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Abstract

Question: Shrub invasions often alter ground layer vegetation but the perma-

nence of these changes is sometimes unclear. We asked: (i) do affected commu-

nities recover to their former state when invading species decline; (ii) do plant

species density and composition change through the successional sequence of

shrub invasion, dominance and decline; and, if yes, (iii) is change dependent on

the scale of observation?

Location: Yanakie Isthmus, Wilsons Promontory National Park, southeastern

Victoria, Australia.

Methods: We use a nested quadrat approach along a chronosequence of inva-

sion states (uninvaded, invaded, senescent) to document composition and diver-

sity of coastal grassy woodland in response to invasion by the range-expanding

native shrub Leptospermum laevigatum (Myrtaceae) across multiple spatial scales.

Non-metric multidimensional scaling and species–area curves were used to

assess changes in vegetation and the ability of invaded communities to return to

‘uninvaded’ states after the senescence of Leptospermum.

Results: Shrub invasion did not lead to a decline in total species density. How-

ever, there was a significant shift in species composition, suggesting species

replacement. Canopy gaps created by Leptospermum senescence had significantly

higher species density at a large scale of observation (256 m2), but not at any of

the smaller scales. Species composition within Leptospermum gaps was initially

highly variable and significantly dissimilar to that prior to gap creation. With

increasing time-since-gap creation, floristic composition became less varied and

more similar to the uninvaded state, but the oldest gaps were still composition-

ally different to the uninvaded state. These results were coupled with decreases

in light, soil nitrate and soil moisture following invasion, and an increase in

those variables following the creation of tree-fall gaps.

Conclusions: Community composition was positively influenced by the crea-

tion of gaps within an otherwise shrub-dominated ecosystem. Gaps represent

the removal of potential inhibitory influences created by the dominant species

and permit the return of the system to that more similar the uninvaded state.

Gaps also increased heterogeneity in the landscape that promoted species diver-

sity in an otherwise uniform landscape. These patterns were scale-invariant.

Introduction

Woody plant encroachment is a global phenomenon,

with studies documenting changes in grasslands (Lett &

Knapp 2005), woodlands and savanna (Bennett 1994;

Price & Morgan 2008). The underlying mechanisms are

varied and complex, but changes in key drivers such as

climate, disturbance regimes and land-use practices

(Bennett 1994; Sharp & Wittaker 2003) may favour

some woody species that are normally held in check by

competitive interactions (Berkowitz et al. 1995). Regard-

less of the mechanism, the invasion or encroachment of
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woody plants into herbaceous-dominated ecosystems

generally results in an impoverishment of the original

community (Price & Morgan 2008; Eldridge et al. 2011),

and may facilitate invasion by other non-native species

(Hobbs & Mooney 1986; Lett & Knapp 2005; Price &

Morgan 2008) thus causing reductions in light (Costello

et al. 2000; Lett & Knapp 2005), alterations to soil nutri-

ents (Vitousek et al. 1987) and increased rate of leaf lit-

ter decomposition (Throop & Archer 2007). These, in

turn, can also have a significant influence on ecosystem

functioning (Eldridge et al. 2011).

Whether or not these changes can be regarded as a per-

manent shift to an alternative stable state (sensu Lewontin

1969) is of great theoretical and practical interest. The gen-

erally negative influences of invasive woody species are

driven by the dominance of the invader, and so may only

persist as long as the woody invader occupies the site. If

the invader recruits continually to formmulti-aged stands,

then the potential exists for it to occupy a site indefinitely,

effectively creating an alternative stable state. However,

where an invading species forms even-aged stands due to

highly pulsed recruitment events (e.g. an obligate seeder

recruiting after infrequent fire), then the potential exists

for reversion to a pre-invaded state, as individuals die out

and are not replaced by recruitment in the absence of fur-

ther disturbance (Throop & Archer 2007). Given that most

seed dispersal is local, the resilience of native plant com-

munities to landscape-scale invasion and their trajectory of

recovery will be determined mostly by how well native

species can survive the period of occupancy by the invader,

and what kind of ‘starter kit’ they form at the point when

the invader begins to senesce. Few studies, however, have

demonstrated that the native community can recover after

the decline of the invading woody species (Menges et al.

