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CHAPTER 17

The Nature and Effects of Disturbance
Relative to Invasions

RicHARD J. HOBBS

17.1 INTRODUCTION

Biological invasions are a fact of life today, and many natural communities have
been or are being invaded by non-native species which affect natural community
and ecosystem process. There is still a lot of debate on the characteristics of
invasive species and invasible communities (e.g. Crawley, 1986, 1987; Newsome
and Noble, 1986). For plant communities several authors have suggested
that some form of disturbance is an important precursor to invasion, especially
where this disturbance disrupts strong species interactions and hence reduces
competition (e.g. Kruger et al., 1986; Macdonald et al., 1986; Crawley, 1986, 1987,
Orians, 1986; Fox and Fox, 1986). Although we have a considerable amount of
information on invasions, most of the available data are observational or
historical and there has been little attempt to assess experimentally the effects of
disturbance on the invasibility of communities.

In this chapter I therefore illustrate the potential for experimentation in the
ficld of biological invasions, especially with respect to disturbance. I will firstly
examine the nature of disturbance in natural communities and then discuss in
detail a series of experiments on the effects of disturbance on the invasibility of
natural plant communities, and finally discuss the relevance of these rather local
experiments to the global perspective aimed at in these proceedings.

17.2 DISTURBANCE AND PATCH DYNAMICS

Although disturbance is frequently cited as a factor leading to invasions, the
nature of the disturbance is not usually explored. Recent reviews have em-
phasized the importance of disturbances of various types in the functioning of
many natural communities and ecosystems (White, 1979; Sousa, 1984; Pickett
and White, 1985; Hobbs, 1987), particularly in relation to patch dynamics. White
and Pickett (1985) give a broad definition of disturbance as ‘any relatively discrete
event in time that disrupts ecosystem, community or population structure and
changes resources, substrate availability or the physical environment’. Problems
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of scale arise when, for instance, events causing disruption are actually part of
longer-term environmental fluctuations—a flood or a drought may constitute a
disturbance but still be part of the normal hydrologic or climatic cycle. These
problems have been addressed elsewhere (e.g. Pickett and White, 1985) and will
not be pursued here.

Disturbances are viewed as creating patches of either open ground or increased
resource availability, often through the removal of the species present before
disturbance. There has been increasing interest in ‘patch dynamics’, or the
processes of patch creation and filling, and many studies have examined the
formation and colonization of patches caused by different types of disturbance,
e.g. by animal disturbance (Platt, 1975; Collins and Barber, 1985; Hobbs and
Mooney, 1985), treefalls (Brokaw, 1985; Collins et al., 1985), or wave action in
intertidal and subtidal environments (Sousa, 1985; Connell and Keough, 1985).
Although immigration into patches is recognized as an important process, the
invasion of pre-existing or newly formed patches by non-native species has been
little studied. Indeed, invasive species have often been considered outside normal
community processes, but biological invasions are now simply a subset of
normal community process (e.g. Diamond and Case, 1986; Chesson, 1986).
Human activities have rendered many introduced species part of the ‘natural’
community. Fragmentation has led to the juxtaposition of natural and human-
made systems, and intentional and unintentional human transport of non-
native species often provides a pool of such species able to disperse into natural
systems.

The invasion of natural plant communities can be characterized by a number of
stages. Firstly, seed must disperse into the community and remain there long
enough to germinate. Subsequent establishment and growth to seed set, followed
by retention of seed in the soil until at least the following season, are then required
for persistence in the community. In this chapter I take the view that the invasion
process requires not only the availability of an invading species able to disperse
into an area but also the formation of a patch suitable for colonization. 1 will
explore the characteristics which make a patch susceptible to invasion and
examine whether these vary in different communities. Rather than examining this
question on a wide scale, I will first discuss a series of different communities
occurring in the same location. I take an experimental approach to these
questions to assess whether communities can be made more invasible.

