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Abstract 

Species assembly into local communities from the surrounding region can be caused 

either by species failure to reach the site (i.e. seed limitation) or to establish (i.e. es-

tablishment limitation). The aim of this thesis was to investigate plant species assem-

bly and to determine the relative importance of different factors in that process. 

In a cultivated landscape in southeast Sweden, plant community assembly was 

studied in grazed ex-arable fields. Community assembly from the surrounding region 

into the local community was explored using trait-based null models and seed sowing 

and transplanting experiments. The influence of local environmental factors and land-

scape history and structure on community assembly was also studied. In addition, dif-

ferences in species assembly between ex-arable fields and semi-natural grasslands 

were explored. 

Seed limitation was the strongest filter on local community assembly. Only a frac-

tion (36%) of species in a region dispersed to a local site and adding seeds/transplants 

increased species establishment. Species abundance at the regional scale, species dis-

persal method and seed mass strongly influenced which species arrived at the local 

sites. Establishment limitation also affected the assembly. Of species arriving at a site 

78% did establish, seedling survival was low and which species established was in-

fluenced by species interactions, local environmental conditions and stochastic 

events. In addition, landscape structure that determined the species richness in the 

regional species pool influenced the local assembly. The comparison between assem-

bly in ex-arable fields and semi-natural grasslands indicated that the main cause of 

difference in species assembly between them was difference in their age. 

The main conclusion of this thesis is that regional processes are more important 

than local factors in determining plant community assembly. 

 
Keywords: Assembly rules, dispersal limitation, environmental filtering, establish-

ment limitation, ex-arable fields, functional traits, landscape history, semi-natural 

grasslands, seed bank, seed augmentation, seed rain, trait based filtering. 
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Introduction 

Plant community assembly 

How plants are assembled into communities from a pool of potential coloniz-

ers is one of the central questions in plant ecology. It dates back to beginning 

of the 20th century with the publications of Gleason (1926) and Clements 

(1916, 1936). Gleason (1926) had an individualistic approach and believed 

that community composition was quite stochastic, merely an assortment of 

species with similar adaptation to the environment, while Clements (1936) 

described communities as highly organized, constructed from mutually inter-

dependent species. Today, the general view is that this process is complex 

affected by both deterministic and more stochastic factors (e.g. Gravel et al. 

2006, Chase 2007). For a plant to establish at a given site from the surrounding 

species pool it must successfully pass what has been described as a series of 

filters or limitations (Zobel 1997, Houseman and Gross 2006). Some species 

fail to establish at a site because their propagules fail to reach the site (i.e. seed 

limitation) and others because the propagules fail to establish under the local 

conditions (i.e. establishment limitation, also called microsite limitation or 

ecological filtering). Seed limitation can either be caused by the lack of prop-

agule production of that species in the region (source limitation), or because 

the propagules produced fail to reach the local site (dispersal limitation; Na-

than and Muller-Landau 2000, Ehrlén et al. 2006). Establishment limitation 

can be caused both by unsuitable abiotic conditions (environmental filtering; 

Keddy 1992a, Zobel 1997) and biotic factors (species interaction filtering) as 

the species must be able to establish under the current levels of mutualism, 

herbivory and competition (Clark et al. 1998). Thus both local and regional 

processes affect plant community assembly (Schmucki et al. 2012). Regional 

processes, like regional environmental heterogeneity, landscape structure and 

history, determine the pool of possible colonizers (Pärtel and Zobel 1999, Har-

rison and Cornell 2008). Then local processes that influence abiotic and biotic 

condition will determine species establishment (Clark et al. 1998, Öster et al. 

2009a). 
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Studies have shown that both seed and establishment limitation affect the 

assembly process (Eriksson and Ehrlén 1992, Myers and Harms 2011, Scott 

and Morgan 2012) but their relative importance is being debated. While some 

authors have claimed that establishment is mostly a neutral process only con-

strained by the ability of species to overcome seed limitation (Hubbell 2001) 

others claim that establishment limitation, both biotic (MacArthur and Levins 

1967, Fargione et al. 2003) and abiotic (Keddy 1992a) are more important. 

Plant community assembly studies 

The assembly of plants and the importance of different factors on that process 

is most commonly explored using either observational data or by seed aug-

mentation experiments. Seed augmentations are commonly used to assess the 

importance of seed- and establishment limitation on plant community assem-

bly (see e.g. Turnbull et al. 2000, Clark et al. 2007). If species occurrence is 

influenced by seed limitation, adding seeds will increase their establishment. 

No increase in establishment is an indication of establishment limitation af-

fecting species occurrence. The influence of species interactions on species 

germination can then be estimated in these experiments by comparing germi-

nation in undisturbed plots with plots where the above-ground vegetation has 

been disturbed or removed and thus species interactions minimized. The in-

fluence of establishment limitation on life-cycle stages after seedling germi-

nation can then be explored by following the survival of augmented seedlings 

(Ehrlén et al. 2006, Clark et al. 2007, Scott and Morgan 2012). 

Observational data can be used to compare if observed patterns in species 

assembly deviate from null models simulating random species assembly pat-

terns.  Species identity is commonly used in observational assembly studies 

(e.g. Ruprecht et al. 2007, Reitalu et al. 2008) but the large number of species 

makes the results site specific. Thus, it is hard to detect any common patterns 

and the results have limited generality (Keddy 1992a, b). Guilds link observed 

patterns to the function of the ecosystem by condensing species lists by group-

ing species according to similarities in selected characteristics that might be 

ecologically relevant (e.g. Wilson 1999), making the results more comparable 

among sites (Wilson 1999, Brown 2004). However, some details are lost by 

the grouping. Plant functional traits are measured on the species level and they 

are thought to reflect general adaptations to variation in the environment and 

trade-offs among different functions within a plant (Lavorel et al. 2007). Spe-

cies with similar traits are assumed to have similar functional roles, respond 
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similarly to the environment and occupy similar niches (Lavorel et al. 2007, 

Violle and Jiang 2009). Differences in functional traits between individuals 

have been suggested to determine outcome of competitive interactions and 

species sorting into communities (e.g. Keddy 1992a, Díaz et al. 1998, Lavorel 

et al. 2007, Violle et al. 2009). Today, functional traits are commonly used in 

assembly studies (e.g. Weiher et al. 1999, McGill et al. 2006, Garnier et al. 

2007, Cornwell and Ackerly 2009, Götzenberger et al. 2012) as they make 

ecology a more predictable science (Weiher and Keddy 1995, McGill et al. 

2006, Shipley 2009) without losing detail. These studies explore if species are 

assembled at random into local communities or if the dispersion of traits show 

divergence or convergence (e.g. Watkins and Wilson 2003, Grime 2006). In 

general, convergence in traits linked to species establishment is thought to in-

dicate environmental filtering (Keddy 1992a, Weiher and Keddy 1995), as 

only species with certain traits can establish under the local environmental 

conditions, while trait divergence is thought to reflect species interaction fil-

tering, as species with similar traits are expected to have similar resource re-

quirements and thus compete more intensely (i.e. limiting similarity, Lavorel 

et al. 2007, Violle and Jiang 2009). Trait convergence can also indicate species 

interaction filtering as traits, like height that enhances species competitive 

abilities allowing species to succeed in competition, should be over repre-

sented (e.g. Shipley 1993, Mayfield and Levine 2010, de Bello et al. 2012). 

Some authors have suggested that if species are similar enough, they can es-

cape this rule of limiting similarity and coexist (Scheffer and van Nes 2006, 

Yan et al. 2012), thus causing convergence in traits related to species estab-

lishment and persistence. Also, if traits linked to species dispersal abilities and 

seed production influence which species assembly, this should indicate dis-

persal limitation. 

Even though both seed augmentation experiments and null models give an 

insight into factors affecting plant community assembly, neither of them are 

perfect (Van der Maarel et al. 1995, Clark et al. 2007, Götzenberger et al. 

2012). Using observation data and null models does more often than not only 

reveal random patterns of species co-occurrence, thus failing to give us insight 

into the effect of the different factors on community assembly. The results of 

these models are also highly dependent on the models and parameters used 

(Thompson et al. 2010, Götzenberger et al. 2012). Thus lack of deterministic 

patterns might be because plant community assembly is a random process or 

because the models are not including the right parameters. While seed aug-

mentation experiments give a more direct answer on the effect of dispersal 

and establishment limitation, these experiments only cover a small portion of 
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possible colonizers at a site. In addition, majority of studies only examine ger-

mination and survival for a short time period, most commonly one year (Clark 

et al. 2007). Conditions for plant establishment can be more strict than condi-

tions for germination (Turnbull et al. 2000) and therefore it has been suggested 

that these short term studies might underestimate the role of establishment 

limitation in plant colonization (Ehrlén et al. 2006, Clark et al. 2007, Scott and 

Morgan 2012). Because neither method is perfect, results could be strength-

ened by applying them both to the same plant assembly. However, few studies 

exist that have used both methods to explore plant community assembly at a 

site (but see Tofts and Silvertown 2000, Tofts and Silvertown 2002, Moore 

and Elmendorf 2006). 