2008).

The creation of canopy gaps during senescence is poten-

tially key to the recovery of long-encroached ecosystems.

Most studies concerned with gap dynamics have studied

natural ecosystems such as tropical rain forests (Denslow

1980; Canham et al. 1990), grassland (Coffin & Urban

1993; Morgan 1997), shrubland (Williams 1992; Menges

et al. 2008) and savanna (Rebertus & Burns 1997). No

studies assess whether gap creation in shrub-encroached

ecosystems provides opportunities for native species in the

original community to re-establish.

Despite many studies documenting the negative

impact of shrub encroachment and the positive impact

of gap formation in native ecosystems, none have

linked them together to explain the potential for recov-

ery post-invasion. We use a chronosequence approach

to study the effects of invasion, senescence and gap cre-

ation in a coastal grassy woodland in southern Australia

that has been invaded by the range-expanding native

shrub Leptospermum laevigatum (Gaertn.) F.Muell. (Myrt-

aceae). We hypothesized that shrub invasion would

have a negative effect on species diversity through

inhibitory mechanisms that would be ameliorated fol-

lowing gap creation by shrub senescence, allowing

opportunities for native community recovery. In partic-

ular, we ask: (i) how do plant species density and com-

position change through the successional sequence of

shrub invasion, dominance, senescence and gap crea-

tion; (ii) is change scale-dependent; and (iii) how does

floristic composition relate to changes in light, litter and

soil properties associated with shrub invasion and

senescence?

Methods

Study system

This study was conducted on the Yanakie Isthmus

(38°530 S, 146°140 E) at Wilsons Promontory National

Park, Victoria, Australia. Soils are Pliocene calcareous sedi-

ments overlying siliceous sands (Oyston 1988) of high pH

(Bennett 1994). Altitude ranges up to 70 m a.s.l., andmost

of the 1000 mm annual rainfall falls in the winter months

of July and August. In the recent past, the Yanakie Isthmus

was sparsely wooded, consisting of grassy woodlands dom-

inated by Banksia integrifolia and Allocasuarina verticillata

(Gregory 1885; Fig. 1a). Nowadays the area is almost

entirely dominated by dense Leptospermum laevigatum

scrub, a species previously confined to coastal dunes (Par-

sons 1966). Leptospermum forms closed canopy stands that

are structurally dissimilar to the more open vegetation that

it invaded (Fig. 1b).

The recent expansion of Leptospermum on the isthmus

and other areas (see Molnar et al. 1989) has been attrib-

uted to anthropogenic changes in grazing and fire regimes

(Bennett 1994). Evidence suggests that both the Aborigi-

nal inhabitants of the isthmus, and later European settlers,

deliberately lit low-intensity fires to promote new plant

growth for grazing mammals (Whelan 2008). Leptosper-

mum, a long-lived shrub up to 8–12-m tall, is an obligate

seeder and is killed by low-intensity fire (Burrell 1981;

Molnar et al. 1989). Frequent patch burning by Aborigi-

nals and graziers at intervals shorter than about 7 yr

(when Leptospermum reaches reproductive maturity)

would have contained the spread of Leptospermum on the

isthmus, until it was added to the National Park and came

under a policy of fire suppression (Bennett 1994). Further,

the overabundance of both native and introduced grazing

mammals has assisted the invasion process by reducing

fuel loads in young Leptospermum stands to the point where

the vegetation is unable to carry the second fire necessary

to eliminate the species before its reaches reproductive

maturity (Whelan 2008).
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Study design

