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INTRODUCTION

Comparative analyses of multispecies assemblages over large

areas have demonstrated that common and rare species differ

in a number of biological traits and ecological characteristics

(e.g. Kunin & Gaston, 1997). However, recently published

studies cast doubt on the generality of any clear-cut distinc-

tions in attributes between common and rare species (e.g.

Murray et al., 2002). Instead, it appears that relationships

between species attributes and the regional abundances of
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ABSTRACT

Aim Several recent studies have aimed to identify the biological, ecological and

distributional attributes that determine the regional abundance of plant species.

Here we aim to assess the relationships between regional abundance and species

attributes in weeds on arable land.

Location Czech Republic, central Europe.

Methods The relationships between regional abundance and species attributes

were studied with a data set of 381 weed species occurring on arable land in the

Czech Republic. Regional species abundances were estimated from their

occurrence frequency in vegetation plots distributed across the country. Using

regression tree models, abundance was related to the biological traits, ecological

indicator values, geographical distribution and habitat range of species. The

models were calculated for the entire country and separately for weeds in cereals,

root crops, lowlands and uplands. The effects of phylogenetic relatedness among

species on their regional abundance were quantified and compared with the

effects of species attributes.

Results The results were similar for the whole data set and its particular subsets.

Phylogeny explained 11.2–14.9% and species attributes 16.1–56.9% of the

variation in regional abundance of weed species. Removal of the phylogenetic

signal did not result in important changes in the effects of particular attributes.

The most abundant species were those flowering in pre-spring and early spring,

adapted to low temperatures, relatively shade tolerant and with high nutrient

requirements. The high regional abundance of these species positively correlated

with their broad geographical (often circumpolar) distribution and broad habitat

ranges.

Main conclusions The regional abundance of weeds can, to some extent, be

explained by their attributes. The most important attributes are those that enable

weeds to grow and reproduce in the cool season when there is limited

competition with crop plants, and those that are adaptations to growth in dense

vegetation stands and highly productive habitats.
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Commonness, Czech Republic, flowering time, geographical range size, habitat

range, nutrient requirements, phylogeny, rarity, regression trees, species traits.
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species largely depend on the geographical and environmental

context and the taxonomic or functional species assemblages

studied (Lahti et al., 1991; Kelly, 1996; Hegde & Ellstrand,

1999; Cadotte & Lovett-Doust, 2002; Murray et al., 2002; Kolb

et al., 2006; Pocock et al., 2006).

Little is known about the relationship between regional

abundance and species attributes on temperate arable land,

although several recent studies have analysed broad-scale

patterns in species composition of weed vegetation and their

underlying environmental variables (Dale et al., 1992;

Andersson & Milberg, 1998; Hallgren et al., 1999; Lososová

et al., 2004). The weed flora of arable land provides an

interesting model system for exploring the effect of species

attributes on regional abundance because it is highly dynamic

and experiences rapid changes in the abundance of individual

species across large areas at a time-scale of decades. These

dynamics include both the rapid spread of alien species

(Holzner, 1978; di Castri, 1989; Pyšek et al., 2005) and the

decline of many weed species that used to be common but are

now endangered or extinct over large areas (Hilbig, 1987;

Andreasen et al., 1996; Lososová, 2003). Consequently, com-

mon–rare differences in such a dynamic system are probably

less affected by historical inertia than in other habitats, and

more directly reflect the relationships between species attri-

butes and the current environment.

Besides the direct causal effects of biological traits and

ecological requirements, regional abundance can also be

influenced by other distributional characteristics of species,

e.g. range size or habitat range (Thompson et al., 1998;

Brändle et al., 2003b; Pocock et al., 2006). Although such

distributional characteristics are themselves affected by bio-

logical traits and ecological requirements of species, they may

influence the regional abundance of species, for example via

source–sink effects. Knowledge of these properties is therefore

important for a deeper understanding of common–rare

differences.

In the present study we perform an exploratory analysis of

the relationships between different attributes of weed species

and their regional abundance on arable land in the Czech

Republic. We aim to assess which biological traits, ecological

characteristics and distributional characteristics are most

closely related to the regional abundance of weed species on

central European arable land.