Plant traits and species assembly 

Different traits can be linked to different aspect of the colonization process: 

species dispersal, establishment and persistence. Among traits that are usually 

linked to species dispersal abilities are dispersal method and seed mass. The 

dispersal method of propagules influences dispersal distance and direction 

(Willson 1993, Cornelissen et al. 2003, Vittoz and Engler 2007) and seed mass 

is linked to seed production and generation time. Small seeds are often pro-

duced in greater numbers than large seeds (e.g. Leishman 2001) and therefore 

are likely to disperse better. In addition, small-seeded species are thought to 

have faster initial growth  (Turnbull et al. 2008), and faster life cycles i.e. reach 

maturity earlier (Moles and Westoby 2006).  Seed mass has also been linked 

to species establishment as large seeds usually contain more resources (e.g. 

Dalling and Hubbell 2002, Moles and Westoby 2004) and are therefore ex-

pected to have higher establishment success than smaller seeds as well as bet-

ter competition abilities (Eriksson 1997, Turnbull et al. 1999, Leishman 2001). 

SLA (specific leaf area) and LDMC (leaf dry matter content) are also associ-

ated with species establishment success. High SLA is often related to higher 

metabolic rates per mass, higher relative growth rate and shorter leaf lifespan 

while low SLA indicates slower metabolic rates per mass and denser leaf tis-

sue (e.g. Weiher et al. 1999, Cornelissen et al. 2003). Species with higher 

LDMC have denser leaves that are tougher and more resistant to physical haz-

ards than leaves with low LDMC (Cornelissen et al. 2003). Traits that have 

been linked to species persistence are clonal growth abilities and height (Wei-

her et al. 1999). Height of a plant have been shown to be positively associated 

with whole plant fecundity (Cornelissen et al. 2003) and competitive ability 
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(Gaudet and Keddy 1988, Weiher et al. 1999). Clonality gives plants compet-

itive vigor and the ability to exploit patches rich in key resources and increases 

the ability of species for short-distance migration, especially under circum-

stances of poor seed dispersal or seedling recruitment (Cornelissen et al. 

2003).  

Information on plant traits can be measured on site, but that process is time 

consuming and costly. Therefore most studies use traits derived from trait data 

bases like LEDA (Kleyer et al. 2008), TRY (Kattge et al. 2011) and CLO-

PLA 3 (Klimešová and de Bello 2009, http://clopla.butbn.cas.cz/). The accu-

racy of the traits retrieved from these databases has been shown to be linked 

to the level of aggregation studied, the habitat type and the trait, with higher 

accuracy for processes working on the site scale (i.e. environmental filtering) 

compared the plot scale (i.e. species interaction filtering ) (Cordlandwehr et 

al. 2013).  

Ex-arable fields as model ecosystem 

One of the complications in studying community assembly is that the species 

assembly is not only affected by current regional and local conditions but also 

those in the past (e.g. Helm et al. 2006). Grasslands that have developed on 

grazed ex-arable fields are often young habitats, that have no remnant popu-

lations and species have most likely colonized the fields in an environment 

and landscape context similar to the present conditions. They are therefore 

highly suitable for studies on community assembly. In addition, species rich 

semi-natural grasslands often occur in the same agricultural landscape as ex-

arable fields. Semi-natural grasslands are among the most species-rich habi-

tats in Northern Europe (e.g. Kull and Zobel 1991, Cousins and Eriksson 

2002) and are therefore of high conservation value. However, because of land 

use changes during the past century they  have declined drastically in area and 

are today few and often small (Eriksson et al. 2002). In contrast to ex-arable 

fields, semi-natural grasslands usually have a long history (Cousins and Eriks-

son 2002, Eriksson et al. 2002) and their high species richness is thought to be 

an effect of large historical areas, management continuity, low soil fertility, 

constant disturbance by grazing animals and current and past propagule pres-

sure from the region (Janssens et al. 1998, Cousins and Eriksson 2002, Eriks-

son et al. 2002, Eriksson et al. 2006). Ex-arable fields can harbour many grass-

land specialists that are usually found in semi-natural grasslands and therefore 

act as reservoirs for plant species richness (i.e. Cousins et al. 2009). Ex-arable 
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fields have also been mentioned as target sites for re-creation of semi-natural 

grassland communities (i.e. Öster et al. 2009a). 

Soils properties on former arable fields, are often highly influenced by past 

management and characterized by high soil fertility, high pH and low bulk 

density (Wall and Hytönen 2005). Studies on ex-arable fields have found that 

natural colonization takes a long time and that establishment is contingent to 

the soil fertility and distance to appropriate seed sources (e.g. Pywell et al. 

2002, Cousins and Aggemyr 2008, Cousins and Lindborg 2008). Species rich-

ness increases with lower distance to semi- natural grasslands and the time 

since grazing started and recruitment success increases with the age of the ex-

arable field (Öster et al. 2009a). More information on community assembly in 

ex-arable fields, especially on processes that determine how species establish 

there from the surrounding species pool and on the differences in assembly 

between ex-arable fields and semi-natural grasslands, will aid in re-creation 

of species-rich grasslands. 
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Aim of the thesis 

The overall aim of this thesis was to investigate plant species assembly and to 

determine the relative importance of different factors in that process, using 

grazed grasslands as model system. This was achieved using various ap-

proaches; the regional and local species pool was determined, the local seed 

rain and bank explored, seed sowing and transplantation experiments con-

ducted, local environmental factors measured and the past and present land-

scape analysed. The specific aims of this thesis were: 

 

1) To study the differences in community assembly between ex-arable 

fields and semi-natural grasslands by exploring the differences in rela-

tion to plants functional traits (paper I and II), plant regional abun-

dance (paper II) and local environmental factors (paper I). 

 

2) To investigate how species are filtered from the regional species pool 

into local communities both by exploring the filtering between the re-

gional species pool and local communities (paper II) and by exploring 

the filtering from the regional species pool to the local propagule pool 

and from the local propagule pool into local communities (paper IV). 

 

3) To explore the relative importance of different filters in plant commu-

nity assembly in ex-arable fields (paper III). 

 

4) To assess how landscape history and landscape structure affect assem-

bly processes in ex-arable fields (paper V). 
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Methods 

Study site 

The study took place in and near Nynäs nature reserve, southeastern Sweden 

(58º49´N, 17º24´W; Cousins and Eriksson 2002). The study area is a culti-

vated landscape with a mosaic of arable fields, ex-arable fields, semi-natural 

grasslands and forests. In paper I eight species-rich semi-natural grasslands 

and six species-poor ex-arable fields, located within a 3 x 4 km large rural area 

in and near the reserve were studied. In the remaining papers, 12 new sites in 

species-poor ex-arable fields were studied within the reserve, of which eight 

also included adjacent species-rich semi-natural grasslands. The distance be-

tween the sites was 300 m. at minimum. All the sites were grazed with live-

stock (sheep or cattle). The age of the ex-arable fields was estimated to be-

tween ca. 20 and 40 years, based on aerial photographs from 1945 and 1981 

and field survey in 1998 (Cousins, unpublished data).  

Vegetation data 

Within each of the studied grasslands, plots were established in a homogene-

ous, flat and stone free area of approximately 10 × 10 m, at least 5 m from the 

field edge. At the 14 sites studied in paper I, five plots (2 × 1 m) were laid out 

and within them vascular species cover estimated in eight 0.3 × 0.3 m quad-

rates, in the summers of 2007 - 2008. At the remaining 12 sites, plant species 

assembly was investigated at the local scale and on the regional scale.  The 

local scale: Within each of the studied grasslands, four plots (2 × 1.2 m) were 

laid out and within them species abundance estimated (paper II, III, IV,V) in 

the summer of 2009. In addition, for the ex-arable fields species presence was 

recorded in the whole 10 × 10 m area (paper IV). The local species pool/ local 

community was then determined as all the species found at the local scale. The 

regional scale (paper II, III, IV,V): In a 100 m radius around each site (in-

cluding the abundance plots) the region was divided up to vegetation types. 

Within each vegetation type species presence, presence of flowers and/or 
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fruits and the commonness of each species were recorded. This was done in 

the beginning of July and in September 2009, to get both species flowering in 

mid and late summer. The total species pool (paper II)/The regional species 

pool (paper IV and V) was then determined as all the species found within the 

100 m radius. The regional species pool in paper II and III was determined as 

all the species found in the total species pool excluding species that should not 

be able to grow under the ecological conditions in the studied grasslands (cf. 

Pärtel et al. 2011) and also all trees, shrubs and ferns, that rarely can establish 

in the studied grasslands because of grazing. The regional propagule pool (pa-

per II) was defined as those species in the regional species pool that were 

found flowering or with fruits during either of the species surveys. 

