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Abstract. Effective management of sympatric mammalian herbivore populations requires an understanding of
interspeciﬁc interactions. At Wilsons Promontory National Park, Victoria, sympatric native and introduced mammalian
herbivores are thought to be contributing to modiﬁcation of shrub-encroached Coastal Grassy Woodland. We estimated the
diets of the ﬁve terrestrial mammalian herbivore species present using microhistological techniques. The diets of introduced
hog deer (Axis porcinus) and native swamp wallabies (Wallabia bicolor) consisted mainly of dicots. The diet of introduced
European rabbits (Oryctolagus cuniculus) contained similar proportions of monocots and dicots. The diets of native eastern
grey kangaroos (Macropus giganteus) and native common wombats (Vombatus ursinus) consisted mainly of monocots but
kangaroos also consumed moderate amounts of dicots. Deer and wallabies consumed more native plants than did the other
species and rabbits consumed more exotic plants than did all other species except kangaroos. Diet breadth was narrowest for
kangaroos and broadest for swamp wallabies and hog deer. Overlap in food use by the ﬁve herbivores was high, particularly
between deer and wallabies, and between kangaroos and both rabbits and wombats. Our results suggest that the potential
impacts of native and introduced species on the vegetation of Coastal Grassy Woodland are similar, and that the entire
herbivore assemblage will need to be managed to increase ﬁne fuel loads if ﬁre is used as a restoration tool.

Introduction
Both native and introduced mammalian herbivores can seriously
modify plant communities at a variety of spatial scales (e.g. Côté
et al. 2004; Holdo 2007). Although there is a long history of
single-species herbivore management (e.g. Petty et al. 2007),
interactions between sympatric species (Parkes and Forsyth
2008) can generate unexpected management outcomes. For
example, if a population of one species is reduced, impacts of
that species on vegetation composition may be replaced by those
of another species (Coomes et al. 2003). Given that communities
globally are increasingly composed of native and introduced
plants and herbivores (e.g. Madhusudan 2004), it is important
to understand key interactions within these communities so that
management actions are effective.
A wide variety of introduced mammalian herbivores have
established populations in Australia (Forsyth et al. 2004), and
many of these species are now sympatric with native herbivores
(e.g. Dawson and Ellis 1996). Native and introduced herbivores
may have different impacts on native vegetation (Simonetti and
Fuentes 1983) but few studies have evaluated the relative impacts
of different herbivore species in Australia (Bridle and Kirkpatrick
1999). In this study, we show how diet analysis can be used to
provide insight into the roles of ﬁve sympatric native and
introduced herbivores in the modiﬁcation of an Australian
grassy woodland ecosystem affected by the recent global
phenomenon of shrub encroachment (Sankaran et al. 2008).
 CSIRO 2008

