggregated in functional
response groups based on chorological categories, Raunkir life forms and CSR plant strategies. Landscape
surrounding each field was assessed in four circular buffers of radii ranging from 250 to 1500 m. Attributes
characterising fields and field margins were also considered.

Community composition and diversity of weed communities were affected by field and landscape char-
acteristics. Old and new abandonment increased species richness and weed diversity but had an opposite
effect on the Raunkiar functional response groups. Urban sprawl was positively correlated with abun-
dance of geophytes, competitive and cosmopolite species and negatively correlated with therophytes
and competitive-ruderals. Most landscape parameters had stronger effect at the smallest scale. The effect
of landscape parameters was clearer when weeds were classified by functional response trait than by
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1. Introduction

Spontaneous vegetation in agroecosystems supports many
agroecological services, e.g. harbouring pest predators, parasitoids
and pollinators, reducing soil erosion and nitrogen leaching, and
favouring nutrient retention (see also Marshall and Moonen, 2002).
However, these services are counterbalanced by negative effects
such as competition with crops, whose extent is largely determined
by weed community composition and abundance within fields. The
latter are known to be affected by local factors such as agricultural
management (Kleijn and Verbeek, 2000), site habitat conditions
(Dupré and Ehrlén, 2002), and agroecosystem history (Bruun and
Fritzbeger, 2002). More recently, research is also focusing on the
effect of landscape features (Roschewitz et al., 2005; Simmering et
al., 2006; Gaba et al., 2010; José-Maria et al., 2010; Poggio et al.,
2010, 2012). Presence and relative abundance of weed functional
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response groups have been used as a more effective way to explain
the relationships between landscape structure and composition
and weed community composition (Liira et al., 2008). Clarifying
these relationships could help agricultural managers to find the
right balance between control and preservation of weeds, and land
planners to evaluate consequences of land use change on surround-
ing farmland.

Studies on the role of natural patches (Murphy and Lovett-
Doust, 2004) or field margins (Kleijn and Verbeek, 2000; Marshall
and Moonen, 2002; Marshall, 2004) on weed composition and/or
diversity have mostly been conducted in intensively cultivated
areas. Instead, areas characterised by agricultural land abandon-
ment and urban sprawl have so far been neglected, although these
are two important drivers of change in EU landscapes (Jongman,
1995; Verburg et al., 2006) and especially in the Mediterranean
region (Schmitz et al., 2003).

The aim of this paper was to study the effects of landscape struc-
ture and composition on maize (Zea mays L.) weed communities in
a highly anthropised Mediterranean coastal agricultural landscape
characterised by different levels of abandonment and urbanisation.
We hypothesised that land use change determines new land-
scape arrangements which affect weed community composition
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and diversity. According to the mosaic concept (Duelli, 1997)
we expect land use heterogeneity enhance species richness cre-
ating more opportunity for different species to establish, grow
and reproduce, spread and reach the cultivated fields. As far as
species composition is concerned, we suppose that an increas-
ing level of fragmentation will support the presence of those
species that are more suitable to colonise interstitial - not tilled-
areas, as geophytes, through the mass effect (Shmida and Wilson,
1985). Similarly, we expect the increasing presence of obstacles
(e.g. new buildings, fences, etc.), will lead to a lower presence
of therophytes since those structures may decrease their capac-
ity to move through the landscape, as noticed by Poggio et al.
(2010).

We predict that the resulting changes in species composition
are related to the species traits, and we therefore hypothesise that
land use changes can be better understood using an approach based
on weed functional response traits instead of taxonomy only, thus
identifying groups of species with a similar response to land use
dynamics. If the use of functional response trait will be strengthen,
this would help making expected changes in weed community
more comparable among regions.

2. Methods
2.1. Site description

The region has a Mediterranean climate and is located along
the coastal plain of the bordering Provinces of Massa-Carrara
(Northern Tuscany, Central Italy) and La Spezia (Eastern Liguria,
Northern Italy), from 43°59" to 44°07’ lat. N and from 9°55’ to
10°11’ long. E. We selected a study region of ca. 75km? where
agriculture is still the prevailing land use type but where large
areas are increasingly affected by urbanisation, fragmentation and
agricultural land abandonment (Fig. 1). In this region we chose
21 maize fields, the main arable crop grown in the area (it cov-
ers 22.3% of total arable land in the two considered provinces
(ISTAT, 2001)) in such a way that a wide range of landscape con-
figurations were represented: from homogeneous agricultural to
highly fragmented landscape affected by urban sprawl or land
abandonment.

2.2. Weed sampling

In each field, weeds were sampled at three distances (5, 10, and
15 m) from the field margin (FM). At each distance three sampling
points of 1 m? quadrat were taken parallel to FM and at 5 m distance
from each other. The farthest distance from the FM, 15 m, is here-
after referred to as ‘field centre’. Weed species within each quadrat
were listed and ground cover by species was visually estimated,
and used to calculate: species richness (S) expressed as number of
species per quadrat.