Seed rain and seed bank 

From each of the 12 ex-arable fields, 20 seed bank samples were collected and 

20 seed traps laid out (paper IV). The seed bank samples consisted of four soil 

cores mixed together, taken with an auger, 2 cm in diameter, down to 5 cm 

depth. The seed traps were 8 cm × 8 cm × 10 cm pots filled with potting soil 

buried into the ground so that their edge was on ground level and then left out 

in the field for one year (plots were replaced ones during that time). After 

collection the seed bank and seed rain samples were spread onto a 12 × 10.5 

× 7 cm trays filled with layer of potting soil covered by a 0.5 cm layer of sterile 

sand. The samples were kept in a greenhouse at the Department of Ecology, 

Environment and Plant Sciences at Stockholm University, with the day tem-

perature at ca. 17 °C and night temperature ca. 14 °C, and with 15 hours of 

light per day. The samples were watered as needed. The germination of seed-

lings was monitored every other week and each seedling was either identified 

and removed or transplanted for later identification. After each removal the 

soil was moved around to stimulate germination. The local propagule pool 

(paper IV) was then determined as all species found in either the seed rain, 

seed bank or local species pool of a site. 

Plant traits 

To examine if species traits affected the filtering of species between species 

pools the following traits were used: dispersal method, seed mass (mg), spe-

cific leaf area (SLA), leaf dry matter content (LDMC), mean plant height 
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(mm) and clonal growth index (CGI). Dispersal method and seed mass are 

linked to species dispersal abilities, seed mass, SLA and LDMC are linked to  

species establishment and CGI and height linked to species persistence (Wei-

her et al. 1999).  

In paper I, SLA, LDCM and seed mass was measured within each of the 

14 study sites using the guidelines in Cornelissen et al. (2003). In papers II, 

IV and V, seed mass, SLA, plant height, CGI and dispersal method (only pa-

per II and IV) were obtained from various sources. Dispersal method was es-

timated from seed and fruit morphology. Mean plant height (mm) was ob-

tained from the local flora (Mossberg and Stenberg 2003). A clonal growth 

index (CGI) for each species was calculated from information gathered from 

the CLO-PLA 3 database (Klimešová and de Bello 2009; http://clo-

pla.butbn.cas.cz/), using the guidelines in Johansson et al. (2012). Information 

on species mean seed mass (mg) and species mean SLA was mostly compiled 

from data collected in paper I and the LEDA trait database (Kleyer et al. 

2008). 

Soil analysis 

To examine if differences among communities could be attributed to differ-

ences in environmental factors, soil samples were collected in autumn 2008 in 

the 14 grasslands studied in paper I and autumn 2011 for the 12 ex-arable 

fields (paper V). The samples were taken from the top soil below litter and 

vegetation. Each site sample consisted of eight smaller soil cores (2.5 × 10 

cm) that were mixed to a gross sample and then sent to Eurofins Food & Agro 

(http://www.eurofins.se), an accredited laboratory, for standard soil analyses 

of pH, P, NH4
+, NO3

- (only paper V), K, Ca, Mg and soil moisture (only paper 

I). In addition, for paper V, soil bulk density was measured at each site. 

Seed sowing and transplanting experiment 

Seed sowing and transplanting (paper III) was conducted at the 12 ex-arable 

field sites. At each site 24 species were sown in fall 2009 into disturbed and 

undisturbed plots and in the fall of 2010, 12 species were transplanted. Of the 

species sown/transplanted at each site, a third were a part of the local species 

pool, a third were found in the regional species pool but not in the local species 

pool, and a third were neither in the regional nor the local species pool, but 
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were found in other grasslands in the county. Given the variability in the local 

and regional species pool among sites, the set of species sown and transplanted 

differed somewhat between sites. Seeds for the experiment were purchased 

from a Swedish commercial supplier (http://www.pratensis.se) and juveniles 

were grown in the greenhouse at the Department of Ecology, Environment 

and Plant Sciences, Stockholm University. The germination and survival of 

sown seedlings were monitored in early and late summer 2010, 2011 and in 

mid-summer 2012. Survival of transplants was monitored at the same time in 

2011 and 2012. 

Landscape analysis 

Land-cover maps were produced using black and white aerial photographs 

from 2011 and from field surveys done in 2008. Arial photographs from 1945 

and 1981 were also interpreted, rectified and digitized (Cousins 2001, Cousins 

and Eriksson 2002). The land-cover was divided up to vegetation types and 

on a 100 m radius around each study site (the same area as the regional species 

pool was determined) the proportion of each vegetation type was measured 

for the 1945, 1981 (paper V) and 2011 (paper II, IV and V) maps. Using the 

land-cover maps from 2011 the area, perimeter and shape index of the ex-

arable fields were measured (paper V). 

Modelling 

Monte Carlo simulations were used to determine if species traits and species 

abundance influenced the filtering of species from a larger species pool into 

the local propagule pool (paper IV) or the local species pool (paper I, II and 

IV). For each site, observed values were compared to distributions of simu-

lated values calculated from 4999 virtual values, generated by reassigning spe-

cies and associated traits or abundance, randomly and without replacement 

from a larger species pool into the local propagule pool/local species pool. In 

paper I, the test statistics were generated using a trait-gradient analysis 

(Ackerly and Cornwell 2007), that partitions species trait values into α-

(within-community) and β-(among-communities) components but in paper II 

and IV, the test statistics were mean trait values, trait values variance and 

standard deviation of the nearest trait distance. 

http://www.pratensis.se/
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Major findings and discussion 

Community assembly in ex-arable fields 

Plant species assembly was both affected by local and regional processes. 

Most species found in a region should according to the local flora be able to 

grow in grasslands, indicating little effect of large scale environmental filter-

ing.  However, only a small proportion of the regional species pool (28% on 

average) established in the ex-arable field sites (paper II). Source limitation, 

the lack of propagule production of that species in the region, was not strongly 

affecting which species established at a site as a majority of species were 

found flowering or setting seeds (Fig. 1, paper II). 

 

 
 

Figure 1. The filtering of species between different species pools. The % values rep-

resent range of species passing the filter from one species pool to the next, in the 12 

ex-arable field sites in Nynäs nature reserve, SE-Sweden. The only exception is that 

the % value for dispersal limitation is the % of species in the total species pool found 

in the local propagule pool. 

 

For a species to establish at a local site from the regional propagule pool its 

propagules must first disperse to the site and then establish under the local 

Source 

limitationTotal

species pool
Regional 

species pool

Local community

Regional

propagule pool

Environmental 

filter

85 - 91% 73 - 96%

Local 

propagule pool

Establishment 

limitation

61 - 92%
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abiotic and biotic conditions. Around 36% of species in a region surrounding 

a local site did disperse there, indicating that dispersal limitation was a strong 

filter in community assembly. Of the species that belonged to the local prop-

agule pool, a majority was found in the local community. On average 12% of 

species had dispersed from the regional species pool and 11% were species 

not belonging to the regional species pool of a site, indicating long distance 

dispersal. Of the species that reach the site around 78% established, implying 

a further effect of establishment limitation (paper IV). 

If the ability of species to disperse to a site is the main filter influencing 

community assembly, it is likely that the filtering of species into local com-

munities is related to their ability to disperse to a site. Species with lighter 

seeds have higher seed production (Jakobsson and Eriksson 2000, Moles and 

Westoby 2006) enhancing seed dispersal (Cornelissen et al. 2003) and previ-

ous grassland studies e.g. in central Europe have found that community as-

sembly is influenced by seed mass (Schamp et al. 2011). Here, species with 

lighter seeds were more likely to disperse to a site (paper IV) but they were 

not more likely to be found established in the local community (paper II and 

IV). Other grasslands studies, in e.g. Swedish ex-arable fields (Öster et al. 

2009a, Öster et al. 2009b) and in old-fields in Canada (Schamp et al. 2008) 

have also found colonization abilities of plants unlinked to seed mass. Species 

that are abundant in the regional species pool were however more likely to be 

found in the local community (paper II) as abundant species were more likely 

to be found in the local propagule pool (paper IV). A similar study in English 

grazed grasslands showed that the species abundance in the region could pre-

dict the presence of a species in a local community (Tofts and Silvertown 

2000) and it has been suggested that the fact that abundant (or rare) species at 

one site are also abundant (or rare) on others could be explained with neutral 

community models (Bell 2001). More abundant species will have more flow-

ering individuals and larger seed production and therefore disperse better and 

be more likely to overcome the dispersal limitation than other rarer species. 

