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The maximum relative growth rate of
common UK plant species is positively
associated with their global invasiveness

Wayne Dawson*, Markus Fischer and Mark van Kleunen

ABSTRACT

Aim An emerging consensus in invasion ecology is that faster-growing alien plant
species tend to be more invasive than slower-growing species. However, phyloge-
netic non-independence and the precision of growth-rate measures often remain
unaccounted for in comparative studies. We tested whether global invasiveness was
related to mean and maximum relative growth rate of 105 plant species (101 native
and 4 introduced) commonly occurring in the UK,

Location Global.

Methods We combined a unique experimental dataset of relative growth rates
(RGR) measured under standardized experimental conditions for plant species that
occur widely in the UK with our global measures of invasiveness, which were the
number of references in the Global Compendium of Weeds (GCW) and the
number of world regions invaded. We weighted mean RGR measures per species by
including variances of RGR in our analyses, and we also conducted analyses with
and without phylogenetic structure, to account for potential phylogenetic non-
independence in RGR. ‘

Results We found a positive association between global invasiveness and
maximum RGR. In addition, this association was not confounded by phylogenetic
correlation, or by species seed mass.

Main conclusions The results from this study suggest that faster-growing species
are more widespread at a global scale, adding support to other studies that suggest
faster-growing alien plant species tend to be more invasive in the introduced range.

Keywords
Exotic, introduced, invasion success, life history, plant growth, weeds.

INTRODUCTION

Despite the explosion in invasion ecology literature in recent
years {Pysek et al., 2008), there are frustratingly few generaliza-
tions that can be made regarding the determinants of invasive-
ness among alien species and across studies (Hayes & Barry,
2008). One emerging exception among alien plants is that inva-
sive species tend to be faster growing than non-invasive species
(Rejmanek, 2005; Grotkopp & Rejmdnek, 2007) or have traits
correlated with faster relative growth rates compared with native
and non-invasive alien species such as large specific leaf area and
high foliar nutrient concentrations (Hamilton efal., 2005;
Rejmanek, 2005; Leishman ef al., 2007; Pefiuelas ef al., 2010) and
small seed size (Rejmanek & Richardson, 1996; Grotkopp et al.,
2002; Richardson & Rejmdnek, 2004). Plant growth rate repre-

sents an important axis of life-history variation among species,
with faster-growing species tending to be shade-intolerant colo-
nizers of open habitats, with fewer anti-herbivore defences,
shorter life spans, greater resource capture ability (Wright e al.,
2004) and higher reproductive output than slower-growing
species (Rose et al., 2009). Therefore, plant growth rate has
received much interest as a potential key trait that might be
related to invasion success.

However, not all studies show support for this relationship
(Bellingham et al., 2004; Martin et al., 2009), and studies have
typically been limited to fewer than 40 species (Grotkopp et al.,
2002; Bellingham et al., 2004; Grotkopp & Rejmaének, 2007). In
addition, generalization across studies and species can be
troublesome if plants are grown under different environmental
conditions, which will affect relative growth rates. For example,
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maximum relative growth rate measured under optimal condi-
tions after germination might provide a better measure of
growth potential than mean relative growth rate over time
(Turnbull e al., 2008). Furthermore, relatively few invasion
studies investigating differences in growth rates have attempted
to control for phylogenetic or taxonomic non-independence
(but see Grotkopp et al., 2002; Bellingham ef al., 2004). Finally,
many invasion studies that suggest that certain trait values
(including growth rates) are indicative of invasiveness only use
mean trait values, which has the result of treating trait values of
all species as if they do not vary within species, and all species are
given equal weighting in analyses. This is clearly unrealistic, as
all traits are likely to vary among individuals due to genotypic
and environmental variation and measurement error. Neglect-
ing intra-specific variability in trait values and treating all
species as equal could lead to spurious conclusions about the
importance of those traits in conferring invasiveness.