MATERIALS AND METHODS

Estimation of the regional abundance of species

To estimate the regional abundance of weed species we used a

large set of records of species composition in vegetation plots

(relevés) selected from the Czech National Phytosociological

Database (Chytrý & Rafajová, 2003). First, we selected 2696

plots that were between 12 and 100 m2 in size and sampled on

arable land. We then carried out stratified resampling of this

data set in order to reduce possible oversampling of some

habitats in some areas (Knollová et al., 2005). For this purpose

we divided the area of the Czech Republic into grid squares of

1.25 longitudinal minutes · 0.75 latitudinal minutes

(c. 1.5 km · 1.4 km). If a grid square contained more than

one plot belonging to the same phytosociological association

(based on expert assignment by the surveyor), only the most

recent plot was chosen and included in the final data set. The

final data set contained 2033 plots from arable land distributed

across the Czech Republic and originally inventoried by 32

authors. There were 278 plots from the period 1954–70, 628

from 1971–90 and 1127 from 1991–2004.

From this data set we deleted non-vascular plants, crop

plants and species found in a single plot. This selection yielded

381 weed species that we considered to be representative of the

weed flora of the country. We estimated the relative frequency

(number of species occurrences in plots relative to the total

number of plots) of each species within this data set and used

this as a measure of the regional abundance of species on

Czech arable land.

As it is known that some arable weeds have declined since

the 1950s (Holzner, 1978; Hilbig, 1987; Kornaś, 1988;

Andreasen et al., 1996; Sutcliffe & Kay, 2000; Lososová, 2003;

Pinke, 2004) and some alien weeds have spread during recent

decades (Lososová et al., 2004; Pyšek et al., 2005), we corre-

lated species abundances between the time periods 1954–70,

1971–90 and 1991–2004. Pearson’s correlation coefficients

were 0.95 and 0.92, respectively, between the two consecutive

periods and 0.86 between the first and last mentioned period

(all P < 0.001). Therefore, although several species tended to

decline or increase, generally abundant species remained

abundant and rare species remained rare. We could therefore

safely use the data set from the entire period for the analysis.

Since Lososová et al. (2004) revealed that the main gradient

in species composition of arable weed communities in the

Czech Republic is related to altitude, we divided the vegetation

plot data set into three subsets according to three altitudinal

floristic regions of the Czech Republic (Skalický, 1988). The

first subset contained 555 plots from the warm and dry, low-

altitudinal floristic region (Thermophyticum) with 244 species,

the second subset contained 1397 plots with 215 species from

the mid-altitudinal floristic region (Mesophyticum) and the

third subset contained only 81 plots with 178 species from the

cool and wet, high-altitudinal floristic region (Oreophyticum).

Because of its small number of plots, the subset from the last-

mentioned region was not analysed. To show differences

between the traits of weed species occurring in different crop

types, we divided our data set into two categories – cereals and

root crops (see Lososová et al., 2004 for a detailed delimitation

of these categories). The subset from cereal fields contained

1569 plots with 364 species and the subset from root-crop

fields contained 464 plots with 291 species. We calculated the

regional abundance of each weed species in the subsets of the

low-altitudinal region, mid-altitudinal region, cereals and root

crops.

The data sets were edited using the juice 6.3 program

(Tichý, 2002). Taxonomic concepts and nomenclature of

species follow Kubát et al. (2002).
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Species attributes

Information on biological traits and ecological and distribu-

tional characteristics of weed species was taken from different

sources, but mainly from the BiolFlor data base (Klotz et al.,

2002). For each species, the following attributes were compiled:

1 Biological traits:

Plant height, maximum and mean (Kubát et al., 2002).

Life span, with four categories: annual, biennial, monocarpic

perennial (= pluriennial-hapaxanthic) and polycarpic peren-

nial (= pluriennial-pollakanthic) (Krumbiegel in Klotz et al.,

2002, pp. 93–118).

Life-form, with five categories: chamaephyte, geophyte, hemi-

cryptophyte, phanerophyte (including macrophanerophyte,

nanophanerophyte, pseudophanerophyte and hemiphanero-

phyte) and therophyte (Krumbiegel in Klotz et al., 2002,

pp. 93–118).

Life strategy, with seven categories according to Grime (1979):

competitors (C), competitors/ruderals (CR), competitors/

stress-tolerators (CS), competitors/stress-tolerators/ruderals

(CSR), ruderals (R), stress-tolerators (S) and stress-tolera-

tors/ruderals (SR) (Klotz & Kühn in Klotz et al., 2002,

pp. 197–201).