On Yanakie Isthmus (Wilsons Promontory National Park,
Victoria), Coastal Grassy Woodland has undergone dramatic
changes in structure and composition (Bennett 1994).
Originally consisting of open grassy woodland, it is now
dominated by dense stands of the encroaching native shrubs
Leptospermum laevigatum and Acacia longifolia var.
sophorae, which suppress the regeneration of other native
species (Bennett 1994; Costello et al. 2000). In the absence of
active management, it is predicted that the condition of Coastal
Grassy Woodland will continue to deteriorate (Holland and
Williams 2005).
Fire and grazing have been implicated in the encroachment of
woody plants into grasslands and savannas worldwide (Roques
et al. 2001). Chesterﬁeld (1998) suggested that, on Yanakie
Isthmus, alterations in ﬁre and grazing regimes have interacted
synergistically to inﬂuence Coastal Grassy Woodland. Fire has
been excluded from Yanakie Isthmus since the 1970s (Bennett
1994), favouring the encroachment of the ﬁre-sensitive species
L. laevigatum and A. longifolia (Lunt 1998). Concomitant with
this decrease in ﬁre frequency on Yanakie Isthmus, there appears
to have been an increase in grazing pressure from mammalian
herbivores (Chesterﬁeld et al. 1995), another process that can
contribute towards the degradation of temperate woodlands
(Yates and Hobbs 1997). Managers believe that Coastal
Grassy Woodland can be restored by using ﬁre to reduce the
abundance of L. laevigatum and stimulate regeneration of ﬁre10.1071/WR08042
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adapted native species (Holland and Williams 2005), an approach
that has been effective in reversing shrub-encroachment in
African savannas (Roques et al. 2001). However, previous
attempts to use ﬁre as a restoration tool on Yanakie Isthmus
have been unsuccessful, possibly due to interactions between
herbivory and ﬁre: high herbivore population densities may
reduce the vegetation biomass and thus deplete fuel loads,
thereby reducing the frequency and extent of ﬁres (Holland
and Williams 2005).
Native herbivores can cause changes in vegetation
composition and structure (e.g. Garrott et al. 1993), yet there
is a perception that such impacts are not as great as those of
introduced herbivores (Bentley 1998). On Yanakie Isthmus,
introduced European rabbits (Oryctolagus cuniculus) are
considered a pest owing to their well documented impacts on
the diversity and regeneration of native ﬂora elsewhere in
Australia (Williams et al. 1995). Similarly, detrimental effects
of introduced deer on vegetation dynamics have been well
documented outside Australia (Côté et al. 2004), and there is
concern among managers about the potential impacts of
introduced hog deer (Axis porcinus) on the composition of
Coastal Grassy Woodland vegetation. In contrast, there is less
concern about potential impacts from the three terrestrial native
mammalian herbivores, the eastern grey kangaroo (Macropus
giganteus), the swamp wallaby (Wallabia bicolor) and the
common wombat (Vombatus ursinus).
We used microhistological techniques to estimate the diets
of the ﬁve common mammalian herbivore species on Yanakie
Isthmus to improve our understanding of the potential impacts of
native and introduced herbivores on the vegetation of
Coastal Grassy Woodland in the context of encroachment by
L. laevigatum and reduction in ﬁne fuel load. Speciﬁcally, we
aimed to compare the diets of each of the ﬁve herbivore species
with respect to the use of different plant functional groups,
different plant structural layers and the use of exotic and
native plants.