Weed species were taxonomically classified after (Pignatti,
1982) and subsequently classified in functional response groups
based on three functional response traits: (1) chorological cat-
egories (Pignatti et al., 2005), (2) Raunkier life forms (Pignatti
et al,, 2005) (3) CSR plant strategies (Grime, 1979; White et al,,
1997; Klotz et al., 2002; Hodgson, 2010) as detailed in Appendix
A. The three groups of functional response traits were selected
because they provide information about species’ response to envi-
ronmental conditions and the potential damage they may cause
to crops: chorological category gives information about adapt-
ability to new environmental conditions and spreading ability,
Raunkier life forms, based on the position of perpetuating buds,
gives insight into the predominant ecological condition as dis-
turbance levels (in arable fields especially weeding techniques)
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Fig. 1. Location and land use maps of the zone selected for the study in 2008. White
dots represent sampled maize fields. Similar land uses have been aggregated to ease
visual interpretation. Panels indicated by the letters “a”,”b”, and “c” are located as
reported in the upper left wider maps.
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Table 1
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Parameters used for characterisation of field, field margins, landscape structure and landscape composition.

Parameter group and name

Explanation/unit of measure

Formula

Range (min-max)

References

1. Field
1.1 Nitrogen rate
1.2 Weed management

1.3 Crops other than maize
grown in the last five years

1.4 Tillage depth

1.5 Maize seeding rate

1.6 Area

1.7 Perimeter length

1.8 Perimeter/area ratio

2. Field margins

2.1 Mean width

2.2. Management

2.3 Shannon diversity index
of vegetation? (H')

2.4 Pielou evenness of
vegetation? (J)

2.5 Weediness of vegetation?

3. Landscape structure (LS)

3.1 Mean patch size (MPS)
3.2 Standard deviation of
mean patch size

3.3 Total density

3.4 Patch shape index (PSI)

3.5 Standard deviation of
Patch Shape Index

3.6 Land use richness

3.7 Shannon diversity index
of land use (H')

3.8 Dominance index of land
use (D)

3.9 LUIS (Land Use Inverse
Simpson index)

4. Landscape composition
(LO)
4.1 Land use ratio

Applied to maize [kg N ha~']
Mechanical, chemical,
mechanical + chemical
Indicates cropping system
diversity

[em]

[No. seeds m~—2]

(m?]

[m]

(mm~?]

3 or 4 for each field

[m]

Mowing, cutting, chemical
weeding, none
Adimensional

Indicates vegetation
equitability, adimensional

Indicates weed species cover
in the field margin (%).

At 250, 500, 1000 and

1500 m from field centroid.
[ha]

Indicates patch size
dissimilarity/heterogeneity

Number
Indicates patch shape

Indicates field shape
dissimilarity/heterogeneity

Indicates habitat richness
(No.)
Indicates habitat diversity

Indicates habitat
homogeneity
Indicates habitat diversity

At 250, 500, 1000 and

1500 m from field centroid.
Ratio of total land under each
of the land use categories
identified [%]

- 60-350 -

_ 1-4 _

- 25-50 -

- 7.4-11.1 -

- 1324-9153 -

- 153-531 -

- 0.045-0.1295 -

- 0.4-8 -

H'=%i-1, pi x In(p;), where p; is the percent 0-3.2 Shannon and

cover of species i, and n is the number of Weaver (1949)

species in the sampling area

J=H'[log S where H' is the Shannon diversity 0-0.94 Sheldon (1969)

index of vegetation, and S is the number of

species in the sampling area

Weed species cover/total plant species cover 0-100 Moonen et al.

‘Weeds’ are those species with cover >1.5% in (2006)

overall field transects. See Appendix C

- 0.2-1.5

sd (MPS)=[ ;-1 (x; —x)?/N]'/2, where ; is the 0.3-6.9 Baker and Cai

size of patch i, x is the mean size of all patches, (1992)

and N is the number of patches

Total No. of patches in a given buffer 16-1582 Baker and Cai
(1992)

PSI=(0.282 x perimeter)/(area)!/ 1.8 (roundish)-2.4 Austin (1984),

(stretched) MacEachren (1985)

sd (PSI)=(Zi-1n (x; —x)2[N)'/2 where x; is the 0.7-2.1 Baker & Cai, 1992

Shape Index of patch i, x is the mean shape

index of all patches, and N is the number of

patches

Number of different land uses as indicated in 5-14 Baker & Cai, 1992

4.1

H'=X%;-1, pi x In(p;) where p; is the fraction of 0.8-2.5 Peet (1974)

the zone occupied by attribute i, and n is the

number of attributes in the zone

D=In; — H', where n is the number of 0.13-1.0 O’Neill et al. (1988)

attributes in the zone

1/S=1/%i-1m pi?, where p; is the fraction of the 1.6-10.7 Peet (1974)

sampling area occupied by attribute i, and m is

the total number of attributes within the

sampling area

Land use categories: woodland, forage land 0-100 -

(grassland/pasture/meadow), industrial area,
new abandonment, old abandonment, orchard,
arable land, private garden, urban area, public
garden, urban sprawl, road, wetland and water
body

2 Sampled in field margin (see text for further explanation).

and the favourable growing season (Raunkiaer, 1934; Crawley,
2009), CSR plant strategies give information about reproduc-
tive strategy, resource needs and ability towards the disturbance
regime.

