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Summary Tropical forests are usually considered
to have high functional diversity. Functional diversity
is often seen as a proxy for ecosystem function and
can be used to explore ecosystem responses to en-
vironmental change such as that caused by invasive
species. In theory, functionally-diverse communities
should utilise resources more fully and therefore resist
invasion more readily. However, if an invading species
is of a functional group not well represented in a target
community, it may have an increased likelihood of
successful invasion.

We compiled data on the functional traits of na-
tive and exotic species co-occurring in Mabi forest
in North Queensland. We determined whether exotic
species are functionally distinct from the native flora,
and examined the relationship between exotic and
native species functional diversity and invasion. We
found that exotic species occupy distinct regeneration
niches and while exotic species functional diversity
increases with disturbance, native species functional
diversity decreases. Our results suggest exotics in this
system are less constrained in terms of regeneration in
disturbed habitats than predominantly shade-tolerant
native species, making them ‘passengers’ to distur-
bance rather than ‘drivers’ of community change.
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INTRODUCTION

In tropical forests, natural disturbance creates op-
portunities for species to claim previously utilised
space and resources and is considered an important
mechanism in the maintenance of native tree diversity
(Sheil and Burslem 2003). However, ecologists have
long recognised that disturbance also promotes exotic
plant invasions (Hobbs and Heunneke 1992). Tropical
forests are becoming increasingly disturbed by human
activities with the result that invasion by non-native
species is now a major issue in their management and
conservation (Fine 2002).

Given a large species pool, local conditions select
for, or filter, species traits rather than taxa (Woodward
and Diament 1991, Diaz et al. 1999). Research has
shown that particular plant traits tend to be associated
in recurrent, predictable patterns and so plant species

can be classified on the basis of these traits into fewer
‘functional groups’ (FGs) (Diaz et al. 1999). Func-
tional groups thus represent sets of species that exhibit
similar responses to environmental conditions and/or
have similar effects on the dominant ecosystem proc-
esses (Gitay and Noble 1997). Functional group rich-
ness, i.e., the number of functional groups in a com-
munity, is increasingly preferred to species richness
as a measure of ecological diversity (Prieur-Richard
and Lavorel 2000). Diaz et al. (1999) suggest that both
vegetative (e.g., lifeform, longevity) and reproduc-
tive (e.g., seed size, dispersal mode) traits should be
included in functional group analysis of communities.
Vegetative traits influence the acquisition and storage
of resources, while reproductive traits influence recolo-
nisation after disturbance, and migration ability (Diaz
et al. 1999, Booth and Swanton 2002).

In most undisturbed environments we would ex-
pect to see exotic species containing similar traits to
those in the native community because the dominant
selection pressures operating on both will be similar
(Godfree et al. 2004). However, in disturbed habitats,
new niche opportunities may be created for novel ex-
otic functional groups. Therefore, exotic species with
niche requirements poorly represented in the regional
flora of native species may establish with relatively
little resistance in disturbed habitats.

We examined the relationship between exotic
and native species functional diversity and invasion
in fragments of the critically endangered Mabi for-
est (Complex Notophyll Vine Forest 5B) in North
Queensland. We test (a) whether invasive plant species
generally are functionally different from natives, (b)
whether native and exotic functional diversity show the
same response to invasion, and (c) whether invasive
species are functionally more different from natives
in areas with higher levels of disturbance.

MATERIALS AND METHODS
Dataset Complex Notophyll Vine Forest (Type Sb)
(Tracey 1982), or Mabi forest, occurs at sites of high
soil fertility, typically on basaltic soils. Extensive
clearing has greatly reduced the extent of Mabi forest
and the largest representation of remnants occurs on
the Atherton Tableland with a smaller distribution at
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Shipton Flats, near Cooktown. Mabi forest is listed as a
critically endangered ecological community under the
Environment Protection and Biodiversity Conservation
Act 1999. Mabi forest is characterised by an uneven,
semi-evergreen canopy, with emergent deciduous
canopy trees up to 45 m, and a well-developed shrub
layer.

