
162

Seventeenth Australasian Weeds Conference

Summary Looking for important traits that could 
predict species invasions is a major goal in ecology. 
Universal traits, i.e. traits uniquely related to invasion 
are rare. The relative importance of particular traits 
can change depending on the local context. Recent ad-
vances in functional community ecology have shown 
that simple morphological or eco-physiological plant 
functional traits (PFTs) can be successfully related 
to species success along large ecological gradients. 
PFTs usually co-vary along axes of specialisation and 
independent axes define an n dimensional trait space 
describing species trait niche. Based on this theory, 
we hypothesised that the identification of axes of spe-
cialisation among traits for invasive species might be 
the key to explain their success in new environments. 
Traits related to these axes can be used as functional 
markers to predict invasion patterns. We tested this 
basic framework for 12 exotic grass species found on 
Banks Peninsula, New Zealand, using a large data set 
(1340 botanical records).
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INTRODUCTION
Biological invasions are one of the main biodiversity 
threats worldwide (Millennium Ecosystem assessment 
2005). It is urgent to find efficient tools to predict in-
vasive success and their impacts on native ecosystems 
(Funk et al. 2008). The search for universal traits that 
can explain invasion success has been relatively un-
fruitful. The relative importance of particular traits for 
invasion is likely to change among environments and 
is strongly context-dependent (Dawson et al. 2009). 
Recently, the use of plant functional traits (PFTs) has 
been proposed as a mean to predict invasion patterns 
(Tecco et al. 2010). PFTs are any morphological or 
eco-physiological plant attribute that is directly or 
indirectly linked to a function enabling a plant to 
persist in its environment. Because, they are related 
to one or more components of plant fitness (Violle 
et al. 2007), they are good candidates to study the 
causes of invasion across a wide range of ecological 
conditions (Tecco et al. 2010). The central hypothesis 
is that species with similar traits attributes are likely 
to respond in a similar way to the same environmental 
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factors (response-traits) (Lavorel and Garnier 2002).
In the past decade, several studies have attempted 

to describe the spectrum of PFTs observed across the 
plant kingdom (e.g. Wright et al. 2004). Traits have 
been shown to co-vary along axes of specialisation 
defining major trade-offs among traits. For instance, 
plant species worldwide have been shown to fall along 
one major axis of specialisation separating conserva-
tive from exploitative plant types based on their leaf 
trait attributes (Wright et al. 2004). However, this 
global pattern may not be sufficient to predict local 
patterns of abundance at the community scale. At this 
scale, other independent axes of specialisation have 
been described (Ackerly 2004, Maire et al. 2009) 
(related for instance with plant stature, roots or seed 
traits). Independent axes can define an n dimensional 
trait space (species niche traits) within a particular 
community (Gross et al. 2007) and can explain species 
coexistence and community assembly (Ackerly 2004).

Here, we propose a framework that aims to iden-
tify particular PFTs that are likely to explain species 
invasion success depending on the local ecological 
context. The main idea is to identify axes of specialisa-
tion among particular groups of invasive species that 
could explain their relative success in their new envi-
ronment. These axes are likely to be different from the 
trade-offs observed in global comparisons. Invasive 
species may have been selected through complex natu-
ralisation processes and some functional strategies can 
be over- or under-represented in the new environment 
compared to their native range (Lambdon et al. 2008). 
As such, functional diversity in the new environment 
might be truncated and functional differentiation 
among invasive plants in their new environment needs 
to be reassessed. 

In this paper, we apply this idea to examine inva-
sion success in New Zealand grasslands. Most of the 
invasive grasses have been widely studied in Europe 
and trait databases are available to support our frame-
work. Invasive grasses are one of the most successful 
taxa in New Zealand and can establish in grasslands 
from lowlands to alpine areas (Knox 1969). We hy-
pothesised here that (i) axes of specialisation occur 
across the dominant invasive grass species in New 
Zealand grasslands; (ii) traits that differentiate these 
species the most are likely to explain their success in 
the new environment; and (iii) traits that are important 
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in explaining local abundance may change depending 
on local environmental conditions.

MATERIALS AND METHODS
We investigated 12 invasive grass species that are 
among the most dominant in New Zealand grasslands 
(Knox 1969), namely Agrostis capillaris, Agrostis 
canina, Anthoxanthum odoratum, Arrhenatherum 
elatius, Dactylis glomerata, Festuca arundinacea,
Festuca rubra, Holcus lanatus, Lolium perenne, Poa
pratensis, Poa trivialis and Trisetum flavescens. These 
species co-exist in productive European meadows. 
They have been introduced to New Zealand during the 
past 150 years for agriculture, and are found across 
a wide range of ecological conditions. The distribu-
tion and local abundance of species across Banks 
Peninsula, New Zealand, was recorded during a field 
survey conducted by H. Wilson (1988; data available 
at Landcare Research’s online National Vegetation 
Survey database: nvs.landcareresearch.co.nz, and used 
with permission of H. Wilson). This survey, conducted 
between 1983 and 1988, recorded the abundance of 
all vascular plant species found in 1340 36 m2 plots 