Materials and methods
Study area
We conducted this study on Yanakie Isthmus (38530 S,
146140 E), a 6874-ha area of Wilsons Promontory National
Park, Victoria, Australia. The climate is mild and precipitation
is reliable; between 1985 and 2005, mean monthly maximum
temperatures ranged from 11.9 to 26.4C and mean minima from
4.4 to 16.7C, and the mean annual rainfall was 958.5 mm (Parks
Victoria, unpubl. data).
Five broad vegetation types occur on Yanakie Isthmus.
Coastal Grassy Woodland is dominated by Eucalyptus
pryoriana, Banksia integrifolia, Allocasuarina littoralis and
Allocasuarina verticillata, with occasional Acacia mearnsii
shrubs in the understorey. The ground layer includes
Pteridium esculentum and a variety of grasses, sedges and
herbs. Coastal Scrubs and Grasslands is dominated by grasses,
sedges and salt-tolerant herbs and shrubs. Heath is dominated by
small ericoid-leaved shrubs and sedges, and Heathy Woodland is
dominated by scattered Eucalyptus nitida, heathy shrubs and
restionaceous sedges (Davies and Oates 1999).
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Collection and preparation of stomach samples
We estimated the diet of the hog deer, eastern grey kangaroo,
swamp wallaby, common wombat and European rabbit using
microhistological identiﬁcation of cuticle fragments of plant
species in stomach samples (Norbury 1988). We obtained
samples from animals shot by Parks Victoria staff for the
purposes of this study (authorised under Section 37 of the
National Parks Act; register no. 04004 of the University of
Melbourne Animal Experimentation Ethics Committee)
between 7 June 2004 and 11 February 2005. Animals were
shot at night from a vehicle with the aid of a spotlight. All
species were shot in accordance with the Code of Practice for
the Humane Shooting of Kangaroos (Australian National Parks
and Wildlife Service 1995). We aimed to collect stomach samples
from 20 mature individuals of each species. All (n = 93) of our
samples were collected from Coastal Grassy Woodland and
Coastal Scrubs and Grasslands except for ﬁve samples that
were collected from Heath and Heathy Woodland due to
difﬁculties in locating 20 of each species in Coastal Grassy
Woodland and Coastal Scrubs and Grasslands.
In order to minimise bias associated with differential digestion
rates of plant species, we sampled freshly ingested plant material
from the oesophageal region of the stomach (G. Norbury,
Landcare Research New Zealand Ltd, pers. comm.). We took
only a ﬁst-full of ingesta to limit and standardise the period being
sampled (G. Norbury, pers. comm.) and to increase the likelihood
that samples contained vegetation foraged from the area in which
the animals were shot. We preserved samples in 70% ethanol.
Microhistological analysis
We prepared stomach samples and reference slides for over
200 plant species from Yanakie Isthmus using standard
microhistological techniques (Norbury 1988). To determine
the relative area of categories of plant epidermal fragments,
we used point quadrat analysis (Norbury 1988), identifying
400 fragments per sample as: (1) monocotyledons (monocots),
(2) eudicotyledons (dicots), or (3) other (bryophytes and
pteridophytes). Where possible, we then identiﬁed fragments
to the higher taxonomic levels of family, genus and species,
and also as stem or leaf.
Statistical analyses
To analyse the diet data we constructed seven levels of
classiﬁcation, each of which contained two or more categories
into which plant fragments were assigned: (1) Broad taxonomic:
(i) monocots, (ii) dicots and (iii) other (bryophytes and
pteridophytes); (2) Functional group: (i) forbs, (ii) shrubs,
(iii) trees, (iv) ferns, (v) grasses, (vi) grass-like plants (i.e. nongrass graminoid species such as sedges, rushes, lilies and some
herbs) and (vii) mosses; (3) Structural group: (i) non-woody
ground layer and (ii) woody shrub and tree layer; (4) Plant
part: (i) leaf and (ii) stem; (5) Plant origin: (i) native and
(ii) exotic; (6) family; and (7) species.
We pooled data from each subsample to give a total of
400 fragments identiﬁed per sample (Norbury 1988) and based
analyses on the proportion of plant epidermal fragments identiﬁed
within categories of interest per stomach sample for the ﬁve
species. To examine diet composition we calculated the mean
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proportion of plant epidermal fragments identiﬁed within each
category of Levels 1–5 for each of the ﬁve herbivore species. We
calculated bootstrapped 95% conﬁdence intervals for these means
with Microsoft Excel using the Poptools add-in (Hood 2005).
To examine interspeciﬁc variation in diet we compared the
proportion of fragments identiﬁed in each category of Levels 1–7
between species using one-factor ANOVA with post hoc Tukey’s
tests. We plotted residuals for these linear models against the
corresponding ﬁtted values to check for distributional problems
and applied arcsine transformations to improve residual
distributions when necessary. For all analyses we used a level
of signiﬁcance of a = 0.05.
There were nine ‘target plant species’ of particular interest,
these being either encroaching shrubs (i.e. L. laevigatum and
A. longifolia) or of conservation signiﬁcance (i.e. B. integrifolia,
A. verticillata, Themeda triandra, Imperata cylindrica,
Austrodanthonia setacea and Poa spp.). We calculated the
mean percentage of fragments identiﬁed for each target plant
species in the stomach of each of the study animals.
We estimated niche breadth using Levins’ measure (Levins