A survey of all vascular plants on 111 plots (20 m
x 20 m) in 45 remnant patches of Mabi forest on the
Atherton Tablelands was undertaken in 1996 (Hopkins
et al. 1996). Sampling locations were selected so that
the samples were representative of the full geographi-
cal extent, topographic variations and seral stages of
the forest type. Plots were located within patches so
as to avoid edge effects as much as possible. All plots
were characterised in terms of their canopy ‘intact-
ness’, cover and height range. Each plot was subse-
quently classified into one of five levels of (relative)
disturbance: very low (n = 25), low (n = 30), medium
(n =25), high (n = 17), very high (n = 14).

Functional group classification Each species was
classified in terms of (1) lifeform (herb/shrub/tree/
vine), (2) shade tolerance (qualitative expert assess-
ment) (not tolerant/partly tolerant/tolerant), (3) fruit
type (fleshy/dry), (4) fruit size (volume cm?®) for fleshy
fruited species (small <4, medium =4-20, large >20),
(5) primary dispersal mode for dry fruited species
(gravity/mechanical/water/wind/epizoic/vertebrate).
All species were further classified into functional
groups based on regeneration and dispersal niche traits.
Functional groups were: lifeform/shade tolerance (LS,
11 groups), and fruit type/fruit size (fleshy fruits) or
dispersal mode (dry fruits) (FD, 9 groups).

Data analysis We used contingency > tests to com-
pare observed frequencies of exotic species traits to
the frequency of the same traits in the native species
flora. When two-way contingency tables showed non-
independence (P <0.05), the Freeman-Tukey deviate
(= V(obs) + V(obs + 1) — V(4exp + 1)) was used to
determine if any particular cell was over or under rep-
resented in the exotic flora compared to the expected
value based on the native flora (Legendre and Legendre
1998). Observed and expected values were considered
significantly different when the Freeman-Tukey devi-
ate was higher than a criterion value = \(y¥# cells).
y* and Freeman-Tukey deviate tests were used in the
same way to determine whether observed frequencies
of species in each functional group in each category
of disturbance were significantly different from the
frequency of species in each functional group in the
overall native population.
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RESULTS
A total of 421 species of vascular plants were recorded
of which 29 (7%) were exotic. The number of native
and exotic species per site were significantly nega-
tively correlated (r = —0.445, P <0.001,n=111).

The exotic flora is significantly over-represented
by shrubs and under-represented by trees compared
with the native flora (Table 1). Exotics are also sig-
nificantly more likely to be shade-intolerant and have
dry fruits. The proportion of exotic species exhibiting
the various dispersal modes did not differ significantly
from the proportions in the native flora. Exotic spe-
cies are functionally diverse, represented in 8 of 11
functional groups for LS and 7 of 9 for FD. However,
the distribution of exotic species among functional
groups differed from the native flora (Table 2) as ex-
pected considering the differences in the distribution
of functional traits.

The diversity of functional groups of native
species decreases with increasing disturbance while
exotic species functional diversity increases (Figure 1).
However, the proportion of species in each functional

Table 1. Number of exotic and native species in each
category of trait. Shown is the result of the contingency
y* test and significance (***P <0.001, *P <0.05).
‘Over’ or ‘under’ indicates the trait is significantly
over- or under-represented in the exotic flora compared
with the native flora.

Trait Exotic ~ Native b
Lifeform 47.41%**
Herb 5 36

Shrub 12 34 over
Tree 5 243 under
Vine 7 79

Shade tolerance 45.86%**
Not/part tolerant 27 132 over
Tolerant 2 260 under
Fruit type 4.69%
Dry 13 102 over
Fleshy 16 276 under
Fleshy fruit size 1.42 NS
Large 3 28

Medium 2 30

Small 11 218

Dry fruit dispersal 1.74 NS
Gravity/mechanical 3 12

Water/wind 3 33
Epizoic/vertebrate 7 56




group generally did not differ significantly with distur-
bance when all sites were pooled within a disturbance
category, compared with the proportion of species in
each functional group in the overall native species pool
(Table 3). The exception was for the lifeform/shade tol-
erance functional groups in the very highly disturbed
sites. In these sites partly-tolerant and shade-tolerant
herbs, shade-tolerant shrubs and shade-tolerant trees
were all under-represented compared with the overall
native flora, whereas intolerant and partly-tolerant

Table 2. Proportion of native and exotic species in
each functional group.

