






and dispersal. Canopy cover was measured in the centre of 
each quadrat along the transects in four different directions 
with a spherical densiometer (Lemmon, 1956), and a mean 
quadrat canopy cover was calculated. 

The number of plantations originally established per species 
within ABG was obtained from historical surveys (P.J. 
Greenway, unpublished data) as a measure of propagule 
pressure for 36 species; the remaining three species had unclear 
or unknown planting histories (see Table Sl in Supporting 
Information). These species were excluded from analyses of 

forest establishment but used to examine the importance of 
canopy cover on leaf traits. Because distance from a plantation 

will modify any effect of propagule pressure (Edward et al., 

2009), the distance between the nearest plantation and a forest 

edge for each species was estimated and used as a variable in 
subsequent analyses. We were also able to extract first 

introduction dates (year) from historical surveys for all 36 
species. The majority of species (n = 30) were planted within a 
10 year period between 1902 and 1911. The remaining six 
species were planted in 1930 (Table 1). 

In addition to the field based response variables, we also 

obtained independent scores of invasion risk from the 
Australian WRA protocol (Pheloung et al., 1999), adapted 
for the tropics and applied to extant alien plant species at ABG 

(Dawson et al., 2009b). These scores are calculated from 
answers to 49 questions regarding species biology, ecology, 

reproduction, introduction and invasion history, biogeography 
and climate requirements (Pheloung et al., 1999). The WRA 
protocol has predicted invasion risk of al ien plant species in 

retrospective tests across multiple geographical regions (Gor 

don et al., 2008), with species obtaining a score above 6 
considered high risk, those between 1 and 6 of moderate risk 
and scores below 1 indicate low risk. Following the method of 

Gordon et al. (2008), we grouped species with scores below 6 

together as non invasive species (n = 20) and kept species with 
scores above 6 as high risk, invasive species (n = 16). This 

independent measure of invasion risk allowed us to assess the 
relationship between likelihood of invasion and leaf traits, as 

well as establishing whether or not propagule pressure was 
greater for high risk than for low risk species. 

Trait quantification 

Specific leaf area was measured from leaves collected in ABG 

from 5 to 10 individual plants per species in May 2007. Fully 

expanded leaves close to apical meristems and with minimal or 
no damage were sampled from individuals exposed to as much 
light as possible. As such, individuals growing along paths, in 

large canopy openings, on open land, and along plantation and 

forest edges were targeted for leaf collection. Because of height 
constraints, saplings of taller tree species were usually sampled, 
but for smaller trees and shrubs (e.g. Clidemia hirta, Lantana 

camara, Duranta erecta and Syzygium jambos), adults were also 

sampled. The number of leaves collected per individual varied 
from two to six among species depending on leaf size. Leaf area 

was measured as soon as possible after collection using a 
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flatbed scanner (4800 x 9600 dpi) and the dig ital image 
analysis program ImageJ (Rasband, 2007). Following standard 
protocols (Cornelissen e/ al. , 2003), measurement of area 
included leaf petiole and rachis material, except for palm 

species, for which a random subsample of three pinnules or 
lamina sections (including base and midrib) were collected per 
frond. Leaves were partially air dried in an electric oven for 2 h 
and were stored in si lica gel before being placed in a drying 
oven at 60°C for 72 h. Leaves were bulked per individual plant 

on weighing, to obtain dry weights and calculate SLA per 
individual. 

Nutrient analyses were conducted on one dried and milled 
leaf sample (excluding petiole and rachis material) per 

individual from five individuals per species. Ground samples 
were then subjected to an HCl/H2S04 acid digest procedure 
(Allen et al., 1989) and analysed for N and P colorimetrically 

(Foss Flow Injection Analyser model 5010, Foss, Hillef0d, 
Denmark), for Mg and Ca using atomic absorption spectro 
photometry (Perkin Elmer Analyst 100, Perkin Elmer, 

Waltham, Massachusetts, USA) and for K by flam e emission 
spectrophotometry (Perkin Elmer Analyst 100, emission 
mode) . Average nutrient concentrations (mg g-I dry weight 
of leaf) and SLA (cm2 g- I dry weight of leaf) were calculated 

per species. We obtained a binary dispersal variable which 
consisted of scoring a species if there was evidence of dispersal 
by birds and/or primates in any part of a species native or 

introduced range. The dispersal syndrome of species not 
included in the bird/primate grouping was heterogeneous, but 
we were primarily interested in the importance of bird/primate 

dispersal, given the abundance of arboreal frugivores in this 

tropical forest context. Data on dispersal syndrome were 
largely obtained from peer reviewed literature and databases 
(see Table Sl). Finally, seed size data were recorded as dry 

weight mass in milligram and were largely obtained from the 
Seed Information Database of the Royal Botanic Gardens, Kew 

(2008), but other peer reviewed primary literature sources 

were also used. 