1968) and applied a standardisation procedure developed by
Hurlbert (1978). To measure overlap in resource use between
herbivore species we used Horn’s index of niche overlap, where a
value of zero indicates no overlap and a value of 1.0 indicates
complete overlap (Horn 1966). We based calculations of niche
breadth and diet overlap on the proportion of fragments identiﬁed
in samples of each species from each plant functional group.
To represent diet overlap between animal species graphically,
we used non-metric multidimensional scaling (NMDS). We
based these 3-D ordination spaces on Bray–Curtis dissimilarity
matrices (Clarke 1993) for the number of fragments of each
functional group, plant species or family identiﬁed per individual
for the ﬁve animal species. NMDS scales objects on the basis of a
reduced set of variables derived from the original variables and
these new variables are used as the axes: the actual values of the
object scores are arbitrary and only the relative distances
(dissimilarities) between objects are important (Quinn and
Keough 2003). We applied the following standardisation
within functional groups, families and species to reduce the
inﬂuence of abundant groups on the NMDS:
xi  xi;min
for the ith variable;
x1i ¼
xi;max  xi;min
where x is the number of fragments of each functional group, plant
species or family identiﬁed per individual. Prior to creation of the
dissimilarity matrix we excluded plant species or families that
occurred in only one sample as they did not contribute to
systematic compositional differences between samples.
Results
Diets of the ﬁve herbivores
There were 182 identiﬁable plant species (52 families) in the diets
of the ﬁve herbivore species. On average, almost 90% of plant
fragments were identiﬁable to at least the broad taxonomic level.
The proportion of unidentiﬁable fragments ranged from 10% for
the European rabbit to 19% for the hog deer.
The diet of the hog deer consisted predominantly of dicot
material, which occurred ﬁve times more frequently than
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monocot material (Fig. 1). Deer samples included fragments
from all seven functional groups in both the non-woody
ground layer and the woody shrub and tree layer; however,
forb and shrub materials were dominant, each comprising
more than three times the number of fragments identiﬁed in
any other category. The diet of the European rabbit contained
similar proportions of monocot and dicot material (Fig. 1). The
diet of the rabbit consisted predominantly of non-woody groundlayer vegetation, mainly forbs (~40%), but also included
considerable amounts of grasses and grass-like plants. The diet
of the swamp wallaby was dominated by dicots (>90%) (Fig. 1)
from both the non-woody ground layer and the woody shrub and
tree layer. Although the diet of the swamp wallaby included
several functional groups, it consisted predominantly of shrub
and forb material (~50% and 30% respectively). The diet of the
eastern grey kangaroo consisted mainly of monocots (almost
twice the proportion of dicots) and was dominated by grasses
(almost 50%) (Fig. 1). However, moderate amounts of forb and
shrub material were also present, accounting for the occurrence of
almost 30% dicots in the diet of the eastern grey kangaroo. Despite
this mix of functional groups consumed by the eastern grey
kangaroo, the diet consisted mainly of material from the
non-woody ground layer. The diet of the common wombat
was composed predominantly of monocot material (more than
11 times the proportion of dicot material) (Fig. 1). The diet of the
wombat consisted largely of material taken from the non-woody
ground-layer vegetation, particularly grasses (>50%) and
grass-like plants (>20%).
Interspeciﬁc variation in diet
At the broadest level, there were signiﬁcant differences between
the diets of the ﬁve species in the proportions of monocot and
dicot material in stomach samples (Tables 1, 2; Fig. 1). In
particular, hog deer and swamp wallabies consumed greater
proportions of dicots than did the other species. Conversely,
common wombats consumed a greater proportion of monocots
than any other species. Eastern grey kangaroos and rabbits
consumed signiﬁcantly greater proportions of monocots than
did hog deer or swamp wallabies, and the amount of monocot
was signiﬁcantly greater in eastern grey kangaroos than rabbits.
Hog deer and swamp wallabies consumed signiﬁcantly more
shrub material than did the other three species, and similarly
consumed signiﬁcantly more material from the woody shrub and
tree layer (Tables 1, 2; Fig. 1). Furthermore, swamp wallabies
consumed a greater proportion of fern fragments than did the other
species. In contrast, the diets of eastern grey kangaroos, common
wombats and rabbits contained signiﬁcantly more non-woody
ground-layer species. Common wombats and eastern grey
kangaroos consumed signiﬁcantly more grass than did other
species. Common wombats also consumed signiﬁcantly
greater proportions of grass-like plants than all other species
but the rabbit. Consistent with these patterns, common wombats
consumed the least forb material and eastern grey kangaroos
consumed less forb than did hog deer or rabbits. The largest
proportion of mosses (<0.01%) was consumed by hog deer, and
the largest proportion of tree material (~0.01%) was consumed by
swamp wallabies (Fig. 1). Overall, the assemblage of herbivores
mainly consumed material from the non-woody ground layer:
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Grass-like plants

