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Summary   Stepwise discriminant function analysis 
was used to compare the morphological traits of 15 
exotic and 35 native herbaceous species occurring 
within an area of long-grazed grassland on the North-
ern Tablelands of New South Wales. Exotic graminoids 
were shorter, had less persistent litter and a shorter 
flowering period than native graminoids. Exotic forbs 
had deeper leaf litter and a longer flowering period 
than native forbs. Most exotic forbs had a rosette or 
prostrate habit, with oblanceolate or lanceolate leaves, 
and undefined dispersal or a pappus. For graminoids, 
trait differences reflected the predominance of the 
annual life-history within exotics, while differences 
between exotic and native forbs were related to habit. 
There were two main groups of exotics at the site: 
(i) annual graminoids and (ii) forbs with a rosette or 
prostrate habit. Exotics possessing low growing habits 
and mechanisms to either avoid or tolerate nutrient and 
moisture stress were able to invade and persist under 
the grazed resource-poor conditions investigated in 
this study.
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INTRODUCTION
According to Williams and West (2000) efforts to find 
suites of traits characteristic of invasive species have 
been largely unsuccessful. As a research or manage-
ment tool the use of plant functional traits does have 
limitations (see Lavorel et al. 1997), but recent stud-
ies by Lake and Leishman (2004) and McIntyre et al. 
(2005) illustrate the potential of trait analysis to con-
tribute to weed ecology theory and management. After 
examining the traits of naturalised herbaceous species, 
McIntyre et al. (2005) predicted that ‘perennial C4 
grasses appear to present the greatest invasive threat’, 
while ‘forbs of wide lateral spread and large animal 
dispersed seeds are also problematic’ in sub-tropical 
woodlands. Lake and Leishman (2004) found that the 
trait most closely associated with invasiveness in urban 
bushland on sand-stone derived soils was specific leaf 
area. They suggested that successful restoration of 
nutrient-enriched sites requires the use native plants 
with traits most similar to that of the exotics. 

The aim of the current study was to determine: 

1. Whether the morphological traits of exotic and 
native grasses, forbs and sedges/rushes from an 
area of natural grassland differ.

2. Which traits best distinguish between exotic and 
native species, within each growth form.

The hierarchical approach of trait analysis within each 
growth form (i.e. grasses, sedges/rushes and forbs) 
was used, as previous studies have shown that traits 
are strongly associated with growth form (see Lavorel 
et al. 1997). 

MATERIALS AND METHODS
The study site was located at the Newholme Field 
Laboratory of the University of New England, 9 km 
north of Armidale on the Northern Tablelands of New 
South Wales, Australia (30°26'S, 151°40'E, 1010 m 
a.s.l.). The climate is cool temperate with an annual 
average rainfall of 790 mm and an annual average 
maximum and minimum temperature of 20.3°C and 
7.1°C, respectively. The area is dominated by native 
tall, warm-season perennial grasses (Aristida ramosa 
R.Br. and A. warburgii Mez.) and underlain by coarse-
grained granites producing infertile soils. The site was 
moderately grazed (4–5 dry sheep equivalents ha-1) 
by sheep and cattle for 150 years, but did not have a 
history of nutrient enrichment (<35 kg P ha-1 in the 
last 30 years). 

Field data collection   Traits were measured on 10–20 
individuals of each species randomly selected from an 
area fenced to exclude livestock. If fewer than 10 indi-
viduals could be located at random, further individuals 
were selected arbitrarily from the enclosed area or, if 
necessary, outside the enclosed area (<50 m away). 
Twenty-three traits were chosen for examination. The 
month in which flowering commenced and the length 
of the flowering period of a species was determined 
by monthly surveys over a 12 month period. Note that 
flowering period was the number of months in which 
any individual of the species was found in flower, not 
the number of months over which a particular indi-
vidual continued to flower. In order to estimate seed 
number, inflorescences were removed and the total 
number of seeds per individual counted or estimated 
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by weight. Four replicates of 50 seeds (i.e. including 
ancillary structures) of each species were weighed 
using a micro-balance. The presence of ground organs 
was assessed on individuals arbitrarily selected and 
removed intact within a 15 cm deep plug of soil. Where 
a species appeared to respond positively to fertilisa-
tion, vegetative height, reproductive height and lateral 
spread (i.e. width of the densest part of the plant) were 
measured under fertilised conditions. Thus, for plastic 
species these traits represent ‘maximum’ size.

Data analysis   Stepwise (statistical) discriminant 
function analysis (DFA) was carried out on the pres-
ence/absence of traits as predictors of membership of 
a priori groups defined by origin (native or exotic) 
and growth form (forb, grass or sedge/rush). Traits 
represented by only one species, with a frequency of 
<25% across the plots, collected from a subset of spe-
cies (e.g. seed number) or that had extreme univariate 
outliers were excluded from the analysis. A total of 50 
species and 20 traits were available for the DFA. All 
analyses were conducted with SPSS 11.0.