The field margin was defined as the not tilled area between each
maize field and the adjacent area (Marshall and Moonen, 2002).
Weed percent cover by species in each field margin was visually
estimated in one quadrat (1 m wide x 20m along the FM). Sub-
sequently, Shannon diversity index (e"H’), the number of equally
common species in an assemblage (Magurran, 2004 ), Pielou even-
ness of vegetation (J) (Sheldon, 1969), and weediness of vegetation
(Moonen et al., 2006) (Table 1) were calculated for field margin
vegetation.

2.3. Field, field margin and landscape characterisation

A 75km? land use map was created through photo-
interpretation and validated by a survey carried out in 2008, during
which crop management, FM structure and management parame-
ters were collected by structured interviews and field observations.
Aerial orthophotos (Terraltaly, 2007), Regional Technical Maps
(CTR, 2001) and CORINE land cover based on 1988/1989 aerial
photos (CLC, 1995) were used through QGIS 1.0.2 (Quantum GIS
Development Team, 2009). Four groups of parameters were used
to characterise (1) field (F), (2) field margins (FM), (3) landscape
structure (LS), and (4) landscape composition (LC). The full list and
description of the parameters is reported in Table 1.
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We classified areas as ‘abandonment’ when, according to
CORINE, they were cultivated in 1988 but were re-colonised by
shrubs (new abandonment) or by more advanced vegetation suc-
cessional stages (old abandonment) in 2007 aerial photos and/or
field surveys. We classified as ‘urban sprawl’ areas with presence
of civil urbanisation in the 2007/2008 aerial photos/survey but not
classified as urban areas in the 1988/1989 maps.

Landscape structure and composition were analysed in different
concentric buffers with various radii (250, 500, 1000 and 1500 m)
from each field centroid (the upper limit was set to 1500 m because
four fields were closer than 1500 m to the coastline). Parameters
of LS and LC were measured using the command r.le (Baker and
Cai, 1992) in the GRASS GIS software (GRASS Development Team,
2007).

2.4. Statistical analyses

To the best of our knowledge generalised additive models (GAM)
have never been used in works studying landscape descriptors
effects on weed diversity and composition (Gabriel et al., 2005;
Roschewitz et al., 2005; Marshall, 2009; Gaba et al., 2010; José-
Maria et al., 2010; Poggio et al., 2010). Since there is no theoretical
knowledge which suggest to assume the relationship between the
dependent and the independent variables to be either linear or
monotonic, as described by Guisan et al. (2002), we suppose that
a more flexible instrument, such as GAM (Hastie and Tibshirani,
1990), which does not rely on these assumption, could give a good
explanation of the flora composition at landscape varying.

Another big issue in ecological studies is represented by the
selection of the variables to consider in the model. In the above
mentioned studies authors (Roschewitz et al, 2005; Marshall,
2009; Poggio et al., 2010) selected the variables to be tested a priori.
Other authors (Gaba et al., 2010; José-Maria et al., 2010) since fac-
tors that affect flora composition can be influenced by a wide range
of source variability (see also Guisan and Zimmermann, 2000) used
an automatic stepwise selection. We opted for an integration of the
two approaches selecting only those meaningful independent vari-
ables which were not correlated, thus maintaining complexity of
the model reducing the number of factors according to the degree
of freedom.

Among the full list of parameters (Table 1) a first screening
showed parameters with high (R? >0.43) and significant (P<0.01)
correlation with other parameters of the same group (e.g. buffer
1000 m see Appendix B). Those were excluded from subsequent
analysis to reduce redundancy and limit the number of studied
variables to the most relevant ones.

Subsequently data were analysed upon a sequence (Fig. 2)
including (a) co-variable selection, (b) quantification and (c) qual-
ification of parameters contribution to the explanation of weed
community composition and diversity.

2.4.1. Co-variable selection

Among the field parameters considered (Table 1) a selection was
made using cluster analysis based on field management Euclidean
distances and K-means algorithm (MacQueen, 1967). Analysis of
variance was used to test which field parameters were significantly
explained (P<0.05) by clustering. Two parameters describing field
management were retained in subsequent analyses.

For each weed functional response group the FM parameter
showing the higher linear correlation was retained for subsequent
analysis.