Statistical analysis 

Measures for SLA and the foliar nutrient concentrations 
(natural log transformed) were subjected to principal compo 

nents analysis (PCA) in order to capture the leaf traits 
spectrum. Following the method of Wright et al. (2004), only 

the first axis that explained the greatest proportion of total 
variation was extracted, and the species' scores along this axis 

were used as a proxy for species position along the leaf trait 
economics spectrum. This axis was included as an explanatory 

variable in subsequent analysis. 
Analysis of the two local forest establishment measures 

consisted of generalized linear models (GLM) with a Bernoulli 
error distribution. Although it was possible to derive a 

continuous variable for the local measures of establishment 
success, data violated assumptions of homogeneity of variance 

and normality of residuals and had strongly influential data 

points. For this reason, these measures were scored as binary 



variables. The leaf trait PCA axis, bird/primate dispersal, seed 

size, introduction date and the two measures of propagule 

pressure (distance to a forest edge and number of plantations 

planted) were explanatory variables. Backwards model selec 

tion was used to find a minimum adequate model, by 

removing variables individually and applying likelihood ratio 

tests. Invasion risk according to WRA scores was also analysed 

using a GLM with Bernoulli error distribution and with the 

same explanatory variables, comparing species with a high 

invasion risk (a score> 6) with a low invasion risk species (a 

score::; 6). Although WRA generates a continuous variable, 

users and developers have been explicit in stating that WRA 

scores should not be used as a continuous measure of invasion 

success but rather as a binary variable that better reflects the 

ultimate outcome and application of a WRA analysis to 

accept or reject a species as low or high invasion risk (Gordon 

et al., 200S). To check whether individual leaf traits (rather 

than a spectrum) might be important in relation to species 

success, we fitted the aforementioned models and conducted 

model selection again for each individual leaf trait (SLA and 

concentrations of each foliar nutrient) separately. Using the 

canopy cover data per plot from the transects, we checked for 

differences in percentage canopy cover between intact and 

disturbed forest types using a non parametric Mann Whitney 

U test. 

We also examined the relationship between leaf traits and 

the light environment within which seedlings and saplings of 

species were establishing in forest. We did this by calculating 

the median canopy cover in forest quadrats occupied by 

seedlings and saplings for each species occurring in more than 

one quadrat (n = 15). We then analysed the relationship 

between canopy cover and the PCA leaf trait axis, and also 

individual leaf traits, using Pearson's product moment corre 

lation. The analysis also included the shrub species L. camara 
and C. hirta (adult plants as well as seedlings and saplings) and 

the pioneer tree Maesopsis eminii. All analyses were performed 

in the program R version 2.10.1 (R Development Core Team, 

2009). 

RESULTS 

Leaf traits spectrum 

The first axis from the PCA of all six leaf traits explained more 

than half of the total variation among the 39 species, with all 

traits covarying positively with one another, and significantly 

so for SLA, N, P, K and Mg (Table 2) . This axis defined the leaf 

traits spectrum and was used as an explanatory variable in 

subsequent analyses. 

Forest establishment and invasion risk 

Differences in individual leaf trait values between species 

succeeding and failing to establish in disturbed forest were 

largely non significant (Table 3). Species that established 

successfully in intact forest had a higher mean foliar K 

Table 2 Results of principal components analysis of and Pear 
son's product moment correlation coefficients between SLA and 
foliar nutrient concentrations for 39 alien plant species in Amani 
Botanical Garden. Percentage of total variation explained by the 
first principal component axis, and loadings of each trait on the 
axis are shown. The negative loadings indicate that each trait is 
negatively correlated with the axis but are positively correlated 
with one another. 

Principle 
component axis I 

Variation 
explained = 53% 

Trait Loadings 

SLA 0.84 

N 0.92 

P 0.85 

K 0.57 

Mg 0.59 

Ca 0.48 

Correlation co efficients 

Trait 

N P K Mg ea 

0.74'" 0.67 ' " 0.44'" 0.39' 0.20 

0.77*" 0.37' 0.50" 0.45** 
0.43** 0.31' 0.35' 

0.23 0.07 

0.23 

Significance of correlation coefficients are denoted by: • P $ 0.05, 

" p $ 0.01, "'P $ 0.001. SLA and nutrient concentrations were all 
natmal log transformed prior to analysis. 