In this study, we aimed to address these issues by using a
unique dataset of Grime & Hunt (1975) on mean and maximum
relative growth rates measured soon after germination for 105
species commonly occurring in the UK. Most of these species
are native and widespread in the UK and Europe occurring in
multiple habitats, but especially grasslands and more open habi-
tats (Grime & Hunt, 1975). Given widespread European colonial
activity from the 17th to 20th centuries, it is likely that these
species have been widely dispersed globally in the past. This
dataset is valuable, as all plant species were grown under con-
trolled experimental conditions, thus minimizing the problem
of inconsistencies in growth and measurement methods among
species. In addition, standard errors and sample sizes have been
included with mean relative growth rate values per species,
which allows variation (and therefore precision) in relative
growth rate measurements to be included in analyses. In addi-
tion, we make use of a constructed phylogeny for this dataset in

order to account for potential phylogenetic non-independence
when assessing the relationship between species relative growth
rates and invasiveness. We combine this dataset with two global
measures of species invasiveness outside their native ranges: (1)
the number of references in the Global Compendium of Weeds
(GCW) (Randall, 2002) describing a species as invasive; and (2)
the number of global regions where the species is recorded
(maximum of 10; Table 1), also derived from the GCW, Whilst
disentangling global introduction effort from perceived inva-
siveness is difficult, this compendium has been used elsewhere
(van Kleunen et al., 2007; Pysek et al., 2009; Schlaepfer etal.,
2010) and is currently the most exhaustive, world-wide compi-
lation of 284 weed and invasive plant list references. Thus it is
likely to give the best indication of how invasive a species is at a
global scale.

METHODS

Data

The relative growth rate (RGR) data used came from a compara-
tive study conducted by Grime & Hunt (1975) involving 132
species, many of which co-occur in a number of UK plant com-
munities. All species were germinated and grown for 5 weeks
under standardized experimental conditions, with high nutri-
ent, light and water availability, and with four harvests in weeks
2-5. All species and all four harvests were replicated five times
(Grime & Hunt, 1975). Two measures of RGR were calculated.
Firsty, mean RGR per week was calculated as the difference in
the natural log of the weight between week 5 and week 2, divided
by the number of weeks. Secondly, the maximum RGR was
obtained by taking the highest value of RGR achieved through-
out the experiment between any two harvests, and calculating
the average from the five replicates per species (Grime & Hunt,

Table 1 The 10 regions where plant species in this study have been recorded as casual aliens, naturalized or as invasive according to

references in the Global Compendium of Weeds (Randall, 2002).

Total number of

Region Countries included references cited per region
North America USA, Canada 59
South America Argentina, Brazil, Chile, Suriname, Guyana, French Guiana, Venezuela, 11
Peru, (South America)
Central America Cuba, Mexico, Puerto Rico, (Central America) 5
Affrica South Africa, Sudan, East Africa, Egypt, Ethiopia, Zimbabwe, Zambia 13
Pacific Galapagos, Pacific islands, Pohnpei 3
Australasia Australia, New Zealand 31
Middle East Syria, (Middle East) 2
South Asia Bangladesh, Pakistan 2
East Asia China, Japan, Mongolia, Taiwan, (Asia) 10
Southeast Asia Papua New Guinea, Thailand, Vietnam, (Southeast Asia) 5

Included are the countries within regions corresponding to references, and the total number of references for each region cited for species in this study.
In brackets are the regions themselves that are represented by references covering multiple unspecified countries in the region, Note that individual
references are mutually exclusive at the regional level, such that for example, a reference for ‘Asia’ is only counted once as representing ‘East Asia’ (the
largest Asian region), and is not counted again for South Asia or Southeast Asia.
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1975). It was recognized that these values for maximum RGR
represented approximations of the true maximum growth
potential of plants at this early phase of growth after germina-
tion (Grime & Hunt, 1975). For the current study, average mean
and maximum RGR per species were extracted along with asso-
ciated standard errors. These standard errors and the number of
replicates were then used to calculate variances of RGR measures
for each species.

Our first measure of invasiveness in this study was the
number of references recording a species as invasive or weedy in
the GCW (Randall, 2002). To prevent the inclusion of species
that may only be considered weeds in their native ranges, species
were only included if cited as ‘naturalized’, ‘environmental
weeds’, ‘sleeper weeds) ‘casual aliens’ or/and ‘cultivation escapes’
(Randall, 2002). Because some global regions may have a greater
bias in recording alien invasive species (such as North America
and Australasia; see Table 1), the number of GCW references
may not clearly indicate the global level of species spread. There-
fore, we calculated a second measure of invasiveness which was
the number of global regions containing a GCW reference,
obtained from countries and regions listed per reference in the
GCW (Randall, 2002). The total number of 10 regions included
both continents and continental regions (Table 1). This second
measure avoids the double counting of invaded regions inherent
in counting the number of references.