Regression analyses were performed using LS and LC parameters
reported in Table 1 as the explanatory variables and weed func-
tional group as the dependent variable. These analyses were run
for each buffer, giving a total of 1196 analyses [(9 LS variables + 14
LC variables) x 4 radii x 13 functional response groups]. For each

combination of LS or LC variable and functional response group we
then plotted the resulting R? against the buffer radius and selected
the buffer expressing the highest R? if regression was coherent as
proposed in Carlesi et al. (2010).

2.4.2. Quantifying parameters contribution to explanation of
weed community composition

To measure how explanatory variables affected weed commu-
nity composition and how distance from the FM modulated effects,
we divided weed data into three groups based on distance from
the FM (5, 10, 15m) and for each group we built a dissimilarity
matrix using the Jaccard dissimilarity index (Jaccard, 1912) based
on species presence. Each matrix was then used in a permuta-
tional multivariate analysis of variance with an F-test based on
the sequential sum of squares from raw data permutations as pro-
posed by José-Maria et al. (2010). For field management and field
margin we chose the parameters which resulted as the most sig-
nificant ones from co-variable selection, while the two LS and the
two LC parameters were chosen a priori considering the focus of
the paper (Table 2). Four analyses were performed, one for each
buffer. Since different buffers gave similar results, the 1000 m one
was chosen to ease comparability with published work (José-Maria
etal, 2010; Poggio et al., 2010). Analyses were run with the Adonis
command provided by Vegan packages (Oksanen et al., 2009) for R
(R Development Core Team, 2011).

2.4.3. Qualifying parameters contribution to explanation of weed
diversity and community composition through functional
response groups.

Generalised additive models (GAM) were used to analyse how
functional response groups and diversity of weed communities
were influenced by a suitable group of explanatory variables. GAM
are flexible tools which suffer loss of precision when complex-
ity grows, in particular with co-variable collinearity. A parsimony
approach was then adopted and a compromise between complex-
ity and precision was found by using a model with five co-variables.
Four of them were selected as indicated in the ‘Preliminary co-
variable selection’ paragraph: two variables, one continuous and
one discrete related to the field (respectively nitrogen rate and
weed management), one continuous variable related to FM charac-
teristics (FM Shannon diversity index or FM weediness, see values
distribution in Fig. 3, according to the covariable selection proce-
dure), one continuous variable related to the landscape and one
discrete variable for FM distance (Fig. 2). GAM allow to preserve
an additive structure, as in traditional linear models. A smoother
was used to obtain nonparametric estimates of the relationship
between the outcome (species richness or functional groups rela-
tive) and the continuous explanatory variables. Sum of squares and
significance level were considered for each combination, the most
representative of which was then refined, modifying the degree of
smoothing of each continuous covariate. The LS or LC effects on the
dependent variable (species richness or functional groups) were
shown as schematised curves respectively in Tables 3 and 4. The
group of 4 covariable selected for each group of dependent vari-
able used in the model together with LS or LC, and the relative
significance, were reported in Table 5.

Analyses were performed using GAM packages for R (Hastie and
Tibshirani, 1990; Chambers and Hastie, 1991). GAM objects shape
are represented as proposed by Bischoff et al., 2005.

3. Results
3.1. Weed community diversity and composition

We recorded 61 weed species in the 21 fields (Appendix A) and
145 in the field margins (Appendix C).
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Field parameters Landscape
(Fp) parameters

P (LS & LC)

at 250, 500, 1000
and 1500 m buffer

Correlation

exclusion
Correlation
exclusion

Cluster analysis,

Field margin Vegetation
parameters Sampling
FM at 3 distances from FM
(FMp) FMD (5-10-15 m)

¢_I_¢

Correlation Species relative cover. Samples
exclusion Species aggregated in pooled
in 13 functional response by distance
groups (FRG) upon from FM

3 functional traits

fields aggregated
in 2 to 13 clusters with Linear correlation coefficient
K-means algorithm. (FRG vs LS; FRG vs LC) <
ANOVA to identify which at any buffer ) } . -
F was significantly (P < 0.05)| | (250, 500, 1000, 1500 m) (L;r:gr Colr:r'\tjlla)tlon coefficient | Three differences
explained by clusters vs FMp matrices based
on Jaccard
\ 4 i dissimilarity index
5,10 15 m from FM
Fo selected: LS & LC selected: FM selected: ¢ )
P ’ For each FRG, those FM Shannon diversity index
N rate with lowest P value at most FM weediness .
Weed management representative (higher R? )
buffer Permutational
»| multivariate
. | ANOVA

y

-1 LC or LS selected [vector]
-1 FMp selected [vector]
-1 FM Distance [factor]

Generalised Additive Model (GAM) 4

For each FRG (independent variable), five explanatory co-variables:
-2 Fp selected [N vector and WM factor] F-Test

Y= lo(N) + WM + lo(LS or LC) * FMD + lo(FMp) of raw data

A

based on sequential
sum of squares
from permutation

Fig. 2. Flow chart representing the sequence of statistical analyses used to select parameters and to quantify and qualify their contribution to the explanation of weed
community composition and diversity. LS =landscape structure, LC =landscape composition, FM = field margin, FMp = field margin parameters, FMD = field margin distance,
FRG = functional response group, N = nitrogen rate applied at field, WM = weed management, Correlation exclusion = Parameters with high (R? >0.43) and significant (P<0.05)

correlation with other parameters of the same group were excluded.