17.3 DISTURBANCE, RESOURCES AND INVASIBILITY

17.3.1 Background to experiments

I carried out a series of experimental manipulations within five different plant
communities occurring in close proximity to one another. The studies were
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carried out on Durokoppin Nature Reserve near Kellerberrin, 200km east of
Perth, Western Australia. The area has a Mediterranean-type climate with a
mean annual rainfall of 340 mm, falling predominantly in winter, and a strong
summer drought with only occasional cyclonic storms. The study site lies in the
Western Australian wheatbelt, an area extensively cleared for agriculture
containing a large number of small (mostly <200ha) remnants of native
vegetation (Kitchener et al., 1980). Durokoppin Reserve (1030 ha) is the largest
remnant in the Kellerberrin area where only 2.8% of the land area can be classed
as ‘natural’ vegetation (i.e. uncleared land not grazed by sheep).

The native vegetation of the Western Australian wheatbelt is very diverse, with
high species numbers and complex vegetation mosaics, related partially to soil
patterns (Beard, 1983; Hopkins and Griffin, 1984). Clearance has converted
communities dominated mainly by perennials into pasture and cropland
dominated by annual species. Here, as in other parts of Australia, invasion of
natural vegetation by non-native annual species is recognized as a major problem
in conservation (Bridgewater and Backshall, 1981; Adamson and Fox, 1982;
Hopper and Muir, 1984). Invading species include species common in surround-
ing pasture land, particularly Arctotheca calendula, Avena fatua, and Bromus
spp., and others such as Ursinia anthemoides and Hypochaeris glabra (nomencla-
ture follows Green (1985) throughout). Soil disturbance is a common pheno-
menon in the native plant communities, both through the activities of the fauna
and by humans. In addition, non-native pasture species are known to respond
well to addition of major nutrients, particularly N and P (Rossiter, 1966; Mclvor
and Smith, 1971). Soil disturbance and nutrient addition were therefore the two
principal foci of these experiments.

17.3.2 Communities studied

The vegetation of Durokoppin Reserve consists of a mosaic of many different
communities, falling into the main structural categories of woodland, mallee,
shrubland and heath. T selected for study examples of the most common
communities.

1. Casuarina shrubland dominated by Allocasuarina campestris, with a sparse
understorey of Hakea scoparia and Verticordia chrysantha and few annuals.

2. Heathland composed of many species of Proteaceae (including Grevillea spp.,
Hakea spp.), Myrtaceae (Verticordia spp., Baeckia spp.) and Epacridaceae
(e.g. Andersonia lehmanniana), with scattered annuals including Blennospora
drummondii, Helipterum demissum and Trachymene cyanopetala.

3. ‘Edge’; open shrubland with scattered Hakea recurva, Verticordia crysantha
and Grevillea paradoxa on an area cleared approximately 50 years ago for
agriculture and subsequently abandoned. Dense patches of native annuals are
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present, including Helipterum hyalospermum, Waitzia acuminata and
M yriocephalus gracilis.

4. Woodland dominated by jam, Acacia acuminata, and York gum, Eucalyptus
loxophleba, with little understorey and a ground layer of scattered Stackhousia
monogyna, Borya nitida, and abundant native annuals including Helichrysum
lindleyi, Waitzia acuminata and Trachymene cyanopetala.

5. Woodland dominated by wandoo (Eucalyptus wandoo) with a sparse under-
storey of Acacia spp. and scattered native annuals, particularly Podolepis
lessonii.

17.3.3 Experimental procedure

All of these communities had large areas of bare ground (i.e. > 30% cover) within
them, either between shrubs or underneath tree canopies. The areas chosen for
study were relatively free of non-native annual species. I set up 1 m? plots in bare
areas and carried out the following treatments:

C: control (no manipulation).
D: disturbance of the soil by breaking the soil crust (if any) and turning the soil
over with a spade to a depth of 5cm.
F: fertilized with 50 g slow-release ‘Osmocote’ fertilizer (18% N as 7.5% NO,,
10.5% NH,; 4.8% P; 8.3% K and 3.0% S as K, SO,).
DF: Disturbance (as above) combined with fertilizer (as above).

A plot size of 1 m? was selected to fit into bare areas between shrubs or
herbaceous perennials. Each treatment was replicated four times in each
community. Within each set of plots, treatments were allocated randomly to
plots, and individual plots were separated by at least 0.5m. Nitrogen and
phosphorus are generally considered the major limiting nutrients in the soils
studied (e.g. Groves, 1981; Bettenay, 1984).