We focused our study on 105 terrestrial herbaceous forb and
graminoid species with RGR measures {(Grime & Hunt, 1975)
which were present in the GCW. We chose to exclude woody
species from the original study, as they were poorly represented
(17 species). The species considered are native and common to
the UK, except for four naturalized alien species: Senecio squali-
dus, Lycopersicon esculentum, Matricaria discoidea and Fallopia
convolyulus. In total, there were 36 grass species {5 annual and 31
perennial), 65 herbaceous dicot species (14 annual and 51
biennial/perennial), 2 Cyperaceae species (perennial) and 3 Jun-
caceae species (perennial; see Appendix S1 in the Supporting
Information for a species list). Except for S. squalidus, L. escu-
lentum and M. discoidea, all species are native to Europe, and as
such only GCW references describing these three species as at
least casual aliens or escaping cultivation in Europe were
included; all other European references were excluded. This
restricted the species considered to those that we knew had
definitely been introduced outside their native range and were
also capable of producing offspring in uncultivated conditions.
For these species, we checked for congruence between the
number of references in the GCW and an updated global list of
invasive species (Weber, 2003). We found that species in this
invasive list had a median of 41 GCW references (n = 31) and
five regions, while species not on the list had a median of 10.5
references (1 = 74) and three regions. This congruence indicates
that our measures of global invasiveness were robust. As seed
mass has also often been shown to correlate both with alien
plant invasiveness (Rejmdnek, 2005) and plant growth rate
(Turnbull et al., 2008), we aimed to account for the potential
confounding effect of seed mass on invasiveness—RGR relation-
ships. We obtained seed mass data (mg dry weight) for all 105

species from the Seed Information Database (Liu ef al., 2008)
and the BIOLFLOR plant database (Klotz et al., 2002).

Data analysis

We took a Bayesian approach to analysing the data with gener-
alized linear mixed models, using the R package MCM Cglmm
(Hadfield, 2010). This package allows models to be fitted to data
that include more than one explanatory variable and the vari-
ance of the response variable per data point, and it also allows
phylogenies to be included (Hadfield, 2010). The resulting
analysis effectively resembles a phylogenetic meta-analysis
(Lajeunesse, 2009) by integrating the variance (and therefore the
precision) of the response variable values for individual species
with a matrix of phylogenetic relatedness among species. In our
analyses, relative growth rate measures were the response vari-
ables (with associated variances), and our measures of invasive-
ness were explanatory variables in separate analyses for each
RGR measure. We treated RGR measures instead of global inva-
siveness measures as response variables, because this allowed the
variance of RGR measures to be incorporated into analyses.

A phylogeny (see Appendix S2) was also incorporated into
our analyses. The topology of the phylogeny was obtained via
the online program PHyromaTIC (Webb & Donoghue, 2005),
using a constructed angiosperm phylogeny (Stevens, 2001
onwards) as the base tree. Polytomies within families were
resolved as far as possible using published phylogenies obtained
through molecular analysis, in particular for the Asteraceae
{Goertzen et al., 2003), Caryophyllaceae (Fior et al., 2006), Bras-
sicaceae (Bailey et al., 2006), Fabaceae (Wojciechowski et al.,
2004), Polygonaceae (Lamb Frye & Kron, 2003) and Poaceae
(Bouchenak-Khelladi et al., 2008). Branch length estimates were
obtained and included in phylogenetic trees by calibrating the
topology according to ‘known’ fixed ages of the tree root and
divergence at a number of tree nodes from fossil records
(Stevens, 2001 onwards; Wilkstrom et al., 2001), using the
program PHYLOCOM version 4.1 (Webb et al., 2008). Whilst this
calibration technique may not yield phylogenies with accurate
branch length estimates, it is likely to provide the ‘best guess’ of
the true phylogeny and relatedness among species according to
available fossil evidence (Webb et al., 2008).

Models were initially run with the invasion measure included
as the sole explanatory variable, and the response variable was
assumed to have a Gaussian error distribution. Some species
included had an annual or biennial life history (i.e. monocarpic)
whilst others were perennial (polycarpic), and we might expect
annual and biennial species to have faster relative growth rates
than perennial species (Grime & Hunt, 1975). We tested life
history alone as an explanatory variable to account for this, and
we also checked for interactions between number of GCW ref-
erences or regions invaded and life history. The few biennial
species (11 = 5) in the dataset were grouped with annuals (7 = 19)
to form one monocarpic group (n = 24) and one polycarpic
group (n = 81). Finally, in order to account for seed mass, we
added log-transformed seed mass as a covariate in models with
the two global invasion measures. We also tested for a relation-
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ship between seed mass as the dependent variable and invasion
measures as the independent variable. Each model was run for
50,000 Markov chain Monte Carlo (MCMC) simulation itera-
tions, with a burn-in of 25,000 iterations. Uninformative prior
distributions were used for parameters, with mean of 0 and
variance of 1 X 10'. In prior specification, residual variance—
covariance matrices were fixed to 1, as we assumed that we knew
the measurement error variances of RGR (Hadfield, 2010). We
checked for convergence of model parameter estimates by
inspecting trace plots of the MCMC iterations, and by using the
Raftery-Lewis diagnostic. We chose a thinning interval of 10
iterations, which resulted in 2500 posterior distribution samples
of model parameter estimates, from which mean parameter esti-
mates were calculated, and 95% credible intervals were con-
structed. Parameters with credible intervals including zero were
considered not significant.