Leaf persistence, with four categories: spring-green, summer-

green, overwintering-green and persistent-green (Klotz &

Kühn in Klotz et al., 2002, pp. 119–126).

Reproduction type, with three categories: species reproducing

only or mostly by seed, species reproducing by seed and

vegetatively, and species reproducing mostly or only vegeta-

tively (Durka in Klotz et al., 2002, pp. 133–175).

Flowering phase, with three seasonal phases: pre-spring/early

spring, mid-spring and summer, grouped from 10 phenolog-

ical phases used in BiolFlor (Trefflich et al. in Klotz et al.,

2002, pp. 127–131).

Pollen vector, with three categories: wind, selfing and insect

(Durka in Klotz et al., 2002, pp. 133–175).

Dispersal mode, with five categories: anemochory, myrmeco-

chory, epizoochory, autochory and endozoochory (Frank &

Klotz, 1990).

2 Ecological characteristics:

Indicator values according to Ellenberg et al. (1992) for six

environmental variables: light, temperature, continentality,

moisture, soil reaction and nutrients, measured on a nine-

degree ordinal scale (12 degrees for moisture).

3 Distributional characteristics:

Number of floristic zones, expressed on a nine-degree scale from

one to nine of the world’s floristic zones occupied by the

species (Kühn & Klotz in Klotz et al., 2002, pp. 227–239).

Floristic region, with five categories: circumpolar, Europe, Asia,

America and Africa (Kühn & Klotz in Klotz et al., 2002, pp.

227–239). In contrast to the previous characteristic, this is

qualitative rather than quantitative information regarding

species distribution.

Habitat range, quantified as the number of habitat types in

which the species occurs in the Czech Republic. It was

quantified on the basis of the geographically stratified data set

of 20,468 vegetation plots distributed across the country and

covering all major habitats. Each plot was assigned to one of 32

habitats based on the European Nature Information System

(EUNIS) habitat classification (Davies & Moss, 2003). For each

species, the number of habitat types was counted in which this

species was recorded. For details of the data set and the list of

habitats see Chytrý et al. (2005).

Species status as native or alien, with three categories according

to Pyšek et al. (2002): native species, archaeophytes (species

which appeared in the study area before 1500) and neophytes

(species that arrived in the post-medieval period).

Handling phylogenetic information

Some of the relationships identified between the regional

abundance of species and their attributes may result from the

fact that some groups of phylogenetically related species are

either common or rare due to their common evolutionary

history (Harvey & Pagel, 1991). Therefore we incorporated

phylogenetic information into our analyses. We used the

species phylogeny available in the BiolFlor data base (Durka in

Klotz et al., 2002; pp. 75–91) and an eigenvector filtering

approach proposed by Diniz-Filho et al. (1998): we calculated

patristic distances among all pairs of species, i.e. the sum of

branch lengths on a path along a phylogenetic tree between a

pair of taxa. Since branch lengths are unavailable for the

complete central European flora, we set all branch lengths as

equal to one unit (see Prinzing et al., 2001). Calculations were

done separately within the country-wide data set and its four

above-mentioned subsets. The matrices of patristic distances

were subjected to principal coordinates analysis (PCoA), which

is a generalization of principal components analysis (PCA)

capable of using any kind of distance between objects. Each

axis of the PCoA of the matrix of patristic distances represents

a certain amount of phylogenetic variation proportional to the

associated eigenvalue. We preferred this method to other more

widely used ones since it is easy to use and has been proved

to perform well under different evolutionary assumptions

(Diniz-Filho et al., 1998).

For the whole data set and each of its four subsets we

calculated multiple regressions in which species scores on the

PCoA axes were used as independent variables and species

regional abundance was used as the dependent variable. Only

the PCoA axes with the highest eigenvalues, cumulatively

accounting for 95% of the total variation, were used in these

regressions. The regressions identified the amount of the

variation in species regional abundance attributable to

phylogeny.