The experiment ran from May to September 1985 in the wandoo woodland and
May to September 1986 in all other communities. To remove the effect of
‘opportunity’ (i.e. difference in invasion due to differential availability of
propagules), [ added seed of introduced species to the plots. I scattered into one
half of each plot 100 seeds of Avena fatua, a non-native annual grass, and into the
other half 100 seeds of Ursinia anthemoides, a non-native annual forb. Both are
common invasive species which are widespread both around the study area and
in southwest Western Australia as a whole, but were absent from the immediate
vicinity of the study plots. Seed bank trials indicated that seeds of these species
were present in the soil in low numbers; this was not controlled for during the
experiments.

I counted numbers of established seedlings in June/July following the start of
the experiment and all above-ground material was harvested in September,
sorted into species, dried and weighed.
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17.3.4 Results and discussion

The experimental treatments could possibly increase the invasibility of the
communities in two ways, either by increasing resource availability (adding
nutrients, which represents a chemical disturbance) or by producing patches of
altered substrate characteristics (representing a physical disturbance). Both
manipulations could act by directly enhancing the establishment and survival of
non-native species or by altering competition for resources between native and
non-native species. The five communities studied had quite different attributes
(Table 17.1). The shrub communities (Casuarina and heath) had high densities of
shrubs with few native annual species while the woodland communities had few
shrubs and more native annuals. The ‘edge’ or old-field plot was intermediate,
with scattered shrubs and relatively high densities of native annuals. Soil nutrient
status was roughly similar in all communities except for the jam-York gum
woodland which had significantly higher levels of N, P and K (Figure 17.1).

Despite these differences between communities, the effects of experimental
manipulation were remarkably constant over all the communities (Figure 17.2).
Establishment of Avena was greatly enhanced by disturbance, with or without
fertilizer addition, while fertilizer on its own had little effect. The same was true for
Ursiniain the wandoo woodland in 1985, but establishment in 1986 was low in all
communities, and there was little treatment effect. This difference in Ursinia
establishment between years may indicate the importance of climatic variations
in determining the success of invasions. We have observed similar links between
climatic fluctuations and shrub invasion of grassland in northern California
(Williams et al., 1987). There was some establishment of Avena and/or Ursinia in
the control plots in all communities, but the Casuarina and Jam-York gum
controls contained the most seedlings.

In all communities, biomass of individual Avena and Ursinia plants showed
little response to disturbance alone (Figure 17.2b). In the Casuarina, edge and
wandoo communities there was a small increase in biomass in the fertilized plots
and a much larger increase where disturbance was combined with fertilizer
addition. In the heath and jam—York gum plots, individual plant biomass in the
disturbance + fertilizer plots was not significantly different from that in the
fertilized treatment. Although seed output was not measured directly, there was a

Table 17.1.  Main biotic characteristics of the communities studied; density and diversity
of the shrub layer and of native annuals

Shrub layer Native annuals
Casuarina shrubland High density/diversity Low
Health High Low
Edge Low High
Jam-York gum woodland Very Low High

Wandoo woodland Very low Medium




394 Biological Invasions: a Global Perspective

30007
< 2000} H_
a
o b
=
S 1000
s l
'_ |
0 J
T 7
E 40}
g {* —t
o
T 20}
o
o)
1000
E 800}
a
a
=~ 600}
=
S 400}
o
: EOO-—'—r#—I-‘_
O 4

Heath
Edge

Figure 17.1. Soil nutrient status in the five commun-
ities studied. Values for total N (honda digest) and total
P and K (nitric acid/sulphuric acid digest), expressed as
ppm (mean of 5 samples + 1 SE)
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strong correlation between plant biomass and numbers of seed produced for both
species. Plant biomass can therefore be equated with reproductive output.

Total biomass of the species added showed the same patterns, with little effect
of disturbance or fertilizer alone but a very large effect when they were combined
(Figure 17.2c). Only in the jam-York gum community was biomass of Avena in
the disturbance + fertilizer plots not significantly different from that in the
fertilized only plots.