The species richness (S) (see values distribution in Fig. 3)
was influenced by both LS and LC (Table 3) and was pos-
itively influenced by the presence of roads and new aban-
donment in a 250m buffer and by high diversity in land
use types in a 1500m buffer. It was negatively correlated
with PSI, thus in-field weed diversity decreased when fields

were surrounded by patches with more elongated shape
(Table 3).

Results from permutational multivariate analysis of variance
(Table 2) showed that the effect of N rate (see values distribution
in Fig. 3) on the weed community composition became stronger
moving from the FM to the field centre, contrary to that of FM

Table 2
Results from permutational analysis of variance of community composition (Jaccard dissimilarity index; d.f.=77).
Explanatory variable Distance from the field margin
5m 10m 15m
SS 2 P SS 2 P SS r? P
N 0.475 0.014 0.215 NS 0.727 0.021 0.014 * 1.023 0.030 0.002 >
FMW 0.740 0.021 0.005 o 0.570 0.017 0.084 . 0.492 0.015 0.188 NS
NewAb 1.538 0.044 0.001 o 1.101 0.032 0.001 o 0.934 0.027 0.003 o
OldAb 1.087 0.031 0.001 e 0.842 0.025 0.005 > 1.003 0.029 0.003 >
PSI 0.608 0.018 0.048 * 0.405 0.012 0.461 0.332 0.010 0.076
MPS 0.0970 0.028 0.001 o 1.438 0.042 0.001 o 1.468 0.043 0.001 o
Total 34.642 1.000 34.229 1.000 34.066 1.000

Data from all sampling areas were pooled by distance from the field margin before the analysis. Sums of squares (SS), partial r-squared (r?) and P value (***P<0.001; **P<0.01;
*P<0.05; eP<0.10; NS, P>0.10) of the different explanatory variables [N: nitrogen rate (kgha-1); FMW: field margin weediness (% weed cover); NewAb and OldAb: new
abandonment and old abandonment (%) in a 1000 m buffer from the field centre; PSI, MPS: mean patch shape index and mean patch size (m?) in a 1000 m buffer from the

field centre] based on 999 permutations.
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at growing distance from field margin; Geophyte relative field cover; Terophyte relative field cover; Third line: competitive relative field cover; Competitive-ruderal relative

field cover; Cosmopolite relative field cover.

weediness. The effect of LS and LC parameters was homogeneous
across transects for old abandonment, decreased from FM to the
field centre for new abandonment and patch shape index (PSI), and
it was stronger in the field centre for mean patch size (MPS).

3.2. Weed functional response groups
Among all the 13 functional response groups analysed, only

the five whose frequency was >50% across all sampling points
are shown in Tables 4 and 5 and their values distribution in

Table 3

Fig. 3. The presence of urban sprawl in a given buffer was the
most important covariate affecting the abundance of all five func-
tional response groups except for cosmopolite species. The type
of relationship (graphical trend) differed among groups (Table 4):
competitive, cosmopolite and geophytes species’ relative presence
increased, at increasing levels of urban sprawl while therophytes
and competitive-ruderals decreased.

Geophytes and therophytes were the most abundant life forms
(overall mean cover =16.6% and 16.1% respectively) and were both
highly sensitive to LC. Geophytes relative cover was positively

Variance of species richness of weed communities as explained by selected covariates, significance and graphical trend upon generalised additive model (GAM). Covariates
trends are reported at the buffer in which they had the highest explanatory power (lower P value).

Parameter Covariate Unit of measure Buffer radius (m) Variance explained (%) Sig. Graphical trend
S PSI Adimensional 250 8.9 o \

LUIS Adimensional 1500 6.6 o ]

Road % 250 4.6 o r

NewADb % 250 4.0 . /

S: species richness in each sampling area; LUIS: Land Use Inverse Simpson diversity index; Road: land occupied by roads, railways and highways in a given buffer (%); PSI:
mean patch shape index in a given buffer; NewAb: new abandonment in a given buffer (%); Sig: significance; ***P<0.001. In the last column, codes represent the trend of
the curve fitting the GAM used for the respective parameter: [J]: quadratic polynomials (y=a+bx+cx?); [I']: hyperbola (y=a-'/*); [\]: linear polynomial (negative slope:
y=a—bx); [/]: linear polynomial (positive slope: y =a+bx); Curves parameters (a, b, c) are assumed as positive.
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Table 4

Variance explained by relative abundance of weed functional response groups and selected covariates, significance and graphical trend upon generalised additive model
(GAM). Covariates trends are reported at the buffer in which they had the highest explanatory power (lower P value).

