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Summary   The plant functional type (PFT) method 
may help improve predictions of the impacts of inva-
sive species. We present a subset of a large trait set 
from invasive species from south-east Queensland 
that we are using to test the applicability of the PFT 
method. 

Biomass accumulation and allocation did not dif-
fer between high- and low-impact species across the 
53 species we sampled. We conclude that high- and 
low-impact species cannot be differentiated solely by 
growth-related traits.
Keywords    Growth,  allocation,  plant functional 
type.

INTRODUCTION
Land managers require methods to identify high-im-
pact plant species so that they can prioritise control 
efforts among newly established weeds. Currently, our 
ability to predict weed impacts (defi ned as the per 
capita effects of a species integrated over its range and 
abundance (Parker et al. (1999)) is constrained by a 
limited understanding of the processes that underlie 
invasion and that generate impacts. In the absence of 
mechanistic models, ecologists can instead seek to 
fi nd plant traits that distinguish known high-impact 
weeds from known low-impact weeds, and use this 
information to assess new weeds. 

Early attempts to predict weed impacts from 
single traits (e.g. Baker 1974) had limited success 
(Mack 1996). More recently, however, methods us-
ing combinations of empirically-derived traits have 
shown considerable promise (Rejmanek and Rich-
ardson 1996). 

The plant functional type (PFT) method can de-
termine sets of plant traits that defi ne species groups 
sharing similar responses to some environmental factor 
(McIntyre and Lavorel 2001). Hence, given trait data 
from known high- and low-impact weeds, PFTs may 
describe trait sets that can predict the impacts of newly 
established species.

We are currently applying the PFT method to 
predicting weed impacts, using high- and low-impact 
environmental weeds from the south-east Queensland 
(SEQ) fl ora. As an examination of the full set of plant 
traits that we measured is beyond the scope of this 

paper, we present data on three plant traits – biomass 
allocation and root and shoot growth.

MATERIALS AND METHODS
Species selection   We initially allocated species to 
impact categories using Batianoff and Butler’s (2002) 
list. These authors subsequently demonstrated a strong 
correlation between invasiveness and impact among 
the 66 most invasive species (Batianoff and Butler 
2003), and we assume here that this relationship can 
be extrapolated to less invasive species. In order to 
avoid mis-classifying sleeper weeds (i.e. species that 
do not manifest high impacts until many years after 
naturalisation), we excluded species that were fi rst 
collected in SEQ less than 50 years ago. Both impact 
levels were represented within each family, so that 
differences in impact were not confounded with dif-
ferences in phylogeny (Harvey 1996). Species choice 
was further constrained by seed availability and 
germinability. The fi nal selection included 53 species 
from 15 families. 

Experimental conditions   Germinated seeds were 
planted into pots with 10.5 L of soil (1 part sand: 2 
parts loam) from 5 September 2003. Each pot was 
provided 27 g of controlled-release fertiliser (16% N, 
4.4% P, 8.3% K), with a second dose on 2 February 
2004. Dead seedlings were replaced up to 10 October 
2003. There were seven replicates for each species, 
although fewer than seven plants of some species 
were harvested due to mortality. Plants were grown 
in a glasshouse (daytime max. 28°C, nighttime min. 
18°C) at Alan Fletcher Research Station in Brisbane, 
and watered daily or as required. 

Plants were harvested from 27 November 2003 to 
20 February 2004. Roots were recovered from the pots 
and washed to remove soil particles. Roots and shoots 
were air dried at 60°C to constant weight.

Analyses   We used the Box-Cox method (Venables 
and Ripley 1999) to determine power transformations 
for the response variables. In order to account for un-
derlying phylogenetic differences, we used the nlme 
library in R 1.7.0 to implement mixed effects models 
(Venables and Ripley 1999) in which family and genus 
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were modelled as random effects. Fixed effects in the 
analysis of biomass allocation were modelled as root 
dw ~ shoot dw * impact + bench, where ‘bench’ ac-
counts for variation in growing conditions within the 
glasshouse. Fixed effects in the analyses of root and 
shoot growth were modelled as root/shoot dw ~ time 
* impact + bench, where ‘time’ is the number of days 
between planting and harvest. Should growth rates dif-
fer, the time:impact interaction will be signifi cant. We 
used partial residuals to visually examine differences 
between high- and low-impact species after accounting 
for the other factors.

