
Common and rare plant species respond differently to 
fertilisation and competition. whether they are alien or native 
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Plant traits associated with alien invasiveness may also distinguish rare from common native species. To 
test this, we grew 23 native (9 common, 14 rare) and 18 alien (8 common, 10 rare) herbaceous species in 
Switzerland from six plant families under nutrient addition and competition treatments. Alien and common 
species achieved greater biomass than native and rare species did overall respectively. Across alien and 
native origins, common species increased total biomass more strongly in response to nutrient addition than 
rare species did and this difference was not confounded by habitat dissimilarities. There was a weak ten 
dency for common species to survive competition better than rare species, which was also independent of 
origin. Overall, our study suggests that common alien and native plant species are not fundamentally differ 
ent in their responses to nutrient addition and competition. 
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INTRODUCTION 

The commonness and rarity of native plant species (preston 1948) 
and the occurrence of alien plant invasions (Elton 1958) are two 
extensively considered phenomena within ecology. The fundamental 
questions 'what makes some native species common?' and 'what 
makes some alien species invasive?' are parallel questions which are 
usually asked separately in ecology, but can yield similar answers. 
For example, invasive species are often considered to be larger in 
size (van Kleunen et al. 2010a), have smaller seeds and greater 
reproductive output (Rejmanek & Richardson 1996), are faster 
growing (Dawson et al. 2011) and have higher values for resource 
capture traits (Hamilton at al. 2005; van Kleunen at al. 201Oa) than 
non invasive alien plant species. Similarly, common native plant spe 
cies can be larger (Lavergne et al. 2004; Farnsworth 2007; Cornwell 
& Ackerly 2010) and may invest more in reproduction than 
restricted rare species do (Lavergne ct (il. 2004). Traits conferring 
greater resource capture ability, such as high specific leaf area, may 
typify common more than rare species (Lavergne et al. 2004). 
Because of these similar patterns, it has been hypothesised that 
traits explaining alien plant invasiveness are the same as those 
related to native plant commonness (van l<leunen & Richardson 
2007; Thompson & Davis 2011). Although this hypothesis is 
appealing, it remains to be tested experimentally, using rare and 
common native, and invasive and non invasive alien plant species 
(van Kleunen et al. 2011). 

As a component of global change, eutrophication of terrestrial 
habitats might increase the rate of invasion events if high nutrient 
availability favours invasive species that are fast growing and nutri 
ent demanding (Dukes & Mooney 1999; Bradley el al. 2010; Dostal 
et al. 2012) . The success of both invasive alien and common native 
plant species may result from their possession of a suite of attri 
butes that enables them to take advantage of increasing human 
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made novel environments with increased resource availability 
(Thompson & Davis 2011). In the context of human induced 
increases in nutrient availability, if invasive aliens and common 
native species do not differ ecologically then we would expect com 
mon native species to also benefit most from increased nutrient lev 
els, by increasing growth and biomass more than rare native 
species. 

Both invasive alien and common native plant species are often 
speculated to be competitively superior compared to non invasive 
aliens and rare natives respectively (Medail & Verlaque 1997; Lloyd 
et a/. 2002). Rare plant species are hypothesised to have adaptations 
suited for resource conservation rather than acquisition (Reich et a/. 
1999), and are thus believed to be limited to resource poor habitats 
as they cannot compete with strong resource acquiring common 
species in nutrient rich habitats (Drury 1974; Grime 1977). Higher 
nutrient levels increase plant productivity and aboveground biomass, 
thus increasing interspecific competition aboveground (Hautier el a/. 
2009). Thus, common species should be those with higher rates of 
survival under competition compared with rare species, and as com 
petition is exacerbated by increased nutrient levels, this difference in 
survival rates should be more pronounced than when plants are 
under competition with lower nutrient availability. However, multi 
species experiments comparing competition and nutrient responses 
of rare versus common plant species remain scarce (Lloyd et al. 
2002). 

In this study, we test the expectations that both common alien 
and native plant species are better at responding to increased nutri 
ent availability and at surviving competition in a grassland sward, 
particularly at higher nutrient levels, compared to rare aliens and 
natives. To increase generality, we established a large, multi species 
experiment including 41 plant species from six plant families, 
including common and rare native species, and common (i.e. inva 
sive) and rare (i.e. non invasive) alien species. 
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MATERIAL AND METHODS 

Study species 

Because plant traits are often likely to be phylogenetically correlated 
among species (Felsenstein 1985), we selected species within confa 
milial groups for comparison, from a total of six families, including 
the Apiaceae, Asteraceae, Brassicaceae, Poaceae, Polygonaceae and 
Scrophulariaceae (also inclucling Plantaginaceae and Phrymaceae). We 
aimed at including at least one common native species, one rare native 
spe~ies, one common alien species and one rare alien species per 
family. However, due to difficulties in obtaining seeds and incomplete 
germination our final set of species was less balanced (fable 1) In the 
Apiaceae, a common native species was missing, whereas in 
the Polygonaceae, a common alien species was missing (fable 1). In 
the Asteraceae, we had three sub groups. One group comprised solely 
of species in the genus Bidells, a second group included native species 
in the Anthemidae/Gnaphaliae clade and alien species from different 
Asteraceae tribes (fable 1) . The third group included one common 
native and one common alien species in the genus Solidago, whereas 
the remaining species were from other Asteraceae genera (fable 1). 
Seeds of most species were collected in the wild in 2008 2009, and 
seeds from individual plants were kept separate, representing incli 
Vldual maternal seed families. We obtained seeds from commercial 
sources only, for PO!ygOIllI111 orielltale and Artemisia lJIilgatis (B and T 
World Seeds, Perpignan, France and Rieger Hofmann GmBH, 
Blaufelden Raboldshausen, Germany, respectively). 