0.1
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Mean proportion of fragments

0
1.0

(c)

0.8
0.6

Non-woody
ground layer

0.4

Woody shrub/tree
layer

0.2
0
1.0

(d)

0.8
0.6

Stem
Leaf

0.4
0.2
0
1.0

(e)

0.8
0.6

Exotic
Native

0.4
0.2
0

Hog deer

Common
wombat

Swamp
wallaby

European
rabbit

Eastern grey
kangaroo

Fig. 1. Mean (with 95% conﬁdence intervals) proportion of plant fragments identiﬁed in stomachs of individuals
of ﬁve herbivore species (n = 20 for all species, except swamp wallaby, for which n = 13): (a) broad taxonomic group;
(b) functional group; (c) structural group; (d) plant part; and (e) plant origin.

grasses, forbs and shrubs were consumed in the greatest
proportions, grass-like plants were consumed in intermediate
proportions, and trees, ferns and mosses were consumed in the
smallest proportions.

There was a clear overall trend for all ﬁve species to consume
much greater proportions of leaf (>80%) than stem material
(Fig. 1). However, the proportions of stem and leaf material
varied among the ﬁve species (Tables 1, 2; Fig. 1). Hog deer and
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Table 1. Results of one-factor analysis of variance comparing the diets
of ﬁve herbivore species
Analyses are based on the proportions of plant epidermal fragments identiﬁed
per stomach sample (n = 93). Plant epidermal fragments are categorised at the
following levels: broad taxonomic, functional, structural, plant part and plant
origin. *, P  0.05; **, P  0.01; ***, P < 0.001
Interspeciﬁc test

m.s.

d.f.

F

P

Broad taxonomic
Monocot
Error
Dicot
Error

3.88
0.03
3.44
0.03

4
88
4
88

114.44

***

103.85

***

Functional group
Forbs
Error
Shrubs
Error
Grasses
Error
Grass-like plants
Error

0.50
0.02
0.92
0.02
0.10
0.03
0.18
0.02

4
88
4
88
4
88
4
88

20.60

***

44.99

***

30.97

***

9.21

***

Structural group
Non-woody ground layer
Error
Woody shrub/tree layer
Error

0.99
0.04
0.95
0.03

4
88
4
88

27.62

***

37.97

***

Plant part
Leaf
Error
Stem
Error

0.07
0.01
0.03
0.01

4
88
4
88

5.59

***

3.95

**

Plant origin
Native
Error
Exotic
Error

0.82
0.04
0.12
0.02

4
88
4
88

23.71

***

7.91

***

diets, constituting 6% of the diet of eastern grey kangaroos, 11%
of the diet of hog deer and 14% of the diet of swamp wallabies.
In contrast, A. longifolia made up <1% of the diets of common
wombats and rabbits. B. integrifolia, A. verticillata, T. triandra,
I. cylindrica and A. setacea never formed more than 2% of the diet
of any herbivore species. The mean percentage of fragments
identiﬁed as Poa spp. was no greater than 5% for any species. Two
rare species, Exocarpos syrticola and Pomaderris oraria, were
consumed by the swamp wallaby (<0.5% and <1% of the diet,
respectively), and the latter was consumed by the hog deer (<0.2%
of the diet).
Niche breadth and interspeciﬁc overlap in diet

swamp wallabies consumed signiﬁcantly more leaf material than
did rabbits. Similarly, rabbits consumed the greatest proportion of
stem material (~15%), signiﬁcantly more than either kangaroos or
wombats.
All ﬁve herbivores consumed higher proportions of material
from native than exotic plant species (Tables 1, 2; Fig. 1). The
relative proportions of native and exotic plant material varied
between herbivores, but there was no trend in the relative
proportions of exotic and native plants in the diets of native
and introduced herbivores. The diets of introduced hog deer and
native swamp wallabies contained signiﬁcantly more native
plants than did the other three herbivores, and introduced
rabbits consumed signiﬁcantly more exotic plant material than
did all herbivores except native eastern grey kangaroos, which
consumed signiﬁcantly more exotic plant material than did native
swamp wallabies.
There were broad trends across herbivore species in the
proportions of ‘target plant species’ included in diets. The
encroaching shrub L. laevigatum constituted <3% of the diets
of hog deer and swamp wallabies and <1% of the diet of eastern
grey kangaroos and was not detected in common wombats or
rabbits. A. longifolia was more commonly included in herbivore