Despite the qualitatively similar treatment responses in different communities,
there were some quantitative differences, both in numbers establishing and in
biomass. Highest numbers establishing for both species occurred in the woodland
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sites. The heath site had significantly lower biomass of both species than the other

sites.

From these results I conclude that disturbance enhanced the successful
establishment of the two added non-native species in all the communities studied,
but that these species grow considerably better where disturbance is coupled with
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Figure 17.2. Responses of Avena fatua and Ursinia anthemoides sown in experimental
plots (each 1 m?) in five different communities. Treatments are: C, control; D, disturbed: F,
fertilized; DF, disturbed + fertilized. Histograms give mean values + 1 SE. Letters above
bars indicate results of S-N-K test (Student-Newman-Keuls) (Steel and Torrie, 1982):
treatments with different letters are significantly different at P < 0.05. (a) Number of
seedlings established in each plot. (b) Individual plant biomass (dry weight). (c) Total dry
weight of species per plot

nutrient addition. Nutrient addition alone was important only in the jam-York
gum woodland, where both individual plant and total biomass were similar in the
fertilized plots with and without disturbance. Establishment was highest in the
two woodland sites, but growth was not subsequently better there. The
community apparently least susceptible to invasion was the heath.

17.3.5 Other species

Experimental manipulations also had an effect on the native annuals present
(Figure 17.3). Disturbance alone had little effect on native species, but fertilizer,
either with or without disturbance, significantly increased native species biomass
in all but the Casuarina and heath plots. The annuals in the Casuarina
community showed no treatment responses, while in the heath community
biomass significantly increased in the fertilized plots only. Differences between
fertilized and disturbed plus fertilized were not significant in the edge, jam-York
gum and wandoo communities. Increases in biomass in the fertilized plots were
generally due to large increases in a few species, notably Blennospora drummondii
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Figure 17.3. Responses of native annuals and non-native species other than Avena
and Ursinia in experimental plots. Treatments and statistical notation as for
Figure 17.2.

in the heath, and Actinobole uliginosum and Helipterum hyalospermum in the
edge community. These results are discussed more fully by Hobbs and Atkins
(1988).

Non-native species other than those sown (notably Arctotheca calendula,
Hypochaeris glabra and Vulpia myuros) established in control plots only in the
Jam—York gum woodland. There and in the edge and wandoo woodland there
was a marked increase in other non-natives in the fertilized and disturbed plus
fertilized plots. In the Casuarina, wandoo and Jam-York gum communities,
biomass of these species was significantly higher in the disturbance plus fertilizer
treatment than in the fertilized only plots. Few other non-native species
established in the heath plots, again indicating that this community is the least
susceptible to invasion.

The result in Figures 17.2 and 17.3 indicate a difference in response between
native and non-native annual species, with natives responding to higher
nutrients, with or without disturbance, but non-natives responding most to the
combination of disturbance and fertilizer addition. Care must be taken, however,
when comparing the response of native species already present as seed in the soil
with that of the added non-native species, since disturbance would affect
placement of the seeds already present.
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17.3.6 Interpretation

Successful invasion of a natural community requires dispersal, establishment and
subsequent persistence. In most reserves in the Western Australian wheatbelt,
dispersal is not the process limiting invasion since most areas receive propagules,
as evidenced by the presence of other non-native species in the treatment plots.
These experiments thus considered mainly germination, establishment and
growth. Increased germination and establishment in the disturbed areas is
probably due to reduced seed loss through secondary dispersal by wind and
water or predation by ants, combined with increased germination following the
disruption of the soil crust. Seeds in disturbed plots were probably partially
buried during rainfall events and thus would experience a markedly different
microenvironment from those on the undisturbed surface. Disturbance thus
provides a more heterogeneous environment and more safe sites (Harper, 1977;
Grubb, 1977, Silvertown 1981; Fox, 1985) for the non-native species. I have not
yet investigated the effect of soil disturbance alone on nutrient availability, but
there is likely to be at least a small and temporary increase following disturbance
although this will not be of the same magnitude as the results of fertilizer addition.
The large increase in growth in the disturbed plus fertilized plots suggests that the
non-native species are usually extremely nutrient limited in the unaltered soil.
Disturbance combined with nutrient addition thus not only provides a safe site
but increases resource availability to the established plants. Native annual species
respond less dramatically to the combination of disturbance and nutrient
addition, and observations suggest that they do not germinate preferentially in
disturbed areas.

