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Disturbance a precursor to weed invasion in native

vegetation

Richard J. Hobbs, CSIRO Division of Wildlife and Ecology, LMB 4, PO

Midland, WA 6056, Australia.

Summary

This paper examines the problem of dis-
turbance in native vegetation and its re-
lation to invasion by weeds. Distur-
bance can be defined as anything that
directly kills or damages individuals
within a given area, or affects resource
levels in that area. Weed invasion is gen-
erally enhanced by disturbance, and a
survey of Australia’s most serious
weeds confirms that most require some
form of disturbance for their dispersal
or establishment. All disturbances do
not lead to invasions. Increased invasion
is likely only if disturbance increases
the availability of a limiting resource,
and if propagules are available. Natural
disturbance regimes are essential to the
maintenance of native vegetation, but
human activities usually add new types
of disturbance to the existing regime.
Management of disturbance must be
carried out in recognition of the require-
ments of the native vegetation and with
adequate assessment of the relative im-
portance of different disturbance types
in promoting invasion, Human-induced
disturbances generally need to be mini-
mized.

Introduction

This paper considers the link between dis-
turbance and invasion by weedy plant
species. It begins by considering what is
meant by disturbance, and then examines
whether weed invasion depends on dis-
turbance. This is done by assessing the
importance of disturbance in the spread

and establishment of Australia’s most se-
rious environmental weeds, as recently
defined by Humphries et al. (1991). It then
discusses whether disturbance always
leads to invasions using a series of exam-
ples from native plant communities in the
Western Australian wheatbelt. Finally,
the managementimplications of the inter-
action between disturbance and invasions
are considered.

Definition of disturbance

There has been considerable debate on the
definition of disturbance, and on what
constitutes a disturbance to any given
community or ecosystem (e.g., Rykiel
1985, van Andel and van den Berg 1987).
Definitions of disturbance vary from
Grime's (1979) view of disturbance as a
process removing or damaging biomass
to Pickett and White’s (1985) definition of
‘any relatively discrete event in time that
disrupts ecosystem, community or popu-
lation structure and changes resources,
substrate availability, or the physical en-
vironment'. Petraitis et al. (1989) expand
the definition further to include any ‘proc-
ess that alters the birth and death rates of
individuals present in the patch’, by di-
rectly killing individuals or by affecting
resource levels, natural enemies, or com-
petitors in ways that alter survival and fe-
cundity. Temporal and spatial scale are
clearly important in our recognition of the
‘discreteness’ of a disturbance event, as
nearly any ecological or physical process
might fall under the last, most inclusive
definition. Pickett et al. (1989) define a dis-

Table 1. Species identified as the most serious environmental weeds in
Australia, and types of disturbance favouring spread and/or establishment

(derived from Humphries et al. 1991).

Species

Disturbance type

Acacia nilotica (L.) Willd. ex Del.
Cenchrus ciliaris L .
Chrysanthemoides monilifera

ssp. rotundata (DC.) Norlindh
Cryptostegia grandiflora R. Br.
Eichhormia crassipes (C. Martius) Solms
Mimosa pigra L.
Myrsiphyllum asparagoides (L.) Willd. ?
Parkinsonin aculeata L.
Pennisetum polystachion (L.) Schultes

Cattle dung, flooding

Floods, cattle

Rabbits, cattle, roading, sandmining,
natural disturbances

Drought followed by floods, fire, grazing
Human interference, nutrient enrichment
Clearing, water level fluctuations

Flooding
Vehicular spread along roads, small

scale disturbance by pigs, bandicoots

Prosopis spp.

Salvinia molesta D. Mitch.

Tamarix aphylla (L.) Karst

Thunbergia grandiflora (Rottler) Roxb.