Figure 1. Axes of specialisation and average inva-
sive grass species abundances on Banks Peninsula. 
(a) Principal component analysis (PCA) of plant traits 
measured under controlled conditions (see below for 
abbreviations); (b) Linear regression between nitrate 
preference and average species abundance (log trans-
formed); (c) Linear regression between plant height 
and average species abundance (log transformed) on 
Banks Peninsula. Traits selected were: leaf nitrogen 
content (LNC), specific leaf area (SLA), leaf dry mater 
content (LDMC); specific root length (SRL); annual 
net productivity (ANPP); root biomass (rootBM); 
nutrient use efficiency (NUE); root maximal uptake 
capacity for total nitrogen, NO3  or NH4

+ (IMAXTOT, 
IMAXNO3 , IMAXNH4

+). A higher nitrate preference 
is shown for higher value of IMAXNO3 . Regression 
parameters are shown: ** = P <0.001.
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systematically located across the 100,500 ha area of 
Banks Peninsula. Species rank abundance was re-
corded visually in each plot (species abundance). The 
twelve grass species studied are present in 93% of the 
recorded plots and are among the dominant species in 
75% of them. Species traits have been drawn from a 
previous study (Maire et al. 2009), where a wide range 
of root, leaf and plant stature traits have been measured 
on the 12 species in an experiment undertaken in the 
French Massif Central (see legend to Figure 1).

A principal component analysis (PCA) was first 
conducted to identify major axes of differentiation 
across the 12 species (Gross et al. 2007). Then, we 
identified two traits that differentiated the 12 species 
the most along the first two PCA axes. Linear and 
stepwise regressions were conducted to test whether 
these two traits were able to predict average species 
abundance on Banks Peninsula. To test the existence 
of trait-environment interactions, we then integrated 
the effect of traits and elevation in a full factorial 
model. Models with the lowest Akaike information 
criterion (AIC) were selected. For this last analysis, 
we calculated within each 100 m altitudinal belt the 
average abundance of each species. All statistical 
analyses were performed using the statistical software 
JMP 5.01 (SAS Institute, Cary, NC, USA).
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RESULTS
The 12 species were segregated along two axes of 
specialisation (Figure 1a). The first axis of speciali-
sation (Axis 1) explained 33% of the variance. This 
axis separated species based on their stature (plant 
height, productivity), which was negatively correlated 
with leaf traits and root morphological traits (SLA, 
LNC, SRL, see Figure 1 for abbreviations). Axis 1 
discriminated tall and conservative plants from small 
exploitative grasses. A second independent axis of 
specialisation (Axis 2), which explained 24% of the 
variance, separated species based on their mineral N 
affinity and maximum N uptake capacity, i.e. ammo-
nium/nitrate trade-off.

Plant height (H) and plant preference for nitrate 
(NO3 ) were selected as two uncorrelated traits for each 
axis of specialisation. Across all Banks Peninsula, each 
trait was strongly related with average species abun-
dance on Banks Peninsula (r2 = 0.79***, Figure 1). 
Tall species with nitrate preference tended to be more 
abundant on Banks Peninsula (Table 1). However, 
the importance of traits changed along the elevation 
gradient (Table 1, significant interaction between H 
× NO3  × Elevation: P = 0.002) (Figure 2). Tall plants 

with nitrate preference were more abundant at low 
elevation (200 m). In contrast, in the subalpine area 
(above 700 m high) plants of intermediate size with 
both nitrate and ammonium preferences were able to 
coexist. Tall plants with high nitrate preference were 
in low abundance at high elevation (Figure 2).

DISCUSSION
The identification of axes of specialisation within 
a group of invasive grass species was sufficient to 
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Table 1. Relation between PFTs and alien species 
abundance on Banks Peninsula analysed with a step-
wise regression. Selected models exhibited the lowest 
AIC. (A) Species abundance across Banks Peninsula 
explained by PFTs: nitrate preferences (NO3 ) and 
plant height (H); (B) Interaction between traits and 
elevation.
A  r2 AIC P

Model 0.79 19.02 0.0009
df Estimate Fratio P

NO3 1 1.86 9.75 0.01
H 1 0.03 7.23 0.02

Error 9
B r2 AIC P

Model 0.18 364 <0.0001
df Estimate Fratio P

Elevation 1 0.0002 1.47 ns
NO3 1 0.71 23.35 <0.0001
Elevation × 
NO3

1 0.001 1.99 ns

H 1 0.01 6.49 0.01
Elevation
× H

1 0.00002 0.78 ns

NO3  × H 1 0.03 2.09 ns
Elevation × 
NO3  × H

1 0.0003 9.67 0.002

Error 264

Figure 2. Relationship between traits and abundance 
along the elevation gradient on Banks Peninsula. Dark 
colours indicate a low level of abundance, light colours 
indicate high dominance. Species location is indicated 
in the trait space.
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detect two functional traits linked with invasion. The 
12 grass species were segregated along two main axes 
of differentiation. The first axis separated tall and 
slow-growing species from small, fast-growing ones. 
The second axis discriminated species based on their 
N preference. Consistent with our main hypothesis, 
traits (H and NO3 ) related with the major axes of 
specialisation in the new environment were able to 
predict invasive species abundance.