Relating species attributes to species abundance

First, we related the regional abundance of weed species

(dependent variable) to the set of species attributes (indepen-

dent variables) using regression trees (Breiman et al., 1984;

De’ath & Fabricius, 2000). Regression tree analysis is an

exploratory statistical technique useful for the analysis of data

Attributes determining the regional abundance of weeds
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sets with many independent variables, which may involve

complex interactions. It provides hierarchical dichotomous

classification of the data set into smaller groups in which the

within-group variation in the response variable is minimized.

At each node of the tree, cases (species in our case) are split

dichotomously based on a certain value of a selected

independent variable, later called the splitter variable.

Secondly, we investigated how regression trees change when

the phylogenetic component of the variation in species

abundance is removed. In this analysis, we calculated regres-

sion trees in which the dependent variables consisted of the

residuals from the multiple regression of species abundance on

the phylogenetic PCoA axes and the independent variables

were the species attributes.

To select the optimal tree size, the 10-fold cross-validation

method with the SE = 0 rule was used (Breiman et al., 1984).

The cross-validation procedure suggests the ‘optimal’ tree size,

which is a compromise between maximizing the explained

variation in the dependent variable and minimizing the risk of

overfitting. At each node of the tree, we identified surrogate

variables, i.e. variables that are able to separate cases in a

similar way to the particular splitter variable. Only those

variables having an associated value with respect to the splitter

variable of > 0.5 were considered as surrogates. For each tree

the explained variation in the dependent variable was calcu-

lated from their resubstitution relative errors, corresponding to

the residual sums of squares. The relative importance of each

independent variable in each regression tree was expressed by

the importance value, which was computed by summing, over

all nodes of the tree, the resubstitution error estimate and

expressing these sums relative to the largest sum found over all

independent variables. Thus the most important independent

variable received a value of 100 and the others were scored

relative to the best variable on a scale from 0 to 100. The

importance value reflects the contribution of each variable

stemming both from its role as a splitter and as a surrogate

across all nodes of the tree.

Only those categorical attributes that occurred in ‡ 20

species were used for the analyses. Missing Ellenberg indicator

values for some species were replaced by the mean values for

particular factors.

All calculations were done in the programs statistica 7.1

(http://www.statsoft.com/) and R 2.4.0 (R Development Core

Team 2006, http://www.r-project.org/). The function for

calculating patristic distances was written by us (see Appendix

S1 in Supplementary Material). PCoA was calculated with the

function cmdscale() in the R package ‘stats’.

RESULTS

The most abundant species of the set of 381 weeds of arable

land in the Czech Republic are listed in Table 1. The most

abundant weed is Viola arvensis, which occurred in 73% of

plots, followed by Stellaria media, Capsella bursa-pastoris and

Fallopia convolvulus. The lists of the most abundant species are

quite similar for cereal fields, low-altitudinal regions and mid- T
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altitudinal regions. The root-crop fields are slightly different –

Chenopodium album is the most abundant species.

Regression trees were constructed separately for the whole

data set, for weeds of cereal and root-crop fields and for weeds

of two altitudinal floristic regions of the Czech Republic

(Table 2). Optimal regression trees for the whole data set and

for the weeds of cereal fields had the same topology with three

terminal nodes and the same splitter variables at each node;

therefore the tree graph is presented only for the latter

(Fig. 1a). This tree explains 29% of the variation in the

regional abundance of species. It shows that the regionally

most abundant species are those with large geographical

ranges, and particularly those flowering in pre-spring and early

spring.

The optimal regression tree for root-crop weeds has four

terminal nodes (Fig. 1b) and explains 56% of the variation in

the regional abundance of species. The main split, based on

Ellenberg indicator values, indicates that the most abundant

weeds are demanding of nutrients and moisture. Among them,

the most abundant species are again those flowering in pre-

spring and early spring. Among the nutrient- and moisture-

demanding species that flower later in the season, those with a

broader geographical range (occurring in more than five

floristic zones) are more abundant.

The optimal regression tree for weeds of the low-altitudinal

region is divided into only two terminal nodes according to the

flowering phase (not shown). This tree explains only 16% of

the variation and indicates that species flowering in pre-spring

and early spring are more abundant (mean percentage

frequency x = 24.6, n = 25) than the others (x = 9.3,

n = 219).