Table 3 Means of foliar nutrient concentrations and SLA for 
species either failing or succeeding to establish in disturbed and 
intact forest, and that are judged to be of high or low invasion risk 
according to WRA. 

Establishing in Establishing in WRA invasion 
distmbed forest intact forest risk 

Failure Success Failure Success Failure Success 

N (mg g- I) 24.83 24.53 25.60 22.55 24.49 24.88 
P (mg g-I) 1.76 1.67 1.76 1.58 0.89 1.69 
K (mg g- I) 25.18 14.26 12.22 33.92 28.44 26.05 
SLA (cm2 g-I) 243.24 200.911 228.54 199.69 222.82 215.85 
Mg (mg g- I) 4.70 4.32 4.79 3.80 4.33 4.68 
Ca (mg g-I) 12.48 18.06 15.60 15.54 12.79 19.07 

SLA, specific leaf area, WRA, weed risk assessment. 
Note that only foliar K concentrations differed marginally (P = 0.09) 

between species failing and succeeding to establish in intact forest; all 
other comparisons of successful and unsuccessful/high risk and low 
risk species were not significant in binomial generalized linear models. 

concentration than unsuccessful species, but this difference was 

not significant at the 5% level (P = 0.09, Table 3). There was 

no significant relationship between the PCA leaf trait axis or 

introduction date and the ability of species to establish in 

surrounding forest, whether disturbed or intact (Table 4). 

After model selection, only planting effort and dispersal 

syndrome remained as significant variables (Fig. I). Species 

establishing in disturbed forest were planted in a greater 

number of plantations than unsuccessful species (S.9 ± 1.2 vs. 

4.6 ± 0.95; Table 4; Fig. 1). Species dispersed by birds and 
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Table 4 Parameter estimates and standard errors (in parentheses) 
from initial (regular font) and minimum adequate models (bold 
font) analysing successful establishment of 36 alien plant species 
from Amani Botanical Garden in disturbed and intact forest and 
invasion risk according to WRA scores. 

Establishing in Establishing WRA invasion 
disturbed forest in intact forest risk 

Number of 0.992 (0.584)** 0.080 (0.521) 0.567 (0.531) 
plantations 0.944 (0.474)* 

Distance to 0.449 (0.602) 2.033 (1.051)** 0.146 (0.641) 
forest edge, m 0.869 (0.417)* 

Introduction 0.271 (0.676) 0.813 (0.817) 0.395 (0.742) 
date, year 

Seed mass 0.768 (0.793) 0.836 (0.770) 1.542 (0.863)** 
(mg) 1.191 (0.506)* 

Bird/primate 0.862 (0.688) 1.397 (0.864) 0.207 (0.687) 
dispersal 1.027 (0.562)** 0.473 (0.530) 

Other 0.1 64 (0.752) 1.408 (0.850)** 1.1 73 (0.882) 
dispersal Q.418 (0.558) 1.234 (0.655)** 

Leaf trait 0.357 (0.484) 0.177 (0.526) 0.058 (0.497) 
PC axis 

R2 (%) 40.8/33.5 36.6/27.4 46.5/41.1 

WRA, weed risk assessment. 
Nagelkerke's R2 is also given for full (regular) and minimum (bold) 
models. Parameter estimates shown were fitted in models without an 
intercept, and all continuous variables were centred and scaled to their 
means and standard deviations. 
Significant estimates are indicated by: **P < 0.1, *P $ 0.05. 

primates were marginally more likely to have established in 

disturbed forest than species with other methods of dispersal 

(Table 4; Fig. I) . Of the species establishing in disturbed forest, 
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70% were dispersed by birds or primates, compared to 31 % of 

species failing to establish . The predicted probability of 

establishment in disturbed forest for species planted in only 

one plantation was under 20% if not dispersed either by birds 

or by primates (Fig. l a) but rose to nearly 50% if these 

dispersal syndromes were present (Fig. Ib) . When leaf traits 

were considered individually in models, none were significantly 

associated with establishment in disturbed forest (see 

Table 52), but when 5LA or foliar N were included, only the 

number of plots planted remained in the minimum model 

after model selection, with species planted in a greater number 

of plots more likely to establish (estimate = 0.95, 

5EM = ± 0.42, Z = 2.30, P = 0.02). 