It is usually assumed that disturbance temporarily increases resource availa-
bility (Tilman, 1982; Pickett and White, 1985) or causes a resource shift (Fox and
Fox, 1986). However, I suggest that certain types of disturbance need not
significantly increase resource availability, expecially in community where light is
not limiting. In the present case, soil disturbance may alter resource availabilities
sufficiently to affect the germination response of the non-native species but does
not significantly increase the resources available to the established plant. Such a
disturbance will not therefore lead to increased invasion success, whereas a
disturbance which increases resource levels is more likely to.

In Western Australian wheatbelt plant communities, many natural small-scale
soil disturbances occur through the activities of ants, echidnas (Tachyglossus
aculeatus Shaw) and other soil fauna. These probably do not lead to large
increases in nutrient availability at the same time, although some ant species
produce middens composed of discarded seed and other material which probably
increases nutrient levels in the immediate vicinity. Rabbit disturbance is also
usually accompanied by the deposition of faces, which leads to increased nutrient
levels. These areas then provide foci for invasion by non-native annuals. The
same result can be produced by fertilizing echidna scrapes. Fires also produce a
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Figure 17.4. Degree of invasion into vegetation
remnants from the remnant edge in different com-
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temporaryincreasein nutrientavailabilityand may also lead toincreased invasion.
Windblown fertilizer, sand or stubble from adjacent farmland into small remnant
areas provides another potentially large source of nutrient input. The combination
of natural soil disturbance and increased overall nutrient levels is likely to lead
to increased invasion by non-native annual species unless transfer of nutrients
between farmland and natural vegetation can be minimized.

Although differences between communities were apparent, all those studied
were shown to be invasible. Only the heath community showed a significantly
greater resistance to invasion. The reasons for this are not immediately obvious.
The heath is very species rich, and it could be suggested that the degree of species
packing and internal organization influences the susceptibility of the community
to invasion. This explanation is not really satisfactory because it is difficult to see
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how woody shrub diversity affects growth of herbaceous species in the inter-
shrub gaps. The results cannot be explained by looking only at the ‘guild’ of
annual species. Competition with native annual species will be most intense in the
edge and jam—York gum communities, but there is no real evidence that these
‘keep the invaders out’. There are many possible factors which may explain the
low invasibility of the heath, including microclimatic factors or differential ant
predation. All plots were also open to herbivory; further experiments controlling
for this are planned. The next step will be further experimentation in the heath,
including the creation of larger patches by removal of shrubs or fire.

If we look at the present degree of invasion of the communities studied
(Figure 17.4) we can see that the experimental results give a good indication of the
actual invasibility of the communities. The woodland communities already have
large numbers of non-natives present, whereas the heath community does not.
The Casuarina community also has few non-natives present, despite the
experimental result that non-natives can do well within it. Here, perhaps, is a case
where dispersal into the dense shrub community is restricted; this again requires
further investigation.

It is of some comfort to find that the community which contains the largest
proportion of the botanical diversity in the region is the least susceptible to
invasion. On the other hand, the woodland communities, which are the least well
represented in nature reserves through preferential clearing, are susceptible to
invasion. Invasion of these communities by non-native herbaceous species may
strongly affect community and ecosystem properties by preventing regeneration
of the tree species or altering fuel configurations and hence fire regimes (e.g.
Wycherley, 1984).