Flooding

Human transport, nutrient enrichment
Flooding, high rainfall years

Edge or gap formation

turbance as a change in ecosystem struc-
ture caused by factors external to the hier-
archical level of the system of interest; this
is necessary to distinguish disturbance
from other changes in the system,

Both direct disturbances (those affect-
ing the survivorship of individuals di-
rectly) and indirect disturbances (those
affecting resource levels or other condi-
tions that then influence individuals in the
patch) are included in this review. Distur-
bances thus include large-scale events
such as fires, storms, and floods; smaller-
scale phenomena such as soil disturbance
by animals; and directhuman disturbance
(digging, trampling, vegetation removal,
road construction etc,). Less direct
changes such as altered grazing regimes
or nutrient inputs will be considered as
disturbances where they affect resource
levels and demographic processes.

Individual disturbances are generally
considered in the context of the overall
disturbance regime, which is character-
ized by the types, sizes, intensities, timing
and frequencies of disturbances (Pickett
and White 1985). Importantin this context
are the modifications in natural distur-
bance regimes caused by human interven-
tion. Aboriginal settlement in Australia
undoubtedly altered disturbance regimes,
and European settlement had further sig-
nificant impacts (Hobbs and Hopkins
1990). Following European settlement,
besides the direct impacts of clearing,
mining, forestry and urbanization, graz-
ing and fire regimes were significantly
modified over much of Australia. The
fragmentation of natural ecosystems by
agricultural development has also signifi-
cantly affected disturbance regimes in the
remnant vegetation left after clearing
(Hobbs 1987). It is in this contextof greatly
altered disturbance regimes that weed in-
vasion must be considered.

Is weed invasion dependent on
disturbance?

For weed invasion to occur, there mustbe
an opportunity for invasion, which re-
quires the availability of propagules of an
invasive species capable of dispersing
into the area. Then there has to be a suit-
able micro-site for germination and estab-
lishment to occur, i.e., a suitable invasion
‘window’ (Johnstone 1986). Disturbances
generally act to change the characteristics
and availability of microsites for estab-
lishment, although they also may affect
the opportunity for dispersal, e.g., where
non-native herbivores or floods transport
seeds into new areas.

There is general agreement in the litera-
ture that disturbances usually act to en-
hance the likelihood of invasion into na-
tive vegetation (Amor and Piggin 1977,
Fox and Fox 1986, Crawley 1987,
Rejmanek 198%) and there are many ex-
amples that illustrate the role of different
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types of disturbance inallowing invasions
to occur (Hobbs and Huenneke, personal
communication). Invading species fre-
quently have attributes which allow them
to take advantage of disturbances at the
expense of native species; for instance,
generalist modes of dispersal, rapid ger-
mination and growth and relatively short
maturation times. However, it is not yet
clear whether all invasions require distur-
bance.

Humphries et al. (1991) compiled a list
of the plants considered to be Australia’s
most serious environmental weeds, to-
gether with a summary of information on
each. Table 1 lists these species (except for
a group of four aquatic grasses, about
which limited information was given),
and the types of disturbance influencing
their spread and/or establishment. From
Table 1 it can be noted that all species ex-
cept Myrsiphyllum asparagoides (L.) Willd.
{bridal creeper) had a clear link with at
least one disturbance type. Many of the
species are found predominantly in wet
areas such as drainage channels or flood
plains, and hence floods may result in
propaguledispersal or promote establish-
ment. Other disturbance agents such as
cattle, rabbits, animal diggings and hu-
man activities were implicated to some
extent in the spread or establishment of
one or several of the species. Spread of the
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two aquatic species, Eichhornia crassipes
(C. Martius) Solms (water hyacinth) and
Salvinia molesta D. Mitch. , was related in
each case to human disturbance and nu-
trient enrichment.