Native species were classified as 'common' or 'rare' a priO/i. Rare 
species were listed as vulnerable, endangered or critically endangered 
accorcling to the International Union for Conservation of Nature 
(IUCN) red list criteria applied to Switzerland (Moser et al. 2002), 
whereas common native species were listed as being of least con 
cern or near threatened. Expert opinion from the Swiss Flora Data 
base Centre (ZDSF Zentmm des Datenverbundnetzes der 
Schweizer Flora, http://www.crsf.chl) was used to clistinguish com 
mon alien from rare alien species (fable 1). According to the Swiss 
Flora Database Centre, the 14 rare native species had significantly 
fewer 5 x 5 km grid square incidences (median = 7) than the 9 
common natives (median = 265; l = 12.057, P < 0.001, Kruskal 
Wallis test). Similarly, the 10 rare alien species had significantly 
fewer grid square incidences (meclian = 11) than the 8 common 
aliens (meclian = 138; l = 14.634, P < 0.001). 

Although we selected species according to taxonomic group to 

control for phylogenetic differences, habitat dissimilarities may con 
found results. For example, common species may respond more 
strongly to nutrient adclition than rare species, if common species 
come from more nutrient rich habitats than rare species. To address 
this, we recorded the broad habitat categories our species occur in 
according to the Swiss Flora Inclicativa (Landolt et al. 2010). We 
then created a Jaccard dissimilarity matrix from the presence 
absence of species in the nine listed habitats. Non metric 
multiclimensional scaling (NMDS) analysis was then applied to the 
clissimilarity matrix, using three NMDS axes (for details, see Appen 
dix Sl). Plotting species on these three axes indicated that alien spe 
cies tended to have more similar habitats as a group, whereas native 
species habitats were more variable (Fig. Sl in Appendix Sl). Alien 
species had greater values for NMDS axis 2 and lower values for 
NMDS 3 compared with native species (Fig. S2 & Table Sl in 
Appenclix Sl). However, common and rare species clid not signifi 

cantly. differ ' on average in values on any NMDS axis, suggesting 
there IS no clear clissimilarity in habitats between common and rare 
species (Fig. S2 & Table Sl in Appenclix Sl). 

We also extracted five environmental index scores per species, relat 
ing to hemeroby Oevel of human impact), temperature, soil moisture 
~oil nutrient and light requirements from Landolt et a/. (2010) . Eacl~ 
Index ranges from 1 to 5, with either whole integer (soil nutrient, light, 
hemeroby) or half integer (soil moisrure, temperature) intervals (see 
Appenclix Sl). Alien species had greater hemeroby, temperarure and 
nutrient index scores than native species (Table S2; Figs S3 and S4 in 
Appenclix Sl). The nutrient and hemeroby index scores were also 
positively correlated with NMDS axis 2 (fable S3 in Appenclix Sl). 
Common and rare species only cliffered in hemeroby within native 
species, with common natives occurring in more human modified 
habitats than rare species (fable S2, Fig. S4 in Appendix Sl). 

Finally, common species in our dataset may be common because 
their suitable habitats are common, whereas rare species may be 
restricted to habitats that are rare. To test this, we first extracted 
the vegetation types in which each species occurs in Switzerland 
from Landolt et al. (2010) and Delarze & Gonseth (2008). 'Vegeta' 
tion type' refers to a phyto sociologically defined plant community 
(Ellenberg & KJ6tzli 1972; Aeschimann et (I/. 2004). We then calcu 
lated the potential maximum distribution of each species in Switzer 
land, as the number of km2 grid cells known to contain at least one 
of the vegetation types in which the species has been observed 
using the atlas of Hegg et a/. (1993). Values were obtained for 39 of 
the 41 species (no data were available for the alien species Rlldbeckia 
hi/ta and Eryllgill/l' gig(lliteI/1JI). Both alien and common species had a 
greater number ~f km2 grid cells containing at least one of the veg 
etatlon types typICal for the species than clid native and rare species 
respectively (Appendix S2). Only nutrient and hemeroby index 
scores (and none of the NMDS habitat axes) were positively corre 
lated with the number of km2 grid cells (Appenclix S2). 

Experimental set-up 

The experiment was conducted on the grounds of the municipal 
nursery of the city of Bern, Switzerland, sinlated in Elfenau, a pub 
lic park (46°56'00" N, 7°28'03" E, 542 m above sea level). First, 
seeds of the 41 species were germinated in 1 : 1 sand compost sub 
strate, in a greenhouse from the beginning of May 2010. A maxi 
mum of eight seed families were sown per species. The seeds were 
allowed to germinate and grow for 3 weeks, after which individual 
seedlings were pricked out and planted individually into separated 
compartments of trays containing a 1 : 1 mixed substrate of coarse 
sand and topsoi l from local arable agriculrural land (Ricoter 
Erdaufbereinmg AG, Aarberg, Switzerland). The substrate had a 
high clay content, and a nitrogen concentration of 1.79 g kg - I of 
dry weight substrate. 

After '3 weeks, in the last week of June and the first week of July 
2010, individual plants from the same seed families were planted 
out into the centre of 3 L pots (one plant per pot) fi lled with the 
same substrate used for the seedlings. Half of the pots received a 
nutrient addition treatment in the form of 12 g slow release ferti 
liser pellets (N:P:K 16 : 19 : '12 + 2 MgO + trace elements, Osmo 
cote® Exact Standard, Everris International B.V., Geldermalsen 
NL), which increased the nitrogen content by 33% compared with 
the control pots. In adclition, half of the pots at each nutrient 
level contained a mixed species mesotrophic grassland sward as a 



Table 1 The 41 study species alien and native to Switzerland 

Apiaceae 

Native 

Rare 

Oenrlllibe Incbellnlii c.c. Gmelt 

CR (8) 

Common 

Alien 

Rare 

E1)'IIgi""1 gignllfClII1/ 
M. Bieb'* (4) 

3 

Common 

Asteraceae (Bidens) Bidens cemllfl L. * EN (25) 
Bidells rndiflln Thuill. * CR (3) 

Bidells /ripflltilfl L. *t NT (57) Bidells CO/lllt/ifl H. L. Mlihl. ex 

Willd.* (3) 

I-Ieraclell'~' IIInl/tegflZ~t1Il"')J 

Sommier & Levier*t (420) 

BidellS jiv l/dostl L.*t (45) 

Asteraceae 2 A,t""lisifl bOl.nlis Pall. VU (6) 
Psendogllnpbnlil(l(l ;'''eo-tllbl(lIl (L.) 