To assess changes in the vegetation associated with Lepto-

spermum invasion and decline, 29 sites in six ‘states’ were

selected to represent a chronosequence from invasion to

senescence: (i) ‘Uninvaded’: mature Banksia integrifolia

dominating the canopy layer, with no Leptospermum pres-

ent; (ii) ‘Recently Invaded’: mature B. integrifolia dominat-

ing the canopy layer, but with an intact, sometimes patchy

ca. 2-m high shrub layer of Leptospermum; (iii) ‘Long

Invaded’: Leptospermum-dominated scrub, ca. 6-m high

and almost 100% canopy cover, with no B. integrifolia

present as a canopy layer; (iv) Young canopy gaps; (v)

Mid-aged canopy gaps; and (vi) Old-aged canopy gaps.

Gaps were created by the senescence and/or fall of large

Leptospermum individuals, at sites that were otherwise

‘Long Invaded’. This species does not form annual rings

and the absolute age of fallen trees could not be deter-

mined. Instead, gapswere assigned to one of the three rela-

tive age classes (Young, Mid and Old) based on the state of

the crown, trunk and coppice shoots of the trees that had

made the gap (Appendix S1). The calculated scores for gap

sites ranged from three to 11, but fell into three homo-

geneous groups, with Young gaps ranging from three to

five, Mid-aged gaps from eight to nine, and Old-aged gaps

from ten to 11. All sites were a minimum of 100 m apart.

We sampled five sites of each of the six states, except Old-

aged gaps (n = 4), for a total of 29 sites.

Floristic composition was determined using a nested

quadrat approach to enable a multi-scale analysis; all spe-

cies rooted in quadrats of 1, 4, 16, 64, 256 and 1024 m2

were recorded and assigned a visually estimated Braun-

Blanquet cover abundance score. Quadrats were expanded

from a single corner point. Braun-Blanquet scores were

also assigned for litter in each quadrat, and mid-point

cover values were used for analysis. Each site consisted of a

single nested quadrat, up to the dimensions that the site

allowed; all study sites were large enough to accommodate

at least an 8-m 9 8-m quadrat.

Changes in soil properties associated with invasion and

senescence were tracked by collecting samples once at the

start of the growing season (early September 2008) before

the peak plant uptake of nutrients such as N and P (Tisdale

et al. 1985). The top 5 cm of the soil A horizon was col-

lected from three random locations per site, bulked into a

single sample and sent to a commercial laboratory for

analysis. Moisture content was measured gravimetrically

(Lookingbill & Urban 2005). Coarse litter was quantified in

20 0.044 m2 circular samples (radius = 3.75 cm) along a

20-m transect per site. Litter samples were air-dried at

room temperature (ca. 25 °C) for a minimum of 72 h,

sieved (2-mmmesh) to remove soil, then weighed.

Light availability at each site was assessed with hemi-

spherical fisheye photographs (Jonckheere et al. 2005).

Photographs were taken with a Sigma 8 mm fisheye lens

(Rockonkoma, NY, USA) and a Nikon camera (Otawara,

Tochigi, Japan), using Kodak Professional BW400CN film

(Rochester, NY, USA). The camera was positioned level

atop a 1.3-m tripod and orientated to north. A photograph

was taken in the approximate centre of each site at dawn

(Jonckheere et al. 2005). The images were scanned and

digitized at 600 dpi, and then analysed using WINPHOT

v 5 (Tropenbos International, Wageningen, the Nether-

lands) for canopy openness, direct site factor (DSF), indi-

rect site factor (ISF), and global site factor (GSF).