All analyses were conducted both with no phylogenetic struc-
ture (i.e. assuming that all species are equally related to one
another), and with the full phylogeny included. The models
without phylogenetic structure were effectively random effects
meta-analyses, with species included as random effects (Had-
field, 2010). The deviance information criterion (DIC) was cal-
culated and compared to check if inclusion of phylogeny
improved model fit. As with the Akaike information criterion, a
lower DIC value indicates a better model, with differences of >5
indicating that one model is clearly better (Spiegelhalter et al.,
2002; Bolker, 2008). Finally, we also checked if monocarpic and
polycarpic species differed in their number of GCW references
and the number of regions invaded, using generalized linear
models with quasi-Poisson and Poisson error distributions,
respectively. All analyses were conducted using the program R,
version 2.9.1 (R Development Core Team, 2009).

RESULTS

Mean RGR values ranged from 0.5 to 2.2 g g™ week™ across all
species with a mean of 1.2 g g™! week™, whereas maximum RGR

ranged from 0.5 to 2.7 gg™" week™ with a mean of 1.3gg"
week™. The maximum number of GCW references was 84 and
the mean was 24.2, whereas the maximum number of regions
invaded was 9, with a mean of 3.6 regions.

Mean RGR was neither strongly positively associated with
the number of GCW references nor with the number of
regions invaded, with 95% credible intervals encompassing
zero, both with and without phylogenetic structure included
(Table 2). However, maximum RGR was positively related to
both the number of GCW references and regions invaded, with
95% credible intervals not including zero (Table 2), indicating
that faster-growing species in the near-exponential growth
phase were considered globally more invasive (Fig. 1). In addi-
tion, the significant relationships between invasion measures
and maximum RGR held when species’ seed mass was
included as a covariate, and seed mass was not significantly
related to either RGR measure {Table 3). Seed mass was also
not related to the number of GCW references per species [B =
1.395, 95% credible interval (CI) = (-1.418, 4.174)] or the
number of regions invaded [B = 0.112, 95% CI = (-0.150,
0.373)].

When life cycle (monocarpic/polycarpic) was considered
alone as an explanatory variable, there was no significant dif-
ference in growth rate between monocarpic and polycarpic
species (Table 2). There was also no significant interaction
between life cycle and the number of GCW references, or
regions invaded (Appendix S3). The number of GCW refer-
ences was significantly lower for polycarpic species than
monocarpic species [B = —0.519, 95% CI = (~0.839, ~0.187),
quasi-Fi03 = 9.17, P = 0.003]. Monocarpic species had a mean
of 35.3 = 4.2 GCW references (mean = SEM), whereas poly-
carpic species had a mean of 21 &= 2.1 GCW references. Poly-
carpic species were also invading significantly fewer regions
than monocarpic species [B = —0.295, 95% CI = (-0.513,
—0.069), y*.10s = 6.47, P = 0.01], with a mean of 3.4 * 0.2
regions invaded by polycarpic species compared with 4.5 * 0.4
regions by monocarpic species.

Table 2 Mean parameter estimates and 95% credible intervals (CI) describing the relationship between relative growth rate (RGR; g g™
week™) and number of Global Compendium of Weeds (GCW) references, number of regions invaded, and life cycle with and without

including phylogeny.
No phylogeny With phylogeny
Model Parameter estimate (95% CI) DIC Parameter estimate (95% CI) DIC
Mean RGR
GCW references 0.007 (~0.003, 0.018) 229.2 0.005 (~0.009, 0.020) 294.1
GCW regions 0.078 (-0.029, 0.182) 229.0 0.060 (-0.084, 0.211) 294.1
Polycarpic ~0.089 {-0.542, 0.414) 230.7 ~0.021 (~0.734, 0.641) 294.6
Maximum RGR
GCW references 0.011 (0.001, 0.022) 238.7 0.008 (-0.006, 0.023) 299.2
GCW regions 0.110 (0.009, 0.222) 238.9 0.083 (—0.067, 0.226) 298.7
Polycarpic —0.355 (—0.867, 0.111) 240.8 —0.269 (~0.997, 0.415) 299.3

Polycarpic life-cycle parameter estimates are relative to monocarpic species. Significant parameters are in bold. Deviance information criterion

values (DIC) are also provided.