Functional group % natives % exotics

Lifeform/shade tolerance

Herb not tolerant - 14
part tolerant 5 3
tolerant 4 -

Shrub not tolerant - 24
part tolerant 2 3
tolerant 7 -

Tree not tolerant 2 10
part tolerant 16 3
tolerant 44 -

Vine part tolerant 9 21
tolerant 11 3

Fruit type/dispersal mode or fruit size

Dry epizoic 1 14
gravity/ 3 10
mechanical
invertebrate 1 -
vertebrate 8 10
wind/water 14 10

Fleshy small 7 10
medium 8 7
large 56 38

Spore spore 4 -

Table 3. Results of * test and significance (*P <0.05)
for deviation of the frequency of species in each func-
tional group in each category of disturbance from that
expected based on the frequency of species in each
functional group in the overall native population.
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trees were over-represented. Similarly, while the ex-
pected frequencies of exotic species in each functional
group were too low for a reliable y*test, when all sites
in a disturbance category were pooled, the proportions
of exotic species in each functional group were similar
to those in the overall exotic species pool.

DISCUSSION
Exotic species are functionally different from native
species; they tend to be overrepresented compared
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Mean +1 SE

Disturbance Functional classification
LS FD
Very low 3.96 1.61
Low 3.6 2.21
Medium 10.53 1.97
High 10.59 8.35
Very high 37.05* 11.95

v. low low medium  high v. high

Disturbance

Figure 1. Mean number (+1 SE) of native (@) and
exotic (O) functional groups with increasing distur-
bance for (a) lifeform/shade tolerance, and (b) fruit
type/dispersal mode.
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to the regional native species pool in being shade-
intolerant (93% compared with 33%), having a shrub
lifeform (41% compared with 9%) and dry fruits (45%
compared with 33%). There were two functionally dis-
tinct exotic groups, shade-intolerant herbs and shrubs,
while there were no exotic species in the dominant
native LS functional group of trees/tolerant. Therefore,
there appears to be considerable opportunity for exotic
species to exploit new regeneration niche opportunities
following disturbance.

Although the mean number of native functional
groups per site decreases for highly disturbed sites,
when all sites in each disturbance category are pooled,
functional groups are generally represented in similar
proportions to the overall native species pool. The
exception is for shade-intolerant trees, which are
over-represented in highly disturbed habitat. The lower
mean native functional diversity in disturbed sites is
therefore partly a function of low species diversity;
most functional groups occur in disturbed sites but
not as many occur in any given site. The same general
pattern holds for the exotic species. Functional groups
that are more prevalent in the overall exotic species
pool are more likely to be represented in less disturbed
sites where there are fewer exotic species. In heavily
disturbed sites all exotic functional groups tend to be
represented.

These results suggest that, generally, all native
species functional groups are capable of co-occurring
in highly disturbed sites with exotics; however, species
from rare functional groups are less likely to occur in
heavily disturbed sites simply due to chance. Similarly,
exotic species functional groups are accruing in heav-
ily disturbed sites in proportion to their distribution
in the overall exotic flora generally. It is difficult to
discern from these results whether invasive species
are causing the decline of native species through
competition (i.e., ‘drivers’ of community change) or
are less constrained by non-interactive factors such as
environmental change or dispersal limitation than na-
tive species (i.e., ‘passenger’ model) (MacDougall and
Turkington 2005). However, given that exotics occur
in regeneration niche functional groups that are rare
or absent in the native flora, it seems likely that the
exotics in this system are primarily passengers to dis-
turbance and are less constrained than predominantly
shade-tolerant native species in terms of regeneration
in the higher-light environments of disturbed rainfor-
est habitats.
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