Hilliard & B.L. Burtt*t VU (29) 
Ci"illlll IIIOII!t1ll1ll1l (WiUd.) Spreng. 

A ,1ellJisin /lllIgfl';s L. * LC (253) 

B;dells bipillllnin L.*t (4) 
A sler Inllceolflll(s Wille!. *1' (17) E ligClV1I cnll"dellsis L. * (140) 

Sel/ecio il/tleqllidellS DC. *1' 
(121) 

As tcraceae 3 Solidflgo IlirgnlllM L. LC (207) RHdbeckifl biltfl L'* (27) clalidtlgo cOI/"d""sis L.*t (491) 
EN (1) 

Brassicaceae 
111111" be/wlicfl Weber* VU (40) 

CoclJletll;n p)'IWlflicn DC.t VU (6) 
EI)'sillllllll oc/)lvlel(C/(1I1 (Schleich.) DC. VU 

(5) 

A rnbis fI/pillt;" LC (198) 

BisclI/ellfl Inevigfl/n L. LC (277) 

Lepidil(lIJ lIeglee/1II1I Thell.* (5) LePidil(lI1 virgillicllllJ L. *t (90) 

Poaceae Meli((1/rrlllssilwlllicfl Schur VU (4) 
Kellgifl selVlilln (L.) Packert VU (8) 

III11JJex 1!J,dlVlrlj>fllbl(l(l H uds EN (24) 

III11JJex IIImit;IIII(S L.*1' CR (1) 
Lill(//;" fI/pillfl subsp. pc/mea Oord.) 

Rouy* VU (14) 

Brncbypodilllll lj,l/ltlticl(lIl (Hue!s.) 

P. Beauv. LC (494) 

Elmsille illdicn (L.) Gaertn .*t 

(21) 

PrllliCIIIIJ cnpilltm L.*t (136) 

Polygonaceae III11JJex obillsi/olil(s L.*t LC (602) Pers;c(//;n OIielllnlis (L.) Spach*1' 

(4) 
Scrophulariaceae! 

Plantaginaceae! 

Phrymaceae 

JClvplJIIlm;n 1I0dosn (L)*t LC 

(358) 

Vc/VII;Cfl pmglillfl L. *t (57) 
MillJl(ll(s gl(l/n/l(s DC. *t (23) 

VelVlI;ctI pmictl Poir.*t (458) 

Verollim m/{/gt1"is~(/qll(/tiC{1 L. 
*1' LC (131) 

For all species, numbers in parentheses represent the number of 5 x 5 km square cell occurrences per species within Switzerland. 

*Species occur in nitrophilous communities. 
tSpecies were included in the analysis of aboveground biomass under competition . 

For native species, the letter abbreviations represent l UCN Red list species status within Switzerland- LC Least Concern, NT Near Threatened, VU Vulnerable, 

EN Endangered, CR Critically endangered. 

competition treatment grown from 0:6 g of seed mixture per pot 
(Rieger Hoffmann GmbH 'Fettwiese', see Appendix S3 in Support 
ing Information for list of species). The grassland sward had been 
sown in mid April, 6 weeks before adding the target plants. At sow 
ing, a central patch of each competition pot was left bare, so that 
target seedlings could be easily planted once the grassland sward 
had established 6 weeks later. 

Each of the eight seed families per species was planted into 
pots in one block, giving eight blocks, and each block was sub 
divided into eight sub blocks. Each sub block contained all four 
nutrient and competition treatments for the species o f one ran 
domly assigned con familial group. Due to low rates of germina 
tion, Lillalia alpilla subsp. petraea, P. oriellta/e, Arabis alpilla and 
EMens cOllnata were only planted in four blocks, R. hirta, Eidells 
radiata and BidellS cmllla were planted in six blocks and Cnaphali 
111/1 Iliteo a/bl/fil and Solidago IJilgallrea in seven blocks. Thus, a total 
of 1,195 plants were planted. 

The initial height (cm) of all plants was measured within 1 week 
after planting. After 12 weeks, in the third week of September 
2010, all aboveground biomass was harvested, dried at 70 85°C 
for at least 72 h and weighed. Roots and rhizomes of all non com 
petition plants were washed to remove all soil, dried as just 
described and weighed. To test the effect of the nutrient treatment 
on the sward of grassland plants in the competition treatment, we 
also analysed differences in the aboveground biomass of the grass 
land sward in a sub sample of pots treated with no nutrients 
(II = 34) and with nutrients added (II = 33). The aboveground bio 
mass of the grassland sward under high nutrient levels (97.853 g) 

was twice the amount of mean biomass under the low nutrient level 
(mean = 48.996 g) [estimate = 48.526 (least square mean differ 
ence), 95% CIs = 39.814 57.238; t = 11.146, P < 0.001; linear 
mixed effects model). 