The optimal regression tree for weeds of the mid-altitudinal

region has six terminal nodes and explains 49% of the

variation in the regional abundance of species (Fig. 1c). In the

mid-altitudinal region as well, the most abundant weed species

are those flowering in pre-spring and early spring. Of these,

species with a higher tolerance to low temperatures are more

abundant. In the group of later-flowering species, those with

higher nutrient requirements, annual life span and broader

habitat range are the most abundant.

The most important attributes related to the regional

abundance of species are similar in all analyses (Table 2) and

remain stable when the phylogenetic component of variation is

removed. Overall, phylogeny explains much less variation in

species abundance than species attributes uncorrected for

phylogeny (Table 3). For those attributes that did not appear

as splitters or surrogates in regression trees but still had

relatively high importance values (Table 2), the relationships

identified by univariate Pearson correlations and t-tests for the

whole data set are as follows: regional abundance of species

decreases with mean plant height (r = )0.59; P < 0.001), is

higher for therophytic life-form (t-test; P < 0.001) and CR

strategy (r = 0.32; P < 0.001), decreases with Ellenberg indi-

cator values for light and soil reaction (r = )0.29; P < 0.001

and r = )0.04; P < 0.01, respectively) and is higher for species

with circumpolar distribution and lower for those with

European distribution (t-test, both P < 0.001). The signs of

the corresponding relationships are the same in particular

subsets.

DISCUSSION

The most abundant weed species

Holzner (1982) recognized two contrasting tendencies in weed

evolution. One tendency is the evolution of specialized weeds

having a narrow adaptation to one crop. This specialization is

advantageous if environmental conditions are stable. However,

the profound changes in agricultural management during the

last century caused a considerable decline in such species

(Holzner, 1978; Hilbig, 1987; Kornaś, 1988; Andreasen et al.,

1996; Sutcliffe & Kay, 2000; Lososová, 2003; Pinke, 2004). The

opposite tendency is the evolution of colonizers, which are

adapted to different environments and possess effective

dispersal strategies. Species reported to be among the most

abundant weeds in our survey (Table 1) belong to the

colonizers. Not all of the most abundant weeds, however, are

confined to agricultural habitats. Most of them are widely

distributed in different human-made habitats (Lososová et al.,

2006) and some are also found in mesic grasslands. Therefore

they should be considered as ecological generalists occurring,

among other habitats, on agricultural land.

The list of the most abundant weeds of the Czech Republic

(Table 1) corresponds very well to similar lists from other

countries of central and northern Europe, e.g. Finland

(Hyvönen et al., 2003), Denmark (Andreasen et al., 1996),

Poland (Trzcińska-Tacik, 1991) or Hungary (Glemnitz et al.,

2000). Glemnitz et al. (2000) reported Polygonum aviculare,

Fallopia convolvulus, Cirsium arvense and Chenopodium album

to be found on agricultural fields throughout Europe inde-

pendently of climatic conditions. These species were among

the most abundant weeds in the Czech Republic (Table 1). The

most abundant weed of Czech arable land, Viola arvensis, has

been reported as a recently expanding species not only in the

Czech Republic but also in other countries (Hyvönen et al.,

2003; Tyšer & Holec, 2004). Consistency of the lists of the most

common weeds from different countries indicates that our

results are also valid beyond the Czech Republic, at least in

central Europe and the southern Baltic region.

Biological traits and ecological characteristics of

abundant weeds

Our data suggest that the most abundant weeds on central

European arable land are species that flower in pre-spring or

early spring, with requirements for low temperature and high

nutrient uptake. They also have a certain, yet weaker, tendency

to be an annual, therophyte, CR strategist with short stature,

shade tolerance and adaptations to mesic and slightly acidic

rather than dry and base-rich soils.

The ability to flower early in the growing season enables

abundant weeds to use the period of low competition before

Attributes determining the regional abundance of weeds
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Table 2 Importance of species attributes for explaining the regional abundance of weed species. Importance values (scaled from 0 to 100)

relate to optimal regression trees, in which the regional abundance of species was used as the dependent variable and species attributes as

independent variables.