Data analysis

Differences between vegetation states for environmental

variables (soil moisture and nutrients, light, canopy

openness and litter) and species density were analysed

using one-way ANOVA with Bonferroni post-hoc tests, or

(a)

(b)

Fig. 1. Paired photographs taken on the Yanakie Isthmus, Wilsons

Promontory National Park. (a) Photo taken ca. 1960 displays a grass-

dominated swale with sparse Banksia integrifolia overstorey. (b) Photo

taken in 2008 shows the uniform dominance of Leptospermum

laevigatum. Photos courtesy of JimWhelan.
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their non-parametric analogues if assumptions could not

be met using data transformations. The rate of species

accumulation was tested by comparison of the linear func-

tions of log-log transformed species–area curves. One-way

ANOVA and Bonferroni post-hoc tests were then used to

test for significant differences in the slope (z) and elevation

(c) of the linear function describing species accumulation

for each invasion state, using the slope and intercept of

each site as replicates.

Species composition was analysed using non-metric

multidimensional scaling (NMDS) ordination (PRIMER v.

6.1.6; PRIMER-E Ltd., Lutton Ivybridge, UK), using the

Bray-Curtis dissimilarity coefficient. Ordinations were per-

formed using mid-point percentage values from the

Braun-Blanquet scores at the scale of 64 m2, because that

was the largest scale at which all sites could be compared.

One-way analysis of similarities (ANOSIM), followed by

pair-wise tests, was used to assess differences in species

composition between the states. The test statistic is Global

R, which is based on the difference of mean ranks between

groups and within groups. It ranges between �1 and +1,
with a value of 1 indicating perfect distinction between

groups – all sites within a vegetation state are more similar

to each other than they are to any other site in any other

state. A value of 0 indicates no separation of sites between

states. The significance of Global R is calculated through a

permutation procedure (Clarke 1993). One-way analysis

of similarity percentages (SIMPER) was used to identify

species that contributed the most to the similarity within

invasion states, and to the dissimilarity between them. For

all comparisons of species density, composition and accu-

mulation, Leptospermumwas removed from the data.

Results

Species density and rate of species accumulation

A total of 115 vascular plant species were recorded, com-

prising 82 native and 33 exotic species. Twenty-two species

were recorded exclusively in gaps, the most common of

which were Rytidosperma setacea, Coronidium scorpioides, Exo-

carpos strictus, *Physalis peruviana, *Sonchus oleraceus and

*Anthoxanthum odoratum (*denotes exotic species). A total

of 28% of species, including Dichondra repens, Geranium po-

tentilloides and Oxalis exilis, were observed in all succes-

sional states. Banksia integrifolia was recorded at all Long

Invaded sites, but only as small individuals (<2-m tall).

Leptospermum was recorded at all Uninvaded sites as

seedlings, but only at the largest spatial scale.

Species density did not differ between invasion states at

spatial scales ≤64 m2, but differed significantly at the 256-

m2 scale (Table 1). At this scale, species density in canopy

gaps was 37% higher than in Recently Invaded and Long

Invaded sites, and 29% higher than Uninvaded sites. Not

enough gaps were sufficiently large to compare species

density between all states at the largest spatial scale

(1024 m2), yet we found no difference between the time-

since-invasion states.

The rate of species accumulation (log-log slopes, z) dif-

fered between invasion states (Table 1), but the intercepts

(c) did not (Table 1). The z-values for the Uninvaded,

Recently Invaded and Long Invaded states were all similar

(0.15–0.18), but gap creation induced a faster rate of spe-

cies accumulation that persisted through the Young Gap

(z = 0.31 � 0.04) and Mid Gap stages (z = 0.26 � 0.02).

In Young and Mid-aged gaps, ca. 45 species were accumu-

lated after sampling 256 m2, compared to ca. 33 species

after sampling the same area in Uninvaded and Recently

and Long Invaded states. The rate of species accumulation

in the Old Gaps (z = 0.18 � 0.01) was not different to the

Uninvaded state or either of the Invaded states.