Analysis 

P/allt SIIl7JiIJal 
We used a generalised linear mixed effects model, using the R pack 
age 'Ime4', in the R program version 2.12.2 (R Development Core 
Team 2011), with a binomial error distribution to analyse survival 
of individual plants. Family group, species and block were included 
as random effects. Because initial plant height could affect the prob 
abili ty of surviving competition, the initial height of each plant was 
included in the model (natural Jog transformed and scaled to a 
mean of zero and standard deviation of one). Species origin (native 
versus alien), commonness (common versus rare), nutrient treat 
ment (no addition, addition) and competition (alone, competition) 
were included as main and interacting fixed effects, giving a four 
way interaction model. Likelihood ratio tests were used to assess 
the significance of interactions, and to obtain a minimum adequate 
model. To account for habitat dissimilarity across all species, we ran 
two models including the two treatments plus either (1) only the 
three NMDS axes or (2) the level of hemeroby (as common and 
rare native species differed significantly in habitat hemeroby levels). 
Two way and three way interactions between each habitat variable 
and the two treatments were also included. We used likelihood ratio 
tes ts to assess which interactions and main effects were significant. 
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We then added either the significant NMDS axes, or hemeroby, and 
their significant interacti'ons with treatments as variables in analyses 
with origin, commonness, nutrient and competition and all interac 
tions between these four variables as previously. Likelihood ratio 
tests were then used again to assess the significance of interactions 
as before, and to obtain minimum adequate models. In addition, 
according to Landolt et at. (2010), 30 species (all 18 alien species, 
plus 6 native common and 6 native rare species, Table 1) .are 
recorded in nitrophilous communities in Switzerland. To test if 
occurrence in nitrophilous communities may have confounded dif 
ferences in responses to competition and nutrient addition among 
species, we re analysed plant survival for the subset of nitrophilous 
community species. If interactions between nutrient addition or 
competition and origin or commonness were no longer significant 
after accounting for habitat differences, then this would indicate 
that previous significant interactions were confounded by habitat 
dissimilarities between native and alien or common and rare species. 

Biomass l~spollses to IIlItrient additioll 
Due to high mortality of plants in the competItion treatment and 
the impossibility of obtaining roots for plants under competition, 

. we analysed the biomass responses to nutrient addition separately 
for plants planted alone and those planted under competition. This 
also allowed us to use total biomass of plants grown without com 
petition for a maximum number of species. Due to the high mortal 
ity of B. cOllllata, Erysillltllli ochro/ellctitII and L alpilla even without 
competition, these species were excluded from subsequent analysis 
of total biomass responses. Among the remaining 38 species, a total 
of 518 plants survived. 

We used a linear mixed effects model in the R package 'nlme' to 

analyse total biomass responses of 38 species to increased nutrient 
availability without competition, in relation to origin (native or alien) 
and commonness (common or rare). Biomass data were square root 
transformed to meet the assumption of normality. We included family 
group, species and block as random effects. A variance structure was 
included to account for variance heterogeneity in biomass according 
to species (Zuur et al. 2009). Species origin, commonness and nutrient 
treatment were all fitted as fixed effects, and all two way and three 
way interactions were included. Because initial plant height could 
affect the biomass eventually attained by a plant, initial plant height 
was added as a scaled natural log transformed covariate. As in the sur 
vival analysis, likelihood ratio tests were used to assess the signifi 
cance of interactions, and to obtain a minimum adequate model. 

We analysed differences in aboveground biomass of plants under 
competition among a subset of 22 species (271 plants) for which at 
least three individuals had survived the competition treatment 
(Table 1) also with origin, commonness and nutrient treatment 
included as main and interacting fixed effects. Initial plant height 
was added as a scaled nanlral log transformed covariate. Biomass 
was square root transformed prior to analysis. An identity variance 
structure per species and an exponential variance structure for initial 
plant height were also included, accounting for variance heterogene 
ity among species, and an increasing variance with increasing plant 
height (Zuur et at. 2009). Likelihood ratio tests were used in the 
same way as for previous analyses, to assess the significance of 
interactions and to obtain a minimum adequate model. We included 
family group, species and block as random effects. 

In the same way as for plant survival, total biomass without com 
petition and aboveground biomass of plants under competition 

were re analysed using models with (1) NMDS axes and (2) heme 
roby levels, plus in teractions between these and nutrient treatment 
included as explanatory variables. Significant habitat variables and 
interactions were then included in models with origin, commonness 
and nutrient treatment, and significance of the interactions and were 
re assessed using likelihood ratio tests to obtain minimum adequate 
models. Analyses were also re conducted for the subset of species 
occurring in nitrophilous communities but only for total biomass of 
plants not exposed to competition because insufficient data were 
available to analyse aboveground biomass of plants under competi 
tion for this subset of species. 

RESULTS 

Survival 

The minimum adequate model for plant survival retained the inter 
action between nutrient addition and competition, the interaction 
between commonness and competition and origin as significant 
variables (Table Sl, Appendix S4). Survival was reduced by compe 
tition, and this was more pronounced with nutrient addition than 
without nutrient addition (Fig. 1; .P = 0.006). On average, survival 
was higher for alien species (89.3%) than for native species (67.2%; 
P < 0.001). Regardless of origin, survival was higher for common 
species (86.4%) than for rare species (72.4%; P = 0 .025). Moreover, 
common species suffered a smaller reduction in survival in response 
to competition (98.6% alone to 72.3% under competition) com 
pared with rare species (91.9% alone versus 51.0% under competi 
tion; Fig. 1). However, this interaction between commonness and 
competition was only of borderline significance (P = 0.05). 

The addition of the significant NMDS axis 2, representing habitat 
dissimilarity among species, and its interaction with competition 
treatment weakened the significance of the interaction between 
competition and commonness (P = 0.147), (Table S2 in Appendix 
S4). When accounting for hemeroby, the interaction between com 
monness and competition was retained (Table S3, Appendix S4). 
The Akaike Information Criterion (AIC) value for the hemeroby 
model (936) was greater than for the NMDS model (933), indicating 
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Figure 1 Mean survival probabilities of the 17 alien (8 common and 9 rare) and 
23 native (9 common and 14 rare) plant species growing alone or under 
competition in a grassland sward, without or with nutrient addition. Error bars 
arc 95% confidence intervals (calculated using species as a replicate). 



that accounting for overall habitat dissimilarity rather than 
hemeroby alone provided a better fit to the survival data. For the 
subset of 30 nitrophilous species, only main effects of origin, 
commonness, nutrient and competition remained as significant 
parameters in the minimum model, with significantly greater survival 
of alien compared with native, and of common compared with rare 
species across treatments (fable S4, Appendix S4). 