4



(log) Maximum RGR g g ~'week™

0 20 40 60 80

GCW references

(log) Maximum RGR g g ~'week™

0 2 4 6 8
Number of regions

Figure 1 Average maximum relative growth rate (RGR) per week
(natural log-transformed) in relation to (a) the number of
references in the Global Compendium of Weeds (GCW; Randall,
2002) and (b) the number of regions recorded for 105 herbaceous
plant species. Error bars represent * variance of RGR per species
(n = 5). Filled circles, polycarpic species; open circles, monocarpic
species. Fitted lines are from models including only number of
GCW references (a) or number of regions (b) as a parameter and
no phylogenetic structure.

Whilst the significance of the relationship between maximum
RGR and both measures of invasiveness was reduced when phy-
logenetic structure was included in the model, the direction of
the trends remained for both mean RGR and maximum RGR
(Table 2). Moreover, DIC values were much higher in all models
(including those inspecting life cycle) that included phylogeny,
compared with those with no phylogenetic structure (Table 2).
This increase in DIC suggested that inclusion of phylogenetic
structure did not improve model fit, and that the relationships
between RGR measures and global invasiveness measures were
not confounded by phylogenetic correlation.

DISCUSSION

The results from our study lend support to the general assump-
tion that faster-growing species tend to be more invasive at a

global scale. Species that were faster growing at the early near-
exponential phase of growth post-germination were listed in a
greater number of invasion references included in the GCW.
Inclusion of phylogenétic structure did not improve model fit,
and did not change the positive trend between growth rates and
invasiveness, indicating that the positive relationship found was
not an artefact produced by a phylogenetic correlation of both
growth rate and invasiveness. We also found that species with a
higher maximum RGR had invaded a greater number of global
regions. In addition, whilst seed mass is arguably a correlate of
plant growth rates (Turnbull ef al, 2008), the relationships
between growth rate and our invasion measures were not con-
founded by seed mass, and invasion measures were not related
to seed mass.

Whilst the measures of invasiveness used here may be consid-
ered coarse, the GCW is arguably the most exhaustive and glo-
bally encompassing list of alien invasive plants currently
available, giving us the best indication of global spread by inva-
sive plant species which corresponds well with other, less com-
prehensive, lists (Weber, 2003). Thus, our study demonstrates
that invasiveness at a global scale can be related to how fast
species can grow under optimal conditions after germination.

One caveat of most studies comparing species of differing
invasiveness is the difficulty in disentangling introduction effort
from intrinsic invasiveness and associated traits such as growth
rate (Bellingham et al., 2004; Martin et al., 2009). Colonization
pressure (the number of species introduced to a region) and
propagule pressure (the number of individuals introduced per
species) are difficult to fully quantify (but see Gravuer etal.,
2008), despite recognition that they will influence the frequency
and identity of introduced species that establish and the traits
that are then considered successful (Lockwood efal., 2009).
However, the species used in this study are common in their
native range and are thus more likely to have been widely intro-
duced to new ranges; only 10 of the 132 species in the original
study (Grime & Hunt, 1975) do not appear in the GCW (and
these were excluded from our analyses), indicating that the
remainder have been introduced at least once to a region outside
of their native range. In addition, the vast majority of species in
this study (n = 103) were listed in the GCW as at least natural-
ized in the introduced range, suggesting that propagule pressure
has been sufficient to allow self-perpetuating populations of
most species to establish in at least one introduced region.
Despite recognition of the role of propagule pressure in inva-
sions, it is still unclear at which phase and at which spatial scale
of invasion it is most important (Dietz & Edwards, 2006; Lock-
wood et al., 2009).