Species composition

Plant community composition changed significantly across

the Leptospermum invasion–senescence chronosequence

(Global R = 0.59, P = 0.001; Fig. 2a). Invasion was associ-

ated with a significant shift from the floristic composition

of the Uninvaded state. Alternatively, gap formation was

associated with a significant shift away from the Long

Invaded state to a floristic composition more similar to the

Uninvaded state. This pattern was also evident when com-

paring dissimilarity between states (Fig. 2b). Relative to

the Uninvaded state, peak dissimilarity was recorded

against the heavily invaded state, with the lowest against

the old-aged gaps (Fig. 2b). Pair-wise tests found that each

state had a significantly different floristic composition to all

others, except the Young gaps compared to Mid- and

Old-aged gaps.

Indicator species analysis identified a common suite of

22 species as contributing most highly to the compositional

similarity within vegetation states (Appendix S2). The

changes in abundances of many of these also contributed

highly to the dissimilarity of uninvaded sites to other vege-

tation states (Appendix S3). Herbaceous species were most

common as indicator species, with only one monocot

(Carex inversa), three shrubs (Leucopogon parviflorus, Bursaria

spinosa and Hibbertia sericea s.l.) and one tree (Banksia integ-

rifolia) species contributing highly to the similarity within

groups (Appendix S2).

Environmental variables

The presence of complete Leptospermum invasion signifi-

cantly reduced canopy openness (Fig. 3a), and therefore

GSF (Fig. 3b). The creation of gaps increased GSF and can-

opy openness; however, it was not found to change
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through time post-gap formation. Canopy openness was

significantly positively correlated with gap size (r = 0.75,

P = 0.002). GSF trended similarly but was not significantly

correlated with gap size (r = 0.52, P = 0.057). Therefore,

larger gaps were associated with a more open canopy that

did not necessarily translate to increased available light,

probably as a result of site orientation.

Soil NO3
�, Total N, organic C, P and soil moisture (%)

all differed between invasion states (Fig. 3c–g). These com-

ponents generally decreased from the Uninvaded to Long

Invaded state (Fig 3). As time passed following gap forma-

tion, P, NO3
� and moisture increased to a point similar to

the Uninvaded state (Fig 3). Total N, however, did not

increase.

The biomass of coarse litter varied significantly between

invasion states (Kruskal–Wallis; v2 = 58.6, df = 5, P <
0.001). Litter biomass was highest where Lepto-spermum

had recently fallen (Young gaps: mean� 1 SE = 3.48 �
0.13 g 0.044 m�2), intermediate in sites where a single

dominant species was present (Uninvaded: 2.93 �
0.12 g 0.044 m�2 and Long Invaded: 3.68 � 0.09 g

0.044 m�2), and lowest at sites where neither Banksia in-

tegrifolia nor Leptospermum was exclusively dominant

(Recently Invaded: 2.69 � 0.13 0.044 m�2, Mid-aged

gaps: 2.45 � 0.11 0.044 m�2 and Old gaps: 2.49 �
0.12 0.044 m�2).

Discussion

We found that Leptospermum invasion and senescence was

associated with a significant alteration in plant community

structure (species density, species accumulation, composi-

tion), most likely driven by altered soil properties, light

availability and the occupation of space. However, the neg-

ative impacts of Leptospermum invasion were not as signifi-

cant as usually documented in the shrub encroachment

literature (Hobbs & Mooney 1986; Costello et al. 2000;

Price & Morgan 2008), where declines in species density

are commonly observed. We found no decline in species

density in the Long Invaded state. Our result was surpris-

ing, as previous observations had described Leptospermum

encroachment as creating a species-poor scrub (Hazard &

Parsons 1977). We did find Leptospermum invasion signifi-

cantly altered floristic composition relative to the Uninvad-

ed state. This was most likely the result of reductions in

important soil nutrients and available light. However this

change was not necessarily negative as Long Invaded

stands were characterized by common native species and

not increased exotics. Although not measured in this

study, the visibly lower biomass of herbaceous species

within dense Leptospermum stands probably led to past per-

ceptions of a severe negative impact.