Biomass 

The minimum model best explaining total biomass of plants in tlle 
absence of competition retained the interaction between common 
ness and nutrient addition and the main effect of origin (fable S5, 
Appendix S4). Total biomass production was higher for alien spe 
cies (mean biomass = 23.87 g, 95% CI = 17.86 30.74 g) than for 
native species (mean biomass = 14.53 g, 95% CI = 9.41 20.76 g; 
P = 0.024). Regardless of origin, total biomass production was 
higher for common species (mean = 23.78 g, 95% CI = 17.09 
31.57 g) than for rare species (mean = 14.69 g, 95% CI = 10.09 
20.16 g; P = 0.034). The only significant interaction for total bio 
mass was between species commonness and nutrient treatment 
(P < 0.001). On average, common species increased total biomass 
by 11 7% with nutrient addition compared with an increase of only 
78% for rare species (Fig. 2). 

The interaction between commonness and nutrient addition 
remained significant after inclusion of NMDS axes and interactions 
with nutrient addition in the model, as did me difference in bio 
mass across treatments between alien and native species (fable S6, 
Appendix S4). When accounting for hemeroby, me interaction 
between commonness and nutrient addition also remained signifi 
cant, as did the three way interaction between origin, commonness 
and nutrient addition (fable S7, Appendix S4). The AIC value for 
the NMDS model (1576.1) was lower than that of the hemeroby 
model (1609.6), indicating the NMDS model gave a better fit to 
the biomass data. Using the subset of nitrophilous species, the sig 
nificant interaction between commonness and nutrient addition, as 
well as an interaction between origin and nutrient addi tion were 
retained in the minimum model (fable S8, Appendix S4). Native 
species tended to increase biomass more strongly in response to 
nutrient addition than alien species (fable S8, Appendix S4). 
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Figure 2 Mean total biomass of the 17 alien (8 common and 9 rare) and 21 
native (9 common and 12 rare) plant species without and with nutrient addition. 
Error bars arc 95% confidence intervals (calculated using species as a replicate). 
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In the presence of competitIon, there was a significant mree 
way interaction between origin, commonness and nutrient addition 
which explained aboveground biomass of 22 plant species 
(P = 0.02; Table S9, Appendix S4). Common native species had 
137% more biomass than rare natives under nutrient addition 
compared to only 37% more biomass than rare native species 
without nutrient addition (Fig. 3). No such differences in biomass 
between alien common and alien rare species with nutrient versus 
without nutrient addition were observed (Fig. 3). However, this 
three way interaction was not significant in a model including a 
significant NMDS axis (fable SlO, Appendix S4), or in a model 
including hetneroby levels (fable S11, Appendix S4). 

DISCUSSION 

It has recently been suggested that common native and invasive alien 
plant species should share similar attributes (Leishman at al. 2010; 
Tecco at al. 2010; Thompson & Davis 2011). Our experimental evi 
dence suggests this may indeed be the case, regarding plant biomass 
responses to nutrient addition and survival under competition. 

Total biomass of common plant species increased to a greater 
degree with nutrient addition than it did for rare species, regardless 
of whether they were native or alien, even after accounting for hab 
itat dissimilarities. It has been suggested that increases in resource 
availability may facilitate invasion because alien plant species may 
be better at responding to increased availability of a limiting 
resource ' than species in resident native communities (Leishman & 
Thomson 2005; Funk 2008). Recent meta analyses show support 
for (Davidson at al. 2011) and evidence against (palacio Lopez & 
Gianoli 2011) this possibility. Our results corroborate those of Go 
doy at al. (2011), who found that invasive alien plant species in 
Spain did not differ in their responses to nutrient addition from 
taxonomically related, widespread native species. Therefore, when 
comparing invasive to native species, it is important to consider 
whether the latter are common or rare. 

Habitat dissimilarity may have confounded the different nutrient 
responses observed for common and rare species. For example, 
range expanding native and alien plant species may be more likely 
to occur in similar nutrient rich habitats (fhompson et a/. 1995), 
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Figure 3 Mean aboveground biomass of alien rare (6) and common (7), and 
native rare (5) and common (4) plant species, growing under competition from a 
grassland sward, without and with nutrients added. Error bars are 95% 
confidence intervals (calculated using species as a replicate). 
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whereas rare native and rare alien species may have different habitat 
requirements. Differences in species attributes are more likely to 

occur when the species compared occur in different habitat types 
(Leishman e/ al. 2010). However, we found that the main dissimilar 
ities in habitats were not between rare and common species, but 
between alien and native species. Alien species as a group occupy 
warmer and more nutrient rich, human modified habitats, and show 
tighter habitat similarity as a group, compared with the more vari 
able native species (see Appendix Sl). The difference in the level 
of habitat similarity within alien and native species groups may 
reAect introduction bias among aliens (Chrobock e/ af. 2011), or 
post introduction restrictions on habitats alien species can establish 
in, due to high propagule pressure in certain habitats or traits con 
straining the habitats suitable. Accounting for habitat dissimilarity 
in our analyses revealed that the difference between rare and com 
mon species in response to nutrient addition was robust to any 
underlying variation in habitat preferences. 