Dispersal method also impacted community assembly, with species with 

unassisted dispersal being more likely to be found in ex-arable field sites than 

expected by random assembly from the regional species pool (paper II). As 

with the species abundance, this pattern was caused by more species with un-

assisted dispersal dispersing to the local site and unlinked to species establish-

ment (paper IV). In grazed ecosystems seeds of species classified with unas-

sisted dispersal, like grasses and herbaceous dicots, are frequently consumed 

by large herbivores along with leaves of their parent plant (Janzen 1984). As 
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these seeds can survive through the animal gut, they can germinate and estab-

lish where the dung is deposited (Cosyns et al. 2005, Kuiters and Huiskes 

2010). This mode of dispersal is common in grazed grasslands (Kuiters and 

Huiskes 2010, Auffret et al. 2012) and studies have found association between 

heavy grazing and overrepresentation of species with unassisted dispersal 

(McIntyre and Lavorel 2001). It is therefore likely that many species, classi-

fied as having unassisted dispersal disperse in this way. At some sites species 

with narrow range of SLA and height were more likely to be found in the local 

propagule pool than other species (paper IV). These traits are usually linked 

to species establishment and consistency (Weiher et al. 1999, Cornelissen et 

al. 2003). However, here the results indicate that they also influence species 

abilities to disperse to a site. Plant height has been positively correlated with 

dispersal distance (Thomson et al. 2011) and SLA is linked to species growth 

rate (Cornelissen et al. 2003), both factors that can enhance dispersal proba-

bilities. Paper I, found that species in ex-arable fields, had higher average SLA 

than species in semi-natural grasslands. 

The linkage between factors that can increase species chance to disperse to 

a site and species occurrence at a site, indicates the effect of dispersal limita-

tion on community assembly. Evidence for dispersal limitation has previously 

been found in ex-arable fields (Lindborg 2006, Öster et al. 2009a, Öster et al. 

2009b) and in various other ecosystems (Franzén and Eriksson 2003, Vandvik 

and Goldberg 2006, Myers and Harms 2009). Thus regional processes that 

determine the species assembly in the regional species pool will, through dis-

persal influence local species assembly (Pärtel and Zobel 1999, Harrison and 

Cornell 2008). 

Not all species that disperse to a site establish, indicating establishment 

limitation. Most species, irrespective of where they came from were able to 

germinate at a site. However, there was a strong filter on seedling survival and 

even transplanting survival was low (paper III). Species assembly was influ-

enced by soil fertility, pH and bulk density, and species richness declined with 

increased soil fertility (paper V). Local species were marginally more likely 

to establish at a site than non-local species, suggesting that there was some 

deterministic aspect to which species overcame the establishment limitation 

at a site (Fig. 2; paper III). This is in accordance with a study on natural re-

cruitment of seedlings in grasslands in Norway, that found that local seedlings 

of species already found in the vegetation had higher survival rates than non-

local species (Vandvik and Goldberg 2006). Also, species occurrence at a site 

was at least partly determined by species abilities (i.e. traits) to establish under 

these local abiotic conditions (paper V). 



 25 

 
Figure 2. Differences in the effect of establishment limitation on species establish-

ment in 12 ex-arable field study sites in Nynäs nature reserve, Sweden. Weaker 

establishment limitation indicates better establishment success. “Local” refers to 

species found at the local scale, “Regional” refers to species found in the regional 

species pool but not at the local scale, and “Neither” refers to species neither found at 

the local or regional scale, but found in another grasslands in the county. 

 

In this study, there was little evidence of trait divergence and thus limiting 

similarity influencing the species assembly (paper II and IV). Traits linked to 

competitive abilities and persistence, i.e. height (Gaudet and Keddy 1988, 

Weiher et al. 1999), seed mass (Eriksson 1997, Dalling and Hubbell 2002), 

SLA (Weiher et al. 1999, Cornelissen et al. 2003) and clonal ability (Ozinga 

et al. 2007, Johansson et al. 2012) either showed trait convergence (height and 

SLA) or were randomly assembled (seed mass and clonal growth) from the 

regional species pool into local communities (paper II). Evidence of limiting 

similarity affecting the assembly has however been reported in several grass-

land studies (Fargione et al. 2003, Schamp et al. 2011) but many studies have 

also found no evidences e.g. for plant height in grasslands (Schamp et al. 

2008) and functional diversity in roadside plant communities (Thompson et 

al. 2010). In fact, results from trait based approaches usually show little evi-

dence of limiting similarity. In a meta-analysis of 21 papers reporting results 

from trait based approaches, only 18% of cases reported significant deviation 

from the null-model (Götzenberger et al. 2012) of which 64% showed trait 



 26 

divergence indicating limiting similarity. Although there was no evidence of 

limiting similarity influencing the local assembly in this study, the trait con-

vergence in plant height and SLA in the assembly from the local propagule 

pool into local communities at few sites and the higher establishment rates of 

large seeded species at some sites (paper IV), might be interpreted as the evi-

dence of species interactions causing biotic convergence (Scheffer and van 

Nes 2006, de Bello et al. 2012, Yan et al. 2012) or environmental filtering 

(Keddy 1992a, Weiher and Keddy 1995). Also, higher germination of sown 

seeds in disturbed compared to undisturbed plots indicated that species inter-

actions influenced the assembly process (paper III).  

The relative importance of different filters in plant 

community assembly 

The modeling studies (papers II and IV) found a strong evidence of dispersal 

limitation affecting the community assembly and a weaker evidence for estab-

lishment limitation. These results were verified with seed sowing and trans-

planting experiments at the sites (paper III).  

 

 
 

Figure 3.  The influence of different limitations on within site species establishment, 

at the 12 study ex-arable fields in Nynäs nature reserve, Sweden. ES: Effect size, i.e. 

the increase in seed germination after seed addition.  

 

Adding seeds increased seed germination for most species indicating that 

most species were seed limited, even those found at the sites. However, the 

effect size was low as only 10% of seed germinated, which is lower than the 

average effect size of 15% found in a meta-analysis of seed sowing studies by 

Seed addition 

Environmental limitation 
ES=0 (4%) 

Seed limitation 
ES>0 (96%) 

Establishment limitation 
No survival (51%) 

Successfull establishment 
Survival (49%) 
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Clark et al. (2007). Thus abiotic and biotic establishment limitations on seed 

germination influenced individual establishment at the sites. Reduction of 

competition by disturbance did enhance seed germination for 73% of species 

within a site, which is in accordance with other studies (e.g. Jakobsson and 

Eriksson 2000, Turnbull et al. 2000, Zobel et al. 2000, Clark et al. 2007, Myers 

and Harms 2009). The disturbance did however, only increase germination by 

4%. Most species were able to germinate and establish seedlings but only 

about half of them persisted beyond the initial seedling stage (Fig. 3). Of seed-

ling germinating 5% survived for 3 years but as plants became older these 

limitations diminished, and transplanted juveniles had around 30% survival 

rate (paper III). These results indicate that conditions for plant establishment 

were more strict than conditions for germination (cf. Turnbull et al. 2000). 

The influence of landscape structure and history on 

community assembly 

Landscape history and structure effect species assembly processes in ex-arable 

fields. Landscape structure and history influence the regional species pool, 

which through dispersal influence local community assembly. Local soil con-

ditions are shaped by land-use history, and determine the strength of local en-

vironmental limitations (Fig. 4). 

As species abundance and richness in the surrounding region has a positive 

effect on local species abundance and richness (paper II), supporting the spe-

cies-pool hypothesis (Eriksson 1993) the evolutionary and historical processes 

that are responsible for the formation of the regional species pool are expected 

to influence local richness (Harrison and Cornell 2008). Species-rich habitats 

in the surrounding landscape function as source for spontaneous dispersal into 

ex-arable fields (Ruprecht 2006). The occurrence of these habitats in the land-

scape, and thus landscape structure, is therefore expected to influence local 

species assembly. However, species richness was not linked to past or present 

landscape structure except that the area of arable fields in 1945 and 1981, and 

the area of arable fields and ex-arable fields in 2011, were negatively related 

to the regional species richness (paper V). Higher cover of arable fields in the 

landscape mean´s less cover of other more species-rich communities, decreas-

ing the regional richness. When the arable fields are abandoned, species es-

tablishment at the sites are either from short lived weed species found in the 

seed bank (Bakker et al. 1996, Leck and Leck 1998, Albert et al. 2013) or from 

species dispersing there from the regional species pool (paper IV). Thus ex-
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arable fields are “sink” communities that contribute little to the regional spe-

cies richness. With the decline of semi-natural grasslands, ex-arable fields 

may become highly valuable as refuges for grassland specialists in the future, 

providing source populations for further colonization, and reserving the re-

gional species richness (Fig. 4).  

 

 
 

Figure 4. Conceptual model of the influence of landscape structure and history on 

plant community assembly processes in ex-arable fields. 

 

Species richness declined with higher soil fertility, a pattern commonly ob-

served in grasslands (Crawley et al. 2005). At species poor sites tall species 

with high clonal growth abilities were abundant, probably outcompeting and 

limiting the establishment of other less competitive species. Also species seed 

mass decreased with increased species richness (paper V). As small seeds are 

more likely to disperse to a site (paper IV) and come in early in grasslands 

succession (paper I), the opposite pattern was expected. At sites where estab-

lishment limitation is strong e.g. sites with high soil fertility, only species with 

high establishment success and/or good competition abilities overcome the 

limitation and establish. Species with heavy seeds are therefore more common 

in soil fertile sites as large seeded species have higher establishment abilities 

(Eriksson 1997, Turnbull et al. 1999, Leishman 2001). However, at sites with 

lower soil fertility and thus weak establishment limitation, small seeded spe-

cies will be the first to colonize the site. With time (and increased species 

richness) more and more heavy seeds will disperse to the site and establish. 