RESULTS
Of the 50 species analysed, 35 were native and 15 were 
exotic. All of the exotic grasses (i.e. Aira cupaniana 
Guss., Briza minor L., Vulpia bromoides (L.) Gray and 
Vulpia myuros (L.) C.C.Gmel.) were annual and all 
of the native grasses (13 species) were perennial. All 
of the exotic sedges and rushes (i.e. Juncus capitatus 
Weigel and Juncus bufonius L.) were annual and all 
but one (i.e. Schoenus apogon Roem. & Schult.) of 
the native sedges and rushes (seven species) were 
perennial. All of the native forbs (15 species) were 
perennial, while the exotic forbs (nine species) were 
evenly distributed between annual and perennial life-
histories.

Five discriminant functions were calculated, 
which had a combined χ2 = 163.4, P <0.0001. The 
first discriminant function accounted for 77% of the 
between group variability, whilst the second function 
accounted for 12%. The first discriminant function 
(Figure 1) maximally separated the native grasses 
and sedges/rushes (Groups 1 and 5) from the forbs 
(Groups 3 and 4). For the graminoids, the first function 
discriminated between those that were native (1 and 
5) and those that were exotic (2 and 6). The second 
discriminant function separated the exotics from the 
natives within each growth form (Figure 1).

The traits separating forbs and graminoids, as well 
as exotic and native graminoids, were litter depth, leaf 
shape, vegetative and reproductive height (i.e. Func-
tion 1 in Figure 1 and Table 1). Native grasses and 
sedges/rushes were taller and associated with deeper 

Figure 1.   Ordination of the six groups defined by 
origin and growth form (n = 50 species) on the first 
two discriminant functions derived from the presence 
or absence of 20 plant traits.

Table 1.   Correlations of traits with the first two 
discriminant functions (loadings >.33 in bold) 
identified by stepwise DFA for the six groups (i.e. 
exotic and native forbs, grasses, sedges/rushes). 
A This variable was a predictor in the analysis.

Traits Correlations of traits with 
function

1 2

Litter depthA -.527 .590

Leaf shapeA .436 .791

Habit .082 -.062

Reproductive height -.361 .168

Seed hairs -.044 .186

Seed dispersalA .214 -.388

Ground organsA .201 -.065

Seed shapeA -.081 .312

Flowering period -.028 .331

Lateral spread -.241 .049

Leaf texture .104 .037

Dormant bud position .067 -.009

Inflorescence form .027 -.177

Inflorescence type .013 .030

Vegetative height -.432 .190

Leaf size -.090 -.015

Seed weight -.012 .290

Seed texture -.016 -.094

Flowering commencement .195 .134

Leaf hairs -.168 -.102

Canonical R 0.940 0.730

Eigenvalue 7.400 1.200
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litter, while forbs were shorter and had little litter. The 
height and litter of exotic grasses and sedges/rushes 
fell somewhere in between. Exotic and native forbs 
showed similar height distributions, although more 
exotic forbs were <5 cm and more native forbs were 
11–20 cm. All graminoids had linear or filiform leaves, 
while forbs had a variety of leaf shapes.

Within each growth form, the traits most strongly 
associated with origin were leaf shape, litter depth, 
seed dispersal and flowering period (i.e. Function 2 in 
Figure 1 and Table 1). Within forbs, a greater propor-
tion of natives (67%) had no litter compared to that of 
exotics (33%). Lanceolate or oblanceolate leaves were 
more prevalent in exotic forbs (67%) compared to na-
tive forbs (20%), whereas linear, elliptic and circular 
leaves were more frequent in native forbs. Most exotic 
forbs had a five or seven month flowering period, 
whereas most natives had a flowering period of two 
to five months. A greater proportion of native forbs 
had dust-like (40%) or explosive seeds (27%) com-
pared to that of exotics (22% and 0%, respectively). 
Most exotic forbs had undefined dispersal (44%) or 
a pappus (33%). 

A greater proportion of exotic forbs had undefined 
ground organs (44%) compared to that of natives (7%). 
No exotic forbs had stem- or root-tubers, but they 
occurred frequently in native forbs (53%). Taproots 
were more frequent in exotic forbs (33%) compared 
to native forbs (13%), while rhizodes (i.e. long rhi-
zomes) were equally frequent in natives (27%) and 
exotics (22%). A greater proportion of exotic forbs had 
rosettes (56%) or were prostrate (33%) compared to 
native forbs (27% and 13%, respectively). Only native 
forbs had an erect (33%) or twining (13%) habit.