Common species may also be widespread because the habitats 
which they typically occupy are also widespread, whereas rare spe 
cies might be restricted in distribution because their habitats are 
also rare (fhompson e/ al. 1998). For species with data available, 
we did find that common species had a greater number of km2 

grid cells containing at least one vegetation type occupied by the 
species than did rare species (Appendix S2). If common species 
are more widespread because their habitats are more common, 
and those common habitats tend to be nutrient rich and altered 
by humans, then common species may simply be responding more 
strongly to nutrient addition because they occur in widespread, 
nutrient rich and human modified habitats. Indeed, species with 
more widespread vegetation types also had higher nutrient and 
hemeroby index scores than species with more restricted vegeta 
tion types. However, although differences in habitat requirements 
were evident between aliens and natives, differences between com 
mon and rare species were only evident for native ones with 
respect to hemeroby. This indicates that common and rare plant 
species in this study do not simply occur in widespread nutrient 
rich and restricted nutrient poor habitats respectively. Rather, com 
mon species may be widespread as they are better able to take 
advantage of increased nutrient availability when it occurs com 
pared with rare species. Common native species thus may have 
become more common compared with rare species due to their 
ability to exploit increasingly human altered habitats. 

As well as differing in response to nutrient addition, there was 
also a tendency for common species to achieve a greater total bio 
mass than rare species, across nutrient treatments. Greater biomass 
has been reported as a correlate of both alien plant invasiveness 
(Schlaepfer e/ af. 2010; van Kleunen e/ af. 201Oa; Godoy e/ at.' 2011) 
and native plant abundance (Kelly 1996; Murray e/ af. 2002; 
Lavergne e/ af. 2004; Cornwell & Ackerly 2010). However, patterns 
of biomass differences between alien and native species are likely to 
be sensitive to comparator choice (van [(]eunen e/ al. 201Ob). 
Godoy e/ al. (2011) recently found that invasive species had greater 
carbon gain capacity and performance than widespread native 
relatives, including greater invasive alien biomass, suggesting that 
common aliens differ from common natives. Our study indicates 
that overall, common native and alien plants tend to have a greater 
biomass than their rare counterparts. 

Greater biomass of common species may be a product of fas 
ter growth rates in the duration of our experiment. Positive rela 

tionships between relative growth rate and invas ion success have 
been reported recently (Grotkopp & Rejmanek 2007; Grotkopp 
al af. 2010; van Kleunen 01 al. 2010a; Dawson et al. 2011). Fur 
thermore, faster growth rates of common versus rare species 
could explain differences in nutrient responses, if faster growth 
rates allow a species to respond more strongly to increased 
resource availability · (Grime 1977). However, we should be 
cautious 111 making comparisons of biomass between groups of 
species, as the experimental period may not have been long 
enough to establish the maximum biomass attainable for all 
species, thus exaggerating differences between species. Notwith 
standing this, fast growth rates and greater biomass will obviously 
give both alien and native plant species colonising open spaces 
with higher resource levels, an advantage over those species 
unable to attain a larger biomass, through asymmetric competi 
tion for light (Weiner 1990). 

On average, common species survived only marginally better 
under competition than rare species did, again regardless of whether 
they were native or alien. The higher ability of common species to 
survive under strong competition may indicate that competition 
exerted by established plants imposes an environmental filter, 
through which only certain species are able to pass and survive in 
the community. Short, stress tolerating native species with slow 
growth and typical of open habitats, may be more vulnerable to loss 
under competition and eutrophication (Walker & Preston 2006) . 
The addition of an NMDS axis describing nutrient habitat differ 
ences led to a lack of significance of survival difference between 
common and rare species, and this was also true when only ni 
trophilous species were considered. The marginally greater survival 
of common species under competition may have been due to com 
mon species coming from more nutrient rich habitats (which may 
be more competitive) and rare species from nutrient poor habitats 
(which may be less competitive). In any case, survival decreased 
strongly under competition with nutrient addition for all species, 
probably due to greater competition for light and water exerted by 
the grassland sward, which doubled its aboveground biomass in tlle 
nutrient addition treatment. Thus, increased resource availability will 
not always facilitate invasion if the resident community is able to 
respond strongly to the increase, leading to limitation of other criti 
cal resources (Davis e/ af. 2000; Hautier e/ af. 2009). Our results sug 
gest that survival of common and rare species under competition is 
likely to be impacted similarly by increased nutrient levels. 

Rare and common species appeared not to differ strongly in 
responses of aboveground biomass to nutrient addition when 
grown under competition. Rather, only native common species 
showed a slight increase in aboveground biomass with nutrient 
addition, and a greater aboveground biomass than native rare spe 
cies under nutrient addition. Moreover, this difference was no 
longer significant once habitat differences between species were 
accounted for. The advantage of common species being able to 
respond more strongly to nutrient increase compared to rare spe 
cies may only be clearly expressed in more open habitats. Given 
the large increase in biomass of the grassland sward with nutrient 
addition, however, competition may have been too intense for 
clear di fferences in performance between species to be obtained. 

In summary, we find little evidence that common native and 
invasive alien plant species fundamentally differ in their responses 
to nutrient increase and survival under competition. Whereas 
common native and invasive alien species increased biomass in 



response to nutrient addition more strongly than rare native and 
non invasive alien species, this was only expressed in the absence 
of competition. Increased nutrient availability alone may not lead 
to successful invasion or losses of rare natives and gains in com 
mon native species. Rather, effects of nutrient increases will be 
dependent on the level of competition at the time of nutrient 
increase, and the relative response to nutrient addition of the 
native community compared with incoming species. 

ACKNOWLEDGEMENTS 

Thanks to Adrian Moehl and Andreas Gygax, who both collected 
seeds of study species from the field. Thanks to Annamaria Bottini 
and Eva Knop (University of Bern) for experiment set up ass is 
tance. Thanks also to Margherita Gioria, for advice on multivariate 
analysis, to Christophe Bornand (University of Bern) for assistance 
in obtaining data on Swiss vegetation type distributions and to three 
anonymous referees for helpful comments. This study was funded 
by NCCR Plant Survival, Switzerland. 