Species attribute

Czech

Republic Cereals Root crops

Low-altitudinal

region

Mid-altitudinal

region

1 2 1 2 1 2 1 2 1 2

Plant height

Maximum 30 39 30 39 39 52 33 – 42 33

Mean 41 55 41 45 54 49 39 – 43 32

Life span

Annual 64 49 67 25 65 19 39 – 54 37

Biennial 1 14 1 5 11 22 21 – 13 16

Polycarpic perennial 45 41 47 14 44 16 28 – 44 23

Life-form

Geophyte 9 34 8 10 39 31 15 – 13 8

Hemicryptophyte 7 10 6 7 23 9 21 – 16 11

Therophyte 62 42 65 29 46 15 32 – 48 29

Life strategy

C, competitors 16 10 16 2 25 1 9 – 18 8

R, ruderals 40 25 43 49 21 18 33 – 14 32

CR 20 28 19 10 57 43 33 – 62 32

CS 15 12 16 5 10 4 3 – 4 6

SR 22 22 21 48 5 36 40 – 21 47

CSR 7 6 8 7 12 12 13 – 14 6

Leaf persistence

Summer-green 17 7 22 9 14 13 8 – 18 3

Overwintering-green 41 26 47 19 18 15 26 – 30 15

Persistent-green 1 7 1 3 14 7 7 – 7 11

Reproduction type

Seed 16 22 17 12 27 28 17 – 22 19

Seed and vegetative 20 21 20 10 26 13 20 – 26 22

Flowering phase

Pre-spring and early spring 100 72 100 57 75 38 62 – 48 67

Mid-spring 5 10 5 5 40 10 2 – 8 8

Summer 22 14 25 2 23 8 8 – 10 9

Pollen vector

Wind 1 1 1 3 4 3 1 – 3 3

Insect 4 4 5 4 4 2 3 – 18 7

Selfing 5 6 7 3 9 3 8 – 4 2

Dispersal mode

Anemochory 0 11 0 2 5 4 4 – 1 1

Myrmecochory 15 12 15 2 14 13 10 – 25 6

Epizoochory 16 17 18 9 27 14 24 – 36 27

Autochory 4 10 5 1 7 4 3 – 11 10

Ellenberg indicator values

Light 78 71 78 87 53 62 83 – 71 65

Temperature 42 43 44 38 50 76 43 – 78 100

Continentality 32 38 29 34 45 41 35 – 46 34

Moisture 48 56 46 62 64 72 36 – 66 57

Soil reaction 44 65 39 22 36 40 33 – 55 38

Nutrients 84 100 77 92 67 93 100 – 88 99

Number of floristic zones 72 71 66 100 100 100 88 – 100 81

Floristic region

Circumpolar 53 84 50 91 62 78 71 – 78 69

Europe 55 81 52 91 56 79 81 – 77 77

Asia 29 51 26 3 10 15 5 – 28 29

America 16 10 16 3 4 3 7 – 5 6

Habitat range 38 71 34 55 84 72 43 – 96 52
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Table 2 continued

Species attribute

Czech Republic Cereals Root crops

Low-altitudinal

region

Mid-altitudinal

region

1 2 1 2 1 2 1 2 1 2

Species status

Native species 35 33 35 26 11 11 42 – 16 13

Archaeophytes 38 35 40 22 14 7 30 – 26 9

Neophytes 5 4 5 9 8 6 13 – 13 6

Column headings: 1, analysis not considering phylogenetic information; 2, analysis of net effects of species attributes after phylogenetic component of

the variation in the regional abundance of species was removed.

Importance values ‡50 are in bold; values ‡75 are shaded. No optimal regression tree was found for the low-altitudinal region after the phylogenetic

component of variation was removed.

The following categorical attributes that occurred in fewer than 20 species are not shown: monocarpic perennial (life span), chamaephyte and

phanerophyte (life-forms), S (stress tolerators; life strategy), spring-green (leaf persistence), vegetative (reproduction type), endozoochory (dispersal

mode) and Africa (floristic region).