174 COMPARISON WITH OTHER SYSTEMS

I have presented results of an experiment on a series of diverse communities in
one geographical location. What relevance do these results have to the broader
perspective aimed at in these proceedings? This question is difficult to answer since
few data are available which specifically address the problem. Other chapters in
this symposium have discussed the importance of disturbance in allowing plant
invasion (e.g. Kruger et al, this volume; Rejmanek, this volume). Fox and Fox
(1986) concluded that, “There is no invasion of natural communities without
disturbance’, while Mack (1985) stated that ‘Sufficient examples can now be
assembled to indicate that invasion can proceed without continuing disturbance.’
Thus, for instance, pines in Australia and South Africa are apparently able to
invade native plant communities in the absence of disturbance (Burdon and
Chilvers, 1977; Kruger, 1977). This does not preclude the necessity for an initial
disturbance to create a focus for establishment, however. There are other
examples from Australia which suggest that fertilizer application in the absence of
soil disturbance will allow non-native species to invade native communities (e.g.
Rossiter, 1964; Armor and Piggin, 1977; Heddle and Specht, 1975). Clearly soil
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characteristics will be important, and in the Western Australian case reported
here, the integrity of the soil surface crust may be an important feature preventing
invasion even following nutrient addition. It is clear that a particular disturbance
type does not have a ‘generic’ effect in all situations.

Different responses to disturbance may also arise where the invasive species are
predominantly perennial rather than annual. For instance L. Cameron (personal
communication) found little interaction between nutrient addition and dis-
turbance when perennials such as Hypochoaris radicata and Lolium perenne were
sown in three different communities in northern New South Wales.

Recentexperiments on serpentine grasslandsin northern California have shown
that it is possible to change the grassland dominated by native forbs into one
dominated by non-native grasses by adding nutrients (Hobbs et al., 1988; L.
Huenneke and coworkers, personal communication). Hobbs er al., (1988) have
shown that physical disturbance of the soil by gophers may reverse the invasion
process. After spot applications of fertilizer, they found that non-native grasses,
mainly Bromus mollis and B. trinii, increased greatly in abundance. The mulch
formed by the dead grasses led to enhanced germination of Bromusin the following
year, coupled with reduced survival of the native species. Fertilised plots that were
subsequently disturbed by gophers had this mulch removed and native species
were able to recolonize. Thus it appears likely that continual soil disturbance by
gophersatsomesitesplaysanimportant partin preventing non-nativespecies from
becoming dominant, and in retaining serpentine grasslands as natural ‘islands’
surrounded by seas of grasslands dominated by non-native Mediterranean grasses.
In this case, therefore, although gopher disturbance is important to the internal
dynamics oftheserpentine grassland (Hobbs and Mooney, 1985), nutrientaddition
is a much more disruptive ‘disturbance’ in terms of invasion by non-natives.

175 SUMMARY AND CONCLUSIONS

I have outlined a simple experimental approach to the question of what
determines the invasibility of natural plant communities. Using the example of a
number of different communities in southwest Australia, [ investigated the effect
of soil disturbance and nutrient addition on invasion by introduced annual
species. Soil disturbance enhanced establishment of introduced species, but their
subsequent growth was greatly increased when soil disturbance was combined
with nutrient addition. Other studies have found similar effects of nutrient
adddition alone, and I conclude that the attributes of the system in question
determine the influence of disturbances on invasibility. The experiments carried
out so far are somewhat exploratory and leave many questions unanswered, but
point the way to possible generalizations.

What resources are limiting and the natural disturbance regime will determine
which disturbances are likely to have the largest effect. One can predict, for
instance, that the creation of gaps might be more important than nutrient
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increase in light-limited systems. A general statement might be that disturbance
will enhance invasibility only if it increases the availability of a limiting resource.
This is essentially a truism, since the resource must be limiting to the invading
species, but it is nevertheless useful to consider which resources are being
significantly altered by disturbance. It is quite possible to have a disturbance
which does not significantly increase the availability of a resource which is
limiting to an invader, and it is important to be able predict the effects of
disturbances on this basis.

While comparisons across systems are important, detailed studies within
individual systems are also needed. The long-term conservation of many natural
systems now depends on our ability to understand the invasion process and find
ways to arrest or prevent it. While we must still rely heavily on historical and
observational data on invasions, we must also make use of other tools including
modelling and experimentation to help explain some of the questions arising
from observational studies. Experimentation has been used relatively little to
date and, clearly, some natural systems are more suitable for experimentation
than others. There is nevertheless a wealth of information to be obtained from
relatively simple and inexpensive experimental techniques.
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