Clearly, therefore, it can be argued that
some form of disturbance is implicated in
the invasion of almost all the major envi-
ronmental weeds of Australia. This may
be natural disturbance (such as floods or
bandicoot diggings), disturbances caused
by introduced stock and feral animals
(cattle, rabbits, pigs), and direct human
disturbance (road construction, mining,
clearing). M. asparagoides appears to be the
only species on the list that has no appar-
ent need for disturbance for spread or es-
tablishment. While it is relatively easy to
link invasion by a particular species with
disturbance events, it is much more diffi-
cult to prove unequivocally that invasion
occurs in the absence of disturbance.
Natural disturbances are an important
feature of most Australian ecosystems
(e.g., fire, flooding, animal digging and
grazing), and human modifications of
natural disturbance regimes have oc-
curred over most of Australia. The ques-
tion of whether invasions can occur in the
absence of disturbance thus may be aca-
demic. We should instead be asking
which disturbances are the most likely to
lead to invasions.

Jam - York Gum

Loolnaloo 0l

Jam - York Gum

ril

F OF

Figure 1. Responses of Avena fatua L. sown into experimental plots (each 1
m? in five different vegetation communities in the Western Australian
wheatbelt. Treatments are: C, control; D, disturbed; F, fertilized; DF,
disturbed and fertilized. Plant communities are; Casuarina, shrubland
dominated by Allocasuarina campestris ; heath, species rich sandplain
heath; edge, regenerating community on previously-cleared sandplain
heath; jam-york gum, Eucalyptus loxophlebal/ Acacia acuminata woodland;
wandoo, Eucalyptus wandoo woodland. Histograms give mean values + 1
S.E. (n= 4), and letters above bars indicate results of SNK test; treatments
with different letters are significantly different at p < 0.05. (a) Number of
seedlings established in each plot, (b) total dry weight per plot. (Data from
Hobbs and Atkins 1988, redrawn from Hobbs 1989).

Does disturbance always lead to
invasions?

Because of the pervasiveness of distur-
bance in natural and human-modified
ecosystems it is important to consider
whether all disturbances are likely to re-
sult in increased invasion, or whether
some types of disturbance are likely to be
more important than others. Timing of
disturbance (for instance in relation to
seed set and dispersal) also may be im-
portant in determining the relative effect
of individual disturbances. If the types of
disturbance most likely to result in in-
creased invasion can be identified, distur-
bance regimes could be modified to mini-
mize the opportunities for invasion.

It has been argued elsewhere that dis-
turbance will enhance invasions only if it
increases the availability of a limiting re-
source (Hobbs 1989). Thus, where light is
limiting, as in a dense forest or woodland,
the creation of gaps or edges (through
treefalls, logging or fragmentation) which
increase light levels at the ground surface
might be expected to enhance invasibility
(Amor and Stevens 1976). Other distur-
bances, such as soil disturbance or nutri-
ent addition, would have little effect on
invasibility if light remained limiting,
even if other resources were made more
abundant. In more open communities,
however, where light is not limiting, soil
disturbance or nutrient addition could be
expected to enhance invasion since these
increase the supply of scarce resources
(soil disturbance could increase available
nutrients, water retention and the avail-
ability of ‘safe sites’ for establishment).
Similarly, flooding temporarily increases
the availability of water, a major limiting
resource in arid and semi-arid areas.

In these cases, disturbance alters micro-
site conditions which in turn influence the
success of establishment of invasive spe-
cies, In some cases, such as flooding, the
disturbance may also influence the dis-
persal of the invader. The dispersal and
establishment phases are the critical
stages in the initial invasion of an area.
Subsequent survival and reproduction
determine the long-term success of the in-
vasion, and may be dependent on factors
quite different from those determining
dispersal and establishment. In this paper
the establishment phase is examined in
more detail.