RESULTS
A visual examination of the raw data does not reveal 
any consistent differences in growth or allocation 
between high- and low-impact species (Figures 1 and 
2). While some differences between species from dif-
ferent impact levels can be seen within some families 
(e.g. Acanthaceae), these trends are not consistent 
across families. After accounting for underlying phy-
logenetic differences and glasshouse variability, there 
were essentially no differences in growth or allocation 
between high- and low-impact species (Figures 3a–c, 
Tables 1 and 2). Subsequent steps in the PFT method 
(McIntyre and Lavorel 2001) became redundant as the 
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Figure 1.   Biomass accumulation in seedlings of high- and low-impact invasive plants.

traits did not differentiate between response groups. 
Note that the Impact effects for roots and shoots are 
attributable to high-impact species growing slightly 
longer on average.

DISCUSSION
These data provide compelling evidence that growth 
and allocation traits cannot be used in isolation to 
predict the impact of a weed species. However, this 
does not preclude the possibility that these traits may 
acquire predictive power when used in conjunction 
with other traits. 

One aspect of our results warrants further consid-
eration. High-impact weediness is often attributed to 
superior competitive ability (e.g. Baker 1974, Mack 
et al. 2000), but despite size and biomass being corre-
lated with competitive effect (Gaudet and Keddy 1988, 
Goldberg 1996), we did not fi nd consistent differences 
in biomass between high- and low-impact weeds (see 
also Lonsdale 1994). This implies that the competitive 
effects of high-impact weeds may not be any greater 
than the competitive effects of low-impact weeds. 

The multivariate nature of impact may make it 
more diffi cult to link plant traits with impact. While 
impact provides a useful conceptual shorthand for 
a variety of weed effects that are deemed to be 
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Figure 3.   Partial residual plots for a) root dry weight, b) shoot dry weight and c) biomass allocation for seedlings 
of high- and low-impact invasive plants. Bars = medians, whiskers = values (1.5 × interquartile range from 25th 
and 75th percentiles, circles = values more than 1.5 × interquartile range from 25th and 75th percentiles.
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Figure 2.   Biomass allocation between roots and shoots in seedlings of high- and low-impact invasive plants.
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undesirable, it seems overly optimistic to expect that 
a single set of plant traits could predict all types of 
impacts. Consequently, we anticipate that in our fi nal 
PFT analyses species of differing impact types will 
separate into sub-groupings whose trait sets differ. 

Impact may be a property that emerges at the 
level of local populations, rather than at the level 
of individual plants (Levin 1992). If so, plant traits 
measured at the individual level might not have any re-
lationship with population-level properties. However, 
this is probably not always the case: for example, we 
would expect that population-level nutrient-cycling 
impacts would be related to individual-level traits 
such as root nodulation and plant tissue nutrient 
concentrations. Nevertheless, we cannot be confi dent 
that such relationships exist for all types of impacts. 
Our impending analysis of a broader set of plant traits 
should shed further light on the question of whether 
weed impacts can be predicted from data collected 
from individual plants. 
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Table 1.   Biomass allocation in high- and low-im-
pact invasive species (fi xed effects in mixed effects 
ANOVA).

Effect df F P

Intercept 1 9731.9 <0.0001

Shoot dw 1 1023.6 <0.0001

Impact 1 1.6 0.2022

Position 11 1.9 0.0376

Shoot dw: Impact 1 0.1 0.7985

Table 2.   Shoot (a) and root (b) growth rates in high- 
and low-impact invasive species (fi xed effects in mixed 
effects ANOVAs).

Effect df F P

a) Intercept 1 388.488 <0.0001

Time 1 459.415 <0.0001

Impact 1 3.327 0.0693

Bench 11 4.377 <0.0001

Time:Impact 1 0.001 0.9995

b) Intercept 1 2826.274 <0.0001

Time 1 250.859 <0.0001

Impact 1 4.370 0.0376

Bench 11 2.140 0.0182

Time: Impact 1 0.007 0.9320

successful execution of this work. We especially thank 
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