The tallest species that specialised in NO3  uptake 
were the most abundant across Banks Peninsula. 
This trait syndrome typically corresponds to highly 
competitive species in productive grasslands where N 
cycling is generally fast (Maire et al. 2009). On Banks 
Peninsula, this outcome might be linked to habitat 
availability, with low elevation productive grasslands 
dominated by D. glomerata and L. perenne represent-
ing over 70% of the land cover (F. Tomasetto, Lincoln 
University, unpublished data). However, we found a 
significant interaction between traits and elevation, 
indicating the occurrence of a functional shift along 
the elevation gradient. This observed shift is typical 
of those generally observed along elevation gradients. 
Alpine plants tend to be smaller with a preference for 
an ammonium N source (Ozenda 1985). Our results 
are also in accordance with a recent study conducted 
in European subalpine grasslands (Pornon et al. 2007), 
which found complementarity in mineral nitrogen use 
among dominant species.

This study provides a simple theoretical frame-
work to identify traits related to invasion success. 
Traits linked to the observed axes of specialisation in 
the new environment were those most likely to predict 
invasion success. Trait-environment relationships ob-
served within our group of species were also consistent 
with general patterns observed along large ecological 
gradients and for a greater number of species in other 
places (Ozenda 1985, Pornon et al. 2007).

It is clear that trait identification is only a first 
step to understand the dynamics of invasive species 
in their new environment. For example, our approach 
did not take into account mechanisms that may drive 
functional change along the elevation gradients (e.g. 
biotic interactions). In addition, evolutionary trait shift 
between the native and the introduced range could be 
important. Despite these limitations, our approach was 
able to predict the local abundance of invasive grass 
species across a large ecological gradient. Finally, 
as the traits identified in this study may also impact 
ecosystem functioning (Lavorel and Garnier 2002) (i.e. 
height may modify competition intensity; N uptake 
strategies may affect N cycling), our approach can 
also help to assess invasive species impact on native 
ecosystems.

ACKNOWLEDGMENTS
We thank J. Diez and F. Tomasetto for help during analy-
ses, H. Wilson for botanical data, V. Maire for the trait 
dataset. This work was funded by Tertiary Education 
Commission through Bio-Protection Research Centre.

REFERENCES
Ackerly, D. (2004). Adaptation, niche conservatism, 

and convergence, comparative studies of leaf 
evolution in the California chaparral. American
Naturalist 163, 654-71.

Dawson, W., Burslem, D.F.R.P. and Hulme, P.E. 
(2009). Factors explaining alien plant invasion 
success in a tropical ecosystem differ at each stage 
of invasion Journal of Ecology 97, 657-65.

Funk, J.F., Cleland, E.E., Suding, K.N. and Zavaleta, 
E.S. (2008). Restoration through reassembly: plat 
traits and invasion resistance. TREE 23, 695-703.

Gross, N., Suding, K.N. and Lavorel, S. (2007). Leaf dry 
matter content and lateral spread predict response to 
land use change for six subalpine grassland species. 
Journal of Vegetation Science 18, 289-300.

Knox, G.A (1969). Natural history of Canterbury. (AH 
and AW Reed Editions, Christchurch).

Lambdon, P.W., Lloret, F. and Hulme, P.E. (2008). 
How do introduction characteristics influence the 
invasion success of Mediterranean alien plants? 
Perspectives in Plants Ecology Evolution and 
Systematics 10, 143-59.

Lavorel, S. and Garnier, E. (2002). Predicting changes 
in community composition and ecosystem func-
tioning from plant traits: revisiting the Holy Grail. 
Functional Ecology 6, 545-56.

Maire, V., Gross, N., da Silveira Pontes, L., Picon-
Cochard, C., and Soussana, J-F. (2009). Functional 
traits linked with nitrogen strategies of 13 co-
occurring grass species in productive grasslands. 
Functional Ecology 23, 668-79.

Ozenda, P. (1985). ‘La végétation de la chaîne alpine dans 
l’espace montagnard européen’. (Masson, Paris).

Pornon, A., Escaravage, N. and Lamaze, T. (2007). 
Complementarity in mineral nitrogen use among 
dominant plant species in a subalpine community. 
American Journal of Botany 94, 1778-85.

Tecco, P.A., Diaz, S., Cabido, M. and Urcelay, C. 
(2010). Functional traits of alien plants across 
contrasting climatic and land-use regimes: do 
aliens join locals or try harder than them? Journal
of Ecology 98, 17-27. 

Violle, C., Navas, M.L., Vile, D., Kazakou, E., Fortunel, 
C., Hummel, I. and Garnier, E. (2007). Let the 
concept of trait be functional! Oikos 116, 882-92.

Wright, I.J. et al. (2004). The worldwide leaf econom-
ics spectrum. Nature 428, 821-7.