Levins’ measure of niche breadth (BA), in ascending order, was:
eastern grey kangaroo 0.57, common wombat 0.61, rabbit 0.65,
hog deer 0.82, and swamp wallaby 0.83. Horn’s index indicated
that overlap in food use among the species in this community was
generally high (Table 3). In particular, there was extensive
overlap between hog deer and swamp wallabies (Ro = 0.93).
Eastern grey kangaroos also overlapped extensively with
rabbits (Ro = 0.90) and common wombats (Ro = 0.89).
NMDS showed that, although there was diet overlap among
the ﬁve species, partitioning occurred at each of the three levels
examined (Fig. 2). At the levels of functional group, species
and family, hog deer and swamp wallabies were similar, and
eastern grey kangaroos, common wombats and rabbits were
similar. These ordinations also indicate variation in diets
within species, particularly for hog deer, one of which varied
considerably from its conspeciﬁcs with respect to the plant
families consumed (Fig. 2c).
Discussion
Herbivore diets
The diets of hog deer, eastern grey kangaroos, swamp wallabies,
common wombats and European rabbits on Yanakie Isthmus
were broadly similar to those described from elsewhere in southeastern Australia. However, some important differences were
observed. In particular, the diet of hog deer consisted
predominantly of dicots, including both forbs and shrubs. This
result contrasts with previous work concluding that hog deer are
primarily grazers in their native range (Wegge et al. 2006) and in
Victoria (Taylor 1971). Consistent with their classiﬁcation as
grazers (Taylor 1983), eastern grey kangaroos on Yanakie
Isthmus consumed predominantly grasses but ate higher
proportions of dicot material than recorded in previous studies
(Taylor 1983; Jarman and Phillips 1988). The diet of swamp
wallabies on Yanakie Isthmus was similar to elsewhere in southeastern Australia (Edwards 1969; Jarman and Phillips 1988):
wallabies consumed plants from all seven functional groups,
consistent with their classiﬁcation as browsers. However, as
for hog deer and eastern grey kangaroos, the ratio of monocots
to dicots consumed by swamp wallabies (~1 : 30) was higher than
observed elsewhere (1 : 3–1 : 11, Edwards 1969; Taylor 1971),
possibly reﬂecting altered foraging strategies in response to food
quality and availability (Osawa and Woodall 1990).
The diets of common wombats and European rabbits on
Yanakie Isthmus mirrored the results of previous studies. The
diet of wombats consisted mainly of monocots from the non-
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Table 2. Results of pairwise comparisons using Tukey’s post hoc analysis for one-factor analysis of variance
(Table 1) comparing the diets of ﬁve herbivore species
Analyses are based on the proportions of plant epidermal fragments identiﬁed within categories of interest per stomach sample.
n.s. = not signiﬁcant; *, P  0.05; **, P  0.01; ***, P < 0.001
Pairwise comparison

Common
wombat
(n = 20)

Swamp
wallaby
(n = 13)

European
rabbit
(n = 20)

Eastern grey
kangaroo
(n = 20)

Hog deer
(n = 20)

Monocot
Dicot
Forbs
Shrubs
Grasses
Grass-like plants
Non-woody ground layer
Woody shrub/tree layer
Leaf
Stem
Native
Exotic

***
***
***
***
***
***
***
***
n.s.
n.s.
***
n.s.

n.s.
*
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

***
***
n.s.
***
n.s.
*
***
***
***
n.s.
***
**

***
***
***
***
***
n.s.
***
***
n.s.
n.s.
***
n.s.

Common wombat
(n = 20)

Monocot
Dicot
Forbs
Shrubs
Grasses
Grass-like plants
Non-woody ground layer
Woody shrub/tree layer
Leaf
Stem
Native
Exotic

–
–
–
–
–
–
–
–
–
–
–
–

***
***
***
***
**
***
***
***
n.s.
n.s.
***
n.s.

***
***
***
n.s.
***
n.s.
n.s.
n.s.
n.s.
*
n.s.
*

***
***
*
n.s.
n.s.
**
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

Swamp wallaby
(n = 13)