Functional Functional Covariate Unit of Buffer radius Variance Sig Graphical
response trait response group measure (m) explained (%) trend
Raunkier life form Geophyte Sprw % 250 18.7 e /
LUR No. 250 2.9 o /
NewAb % 250 2.1 o 7
Sprw % 1500 8.0 o \
LUR No. 250 6.3 o \
OldAb % 1000 6.1 o 7
Therophyte PSI Adimensional 250 4.8 e n
Grime strategy Competitive Sprw % 1500 11.0 o /
OldAb % 1000 8.9 o ]
MPS m? 500 7.3 o 7
LUR No. 250 5.78 o I_I
Competitive-ruderal Sprw % 250 11.9 e \
NewAb % 250 115 o /
PSI Adimensional 250 8.7 e 7
MPS m? 500 7.1 o ]
Road % 500 33 o ]
Chorological category Cosmopolite LUR No. 250 8.0 e \
MPS m? 250 4.6 o /
Sprw % 1500 4.4 o /
PSI Adimensional 250 22 e z
NewAb % 1000 1.8 - S

Sprw: urban sprawl (%) in a given buffer; LUR: land use richness (No. of land use types in a given buffer); NewAb, OldAb: new and old abandonment (%) in a given buffer;
PSI, MPS: mean patch shape index and mean patch size in a given buffer; Road: land occupied by roads, railways and highways in a given buffer (%); Sig: significance;
**P<0.001; **P<0.01. In the last column, codes represent the graphical trend of the curve fitting the GAM used for the respective parameter: [J]: quadratic polynomials
(y=a+bx+cx?); [T]: hyperbola (y=a~'/*); [\]: linear polynomial (negative slope: y =a — bx); [/]: linear polynomial (positive slope: y =a+ bx); [L]: hyperbolic reaching a plateau

(y=a+(b/x); [7]: negative parabola branch (y =a — x*/); [n]: negative parabola (y =a+bx — cx?), [S]: positive sigmoid (y =x/(1+x), [Z]: negative sigmoid (y=—x/1+x)); [ |:

cubic polynomial (y = a+bx +cx? +dx3).

correlated with land use richness in a 250 m buffer and negatively
correlated with new abandonment (Table 4). Therophytes were
more abundant at intermediate values of PSI (1.9-2.0).

Among CSR strategie groups, competitive species were the most
abundant (overall mean cover =20.4%), followed by competitive-
ruderals (15.7%). Competitives were positively influenced by urban
sprawl and old abandonment, but responded significantly also to
MPS in a 500 m buffer and land use richness in a 250 m buffer (lin-
ear positive relationship with an intermediate plateau) (Table 4).
Competitive-ruderals were positively influenced by presence of
new abandonment and by increasing MPS, while they were neg-
atively influenced by PSI but only at high values.

Cosmopolites weed cover diminished with increasing land use
richness, while it increased with mean patch size and urban sprawl
presence (Table 4).

4. Discussion

Studying the effect of abandonment and urbanisation of the sur-
rounding landscape on maize fields weed communities, we verified

Table 5

that beside the “classical” local-scale determinants, factors acting
at a wide landscape scale played a consistent role in affecting weed
communities diversity and composition. Furthermore species clas-
sification using functional response traits enabled us to connect
the differencies in communities composition with the landscape
mechanisms that drive them.

4.1. Effect of field parameters on weed community

Nitrogen rate and weed management were the main crop
management filters of weed community composition since they
influenced significantly all weed parameters and functional
response groups (Table 2). N rate affected more the weeds in the
field centre than those closer to field margin and reduced weed
diversity, in accordance with Kleijn et al. (2009) and José-Maria et
al. (2010).

As shown by partial RZ values in Table 2, at least one landscape
parameter had a stronger effect than field parameters at each dis-
tance from the field margin. Gaba et al. (2010), José-Maria et al.
(2010) and Marshall (2009), did not find any effect of landscape

The relative significance for each selected response variable (functional response group) of the four covariates used in generalised additive models (GAM) together with each
LS and LC reported in Tables 3 and 5 and of the interaction among LS or LC reported in Tables 3 and 5 and distance form FM.