Landscape structure

Landscape history

Regional species pool

Local community

Soil conditions

Species 

interactions

Environmental 
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Thus, the influence of species dispersal abilities vs. species competition abil-

ities in assembly, is dependent on the local environmental conditions and 

therefore landscape history (Fig. 4). 

Differences in community assembly between grassland 

types 

There was a much higher species richness in semi-natural grasslands than in 

ex-arable fields (paper I and II) and the species composition differed between 

the two grassland types, with semi-natural grassland being less variable than 

ex-arable fields (paper I). 

These differences in community assembly between the grasslands could 

not be linked to differences in soil factors, as there were little differences in 

measured soil factors between the two grassland types (paper I). A similar 

pattern has also been found in other grassland assembly studies in the region 

(Öster et al. 2009a). This difference in species assembly was even seen be-

tween ex-arable fields and semi-natural grasslands that had the same regional 

species pool, the same grazing pressure and with no physical dispersal barriers 

between them (paper II). 

The semi-natural grasslands are old habitats that have accumulated species 

over centuries and are known to harbour populations that have disappeared 

from the surrounding landscape (Cousins and Eriksson 2002, Eriksson et al. 

2002). Therefore the species richness in these grasslands should not be as in-

fluenced by species dispersal abilities and number of species in the region as 

in the young ex-arable fields, but instead more dependent on the historical 

distribution of grasslands in the surroundings (Lindborg and Eriksson 2004, 

Helm et al. 2006). A much larger part of the regional species pool had estab-

lished in semi-natural grasslands than ex-arable fields and species assembly 

there was less linked to dispersal method (paper II) indicating weaker effects 

of dispersal limitation. Compared to semi-natural grasslands, large-seeded 

species and slow growing species (low SLA) were lacking from ex-arable 

fields (paper I). Thus in the young ex-arable fields species that produced more 

seeds (e.g. Jakobsson and Eriksson 2000, Ozinga et al. 2005, Kahmen and 

Poschlod 2008), had shorter generation time (small seeds; Moles and Westoby 

2004) and that matured quickly  (high SLA; e.g. Weiher et al. 1999, Cornelis-

sen et al. 2003) were favoured in the colonization process. Furthermore, tall 

species were only filtered out in semi-natural grasslands but not in ex-arable 

fields. Intense grazing generally favoured smaller species at the expense of 
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tall species (McIntyre and Lavorel 2001) and thus the lack of this filtering in 

ex-arable fields might be explained by their much younger age and thus 

shorter grazing history  (Paper II). Also, many late successional species were 

missing from ex-arable fields (paper I), further indicating that the main driver 

in this difference between the grassland types was the difference in the age of 

these systems. 
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Concluding remarks 

In this study I have examined closely the assembly process in grazed ex-arable 

fields by using various methods and approaches. The assembly is a complex 

process influenced by many factors both working at the local and regional 

scale and affected by landscape history. While dispersal limitation was the 

most important factor determining which species establish at a site, establish-

ment limitation, both abiotic and biotic, affected the abilities of species to col-

onize a site.  

This study shows that examining the assembly process using only one ap-

proach might give misleading results. In paper II, evidence of trait conver-

gence in height and SLA was seen as an indicator of establishment limitation 

working at the local scale while results from paper IV, which divides the as-

sembly process into two steps, showed that this convergence was also related 

to the abilities of species in the region to overcome the dispersal limitation. 

The full influence of establishment limitation was only revealed with a seed 

sowing experiment (paper III) after the survival of seedling had been followed 

for three years. Also, only when onsite measurements of soil factors were in-

cluded in the assembly analyses (paper V) the effect of environmental limita-

tions could be fully understood. 

This study has also given us an insight into how well suited ex-arable fields 

are for re-creation of species-rich grassland communities and preservation of 

grassland specialists. The results show that ex-arable fields have the potential 

to harbour much more species richness than they do today, as the strongest 

filter on plant community assembly is dispersal limitation. Many late succes-

sional species are lacking from ex-arable fields and the main driver of differ-

ences in species assembly between semi-natural grasslands and ex-arable 

fields was the difference in the age of these systems. Thus with time, ex-arable 

fields should accumulate more species. Those interested should be able to 

speed up this process either by adding seeds or by increasing the dispersal 

abilities in the region for example with controlled grazing regimes.  

 



 32 

References 

Ackerly, D. D. and W. K. Cornwell. 2007. A trait-based approach to commu-
nity assembly: partitioning of species trait values into within- and 
among-community components. Ecology Letters 10:135-145. 

Albert, Á. J., A. Kelemen, O. Valkó, T. Miglécz, A. Csecserits, T. Rédei, B. 
Deák, B. Tóthmérész, and P. Török. 2013. Secondary succession in 
sandy old-fields: a promising example of spontaneous grassland re-
covery. Applied Vegetation Science 17:214-224. 

Auffret, A. G., R. Schmucki, J. Reimark, and S. A. O. Cousins. 2012. Grazing 
networks provide useful functional connectivity for plants in frag-
mented systems. Journal of Vegetation Science 23:970-977. 

Bakker, J. P., P. Poschlod, R. J. Strykstra, R. M. Bekker, and K. Thompson. 
1996. Seed banks and seed dispersal: important topics in restoration 
ecology. Acta Botanica Neerlandica 45:461-490. 

Bell, G. 2001. Ecology - Neutral macroecology. Science 293:2413-2418. 
Brown, C. S. 2004. Are functional guilds more realistic management units 

than individual species for restoration? Weed Technology 18:1566-
1571. 

Chase, J. M. 2007. Drought mediates the importance of stochastic community 
assembly. Proceedings of the National Academy of Sciences of the 
United States of America 104:17430-17434. 

Clark, C. J., J. R. Poulsen, D. J. Levey, and C. W. Osenberg. 2007. Are plant 
populations seed limited? A critique and meta-analysis of seed addi-
tion experiments. American Naturalist 170:128-142. 

Clark, J. S., E. Macklin, and L. Wood. 1998. Stages and spatial scales of re-
cruitment limitation in southern appalachian forests. Ecological Mon-
ographs 68:213-235. 

Clements, F. E. 1916. Plant succession: An analysis of the development of 
vegetation. Carnegie Institution of Washington, Washington, DC. 

Clements, F. E. 1936. Nature and structure of the climax. Journal of Ecology 
24:252-284. 

Cordlandwehr, V., R. L. Meredith, W. A. Ozinga, R. M. Bekker, J. M. van 
Groenendael, and J. P. Bakker. 2013. Do plant traits retrieved from a 
database accurately predict on-site measurements? Journal of Ecology 
101:662-670. 

Cornelissen, J. H. C., S. Lavorel, E. Garnier, S. Díaz, N. Buchmann, D. E. 
Gurvich, P. B. Reich, H. ter Steege, H. D. Morgan, M. G. A. van der 
Heijden, J. G. Pausas, and H. Poorter. 2003. A handbook of protocols 



 33 

for standardised and easy measurement of plant functional traits 
worldwide. Australian Journal of Botany 51:335-380. 

Cornwell, W. K. and D. D. Ackerly. 2009. Community assembly and shifts in 
plant trait distributions across an environmental gradient in coastal 
California. Ecological Monographs 79:109-126. 

Cosyns, E., S. Claerbout, I. Lamoot, and M. Hoffmann. 2005. Endozoocho-
rous seed dispersal by cattle and horse in a spatially heterogeneous 
landscape. Plant Ecology 178:149-162. 

Cousins, S. A. O. 2001. Analysis of land-cover transitions based on 17th and 
18th century cadastral maps and aerial photographs. Landscape Ecol-
ogy 16:41-54. 

Cousins, S. A. O. and E. Aggemyr. 2008. The influence of field shape, area 
and surrounding landscape an plant species richness in grazed ex-
fields. Biological Conservation 141:126-135. 

Cousins, S. A. O. and O. Eriksson. 2002. The influence of management history 
and habitat on plant species richness in a rural hemiboreal landscape, 
Sweden. Landscape Ecology 17:517-529. 

Cousins, S. A. O. and R. Lindborg. 2008. Remnant grassland habitats as 
source communities for plant diversification in agricultural land-
scapes. Biological Conservation 141:233-240. 

Cousins, S. A. O., R. Lindborg, and S. Mattsson. 2009. Land use history and 
site location are more important for grassland species richness than 
local soil properties. Nordic Journal of Botany 27:483-489. 

Crawley, M. J., A. E. Johnston, J. Silvertown, M. Dodd, C. De Mazancourt, 
M. S. Heard, D. F. Henman, and G. R. Edwards. 2005. Determinants 
of species richness in the Park Grass Experiment. The American Nat-
uralist 165:179-192. 