AUTHORSHIP 

WD, MvK and MF planned the experiment, WD conducted the 
experiment and analysis and WD, Mvk and MF wrote the article. 

REFERENCES 

Aeschimann, D., Lauber, K., Moser, D.M. & Theuril lat, J-P. (2004). Flom Alpilla. 
Haupt Verlag, Bern, Switzerland. 

Bradley, B.A., l3Iumenthal, D.M., Wilcove, D.S. & Ziska, L.H. (2010). Predicting 
plant invasions in an era of global change. 7i~lIds Ecol. Evol., 25, 310 318. 

Chrobock, T., Kempel, A., Fischer, M. & van Kleunen, M. (2011). Introduction 
bias: Cultivated alien' plant species germinate faster and more abundantly than 
native species in Switzerland. Basic Appl. Ecol., 12, 244 250. 

Cornwell , W.K. & Ackerly, D.o. (2010). A link between plant traits and 
abundance: evidence from coastal California woody plants. ). Ecol., 98, 814 821. 

Davidson, A.M., Jennions, M. & Nicotra, A.B. (2011). Do invasive species show 
higher phenotypic plasticity than native species and, if so, is it adaptive? 
A meta-analysis. Ecol. Lett., 14, 419 431. 

Davis, M.A., Grime, J.P. & Thompson, K. (2000). Fluctuating resources in plant 
communities: a general theory of invasibility. ). Ecol., 88, 528 534. 

D awson, W., Fischer, M. & van Kleunen, M. (2011). The maximum relative 
growth rate o f common UK plant species is positively associated with their 
global invasiveness. Global Ecol. Biogeogt: , 20, 299 306. 

Delarze, R. & Gonseth, Y. (2008). Lebensraiillle de,. Schlvei'{; Okologie.Gifrihldllllg. 
Kellllflltell, 2nd edn. Ott-Verlag, Bern, Switzerland. 

Dostal, P., Dawson, W., van Kleunen, M., Keser, L.H. & Fischer, M. (2012). 
Central European plant species from more productive habitats are more 
invasive at a global scale. Global Ecol. lJiogeogl:, DOl: 10.1111/j.1466-8238. 
201 1.00754.x. 

Drury, W.H. (1974). Rare species. BioI. ComelV., 6, 162 169. 
Dukes, J .S. & Mooney, H.A. (1999) . Does global change increase the success of 

biological invaders? Ti. llds Ecol. 13.'001., 14, 135 139. 
Ellenberg, H. & Klotzli, F. (1972). Waldgesellschaften und Waldstandorte der 

Schweiz. Mit/eilllllgen de,. J'chllleiZClischen A lIsltlll fti,. das jimlliche VClJIIChSlVeSeJI, 48, 
589 930. 

Elton, C.S. (1958). The Ecology of IImtlsiolls I!J Allilllais alld Plallis. J. Wiley & So ns, 
NY. 

Farnsworth, E.J. (2007). Plant life history traits of rare versus frequent plant taxa 
of sandpl ai ns: implications for research and management trials. Bio/. COllse/v. , 
136, 44 52. 

Felsenstein, J. (1985) . Phylogenies and the comparative method. A lii. Nal., 125, 
1 15. 

7 

Funk, J.K. (2008). Differences in plasticity between invasive and native plants 
from a low resource environment.). &01.,96,1162 1173. 

Godoy, 0., Valladares, F. & Castro-Diez, p. (2011 ). Multispecies comparison 
reveals that invasive and native plants differ in their tra its but not in their 
plasticity. hlllci. Ecol. , 25, 1248 1259. 

Grime, J .P. (1977). Evidence for existence of three primary strategies in plants and 
its relevance to ecological and evolutionary theory. A lii. Nat., 111, 116 1194. 

Grotkopp, E. & Rejmanek, 11'1. (2007). High seedling relative growth rate and 
specific leaf area are traits o f invasive species: phylogenetically independent 
contrasts of woody angiosperms. A lii. ). /Jol., 94, 526 532. 

G rotkopp, E., Erskine-Ogden, J . & Rejmanek, M. (2010). Assessing potential 
invasiveness of woody horticultural plant species using seedling b'fowth rate 
traits.). Appl. Ecol., 47, 1320 1328. . 

Hamilton, M.A., Murray, B.R., Cadotte, M.W., Hose, G.c., Baker, A.C., Harris, 
c.J., el al. (2005). Life-history correlates of plant invasiveness at regional and 
continental scales. Ecol. Lett., 8, 1066 1074. 

Hautier, Y., Nikl aus, P.A. & Hector, A. (2009) . Competition for light causes 
plant biodiversity loss after eutropication. Sciellce, 324, 636 638. 

Hegg, 0., Bequin, C. & Zoller, H. (1993). Atlas .lchllt'{!ldirdige,. VegeltltiollslJ'Pen de,. 
Jchllleiz. Bundesamt fUr Umwelt, Wald und Landschaft (BUWAL) und 
Eidgenossenchaft Drucksachen- und Materialsentrale (EDMZ), Bern, 
Swizterland. 

Kelly, c.K. (1996). Identifying plant functional types using floristic data bases: 
ecological correlates of plant range size. ). Veg. Sci., 7, 417 424. 

van Kleunen, M. & Richardson, D .M. (2007). Invasion biology and conservation 
biology: time to join forces to explore the links between species traits and 
extinction risk and invasiveness. PlVg. P0's. Geog., 31, 447 450. 

van Kleunen, M., Weber, E. & Fischer, M. (2010a). A meta-analysis of trait 
differences between invasive and non-invasive plant species. Ecol. Lett., 13, 
235 245. 

van Kleunen, M., Dawson, W., Schlaepfer, D., Jeschke, J .M. & Fischer, M. 
(2010b). Are invaders different? A conceptual framework of comparative 
approaches for assessing determinants of invasiveness. Ecol. Lett., 13, 947 958. 

van Kleunen, M., Dawson, W. & Dostal, P. (2011). Research on invasive-plant 
traits tells us a lot. Timds Ecol. EIIOI. , 26, 317. 