Response variable/functional group Covariate

Interaction

Nrate (kgha™') et (FM) FMW Dist NM (LS/LC):Dist
Species richness o . - NS o NS
Geophyte * _ e NS . NS
Terophyte o _ ok NS - NS
Competitive e _ s NS . NS
Competitive-ruderal * - ok NS - NS
Cosmopolite * - ok NS - NS

Geophyte, terophyte, stress tolerant, competitive-ruderal, cosmopolite: sum of relative species cover for each functional response group; ***P<0.001; **P<0.01; *P<0.05;
eP<0.1 NS, P>0.1 (“-” not included in the GAM model); e (FM): e raised to H', Shannon’s diversity index of vegetation in the field margin; FMW: field margin weediness;
Dist: sample distance from the field margin; WM: weed management; (LS/LC):Dist interaction among Landscape parameters and distance from FM.
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parameters on weed community composition in the field centre,
an effect they explained with the strong filtering effect of crop
management intensity. In our case, mean field size (5700 m?) was
smaller than theirs and crop management resulted less intensive.
Consequently we find that the strongest explanatory variable for
weed composition, even at field centre (15m distance from the
field edge) was a landscape one (mean patch size).

4.2. Effect of field margin parameters on weed community

Distance from field margin seemed an important factor when
weed community composition was analysed with a taxonomic
approach (Table 2) but not with a functional response group
approach (Table 5). Parameters of field margin vegetation, ef’
and weediness, influenced in-field abundance of weed functional
response groups significantly butindependent of distance (Table 5).
Conversely the effect of field margin weediness decreased from the
margin to the field centre, on weed community composition within
fields (Table 2), indicating that the species that have the ability to
spread from margin had a limited moving or survival capacity as
reported by Marshall (1989).

4.3. Effect of landscape structure and composition on weed
diversity within fields

Land Use Inverse Simpson Index (Table 3), shows that increasing
level of diversity and heterogeneity of land use increase the species
richness within fields, in accordance with mosaic concept (Duelli,
1997), which suggests that patch species richness is a function of
habitat variability and heterogeneity of the surrounding landscape,
and other field studies (Liira et al., 2008; Gaba et al., 2010; Poggio
et al., 2010).

On the contrary decreasing of Patch shape index (more roundish
patches) tended to be correlated with higher weed diversity
(Table 3). Since the increase of patch shape index (more elongated
patches) is positively correlated with urban sprawl and negatively
with arable land presence (r>0.55), the main cause of diversity
decrease can be ascribed to effects of fragmentation (patch shape
index). Therefore our findings slightly differ from what was found
by other researchers (Gaba et al., 2010; Poggio et al., 2010). We
suppose that in a more fragmented landscape typical maize weeds,
like competitive-ruderals and therophytes, find more barriers and
have less suitable habitat at their disposal. Thus, even considering
the crucial role that connectivity plays in Metapopulation hypoth-
esis (Levins, 1969; Hanski, 1998), so we may state that patches that
are smaller and more elongated in shape reduced connectivity and
consequently diversity.

Anyway as underlined by Harrison and Bruna (1999) to distin-
guish effects of habitat loss from changes in spatial configuration is
abasicissue in fragmentation studies which cannot be easy solved.

Intensively cultivated areas did not affect weed diversity and
this could be explained by the fact that arable fields mainly host
common species (Simmering et al., 2006) and therefore do not
contribute to an increased species richness at landscape level.
In contrast, semi-natural patches (new and old abandonment)
increased species richness in cultivated field closer than 1500 m:
considering Simmering et al. (2001) view of ‘old fields’ as hotspots
of diversity, a mass effect (Roschewitz et al., 2005) can be hypothe-
sised.

Presence of roads, calculated as percentage of landscape sur-
face occupied by transport infrastructure, mainly roads, supported
higher biodiversity, as also shown by Bratli et al. (2006), but
competitive-ruderal species were its main component, confirming
that road verges are suitable habitats for species tolerating human
disturbance (Forman and Alexander, 1998) that can establish and
survive also in arable fields.

4.4. Effects of landscape structure and composition on weed
community composition within fields

The two types of abandonment gave completely opposite results
on in-field weed community composition. New abandonment
favoured species which mainly reproduce by seed and toler-
ate disturbance of the growth cycle, like competitive-ruderals,
while old abandonment favoured vegetatively reproducing species
with a low tolerance to disturbance as competitive species
(Table 4). As hypothesised, different successional stages in semi-
natural patches resulted in different weed community composition
across different spatial scales. We can assume that old aban-
doned fields in highly fragmented landscapes are potentially
analogous to natural patches in large agricultural areas in
continental scenarios where, according to Liira et al. (2008),
natural habitat availability enhances perennial forbs richness.
Both types of abandonment represent a threat to agricultural
activities since they support different groups of species that con-
tain extremely troublesome weeds in maize. Old abandonment
may support Competitive and Geophyte species such as Cype-
rus esculentus, Elymus repens, Helianthus tuberosus and Sorghum
halepense, whereas new abandoned supported Therophytes and
Competitive-Ruderals such as Abutilon theophrasti, Amaranthus
blitoides, Amaranthus retroflexus, Chenopodium album, Datura stra-
monium, Echinochloa crus-galli, Galinsoga parviflora, Polygonum
lapathifolium, Polygonum persicaria, Setaria viridis, Solanum nigrum,
Sonchus arvensis and Xanthium strumarium. The mass effects
migration of troublesome species registered from new and old
abandonment patches may suggest that regional species pool is
limited by poor species availability, mainly characterised by weedy
species.