Dalling, J. W. and S. P. Hubbell. 2002. Seed size, growth rate and gap micro-
site conditions as determinants of recruitment success for pioneer spe-
cies. Journal of Ecology 90:557-568. 

de Bello, F., J. N. Price, T. Münkemüller, J. Liira, M. Zobel, W. Thuiller, P. 
Gerhold, L. Götzenberger, S. Lavergne, J. Leps, K. Zobel, and M. 
Pärtel. 2012. Functional species pool framework to test for biotic ef-
fects on community assembly. Ecology 93:2263-2273. 

Díaz, S., M. Cabido, and F. Casanoves. 1998. Plant functional traits and envi-
ronmental filters at a regional scale. Journal of Vegetation Science 
9:113-122. 

Ehrlén, J., Z. Münzbergova, M. Diekmann, and O. Eriksson. 2006. Long-term 
assessment of seed limitation in plants: results from an 11-year exper-
iment. Journal of Ecology 94:1224-1232. 

Eriksson, O. 1993. The species-pool hypothesis and plant community diver-
sity. Oikos 68:371-374. 

Eriksson, O. 1997. Colonization dynamics and relative abundance of three 
plant species (Antennaria dioica, Hieracium pilosella and Hypo-
choeris maculata) in dry semi-natural grasslands. Ecography 20:559-
568. 



 34 

Eriksson, O., S. A. O. Cousins, and H. H. Bruun. 2002. Land-use history and 
fragmentation of traditionally managed grasslands in Scandinavia. 
Journal of Vegetation Science 13:743-748. 

Eriksson, O. and J. Ehrlén. 1992. Seed and microsite limitation of recruitment 
in plant populations. Oecologia 91:360-364. 

Eriksson, O., S. Wikström, Å. Eriksson, and R. Lindborg. 2006. Species-rich 
Scandinavian grasslands are inherently open to invasion. Biological 
Invasions 8:355-363. 

Fargione, J., C. S. Brown, and D. Tilman. 2003. Community assembly and 
invasion: An experimental test of neutral versus niche processes. Pro-
ceedings of the National Academy of Sciences of the United States of 
America 100:8916-8920. 

Franzén, D. and O. Eriksson. 2003. Patch distribution and dispersal limitation 
of four plant species in Swedish semi-natural grasslands. Plant Ecol-
ogy 166:217-225. 

Garnier, E., S. Lavorel, P. Ansquer, H. Castro, P. Cruz, J. Dolezal, O. Eriks-
son, C. Fortunel, H. Freitas, C. Golodets, K. Grigulis, C. Jouany, E. 
Kazakou, J. Kigel, M. Kleyer, V. Lehsten, J. Leps, T. Meier, R. Pake-
man, M. Papadimitriou, V. P. Papanastasis, H. Quested, F. Quetier, 
M. Robson, C. Roumet, G. Rusch, C. Skarpe, M. Sternberg, J. P. 
Theau, A. Thebault, D. Vile, and M. P. Zarovali. 2007. Assessing the 
effects of land-use change on plant traits, communities and ecosystem 
functioning in grasslands: A standardized methodology and lessons 
from an application to 11 European sites. Annals of Botany 99:967-
985. 

Gaudet, C. L. and P. A. Keddy. 1988. A comparative approach to predicting 
competitive ability from plant traits. Nature 334:242-243. 

Gleason, H. A. 1926. The individualistic concept of the plant association. 
American Midland Naturalist 21:92-110. 

Götzenberger, L., F. de Bello, K. A. Bråthen, J. Davison, A. Dubuis, A. 
Guisan, J. Lepš, R. Lindborg, M. Moora, M. Pärtel, L. Pellissier, J. 
Pottier, P. Vittoz, K. Zobel, and M. Zobel. 2012. Ecological assembly 
rules in plant communities—approaches, patterns and prospects. Bio-
logical Reviews 87:111-127. 

Gravel, D., C. D. Canham, M. Beaudet, and C. Messier. 2006. Reconciling 
niche and neutrality: the continuum hypothesis. Ecology Letters 
9:399-409. 

Grime, J. P. 2006. Trait convergence and trait divergence in herbaceous plant 
communities: Mechanisms and consequences. Journal of Vegetation 
Science 17:255-260. 

Harrison, S. and H. Cornell. 2008. Toward a better understanding of the re-
gional causes of local community richness. Ecology Letters 11:969-
979. 

Helm, A., I. Hanski, and M. Pärtel. 2006. Slow response of plant species rich-
ness to habitat loss and fragmentation. Ecology Letters 9:72-77. 



 35 

Houseman, G. R. and K. L. Gross. 2006. Does ecological filtering across a 
productivity gradient explain variation in species pool-richness rela-
tionships? Oikos 115:148-154. 

Hubbell, S. P. 2001. The unified neutral theory of biodiversity and biogeog-
raphy. Princeton University Press, Princeton, NJ. 

Jakobsson, A. and O. Eriksson. 2000. A comparative study of seed number, 
seed size, seedling size and recruitment in grassland plants. Oikos 
88:494-502. 

Janssens, F., A. Peeters, J. R. B. Tallowin, J. P. Bakker, R. M. Bekker, F. 
Fillat, and M. J. M. Oomes. 1998. Relationship between soil chemical 
factors and grassland diversity. Plant and Soil 202:69-78. 

Janzen, D. H. 1984. Dispersal of small seeds by big herbivores - foliage is the 
fruit. American Naturalist 123:338-353. 

Johansson, V., S. Cousins, and O. Eriksson. 2012. Remnant Populations and 
Plant Functional Traits in Abandoned Semi-Natural Grasslands. Folia 
Geobotanica 46:165-179. 

Kahmen, S. and P. Poschlod. 2008. Does germination success differ with re-
spect to seed mass and germination season? Experimental testing of 
plant functional trait responses to grassland management. Annals of 
Botany 101:541-548. 

Kattge, J. and S. Díaz and S. Lavorel and I. C. Prentice and P. Leadley and G. 
Bönisch and E. Garnier and M. Westoby and P. B. Reich and I. J. 
Wright and J. H. C. Cornelissen and C. Violle and S. P. Harrison and 
P. M. Van Bodegom and M. Reichstein and B. J. Enquist and N. A. 
Soudzilovskaia and D. D. Ackerly and M. Anand and O. Atkin and 
M. Bahn and T. R. Baker and D. Baldocchi and R. Bekker and C. C. 
Blanco and B. Blonder and W. J. Bond and R. Bradstock and D. E. 
Bunker and F. Casanoves and J. Cavender-Bares and J. Q. Chambers 
and F. S. Chapin Iii and J. Chave and D. Coomes and W. K. Cornwell 
and J. M. Craine and B. H. Dobrin and L. Duarte and W. Durka and 
J. Elser and G. Esser and M. Estiarte and W. F. Fagan and J. Fang and 
F. Fernández-Méndez and A. Fidelis and B. Finegan and O. Flores 
and H. Ford and D. Frank and G. T. Freschet and N. M. Fyllas and R. 
V. Gallagher and W. A. Green and A. G. Gutierrez and T. Hickler and 
S. I. Higgins and J. G. Hodgson and A. Jalili and S. Jansen and C. A. 
Joly and A. J. Kerkhoff and D. Kirkup and K. Kitajima and M. Kleyer 
and S. Klotz and J. M. H. Knops and K. Kramer and I. Kühn and H. 
Kurokawa and D. Laughlin and T. D. Lee and M. Leishman and F. 
Lens and T. Lenz and S. L. Lewis and J. Lloyd and J. Llusiá and F. 
Louault and S. Ma and M. D. Mahecha and P. Manning and T. Massad 
and B. E. Medlyn and J. Messier and A. T. Moles and S. C. Müller 
and K. Nadrowski and S. Naeem and Ü. Niinemets and S. Nöllert and 
A. Nüske and R. Ogaya and J. Oleksyn and V. G. Onipchenko and Y. 
Onoda and J. Ordoñez and G. Overbeck and W. A. Ozinga and S. 
Patiño and S. Paula and J. G. Pausas and J. Peñuelas and O. L. Phillips 
and V. Pillar and H. Poorter and L. Poorter and P. Poschlod and A. 
Prinzing and R. Proulx and A. Rammig and S. Reinsch and B. Reu 



 36 

and L. Sack and B. Salgado-Negret and J. Sardans and S. Shiodera 
and B. Shipley and A. Siefert and E. Sosinski and J. F. Soussana and 
E. Swaine and N. Swenson and K. Thompson and P. Thornton and M. 
Waldram and E. Weiher and M. White and S. White and S. J. Wright 
and B. Yguel and S. Zaehle and A. E. Zanne and C. Wirth. 2011. TRY 
– a global database of plant traits. Global Change Biology 17:2905-
2935. 

Keddy, P. A. 1992a. Assembly and response rules - two goals for predictive 
community ecology. Journal of Vegetation Science 3:157-164. 