Distance of planting site from forest edges was the only 

factor retained in minimum adequate models of successful 

establishment of species in intact forest (Table 4). Eighty two 

per cent of species establishing in intact forest had been 

planted < 200 m from a forest edge (Table 3, Fig. 2a). The 

predicted probability of establishment in primary forest was 

almost 60% for species planted only so m away from forest 

edges, whilst no species planted > 400 m away managed to 

establish in primary forest (Fig. 2). When the leaf traits 

spectrum was replaced by individual leaf traits, both distance 

from forest edges and foliar K concentrations were retained 

in a minimum model (parameter es timates from binomial 

GLM intercept = -1.747 (± 0.755), P = 0.02; distance = 

-2.41 (± 1.13), P = 0.03; log foliar K = 1.22(± 0.57), 

P = 0.03; Nagelkerke's R2 = 0.459) . 5pecies with higher foliar 

K concentrations had a higher probabi lity of successful 

establishment in intact forest (Fig. 2b), and species planted 

closer to forest edges continued to have a higher likelihood of 

establishment (Fig. 2a). However, the other individual nutrient 

concentrations and 5LA were not related to intact forest 

establishment when considered alone (Table 3) or with other 
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Figure 1 The probability of establishing in disturbed forest for (a) species not dispersed by birds or primates and (b) species that are birdl 
primate dispersed, in relation to the number of plantations established per species. Bold lines represent predicted probability of forest 
establishment according to minimum adequate model. Dashed lines represent 95% confidence envelope of fitted line. Dots represent actual 
data points. (NB. Some data points may be hidden owing to multiple species with the same establishment outcome and number of 
plantations planted.) 
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Figure 2 The relationship between probability of establishment in intact forest, and (a) the minimum distance between a forest edge and 
nearest plantation and (b) foliar K concentrations for 36 species introduced to Amani Botanical Garden. Dots represent actual data points. 
Solid line represents predicted probability of establishment according to fitted model; dashed lines are 95% confidence envelope of fitted line. 

variables (Table S2). Canopy cover of intact forest plots 

differed significantly from plots in disturbed forest 
(W = 7647, P < 0.001). However, the absolute difference in 
canopy cover was small, with a median cover of 91.1 % for 

disturbed forest plots and 93.3% for intact forest plots. 
Leaf trait PCA axis scores did not differ significantly between 

high risk invasive species and low risk non invasive species, as 
judged by the WRA. Dispersal and seed mass were retained in 
the minimum model, as bird/primate dispersed species were 

more likely to have a high invasion risk and smaller seeded 
species had a higher risk than larger seeded species (Table 3). 

Bird/primate dispersed species represented 75% of high risk 

species, compared to 35% oflow risk species. When individual 
leaf traits were included instead of the leaf trait axis, none were 
related significantly to invasion risk (Table 3, Table S2), but 

only seed mass remained in the minimum model after model 
selection when foliar K was included (estimate = - 1.15, 

SEM = ± 0.44, P = 0.01) . For 15 species with seedlings and 
saplings present in more than one forest quadrat, the median 

canopy cover of occupied quadrats was significantly positively 

correlated with the leaf trait PCA axis (Fig. 3a) and signifi 
cantly negatively correlated with foliar Nand P concentrations 

(Fig. 3b,c) . The negative correlation between SLA and median 
canopy cover was not significant (Fig. 3d). The correlations 

between foliar Mg and Ca and canopy cover were also not 
significant (Mg Pearson's R = -0.15, P = 0.60; Ca 
Pearson's R = -0.42, P = 0.12). The correlation between foliar 

K concentration and median canopy cover was not significant 

(Pearson's R = -0.50, P = 0.06). 

DISCUSSION 

Introduction characteristics, and not species traits, appeared to 
be of primary importance for the successful establishment in 

disturbed or intact forest at Amani. In contrast, leaf traits were 

relatively unimportant for alien species establishment in 
forests. Species that established successfully in disturbed forest 
had a greater planting effort than unsuccessful species, and 

species found in intact forest were planted nearer to forest 
edges. The apparently low invasibility of tropical rain forests in 
general could result from low propagule pressure of alien plant 

species with suitable traits, which would facilitate invasion 
(Fine, 2002; Denslow & DeWalt, 2008; Martin et al., 2009). 