Urban sprawl also significantly influenced weed community
composition within fields: we found a positive correlation between
cosmopolite relative abundance and urban sprawl that could be
explained by the accidental or deliberate introduction of non native
species as reported by Kowarik (2003). Urban sprawl had a con-
trasting effect on competitive and therophytes, supporting the
former and decreasing the latter. This may be due to an indi-
rect effect of urban sprawl, since it was positively associated with
both old abandonment (in a 1500 m buffer, P<0.005, r=0.62) and
more elongated patch shape index (in a 250 m buffer, P<0.005,
r=0.58). All three parameters had a significant effect on weed
community composition but it is hard to disentangle their single
contribution.

Of all land use diversity indices used, land use richness was the
one that better explained differences in weed functional response
groups relative dominance, especially in a 250 m buffer. Our results
suggest that habitat availability and landscape heterogeneity are
the main landscape characteristics affecting field flora composition
concurring with Gabriel et al. (2005) and Poggio et al. (2010), even
if in the context considered landscape simplification favours cos-
mopolite, competitive-ruderals and therophytes whereas land use
diversity favours competitive and geophytes, which in heteroge-
neous environments may find better opportunities for mass effect
migration (Roschewitz et al., 2005).

Patch shape index and mean patch size had higher explana-
tory power at small scale buffers (250 and 500 m). The effect of
patch shape index on in-field weed community composition at
landscape scale was mediated by the field margin. Among the
species found close to the field margin but not in the field centre
(see Section 3, weed community composition), the vast major-
ity has a reduced capacity of propagule movement. Abundance of
competitive-ruderals and cosmopolites was reduced by the pres-
ence of elongated and irregularly shaped patches, while it was
favoured by larger patches. Our study revealed that high habi-
tat fragmentation reduces diversity, but this is not necessarily
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negative since unfavoured species were mainly competitive-
ruderal and cosmopolite, of little or no value from an agroecosystem
perspective because they include many typical agricultural
weeds.

4.5. Interplay between landscape parameters and spatial scale

The highest variance explanation was found at a buffer of 250,
500, 1000 and 1500 m for 15 (60%), 3 (120%), 3 (12%) and 4 (16%)
of the 25 selected landscape covariables respectively. As such, our
data support the findings of (Gaba et al., 2010), who indicated
stronger effects of landscape parameters on weed community com-
position at a smaller scale. In contrast (Gabriel et al., 2005), who
worked in a context of high agricultural intensification and land-
scape simplification, found stronger effects at larger buffers (ca.
1000 m). We can then assume that the scale at which the effect of
landscape parameters on weed community composition becomes
clearer is context- and parameter-dependent. Furthermore, since
some landscape parameters (e.g. urban sprawl or old abandon-
ment) showed a higher effect at a larger scale, selecting just one
landscape scale for all the analyses might increases the risk to
miss out important relationship that exist between landscape and
field.

5. Conclusion

In principle, both the taxonomic and functional approaches to
the analysis of weed community composition are useful because
they are complementary. However, our results show that a func-
tional response trait approach can better highlight the effects of
landscape features on weed community composition. Data indicate
that drivers of weed community composition in highly anthropized
landscapes, where urban sprawl and fragmentation are increasing
while agricultural activities decreasing, should be studied with a
slightly different methodological approach than in highly homoge-
neous landscapes, where intensive agriculture is the prevailing land
use type (Gabriel et al., 2005; Roschewitz et al., 2005; Simmering
et al., 2006; Sosnoskie et al., 2007; Liira et al., 2008; Kleijn et al.,
2009; Gaba et al., 2010; José-Maria et al., 2010; Poggio et al., 2010)
since in the former case the reduction of patches’ dimensions or
the presence of more elongated patches lead to a reduction of
connectivity for keys groups of spontaneous species, while in the
latter case the main effect was due to an increasing of patches het-
erogeneity, and than species diversity. Attention must be paid to
the use of the same theoretical background for different group of
species to explain existing processes, since the same landscape ele-
ments (e.g. linear ones) can provide completely different functions
in two contrasting functional groups increasing the connectivity
for geophytes and competitive or reducing connectivity for CR
therophytes. Increase of urban sprawl, fragmentation and land
abandonment is a general trend in many agricultural landscapes
in Europe which are in a transformation process (Verburg et al.,
2006) and this study demonstrated that these land use changes
strongly affect weed dynamics in highly anthropized landscape.
These changes are part of a trend that, if not reversed, would lead
to a more competitive, less ruderal and less mobile weed species
composition.
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