Keddy, P. A. 1992b. A pragmatic approach to functional ecology. Functional 
Ecology 6:621-626. 

Kleyer, M., R. M. Bekker, I. C. Knevel, J. P. Bakker, K. Thompson, M. Son-
nenschein, P. Poschlod, J. M. Van Groenendael, L. Klimeš, J. 
Klimešová, S. Klotz, G. M. Rusch, M. Hermy, D. Adriaens, G. 
Boedeltje, B. Bossuyt, A. Dannemann, P. Endels, L. Götzenberger, J. 
G. Hodgson, A. K. Jackel, I. Kühn, D. Kunzmann, W. A. Ozinga, C. 
Römermann, M. Stadler, J. Schlegelmilch, H. J. Steendam, O. 
Tackenberg, B. Wilmann, J. H. C. Cornelissen, O. Eriksson, E. Gar-
nier, and B. Peco. 2008. The LEDA Traitbase: a database of life-his-
tory traits of the Northwest European flora. Journal of Ecology 
96:1266-1274. 

Klimešová, J. and F. de Bello. 2009. CLO-PLA: the database of clonal and 
bud bank traits of Central European flora. Journal of Vegetation Sci-
ence 20:511-516. 

Kuiters, A. T. and H. P. J. Huiskes. 2010. Potential of endozoochorous seed 
dispersal by sheep in calcareous grasslands: correlations with seed 
traits. Applied Vegetation Science 13:163-172. 

Kull, K. and M. Zobel. 1991. High species richness in an Estonian wooded 
meadow. Journal of Vegetation Science 2:715-718. 

Lavorel, S., S. Díaz, H. C. Cornelissen, E. Garnier, S. P. Harrison, S. McIn-
tyre, J. G. Pausas, N. Pérez-Harguindeguy, C. Roumet, and C. Urce-
lay. 2007. Plant functional types: Are we getting any closer to the 
Holy Grail? Pages 149-164 in J. G. Canadell, D. Pataki, and L. 
Pitelka, editors. Terrestrial ecosystems in a changing world. Springer-
Verlag, Berlin, Germany. 

Leck, M. A. and C. F. Leck. 1998. A Ten-Year Seed Bank Study of Old Field 
Succession in Central New Jersey. Journal of the Torrey Botanical 
Society 125:11-32. 

Leishman, M. R. 2001. Does the seed size/number trade-off model determine 
plant community structure? An assessment of the model mechanisms 
and their generality. Oikos 93:294-302. 

Lindborg, R. 2006. Recreating grasslands in Swedish rural landscapes - effects 
of seed sowing and management history. Biodiversity and Conserva-
tion 15:957-969. 

Lindborg, R. and O. Eriksson. 2004. Effects of Restoration on Plant Species 
Richness and Composition in Scandinavian Semi-Natural Grasslands. 
Restoration Ecology 12:318-326. 



 37 

MacArthur, R. and R. Levins. 1967. Limiting similarity, convergence and di-
vergence of coexisting species. American Naturalist 101:377-385. 

Mayfield, M. M. and J. M. Levine. 2010. Opposing effects of competitive ex-
clusion on the phylogenetic structure of communities. Ecology Letters 
13:1085-1093. 

McGill, B. J., B. J. Enquist, E. Weiher, and M. Westoby. 2006. Rebuilding 
community ecology from functional traits. Trends in ecology & evo-
lution 21:178-185. 

McIntyre, S. and S. Lavorel. 2001. Livestock grazing in subtropical pastures: 
steps in the analysis of attribute response and plant functional types. 
Journal of Ecology 89:209-226. 

Moles, A. T. and M. Westoby. 2004. Seedling survival and seed size: a syn-
thesis of the literature. Journal of Ecology 92:372-383. 

Moles, A. T. and M. Westoby. 2006. Seed size and plant strategy across the 
whole life cycle. Oikos 113:91-105. 

Moore, K. A. and S. C. Elmendorf. 2006. Propagule vs. niche limitation: Un-
tangling the mechanisms behind plant species' distributions. Ecology 
Letters 9:797-804. 

Mossberg, B. and L. Stenberg. 2003. Den nya nordiska floran. Wahlström and 
Widstrand, Stockholm, Sweden. 

Myers, J. A. and K. E. Harms. 2009. Seed arrival, ecological filters, and plant 
species richness: A meta-analysis. Ecology Letters 12:1250-1260. 

Myers, J. A. and K. E. Harms. 2011. Seed arrival and ecological filters interact 
to assemble high-diversity plant communities. Ecology 92:676-686. 

Nathan, R. and H. C. Muller-Landau. 2000. Spatial patterns of seed dispersal, 
their determinants and consequences for recruitment. Trends in ecol-
ogy & evolution 15:278-285. 

Öster, M., K. Ask, S. A. O. Cousins, and O. Eriksson. 2009a. Dispersal and 
establishment limitation reduces the potential for successful restora-
tion of semi-natural grassland communities on former arable fields. 
Journal of Applied Ecology 46:1266-1274. 

Öster, M., K. Ask, C. Romermann, O. Tackenberg, and O. Eriksson. 2009b. 
Plant colonization of ex-arable fields from adjacent species-rich 
grasslands: The importance of dispersal vs. recruitment ability. Agri-
culture Ecosystems & Environment 130:93-99. 

Ozinga, W. A., S. M. Hennekens, J. H. J. Schaminee, R. M. Bekker, A. 
Prinzing, S. Bonn, P. Poschlod, O. Tackenberg, K. Thompson, J. P. 
Bakker, and J. M. van Groenendael. 2005. Assessing the relative im-
portance of dispersal in plant communities using an ecoinformatics 
approach. Folia Geobotanica 40:53-67. 

Ozinga, W. A., S. M. Hennekens, J. H. J. Schaminee, N. A. C. Smits, R. M. 
Bekker, C. Romermann, L. Klimes, J. P. Bakker, and J. M. van 
Groenendael. 2007. Local above-ground persistence of vascular 
plants: Life-history trade-offs and environmental constraints. Journal 
of Vegetation Science 18:489-497. 

Pärtel, M., R. Szava-Kovats, and M. Zobel. 2011. Dark diversity: shedding 
light on absent species. Trends in ecology & evolution 26:124-128. 



 38 

Pärtel, M. and M. Zobel. 1999. Small-scale plant species richness in calcare-
ous grasslands determined by the species pool, community age and 
shoot density. Ecography 22:153-159. 

Pywell, R. F., J. M. Bullock, A. Hopkins, K. J. Walker, T. H. Sparks, M. J. W. 
Burke, and S. Peel. 2002. Restoration of species-rich grassland on ar-
able land: assessing the limiting processes using a multi-site experi-
ment. Journal of Applied Ecology 39:294-309. 

Reitalu, T., H. C. Prentice, M. T. Sykes, M. Lönn, L. J. Johansson, and K. 
Hall. 2008. Plant species segregation on different spatial scales in 
semi-natural grasslands. Journal of Vegetation Science 19:407-416. 

Ruprecht, E. 2006. Successfully recovered grassland: A promising example 
from Romanian old-fields. Restoration Ecology 14:473-480. 

Ruprecht, E., S. Bartha, Z. Botta-Dukat, and A. Szabo. 2007. Assembly rules 
during old-field succession in two contrasting environments. Commu-
nity Ecology 8:31-40. 

Schamp, B. S., J. Chau, and L. W. Aarssen. 2008. Dispersion of traits related 
to competitive ability in an old-field plant community. Journal of 
Ecology 96:204-212. 

Schamp, B. S., E. Hettenbergerova, and M. Hajek. 2011. Testing community 
assembly predictions for nominal and continuous plant traits in spe-
cies-rich grasslands. Preslia 83:329-346. 

Scheffer, M. and E. H. van Nes. 2006. Self-organized similarity, the evolu-
tionary emergence of groups of similar species. Proceedings of the 
National Academy of Sciences of the United States of America 
103:6230-6235. 

Schmucki, R., J. Reimark, R. Lindborg, and S. A. O. Cousins. 2012. Land-
scape context and management regime structure plant diversity in 
grassland communities. Journal of Ecology 100:1164-1173. 

Scott, A. J. and J. W. Morgan. 2012. Dispersal and microsite limitation in 
Australian old fields. Oecologia 170:221-232. 

Shipley, B. 1993. A null model for competitive hierarchies in competition ma-
trices. Ecology 74:1693-1699. 

Shipley, B. 2009. From plant traits to vegetation structure: Chance and selec-
tion in the assembly of ecological communities. Cambridge Univer-
sity Press, Cambridge. 

Thompson, K., O. L. Petchey, A. P. Askew, N. P. Dunnett, A. P. Beckerman, 
and A. J. Willis. 2010. Little evidence for limiting similarity in a long-
term study of a roadside plant community. Journal of Ecology 98:480-
487. 