In this study, the decline of the invading shrub through

natural senescence, and the subsequent creation of canopy

gaps, led to significant changes in light and soil properties

and a positive influence on plant species density and com-

position. These findings are similar to other studies, which

found the altered environment within gaps provided

increased opportunity for plants, ultimately resulting in

increased density and different species assemblages (Den-

slow 1980; Britton et al. 2000; Rantis & Johnson 2002;

Menges et al. 2008). Vegetation responses to gaps were

scale-dependent; species density of gaps was higher only at

the largest spatial scale of observation. Only at that scale

was the full variety of niche space sampled and therefore

the true diversity of the gap observed. It was likely that the

increased available light and soil nutrients associated with

the removal of Leptospermum dominance promoted the

establishment of more plant species.

All canopy gaps had a floristic composition significantly

dissimilar to that of the Long Invaded state. Changes in flo-

ristic composition associated with gap formation have been

Table 1. Mean (�1 SE) species density of each invasion or senescence state at five spatial scales, and mean slope (z) of the species–area curve for each

state. Lettering next to mean denotes significant differences between vegetation states as calculated with ANOVA and Bonferroni post-hoc tests. All Young

and Mid-aged gaps were unable to accommodate 1024-m2 quadrats.

Uninvaded Recently Invaded Long Invaded Young Gap Mid Gap Old Gap F P

Species Density (mean � SE)

1 m2 12.2 � 1.1 11.4 � 1.2 13.6 � 1.3 11.0 � 2.3 10.6 � 1.0 13.0 � 2.3 0.57 0.723

4 m2 18.4 � 0.9 15.6 � 1.6 20.4 � 1.4 17.4 � 2.7 19.2 � 1.2 19.3 � 1.5 1.03 0.421

16 m2 22.8 � 1.0 21.6 � 2.0 24.0 � 1.1 24.8 � 3.8 27.6 � 1.4 26.5 � 2.6 1.04 0.421

64 m2 28.8 � 2.2 27.4 � 2.1 27.6 � 1.5 32.6 � 2.0 34.6 � 1.4 33.5 � 3.0 2.47 0.063

256 m2 34.6 � 2.1a 32.4 � 1.6a 32.8 � 1.0a 43.7 � 2.3b 45.7 � 1.8b 44.3 � 2.4b 11.00 <0.001

1024 m2 42.7 � 2.5 38.2 � 1.6 40.6 � 1.0 – – 56.0 1.701 0.2301

Species Accumulation (mean � SE)

Slope (z) 0.18 � 0.01bc 0.18 � 0.02bc 0.15 � 0.01c 0.31 � 0.04a 0.26 � 0.02ab 0.18 � 0.01bc 7.85 <0.001

y-Intercept 1.12 � 0.02 1.08 � 0.05 1.17 � 0.04 0.98 � 0.10 1.08 � 0.04 1.01 � 0.20 1.73 0.168

1ANOVA conducted just on Uninvaded, Recently Invaded and Long Invaded sites.

Bold values indicate significant differences (P < 0.05).
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commonly reported (Anderson & Leopold 2002; Rantis &

Johnson 2002; Menges et al. 2008) in relation to signifi-

cant changes in light and soil properties. However, this

may not always be the case. Uhl et al. (1988) found that

97% of trees within Amazonian tree-fall gaps were present

prior to creation, and were the result of advance regenera-

tion. The results of our study suggest advance regeneration

of species present prior to gap formation as a key factor

determining the floristic composition of gaps. Indicator

species analysis did not show species unique to gaps as con-

tributing highly to the floristic compositional shift

observed. Instead, it was changes in the relative abun-

dances of many common species following gap creation

that contributed most highly. Although the higher species

density in gaps suggests that new recruits entered the com-

munity after their formation, the data support the initial

floristic composition model of succession (Egler 1954) in

which changes in abundances of species present prior to

disturbance drive recovery.