A series of studies were carried out in
the Western A ustralian wheatbelt into the
factors affecting the invasion of native
plant communities by non-native species.
The studies concentrated on the annual
grasses and forbs that invade native com-
munities in vegetation remnants. The dis-
turbances considered were soil distur-
bance, nutrient addition and fire. All of
these have been considered to enhance in-
vasions in Australia and elsewhere
(Bridgewater and Backshall 1981,
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Figure 2. Available nutrients in soils along transects in burnt and unburnt

vegetation at the edge of Durokoppin reserve in the Western Australian

wheatbelt in September 1988, following a fire in April 1988. Mean + 1 S.E.,

n=5. Burnt (-0-), unburnt (—e-), (a) shrubland dominated by
Allocasuarina campestris (b), woodland dominated by Eucalyptus

loxophleba and Acacia acuminata (redrawn from Hester and Hobbs 1992).

Christensen and Burrows 1986, Heddle
and Specht 1975, Hobbs and Mooney
1985, 1991).

The studies indicate several important
points: ‘

1. Plant communities vary greatly in their
susceptibility to invasion;

2. Disturbance can greatly increase the
likelihood of invasion, but not all dis-
turbances act in this way;

3.Invasion is enhanced most where a
combination of disturbances is experi-
enced.

These points can be illustrated with data

from a number of different studies. Inva-

sion into different plant communities was

examined by Hobbs and Atkins (1988)

and Hester and Hobbs (1992). Hobbs and

Atkins (1988) conducted experimentsina

number of different shrubland and wood-

land communities, and found that wood-
lands were more easily invaded than
shrub-dominated communities. In gen-
eral, woodland communities in the West-
ern Australian wheatbelt occur on richer
soils and the greater degree of weed inva-
sion could be due at least in part to the
higher levels of nutrients found there

(Hobbs 1989). Also, most woodland areas

have been grazed by stock in the past.

Observations suggest that grazing can in-

crease invasion by non-natives (Hobbs,

unpublished data), possibly because of
removal of native species, nutrient trans-
fer and disturbance through trampling.

Stock are less likely to graze in dense

shrublands due to their impenetrability,

orin more open heathlands due to the lack
of palatable species. Hester and Hobbs

(1992) also found that a woodland com-

munity was much more invaded than an

adjacent shrubland.

Hobbs and Atkins {1988) conducted
disturbance experiments in five different
communities, including two woodland
(Eucalyptus wandoo Blakeley, and Acacia
acuminata Benth. /Eucalyptus loxophleba
Benth.) and three shrubland types (mixed
sandplain heath, dense shrubland domi-
nated by Allocasuarina campestris (L.)
Johnson, and an area cleared for agricul-
ture and allowed to regenerate). They car-

ried out treatments which involved nutri- -

ent addition, physical disturbance of the
surface soil and a combination of these
two. They found that physical distur-
bance of the soil increased the rate of es-
tablishment of two non-native species
whose seeds were introduced to the ex-
perimental plots. However, subsequent
growth of these species was greatly in-
creased where soil disturbance was com-
bined with nutrient addition (Figure 1).
This was true in all the communities stud-
ied, but the effect was much less evident
in the heath community. Further studies
into why heath should be less invasible
have proved inconclusive (Hobbs and
Atkins 1991). Neither fire nor removal of
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Figure 3. Abundance of non-native annuals in 50 x 50 cm quadrats along
transects through burnt and unburnt shrubland and woodland in Septem-
ber 1988, following a fire in April 1988 (as in Figure 2), Mean +18S.E., n=5.
number of plants per quadrat (-0-), perceniage cover (-8-). (a) unburnt
shrubland, (b} burnt shrubland, (¢} unburnt woodland, (d) burnt wood-

land.

shrubs by cutting had any effect on the
abundances of non-native annuals.
Clearly, some community types are
more easily invaded than others. This
may be related largely to the overall de-
gree of past and present disturbance in the

community: in general, shrub-dominated
communities in the Western Australian
wheatbelt have been subjected to less dis-
turbance in the past than woodlands, and
this may have left them better able to re-
sist invasions. The lower levels of nutri-

ents in the shrub communities also could
be important. It should be noted, how-
ever, that these results are valid only for
the pool of non-native species available at
the moment. Other non-native species
might be able to invade but currently lack
a local seed source.