Thomson, F. J., A. T. Moles, T. D. Auld, and R. T. Kingsford. 2011. Seed 
dispersal distance is more strongly correlated with plant height than 
with seed mass. Journal of Ecology 99:1299-1307. 

Tofts, R. and J. Silvertown. 2000. A phylogenetic approach to community as-
sembly from a local species pool. Proceedings of the Royal Society 
of London B Biological Sciences 267:363-369. 



 39 

Tofts, R. and J. Silvertown. 2002. Community assembly from the local species 
pool: An experimental study using congeneric species pairs. Journal 
of Ecology 90:385-393. 

Turnbull, L. A., M. J. Crawley, and M. Rees. 2000. Are plant populations 
seed-limited? A review of seed sowing experiments. Oikos 88:225-
238. 

Turnbull, L. A., C. Paul-Victor, B. Schmid, and D. W. Purves. 2008. Growth 
rates, seed size, and physiology: Do small-seeded species really grow 
faster? Ecology 89:1352-1363. 

Turnbull, L. A., M. Rees, and M. J. Crawley. 1999. Seed mass and the com-
petition/colonization trade-off: A sowing experiment. Journal of 
Ecology 87:899-912. 

Van der Maarel, E., V. Noest, and M. W. Palmer. 1995. Variation in species 
richness on small grassland quadrats - niche structure or small-scale 
plant mobility. Journal of Vegetation Science 6:741-752. 

Vandvik, V. and D. E. Goldberg. 2006. Sources of diversity in a grassland 
metacommunity: Quantifying the contribution of dispersal to species 
richness. American Naturalist 168:157-167. 

Violle, C., E. Garnier, J. Lecoeur, C. Roumet, C. Podeur, A. Blanchard, and 
M. L. Navas. 2009. Competition, traits and resource depletion in plant 
communities. Oecologia 160:747-755. 

Violle, C. and L. Jiang. 2009. Towards a trait-based quantification of species 
niche. Journal of Plant Ecology 2:87-93. 

Vittoz, P. and R. Engler. 2007. Seed dispersal distances: a typology based on 
dispersal modes and plant traits. Botanica Helvetica 117:109-124. 

Wall, A. and J. Hytönen. 2005. Soil fertility of afforested arable land com-
pared to continuously. Plant and Soil 275:247-260. 

Watkins, A. J. and J. B. Wilson. 2003. Local texture convergence: A new ap-
proach to seeking assembly rules. Oikos 102:525-532. 

Weiher, E. and P. A. Keddy. 1995. Assembly rules, null models, and trait dis-
persion - new questions from old patterns. Oikos 74:159-164. 

Weiher, E., A. van der Werf, K. Thompson, M. Roderick, E. Garnier, and O. 
Eriksson. 1999. Challenging Theophrastus: A common core list of 
plant traits for functional ecology. Journal of Vegetation Science 
10:609-620. 

Willson, M. F. 1993. Dispersal mode, seed shadows, and colonization pat-
terns. Vegetatio 108:261-280. 

Wilson, J. B. 1999. Guilds, functional types and ecological groups. Oikos 
86:507-522. 

Yan, B., J. Zhang, Y. Liu, Z. Li, X. Huang, W. Yang, and A. Prinzing. 2012. 
Trait assembly of woody plants in communities across sub-alpine gra-
dients: Identifying the role of limiting similarity. Journal of Vegeta-
tion Science 23:698-708. 

Zobel, M. 1997. The relative role of species pools in determining plant species 
richness. An alternative explanation of species coexistence? Trends in 
ecology & evolution 12:266-269. 



 40 

Zobel, M., M. Otsus, J. Liira, M. Moora, and T. Möls. 2000. Is small-scale 
species richness limited by seed availability or microsite availability? 
Ecology 81:3274-3282. 

  



 41 

Svensk sammanfattning 

Alla växter finns inte överallt och vad som bestämmer vilka arter som finns 

var har förtvivlat forskare i årtionden. För att en växtart ska finnas på en plats 

måste den först spridas dit. Om en art saknas på en plats på grund av att den 

misslyckats med att nå platsen kallas det att den är fröbegränsad. Fröbegräns-

ning kan antingen bero på brist på förökning (fröproduktion) i regionen (käll-

begränsning), eller på grund av att förökningsmaterial (frön) som produceras 

inte når den lokala platsen (spridningsbegränsning). Efter att frön har spridits 

och nått en specifik plats måste de etableras och gro. Om arter fattas på en 

plats på grund av att de inte kan etablera sig där kallas det etableringsbegräns-

ningar. Etableringsbegränsning kan orsakas både av olämplig miljö (miljö-

begränsning) och av att arten inte klarar av interaktionerna med andra organ-

ismer på plats (art-interaktion-begränsning). Därför kommer både regionala 

processer, som bestämmer vilka arter som finns i omgivningen av en plats, 

och lokala processer, som bestämmer lokala omständigheter, att påverka den 

lokala artsammansättningen. Syftet med denna avhandling är att undersöka 

vad som påverkar växtarternas sammansättning och att fastställa den relativa 

betydelsen av olika begränsningar. 

Jag studerade växtsammanställningen i betade f.d. åkrar i ett kulturland-

skap i sydöstra Sverige. Jag mätte artsammansättningen på lokal skala i de f.d. 

åkrarna och i den omgivande regionen för att kunna utvärdera om arterna från 

omgivningen som återfanns på lokal skala var där av slump eller beroende på 

arternas egenskaper (t.ex. frö storlek eller höjd). Jag sådde och transplanterade 

gräsmarksarter i åkrarna för att se hur frö- och etableringsbegränsning påver-

kar artetablering. Om ökningen av antalet frö ökar etableringen betyder det att 

arterna fattas på en plats på grund av fröbegränsning. Om fröökningen inte 

ökar artetablering betyder det att etableringsbegränsning bestämmer vilka ar-

ter som finns på plats. Samma gäller för transplanterade plantor, om de inte 

överlever tyder det på etableringsbegränsning. Jag studerade även påverkan 

av lokala miljöfaktorer och landskapshistoria på artsammansättningens struk-

tur. Naturbetesmarker finns ofta i samma område som betade f.d. åkrar. Na-

turbetesmarker har hög artrikedom men antalet naturbetesmarker har minskad 

drastiskt under det senaste århundradet. Betade f.d. åkrar har diskuterats som 
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möjliga mål för restaurering av artrika naturbetesmarker. Jag utforskade där-

för också skillnaden i artsammansättning mellan betade f.d. åkrar och natur-

betesmarker för att se hur lämpliga f.d. åkerfält är som restaureringsmål. 

Jag har funnit att fröbegränsning var den starkaste begränsningen på arts-

ammansättningen. Endast ett fåtal av arterna i en region (36 %) lyckades att 

sprida sig till lokala platser och extra frösådd visade på ökad artetablering. 

Arternas förekomst på regional skala, deras spridningsmetod och fröstorlek 

påverkade vilka arter som spreds till den lokala platsen. Etableringsbegräns-

ningar påverkade också artsammansättningen. Av de arter som anlände till en 

plats lyckades 78 % att etablera sig. Överlevnaden av transplantade och sådda 

individer var låg och vilka arter som etablerades påverkades av arternas egen-

skaper, interaktioner mellan arter, lokala miljöförhållanden och stokastiska 

händelser. Lokal artrikedom i f.d. åkrar var negativt påverkad av hög närings-

halt i jorden. På åkrar med högre näringshalt kunde bara arter som var bra på 

att konkurrera etablera sig pga. etableringsbegränsningar, d.v.s. stora arter, 

som spreds klonalt och hade stora frön. På f.d. åkrar med lägre näringshalt var 

etablerings-begränsningarna svagare och därför hade arter som spridits dit 

större chans att etablera sig, oavsett egenskaper. Eftersom arter med små frön 

sprids bättre så har de större chans att nå en plats och därmed etableras om 

etableringsbegränsningen inte är för stark. 

Desto större artrikedom i regionen, desto större artrikedom i lokala sam-

hällen. Därför kommer landskapets struktur som bestämmer artrikedomen i 

regionen att påverka den lokala artrikedomen. Här var den regionala artrike-

domen var negativt påverkad av hur stora åkrarna var i området för 70 år se-

dan. 

Mina jämförelser mellan f.d. åkrar och naturbetesmarker visade att den 

främsta orsaken till skillnaden mellan deras artrikedom och sammansättning 

var deras skillnad i ålder. Det tyder på att med tiden kommer f.d. åkrar att likna 

naturbetesmarken mer och mer, detta gäller särskilt för f.d. åkrar med låg nä-

ringshalt och som ligger i en region med hög artrikedom. 

Arters sammansättning är komplicerad process som påverkats av många 

olika faktorer. Jag fann att spridningsbegräsning var den viktigaste begräns-

ningen till nyetablering av arter men den relativa betydelsen av olika begräns-

ningar påverkades av bland annat den regionala artsammansättning och den 

lokala miljön. Regionala processer var viktigare än de lokala faktorerna för att 

bestämma växtsamhällens sammansättning. 
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