For grasses, all the exotic species had no litter, 
while most natives had litter 5–20 cm deep. A similar 
trend was found for sedges/rushes, except that litter 
was 1–5 cm for most native sedges/rushes. All exotic 
grasses and sedges/rushes flowered for one month, 
while native graminoids had a one to six month flow-
ering period. Straight awns were more frequent in 
exotic (75%) compared to native grasses (31%), and 
only native grasses had hygroscopic awns (31%). For 
sedges/rushes, most natives had undefined dispersal 
(29%) while dust-like seeds were equally frequent in 
natives (12%) and exotics (12%).

DISCUSSION
Membership of a species to the six groups defined 
by origin and growth form could be predicted by 
the morphological traits examined here. The strong-
est predictors of plant origin were litter depth, leaf 
shape, vegetative height, morphology indicative of 
seed dispersal and length of flowering period. Forbs 

demonstrated greater variability in their traits than the 
graminoids, consistent with their wider phylogenetic 
background.

Exotic versus native graminoids   Differences 
between the traits of exotic and native graminoids 
reflected the predominance of the annual life-history 
within exotics and the perennial life-history within 
natives. Native graminoids had deeper litter and a 
longer flowering period than the exotics because, be-
ing annual, the exotic graminoids did not produce 
persistent litter and only flowered for a month. The 
short and early life history of these exotic cool-season 
annual graminoids may enable them to avoid summer 
moisture stress and competition with the native warm-
season perennial grasses. Hygroscopic awns may be 
absent in the exotic grasses because the potential for 
increased soil-seed contact may be of little advantage 
to species that germinate when soil moisture is rela-
tively high (i.e. autumn–early spring). 

Increased grazing pressure and late winter burn-
ing associated with European settlement opened up 
the canopy, allowing these exotic cool-season an-
nuals to establish (Whalley et al. 1978). Annuals on 
the New England Tablelands are associated with soil 
disturbance and heavy grazing (McIntyre et al. 1995). 
However, if rainfall is insufficient the exotic annual 
grasses in the current study may show an indifferent 
response to soil disturbance and unlike ‘typical’ rud-
eral species at least some of them are known to lack 
persistent seed banks (Chalmers et al. 2005). 

The morphological traits of the exotic grasses 
in this study suggest they may be poor competitors. 
However, Mediterranean annual grasses have been 
shown to compete with Aristida ramosa seedlings 
on the Northern Tablelands (Harradine and Whalley 
1980) and with perennial grasses in a South Austral-
ian grassland (Lenz et al. 2003). Their litter may 
also indirectly affect species composition (Lenz et 
al. 2003) and may keep the space free for them to 
germinate next autumn-early spring (Chalmers et al. 
2005). These exotic grasses may double in size with 
fertilisation (Chalmers et al. 2005). Thus where they 
occur, fertilisation is likely to increase any impact they 
may have on native species.

Exotic versus native forbs   Differences in the traits 
of exotic and native forbs appear to be related more 
to habit than to life history. Most exotic forbs had a 
rosette or prostrate habit, whereas the habits of native 
forbs were more diverse (i.e. rosette, branched, erect, 
prostrate or twining). The greater range of leaf shapes 
in native forbs compared to exotics may be associated 
with this habit diversity. Native forbs appear to rely on 
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small seed size (<0.03 mg) or propulsion for dispersal, 
whereas most exotics had either heavier seeds (0.2 to 
0.8 mg) with no obvious mechanism for dispersal or 
possessed a pappus. A prostrate habit may enable the 
exotic forbs to avoid grazing, pre-empt space and cap-
ture patchy resources. For those native forbs without 
low growing habits, their grazing tolerance may be 
linked to palatability or re-sprouting from underground 
tubers or rhizodes.

A rosette habit is associated with soil disturbance 
and heavy grazing (McIntyre et al. 1995). Thus the 
prevalence of the rosette habit in the exotic forbs here 
suggests they are well adapted to pre-empt space in 
environments where biomass is limited by soil nutri-
ents and the canopy has been opened by livestock. The 
low height and leaf arrangement of the rosette habit 
protects growing buds from grazing, while rosette 
species with taproots have been associated with low 
fertility and drought tolerance (Turkington and Aars-
sen 1983, Buckland et al. 1997). The prevalence of 
tap-rooted herbs in exotic floras compared to native 
floras has been demonstrated in other resource-limited 
environments (Godfree et al. 2004). In contrast, the 
native forbs examined in this study appear to rely on 
stem- or root-tubers for storage.

Conclusions   There were two main groups of exotics 
at the study site (i) annual graminoids and (ii) rosette 
or prostrate forbs. Trait analysis suggests that exotic 
herbaceous species with the potential to invade and 
persist under grazed resource-poor conditions, similar 
to that studied here, tend to possess low growing habits 
and mechanisms to either avoid or tolerate nutrient 
and moisture stress.
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