x = 7.3
n = 364

x = 3.5
n = 199

x = 11.9
n = 165

x = 9.4
n = 145

Others Pre-spring and early
spring flowering  

x = 29.7
n = 20

≤ 4 Geographical range size > 4

Weed species abundance in cereals

Weed species abundance in root crops

x = 8.3
n = 291

x = 3.1
n = 128

x = 12.3
n = 163

x = 9.7
n = 145

Others

x = 32.0
n = 18

≤ 5.3 Nutrients > 5.3
≤ 4.4  moisture > 4.4

x = 18.3
n = 27

x = 7.9
n = 118

≤ 5 Geographical range size > 5

Pre-spring and early
spring flowering  

Weed species abundance in the mid-altitudinal region

x = 11.5
n = 215

x = 9.5
n = 193

x = 28.3
n = 22

x = 11.2
n = 11

x = 45.5
n = 11

Others Pre-spring and early
spring flowering

x = 17.0
n = 57

x = 8.2
n = 53

Others Annuals
≤ 16  habitat range >16

x = 12.8
n = 110

x = 5.2
n = 83

x = 35.8
n = 13

x = 11.5
n = 44

≤ 14 > 14Habitat range

≤ 5.3 Nutrients > 5.3 Temperature ≤ 5.9> 5.9
moisture> 4.5 > 4.5

(b)

(a)

(c)

Figure 1 Regression trees explaining the regional abundance of weed species on arable land in the Czech Republic through species

attributes. Boxes on the tree nodes contain information on the mean abundance of species in the particular node, i.e. percentage frequency of

occurrence in vegetation plots (x) and the number of species occurring on that node (n). Splitter variables (and their split values for

quantitative variables) are given in bold at each node. Surrogates, i.e. variables allocating most species to the same group as the primary

splitter, are given in non-bold letters below the splitter variables.
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formation of dense stands of crop plants and before germi-

nation or vegetative growth of thermophilous, late-growing

weed species. Most of these species do not only flower early,

but extend their flowering period from early to late season. To

mention a few examples from the list of the most abundant

weed species on Czech arable land (Table 1), Capsella bursa-

pastoris, Stellaria media and Veronica persica are able to flower

and produce seeds throughout the year, Polygonum aviculare

for up to 11 months, and Anagallis arvensis for up to

10 months (Trefflich et al. in Klotz et al., 2002; pp.

127–131). The extended flowering period enables such species

to increase the chance of cross-pollination and seed output,

and probably thereby increase their regional abundance and

extend their geographical range. Our observation of the

importance of early flowering is consistent with the results of

Brändle et al. (2003a), who demonstrated a correlation between

the time span within a year during which a weedy species is able

to germinate and the geographical range size. Lloret et al.

(2005) also pointed out the importance of a long flowering

period for the species of Mediterranean agricultural habitats.

Similarly, Lahti et al. (1991) found that in the Finnish flora

threatened taxa tend to start flowering later than their common

relatives. The habit of early flowering in the regionally

abundant weeds is consistent with the observation that these

species are adapted to relatively cool environments. Ellenberg

temperature values of the abundant species are mostly 5 or 6,

while those of the less abundant species are usually 6 or 7. This

adaptation enables weed species to extend their range to cooler

areas and their growing period to the cooler seasons of the year.

Tolerance to lower temperatures is probably associated with

occurrence on mesic and slightly acidic rather than dry soils,

because such soils prevail in cool areas of central Europe.

Abundant weeds also appear to be more demanding of

nutrients than less abundant weeds, as suggested by the

Ellenberg indicator values. It was shown in experimental

studies that some of these species are supported by the

addition of nutrients (e.g. Fallopia convolvulus, Thlaspi arvense

and Viola arvensis, Pyšek & Lepš, 1991; Elytrigia repens, Viola

arvensis, Hyvönen & Salonen, 2002). As predicted by theory

(Grime, 1979; Tilman, 1988), their higher nutrient require-

ments appear to be related to lower light requirements:

successful arable weeds seem to occupy nutrient-rich but more

shaded habitats on the resource-ratio gradient sensu Tilman

(1988). Ellenberg light values for abundant weed species are

mostly 6 and 7, while those for less abundant species are

mostly 7 and 8. Shade tolerance is especially important for

short weed species in the period when they are overtopped by

crop plants. Unlike the analyses of the British and Californian

flora, where common species tended to be taller than rare

species (Hegde & Ellstrand, 1999; Pilgrim et al., 2004), our

weed data exhibited the opposite tendency. The low-growing

weeds were more abundant on arable land, probably because

they more easily avoid the disturbances associated with crop

harvest and agricultural management. If disturbed, short

species may be able to regenerate more quickly than tall

species. However, weeds with short stature growing in dense

stands of crop plants must be shade tolerant.