The effects of fire on weed invasion
were studied by Hobbs and Atkins (1991)
and Hester and Hobbs (1992). The latter
found that fire significantly increased lev-
els of soil phosphorus, nitrate and ammo-
nium in a shrubland community domi-
nated by Allocasuarina campestris, at the
edge of a vegetation remnant (Figure 2).
In adjacent woodland, dominated by Eu-
calyptus loxophleba and Acacia acuminatn,
soil phosphorus and nitrate again were
increased after fire, These increases in soil
nutrients were not matched by an increase
in weed abundance; in fact, numbers and
cover of non-native species remained
about the same in the shrubland and de-
creased following fire in the woodland
(Figure 3). Hobbs and Atkins (1991) simi-
larly found no effect of fire on abundance
of weedy species in a heath community.

Results from single disturbances should
be treated with caution. Timing and inten-
sity of a fire can be important in determin-
ing the recovery of the native vegetation
and also may be important in determin-
ing the extent to which invasion will be
enhanced. For instance, Hobbs and
Atkins (1990) found that invasion by non-
natives was greater in a Banksia woodland
following an autumn fire than following a
spring fire. This may be because the an-
nual weedy species were able to take ad-
vantage of the short-term increase in nu-
trients following an autumn fire, but that
this effect had disappeared in the spring
fire area before the next winter growing
season commenced. Alternatively, rapid
regrowth of the native woody species fol-
lowing the spring fire may have pre-
vented establishment of weeds. Again,
few definite conclusions can be drawn
from a small number of individual fires.

Hester and Hobbs (1992) demonstrated
an increase in the abundance (cover and
density) of non-native species at the edge
of vegetation remnants (Figure 3). This is
evident in both the shrubland and the
woodland. In the shrubland, weed abun-
dances declined dramatically just a few
meters in from the edge, while in the
woodland abundances declined less rap-
idly. Greater weed abundances at rem-
nant edges were also found by Hobbs
(1989), despite the fact that non-native
seed was available at considerable dis-
tances from the edge (Hobbs and Atkins
1988). This indicates that remnant edges
are of particular concern in terms of weed
invasion. Clearly, conditions at the rem-
nant edge differ significantly from those
further inside the remnant in terms of
microclimate (Saunders et al. 1991) and



nutrient status (Muir 1979, Figure 2). The
important question is how ‘closed” the
vegetation edge is. In Figure 3, it appears
that the shrubland edge is a significant
barrier to weed invasion, whereas the
woodland edge is not. This probably re-
lates to the cover of the upper canopy,
which is dense in the shrubland but open
in the woodland. The effect of the existing
vegetation could be in modifying light
intensities or water and/or nutrient avail-
ability.

Considerations about edge effects are
particularly important in roadverge veg-
etation, where edge:area ratios are gener-
ally very high (Loney and Hobbs 1991).
Cale and Hobbs (1991) found that the de-
gree of weed invasion on roadverges
dominated by mallee vegetation was
positively correlated with the levels of soil
nutrients (phosphorus and ammonium).
In wide verges (50 m), there were distinct
gradients in soil phosphorus and weed
cover away from the paddock bounda-
ries, indicating that spread of nutrients
from the paddocks into verge vegetation
was an important correlate of weed inva-
sion. This is in contrast to the results dis-
cussed above for vegetation in larger rem-
nants, where nutrient levels per se could
not explain degree of weed invasion.
However, it appears likely that road
verges represent a much more disturbed
system than larger remnants, due to road
maintenance operations, sheep move-
ments along roads and greater impacts
from the surrounding agricultural lands.
This greater background level of distur-
bance is therefore likely to predispose
roadverge vegetation to invasion if further
disturbance is superimposed. For in-
stance, Hobbs and Atkins (1991) found
that weed growth was prolific in areas of
roadside heath vegetation that were
burned, whereas the same fire had no ef-
fect on invasion in heath in an adjacent
large remnant. Clearly, disturbance in
roadverge vegetation is likely to increase
weed invasion, and maintenance of an in-
tact canopy may be the best way to pre-
vent invasion (Cocke 1983, Breckwoldt
1986, Panetta and Hopkins 1991).