It has been suggested that the prevalence of faster growth rates
among invasive alien plants could be an artefact of greater intro-
duction bias of faster-growing commercially valuable species
and varieties (Martin ef al., 2009). One approach to check for
global introduction bias in favour of faster-growing species
would be to compare growth rates of species that do not occur in
the GCW with those that do (van Kleunen ef al., 2010a), Unfor-
tunately, we were unable to adequately check for this bias using
the original dataset (Grime & Hunt, 1975), as only 10 herba-



Table 3 Mean parameter estimates and 95% credible intervals (CI) describing the relationship between relative growth rate (RGR; gg”
week™) and number of Global Compendium of Weeds (GCW) references and number of regions invaded, with seed mass (log-transformed

dry weight) added as a covariate.

No phylogeny

With phylogeny

Model Parameter estimate {95% CI) DIC Parameter estimate (95% CI) DIC
Mean RGR: GCW references + seed mass
GCW references 0.074 (-0.018, 0.184) 2299 0.006 (~0.008, 0.020) 288.4
Seed mass —0.066 (—0.211, 0.093) -0.068 (-0.299, 0.136)
Mean RGR: GCW regions + seed mass
GCW regions 0.083 (--0.021, 0.188) 229.8 0.060 (-0.079, 0.199) 288.4
Seed mass —0.084 (-0.214, 0.085) -0.064 (—0.299, 0.139)
Maximum RGR: GCW references + seed mass
GCW references 0.011 (0.001, 0.022) 240.5 0.008 (~0.007, 0.022) 293.5
Seed mass -0.024 {-0.180, 0.125) ~0.008 (—0.228, 0.215
Maximum RGR: GCW regions + seed mass
GCW regions 0.114 (0.002, 0.213) 240.7 0.082 (-0.075, 0.212) 293.5
Seed mass —0.026 (-0.182, 0.130) -0.004 (-0.224, 0.221)

Model estimates are shown with and without including phylogenetic information. Significant parameters are in bold. Deviance information criterion

values (DIC) are also provided.

ceous species were not recorded in the GCW. We also found that
monocarpic species had a greater number of GCW references
and were invading more regions on average than polycarpic
species. This could be because annuals and biennials are more
likely to be widely introduced and disseminated unintentionally
as ruderal and agricultural weeds (Hulme, 2005) or because of
reporting bias for annual and biennial weed species of anthro-
pogenic habitats. Moreover, while several recent studies have
found that invasive alien species are faster growing or have larger
specific leaf area and foliar nutrient concentrations than non-
invasive alien species (Grotkopp & Rejmének, 2007; Herron
et al., 2007) and native species (Leishman ef al., 2007; Pefinelas
et al,, 2010; van Kleunen et al,, 2010b), traits conferring a “fast
growth’ life history are typical of pioneer, disturbance-associated
species with high light requirements for growth and survival
(Wright et al., 2004). As a result, the role of fast growth rates and
associated traits in determining invasion success is likely to be
dependent on the habitat (Schumacher et al., 2008; Leishman
et al., 2010) and on environmental conditions (Turnbull et al.,
2008). A high potential relative growth rate under optimal con-
ditions may allow alien species to take greater advantage of high
resource availability when it arises, which would be consistent
with the theory of fluctuating resources and community invasi-
bility (Davies et al., 2004). One potential explanation for why
faster-growing alien species are more globally widespread could
be that anthropogenically disturbed and open habitats that suit
fast-growing species the most may be more uniform and glo-
bally widespread than closed, undisturbed habitats.

Relative growth rates are known to decline as plants increase
in size (West ef al., 2001), meaning that measures of relative
growth rate are essentially confounded by initial plant size (Rose
et al., 2009). Thus, comparative studies considering the relation-
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ship between relative growth rate and invasiveness need to
ensure that plants are of a similar ontogeny across species, or
that relative growth rates are corrected for initial plant size (Rose
et al., 2009). The dataset used here has the advantage that plant
RGR was measured in the early phase of near exponential
growth after germination, which should minimize the con-
founding effect of initial plant size on mean and maximum RGR
measurements made (Grime & Hunt, 1975). Ontogenetic vari-
ability in RGR may be responsible for inconsistencies among
studies assessing the relationship between growth rates and
invasiveness if studies measure growth rates at different ages.
Measuring RGR at standardized stages of growth, characteriza-
tion of growth rate curves or the use of alternative size-
independent growth measures (Turnbull et al., 2008) could
allow more valid comparisons among studies and species,

To conclude, we found support for the emerging consensus
that alien plant invasiveness is often positively correlated with
relative growth rate. We suggest that further investigation is
needed to disentangle the effects of habitat context, introduc-
tion bias and global introduction effort on the general RGR-
invasiveness relationship that is observed.
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