Other important traits of regionally abundant weeds were

their annual life span and therophytic life-form. Annuals and

therophytes are a generally very common group of plants on

arable land, because most agricultural crops are also annual, so

the weeds follow the life cycle of the crop. Of the 381 weed

species included in the present study, 51% were annuals, which

is a considerably higher proportion than found in most other

habitats of central Europe (Ellenberg, 1988).

Regional abundance related to geographical and

habitat range

Besides biological traits and ecological characteristics, the

regional abundance of weeds is also related to their large-scale

distributional characteristics. Generally, regionally abundant

weeds are those with larger, often circumpolar geographical

ranges, which may extend across several latitudinal floristic

zones. In contrast, less abundant weeds tend to have smaller,

often European ranges. Abundant weeds also tend to be habitat

generalists, occurring in several habitats beyond arable land.

These patterns generally confirm the results of previous works,

in which the local abundance of plant species was shown to be

positively related to their regional range size (Thompson et al.,

1998; Brändle et al., 2003b; Pocock et al., 2006) or their habitat

range (Thompson et al., 1998; Kühn et al., 2004). In such

relationships, however, it is difficult to separate the cause and

effect, because processes operating at the smaller scale can

affect the patterns at the larger scale and vice versa.

Explanations of regional species abundance through the

pattern of habitat utilization are usually based on either the

‘resource availability hypothesis’ or the ‘niche breadth hypoth-

esis’ (Brown, 1984; Hanski et al., 1993; Thompson et al.,

1998). The former suggests that species are abundant because

the resources they use are common across the landscapes. The

latter hypothesis, which is an alternative in some cases but

often complementary to the former, suggests that some species

are abundant because they are able to use a broader spectrum

of resources than other species, i.e. to grow in a broader range

of different habitats. Arable land is a rather uniform habitat

that occurs over large areas, so it seems that most of its

Table 3 Variation in the regional abundance of weed species

explained by species attributes (including the embedded part of

the phylogenetically structured variation) and by phylogenetic

relatedness among species (including the embedded phylogeneti-

cally structured variation in species attributes).

Variation explained

by attributes (%) by phylogeny (%)

Czech Republic 30.8 11.3

Cereals 29.1 11.8

Root crops 56.3 11.2

Low-altitudinal region 16.1 14.9

Mid-altitudinal region 48.9 13.9
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common species are those best adapted to it by their biological

traits and ecological characteristics. This explanation would be

consistent with the ‘resource availability hypothesis’. At the

same time, however, abundant species of arable land are those

that are found in a broad range of other habitats, and this

pattern is consistent with the ‘niche breadth hypothesis’.

Species pool effects (Taylor et al., 1990; Zobel, 1992; Pärtel

et al., 1996) are likely to play a role here. Species occurring in

more habitats are more common in the surrounding land-

scape, thus they may spread more easily to arable land. Gabriel

et al. (2005) provided evidence for such processes, showing

that weed communities can be more species-rich on those

arable fields that are situated in a diverse landscape with more

habitat types. However, the opposite process is also possible:

abundant species of arable land may spread to the surrounding

habitats. Since arable land is a widespread component of the

central European landscape, this spread may affect many

different habitats. Thus the broader habitat range of the

common weed species may be a consequence rather than cause

of their abundance within this single widespread habitat.

It is interesting that the history of the regional spread of

species in the study area, expressed through their status as

native, archaeophyte or neophyte, is only weakly related to

the abundance of weed species on central European arable

land. Although arable land contains most alien species of all

central European habitats (Chytrý et al., 2005), this pattern

indicates that common and rare species are represented in

similar proportions in the group of native plants and both

groups of aliens. This suggests that frequent native and alien

species probably share the same attributes (Thompson et al.,

1995).

CONCLUSIONS

Our analysis demonstrated that the regional abundance of

weed species on central European arable land is related to some

of their biological traits and ecological and distributional

characteristics. Some of the attributes of abundant weeds

identified in this study may differ from attributes identified in

studies performed in other habitats or across different habitats,

because abundant weeds of arable land should share, to some

extent, the characteristics of an ‘ideal weed’ (Baker, 1965)

rather than attributes of common species in general. However,

habitat-specific studies of the determinants of species regional

abundance, such as this one, are of considerable importance

for the development of a deeper understanding of the patterns

of commonness and rarity.
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