Management considerations

The picture presented above is rather con-
fusing from a management perspective.
What can the manager do about distur-
bance in relation to weed invasion? It
seems clear that disturbance is likely to
increase the likelihood of weed invasion,
buta more detailed analysis indicates that
not all disturbances act in this way.
Should we then advocate that managers
try to eliminate disturbance from natural
vegetation? The simple answer to this is
that this is neither possible nor desirable,
Itis not desirable because disturbance is a
natural part of most of the natural ecosys-
tems of Australia, and most plant com-
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munities depend on either small-scalé or
large-scale disturbances for regeneration
and maintenance of species richness
(Hobbs and Huenneke, personal commu-
nication). To exclude all disturbances
would in itself constitute a major distur-
bance which would severely disrupt the
natural processes within native vegeta-
tion. It is also unrealistic to think that we
could exclude’all disturbance since it is
impossible to do so from a practical view-
point.

We can, however, try to assess the types
of disturbance prevalent in any particular
area and assess their importance in terms
of their effects on invasion. We can con-
sider the acute disturbances such as fire,
as compared with the more chronic dis-
turbances such as stock grazing and nutri-
ent input. We also can compare natural
large-scale natural disturbances such as
floods, about which we can do little, with
smaller-scale disturbances such as road
construction and maintenance, about
which we can do a great deal. In this way
we can determine which disturbances are
most important in enhancing invasions,
and which can be treated ina sensible and
cost-effective way. If the most important
disturbances can be treated easily, then
the problem of weed invasion can be
minimized, preventatively. If, however,
the major disturbances prove to be intrac-
table problems, we then have to move
away from prevention of invasions and
more towards direct control measures.

The examples from the Western Aus-
tralian wheatbelt have highlighted some
problems involved in managing distur-
bance, Contrary to current predictions,
fire per se did not increase the degree of
weed invasion in native vegetation, pro-
viding other types of disturbance were ab-
sent. Thus, in this situation, fire may be a
good management tool to regenerate na-
tive plant communities, However, this is
not so on roadverges, where other forms
of disturbance are experienced. Nutrient
levels also appear to be important in de-
termining weed invasion; this will be-
come increasingly important if nutrient
inputs into remnant vegetation from sur-
rounding farmland continue. Simple con-
trol of the weeds present in an area with
elevated nutrients will not solve the prob-
lem, This corresponds to treating the
symptoms, not the cause of the problem.
In the long-term, nutrient levels will need
to be reduced. Similarly, in light-limited
forests, weed control will not succeed un-
less it is accompanied by re-establishment
of native vegetation cover.

Generally managersneed to consider all
aspects of the disturbance regime within
native vegetation. Those aspects of the
natural regime that are essential for regen-
eration and community dynamics need to
be maintained. Other disturbances, espe-
cially those arising from external human

activities, such as adjacent agriculture,
stock grazing or road building should be
kept to a minimum. The pervasive prob-
lem of invasion makes the management
of disturbance difficult, but not impossi-
ble. Disturbance regimes cannot be left to
themselves, however; active decisions are
required on which disturbances, and
hence which species, are to be encour-
aged.

The major principles for management
of disturbance can be summarized as fol-
lows:

1. The natural disturbance regime should
be maintained as far as possible.

2. Prevention should be used to manage
weeds rather than direct control, except
where disturbances are intractable.

3. Any disturbance due to human activi-
ties should be minimized,

4. Causes rather than symptoms of prob-
lems should be treated.

5. Synergism often operates between dif-
ferent types of disturbance, and the ap-
proach to introducing any human dis-
turbance should thus be conservative.
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