Landolt, E., Baumler, 13., Erhardt, A., Hegg, 0 ., Klotzli , F., Lammler, W., et "I. 
(2010). Flom Illdicativa. Ecological Illdimior Vtlilles alld Biological A lllibllies of Ibe 
n om of JitJil'(!'J!lIlId lIlId Ibe Alps. Haupt Verlag, Bern, Switzerland . 

Lavergne, S., Thompson, J.D., Garnier, L E. & Debussche, M. (2004). The 
biology and ecology of narrow endemic and widespread plants: a comparative 
study of trait variation in 20 congeneric pairs. Oikos, 107, 505 518. 

Leishman, M.R. & Thomson, V.I'. (2005). Experimental evidence for the 
effects of additional water, nutrients and physical disturbance on invasive 
plants in low fertility Hawkesbury Sandstone soils, Sydney, Australia . 
). Ecol., 93, 38 49. 

Leishman, M.R., Thompson, V.I'. & Cooke, J . (2010). Native and exotic 
invasive plants have fundamentally similar carbon capture strategies. ). Ecol., 
98, 28 42. 

Lloyd, K.M., Lee, W.G. & Wilson, J.B. (2002). Competitive abilities of rare and 
common plants: comparisons using ACt/elltl (Rosaceae) and Chiollochlotl 
(Poaceae) from New Zealand. COllsem BioI. , 16, 975 985. 

Medail, F. & Verlaque, R. (1997). Ecological characteristics and rarity of endemic 
plants from southeast France and Corsica: implications for biodiversity 
conservation. BioI. COlISell!., 80, 269 281. 

Moser, D . M., Gygax, 1\., Baumler, B., Wyler, N. & Palese, R. (2002). Rotc Liste 
del' gefohldelell Altell derScbJllei'{; {'(mI, IIl1d /Jliilellpj/lIll zell [Red List o/i/mlllell,d Jems 
alld IIOJPclillg pltlllis ill JipilzcJ!(/}J(Ij. Swiss Agency for the Environment, Forests 
and Landscape (SAEFL), Berne, and Centre du Reseau Suisse de Floristique 
(CRSF), Chambcsy, Coli ana UFAFP. 

Murray, B.R., Thrall, P.H., Gi ll , A.M. & Nicotra, A.B. (2002). How plant life
history and ecological traits relate to species rarity and commonness at varying 
spatial scales. AIIslral Ecol. , 27, 291 310. 

Palacio-Lopez, K. & Gianoli, E. (2011). Invasive plants do not display greater 
phenotypic plasticity than their native or non-invasive counterparts: a mcta-
analysis. Oikos, 12, 1393 1401. 

Preston, F.W. (1948). The commonness, and rarity, o f species. Ecology, 29, 254 
283. 



8 

R Development Core Team (2011). R· A L{lIIgflage afld EllIlilVllIlICfll for J/alislical 
COII/pfltiflg. R Foundation for Statistical Computing, Vienna, Austria. 

Reich, P.B. , Ellsworth, D.S., Walters, M.B., Vose, J.M., G resham, C, Volin, J.C , 
el (iI. (1999). Generali ty of lea f trait relat.ionships: a tes t across six biomes. 
E:.colog)', 80, 1955 1969. 

Rejmanek, M. & Richardson, D.M (1996). What attributes make some plant 
species more invasive? E:.colog)', 77, 1655 1661. 

Schlaepfer, D.R., Glaetcli , M., Pischer, M. & van Kleunen , M. (2010). A multiple
species experiment in their native range indicates pre-adaptation of invasive 
alien plant species. Nell' PI!!lo/. , 185, 1087 1099. 

Tecco, P.A., Diaz, S., Cabido, M. & Urcelay, C (2010). Punctional traits of alien 
plants across contrasting climatic and land-usc regimes: do aliens join the 
locals or try harder than them? J. Bco/., 98, 17 27. 

Thompson, K. & Davis, M.A. (2011). Why research on traits o f invasive plants 
te lls LIS very Iitcle. 7,mds Bco/. Bvo/., 26, 155 156. 

Thompson, K., Hodgson, J .G. & Rich, T.CG. (1995). Native and alien invai sve 
plants: more of the same? Ecogmpl!)', 18, 390 402. 

Thompson, K., Hodgson, KJ & Gaston, KJ (1998) . Abundance-range size 
relationships in the herbaceous Aora of central England. J. Bco/. , 86, 439 
448. 

Walker, K.L. & Preston, C D. (2006). Ecological predictors of extinction risk in 
the Flora of Lowland England, UK. Hiodiv. Come/v. , 15, 1913 1942. 

Weiner, J . (1990) . Asymmetric competition in plant populations. Trollds Bco/. 
EIIO/. , 5, 360 364. 

Zuur, A.F., leno, E.N., Walker, N., Saveliev, A.A. & Smith, G.M. (2009) . Mixed 
B/focts Models alld E",lemiolls ill Beolog)' lI·ilb R. Springer, Berlin. 

SUPPORTING INFORMATION 

Additional Supporting Information may be downloaded via the online 
version of this article at Wiley Online Library (www.ecologyletters.com). 

As a service to our authors and readers, this journal provides sup 
porting information supplied by the authors. Such materials are 
peer reviewed and may be re organised for online delivery, but are 
not copy edited or typeset. Technical support issues arising from 
supporting information (other than missing fi les) should be 
addressed ro the authors. 


	Text1: First publ. in: Ecology Letters ; 15 (2012), 8. - S. 873-880
	Text2: Konstanzer Online-Publikations-System (KOPS)URL: http://nbn-resolving.de/urn:nbn:de:bsz:352-195018