The results from this study suggest that tropical forests may 
only be permeable to colonization by alien plant species when 

propagule sources are in close proximity, as observed for other 
natural and semi natural habitats (Rouget & Richardson, 2003; 
Edward et al., 2009). The situation in ABG may be replicated 

in many other botanic gardens in the tropics and indicates 
such institutions as potentially high risk sources of invasive 

plants historically (Hulme, 201Ic) . 
Previous studies have found clear differences in leaf traits 

between alien and native plant species (Baruch & Goldstein, 
1999; Dietz et al., 2004; Leishman et al., 2007; Penuelas et aI., 

2010) and between invasive and non invasive aliens (Grotkopp 
et aI., 2002; Hamilton et aI., 2005; Grotkopp & Rejmanek, 

2007). In contrast, we found no relationship between successful 

establishment in either disturbed or intact forest and a leaf 
traits spectrum in our study. Differences in K concentration 
were not significant between species establishing and not 

establishing in intact forest when considered alone, but intact 

forest establishment was best explained by distance of planta 
tions to forest edges and foliar K concentration together. 
However, foliar K was not significantly associated with canopy 

cover in quadrats where species were establishing, which would 

be expected if foliar K was important for establishment in forest 
understoreys. Further work is needed to understand if foliar K 

concentration plays a greater role in plant establishment in the 

dynamic light conditions of intact forest understoreys com 
pared with disturbed forest (Santiago & Wright, 2007). 

In addition, we found that invasion risk according to the 

WRA protocol was also unrelated to the leaf traits spectrum or 
to any individual leaf traits. Species with a higher likelihood of 

invasion did not occupy a different part of the leaf traits 
spectrum compared with species with lower invasion risk. This 

indicates that leaf traits per se may be of little value as a 
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Figure 3 Correlations between median canopy cover (%) in forest quadrats occupied by seedlings and saplings of 15 species, and (a) 
the principal components analysis leaf trait axis, (b) foliar N concentration, (c) Foliar P concentration and (d) SLA. R = correlation 
coefficient; "Significant correlation, P ~ 0.01; ns = correlation not significant. 

predictive tool in WRA. Instead, the maJonty of high risk 

species were bird or primate dispersed and had smaller seeds. 
The WRA process does contain questions specific to dispersal 

and seed ecology, but only positive weightings are given for 
endozoochory of any animal (not just birds or primates) and 
also for wind and water dispersal modes, and only ± 1 point 

depends on species seed output, thus making bias in WRA 

scoring according to dispersal and seed size unlikely. However, 
an important factor contributing to the final WRA score is 
whether or not species are known to be invasive or weeds 

elsewhere (Rejmanek et aI., 2005) . This result therefore simply 

reflects that the majority (12 of 17) of bird or primate 

dispersed species and species with smaller seeds in this study 
are invasive in other parts of their introduced range (Dawson 
et al., 2009b). In this study, a number of species found in 

disturbed (n = 7) and intact forests (n = 4) are not predicted 

to be of high risk by the WRA system, whilst 12 species judged 
to be of high risk are not found in disturbed (n = 3) or intact 
(n = 9) forest . The lack of complete congruence between WRA 

invasion risk as establishment success in intact forest reflects 

that invaders of forest may have different attributes to invaders 
of more open habitats. Hence, the WRA may be better placed 

to identify such 'open habitat' species (Dawson et aI., 2009b), 
which was the original purpose of the devised protocol 

(Pheloung et al., 1999). Forests are complex communities 
with multiple habitat types within them; we suggest that a suite 

of traits (instead of one) are thus likely to characterize 
successful forest invaders, with propagule pressure being of 
primary importance. 
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Propagule pressure was evidently important for the success 
fu l establishment of species in disturbed forest, but species with 
an earlier introduction date were not more likely to establish in 

either forest type than species planted more recently. Whilst 

the majority of species in this study are long lived and woody, 
most (28 species) were planted within a 10 year period from 

1902 to 1912. Perceived lag phases before naturalization and 

spread may be shorter for tropical than for temperate species 
owing to year round favourable conditions for growth and/or 
a greater potential for establishment and spread into semi 

natural and natural vegetation (Daehler, 2009) . The most 

recently planted species have also been present for 75 years, 
giving a narrow range of residence times that has been 
sufficient for all species to reach reproductive maturity and 

recruit new adults into the population (i.e. to naturalize). 

These factors may explain why residence time was unimpor 
tant in our study in contrast to others. 