Young gaps supported a floristic assemblage not dissimi-

lar to bothMid- and Old-aged gaps, suggesting that most of

the species present in gaps at any time will be recruited

early. This could mean that recovery to an uninvaded state

might be strongly driven by chance establishment follow-

ing senescence. However, the floristic composition of Old-

aged gaps resembled that of the Uninvaded statemore than

that of the Long Invaded state. Both Uninvaded and Old-

aged gap sites were dominated by species not indicative of

any other vegetation state including Pteridium esculentum,

which had previously been described as a characteristic

species of Banksia integrifolia woodland on the isthmus

(Bennett 1994). These findings indicate some degree of

resilience within the invaded community and a potential

for recovery.

One of the main reasons that the floristic composition

of gaps became increasingly dissimilar to that prior to

formation may be because Leptospermum is an obligate

seeder that fails to recruit in the absence of fire (Burrell

1981; Molnar et al. 1989). The phenology of seed for-

mation and dispersal is poorly understood in this species,

but it seems that in the absence of fire, seeds may be

dispersed over time at a sufficiently low rate that most

are harvested by ants, and persistent browsing by mam-

mals means that very few seedlings ever establish (Ash-

ton & van Gameren 2002). The presence of coppice

branching was not sustained into Old-aged gaps, imply-

ing it is not a way in which Leptospermum can continue

dominance of a site following tree-fall gap creation. It is

this inability of Leptospermum to occupy a site indefi-

nitely that makes it different from some other invasive

shrubs (Throop & Archer 2007) and which may aid in

the reestablishment of the uninvaded vegetation state.

However, this is most likely only relevant in the pro-

longed absence of fire. These canopy gaps exist as small

patches within an otherwise uniformly dense Leptosper-

mum stand that, if burned, would simply become re-

occupied by Leptospermum due to seed stored in the sur-

rounding landscape.

Conclusion

Recently, a review of the shrub encroachment literature

concluded that a variety of positive, negative and neu-

tral impacts occur (Eldridge et al. 2011). Our study pro-

vides an example of how the effects of shrub invasion

can be confounded if a broader view (both spatially and

temporally) is not employed. Leptospermum invasion did

Uninvaded 
Recently invaded
Long invaded
Young gap
Mid-aged gap
Old-aged gaps

(a)

(b)

Fig. 2. (a) NMDS ordination of plant species composition in invasion

states using abundance data, at the scale of 64 m2. Two-dimensional

stress = 0.16. (b) Pair-wise floristic differentiation of the invasion states, as

measured by the ANOSIM R statistic.

Applied Vegetation Science
328 Doi: 10.1111/avsc.12131© 2014 International Association for Vegetation Science

The rise and fall of Leptospermum L.S. O’Loughlin et al.



not negatively impact total species density, although its

decline via senescence did have a spatially dependent

positive effect. At the landscape scale, gaps may not be

necessary for species persistence but rather, provide sites

for species to achieve high biomass through increased

light and soil nutrients. Although the floristic composi-

tion of gaps did not represent a complete recovery to

an uninvaded state, they did contain a significantly dif-

ferent floristic composition compared to other states,

and thus could be considered an alternative vegetation

state in their own right.

These findings suggest that in the absence of manage-

ment intervention, especially the use of fire, these gaps

could have a positive influence by acting as ‘refuges’ for

some species either excluded from dense Leptospermum

stands or able to persist but at very low abundances

and biomass. These findings do not, however, indicate

that a ‘do-nothing’ approach to managing Leptospermum

invasion will lead to system recovery through natural

senescence, as the plant community in Old gaps was

compositionally different to the Uninvaded state. In any

case, it is highly unlikely that pyrophytic landscapes like

that on the Yanakie Isthmus will remain fire-free for

sufficiently long periods that large Leptospermum stands

senesce across their entire range. This study demon-

strates that future work on the issue of shrub invasion

would benefit greatly from developing an understanding

on how systems recover following natural senescence of

the dominant species.
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Appendix S3. Average abundance of indicative species as
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