Dispersal by animals and birds is often considered an 

important attribute of successful invaders, particularly of those 

that infiltrate less disturbed ecosystems (Buckley et al., 2006; 

Milton et al., 2007). Species known to be dispersed by birds 

and primates in this study were only marginally more likely to 
be found establishing in disturbed forest. Some notable 

exceptions include Cedrela odorata and Spathodea campanu 
lata, which are two wind dispersed tree species that were found 

in quadrats in both disturbed and intact forests. Our binary 
dispersal variable combines a heterogeneous group of species 

that are not dispersed by birds or primates into one category, 
which includes species dispersed by wind and other 



mechanisms. However, our results do suggest that birdl 

primate dispersed species appear to have a slight advantage 

in forest establishment over all other dispersal modes repre 

sen ted in our sample. Our study may have captured the bulk of 

shorter distance dispersal into forests surrounding ABG, but 

longer distance dispersal events would have been missed, such 

that the extent of forest establishment presented here for 

species dispersed by birds and primates or wind in particular 

may be rather conservative. Furthermore, the greater the 

number of plantations and thus seed supply, the higher the 

likelihood of detecting long distance dispersal events. A 

number of species introduced to ABG have become widespread 

through bird dispersal in the East Usambaras, including 

C. hirta, L. camara and M. eminii (Cordeiro et al., 2004), but 

were excluded from our initial analyses owing to the absence of 

records of introduction history. In the case of M. eminii, 
dispersal by silvery cheeked horn bills (Ceratogymna brevis) 
may transport seeds over tens of kilometres in the East 

Usambaras (Cordeiro et aI., 2004). 

Propagule pressure was of greater significance than dispersal 

for seedling establishment in forest, and this result emphasizes 

the importance of accounting for propagule pressure in 

comparative studies of invasions (Lockwood et al., 2005; 

Edward et aI., 2009). Thus, to what extent are traits important 

in forest colonization? We found that among 15 species 

establishing in forest areas, the PCA axis representing the leaf 

trait spectrum was correlated with median canopy cover of 

occupied forest quadrats. This indicates that, given sufficient 

seed rain into forest habitats, seedlings and saplings of alien 

species will survive and become established in the available 

habitats that best reflect their light requirements for growth. 

Yet, the main limitation to establishment was propagule 

pressure, and species occurrence seems to represent a 'spill 

over' of propagules dispersed from nearby plantations; hence, 

the principle barrier to successful establishment was the 

distance from a propagule source. 

Whilst it seems unlikely that leaf traits relating to life history 

strategy are of primary importance in distinguishing between 

invasive and non invasive species, they may act in concert with 

habitat characteristics to filter out and exclude maladapted 

species that might otherwise benefit from high propagule 

pressure. A trade off between growth and survival in plants is 

likely to determine different optima for the performance of fast 

growing and slow growing species along natural light gradients 

(Wright et al., 2004; Poorter & Bongers, 2006). An introduced 

species pool that contains species scattered along the leaf 

economics spectrum, with a corresponding diversity of growth 

and resource allocation strategies, should result in invasion of a 

wide range of habitats by species with varied suites of traits, and 

which are likely to resemble traits possessed by cooccurring 

native species. Trait similarity between native and alien species 

depending on habitat has recently been demonstrated for alien 

plant species invading different habitats in Australia (Leishman 

et aI., 2010) and also partially in Argentina (Tecco et aI., 2010) . 

In contrast, invasive alien species with ' fast' growth and 

resource allocation strategies in Hawaii were able to exploit and 

invade biogeochemical niches left vacant by 'slower' native 

species (Penuelas et al., 2010), and aliens naturalizing in 

Mediterranean islands tended to be more effective at competing 

for non limiting resources than native species (Lambdon et al., 

2008b) . These studies suggest that being different from native 

plant communities can be as successful for aliens as 'fi tting in ' 

when novel and unexploited habitats coincide with high 

propagule pressure of alien species with suitable traits. 

To conclude, we found little evidence of a rela tionship 

between leaf traits and establishment of alien plant species in 

tropical forest, and no differences in leaf traits between species 

judged to be of high and low invasion risk according to the 

WRA protocol. We suggest that leaf traits are not always 

primary determinants of invasion success and that their often 

perceived role is very likely to be habitat dependent and 

secondary to propagule pressure. Successful invasion of natural 

areas may depend upon high propagule pressure of species 

with certain traits coinciding with the availability of corre 

spondingly suitable habitats. 
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