Monocot
Dicot
Forbs
Shrubs
Grasses
Grass-like plants
Non-woody ground layer
Woody shrub/tree layer
Leaf
Stem
Native
Exotic

***
***
***
***
***
***
***
***
n.s.
n.s.
***
n.s.

–
–
–
–
–
–
–
–
–
–
–
–

***
***
n.s.
***
**
n.s.
***
***
*
n.s.
***
***

***
***
n.s.
***
***
n.s.
***
***
n.s.
n.s.
***
**

European rabbit
(n = 20)

Monocot
Dicot
Forbs
Shrubs
Grasses
Grass-like plants
Non-woody ground layer
Woody shrub/tree layer
Leaf
Stem
Native
Exotic

***
***
***
n.s.
***
n.s.
n.s.
n.s.
n.s.
*
n.s.
*

***
***
n.s.
***
**
n.s.
***
***
*
n.s.
***
***

–
–
–
–
–
–
–
–
–
–
–
–

**
**
***
n.s.
***
n.s.
n.s.
n.s.
n.s.
**
n.s.
n.s.

woody ground layer, particularly grasses, sedges, rushes and
lilies, supporting their classiﬁcation as grazers (Hume 1999).
Rabbits consumed relatively even proportions of dicots and
monocots. Although rabbits predominantly ate forbs, they also
consumed considerable quantities of grasses and grass-like

plants; these results conform with other studies showing that
rabbits graze selectively on forbs and grasses (Leigh et al. 1991;
Martin et al. 2007).
Herbivory can have positive effects on plant performance
(e.g. Yamauchi and Yamamura 2004) and plants commonly
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Table 3. Values for Horn’s index of niche overlap (Ro) between ﬁve
herbivore species
Calculations are based on the proportion of individuals of each of ﬁve
herbivore species using the resource states: forbs, shrubs, trees, ferns,
grasses, grass-like herbs, and mosses
Hog deer Common Swamp European
wombat wallaby
rabbit
Common wombat (n = 20)
Swamp wallaby (n = 13)
European rabbit (n = 20)
Eastern grey kangaroo (n = 20)

0.49
0.93
0.78
0.80

0.29
0.79
0.89

0.59
0.61

0.90

display tolerance of and resistance to herbivores (Nunez-Farfan
et al. 2007). Nevertheless, herbivory typically involves the loss of
plant biomass (Wilson 1990) and selective foraging can have
negative effects on the growth and reproductive success of
preferred plant species (Côté et al. 2004). Therefore, diet can
be used as a ﬁrst step in predicting the impacts of herbivores by
identifying plants that might change in distribution and
abundance in the presence of herbivores (Forsyth et al. 2002).
Shrub encroachment
Browsers generally reduce the abundance of woody plants
(Sankaran et al. 2008) through seedling predation or by
suppressing their growth (Scholes and Archer 1997). In
contrast, abundant grazers generally cause an increase in the

abundance of woody plants (Sankaran et al. 2008) by reducing
resource competition with grasses (Fensham et al. 2005) and by
reducing the fuel load and thus reducing the frequency and
intensity of ﬁres (Roques et al. 2001). Like browsers, grazers
can decrease the abundance of palatable woody plants through
their consumption (e.g. Pettit et al. 1995). On Yanakie Isthmus, a
mix of browsing and grazing was evident among the ﬁve
mammalian herbivores, and feeder type was not related to
whether the herbivore was native or introduced. Following
Sankaran et al. (2008), the native grazers (common wombats
and eastern grey kangaroos), if abundant, are more likely to
increase woody plant abundance than introduced hog deer or
native swamp wallabies, which exhibited browser diets. In
combination though, foraging by this herbivore assemblage
was concentrated on grasses, forbs and shrubs, which may
provide trees, ferns and mosses with a competitive advantage
(Hobbs 1996). While the implications of these foraging patterns
for the vegetation community will depend on the densities of each
herbivore species, the potential outcomes suggested here are
supported by increases in the cover of mosses, and decreases
in the cover of grasses on Yanakie Isthmus (University of Ballarat
1999). Furthermore, the overall concentration of herbivory on
non-woody ground-layer vegetation could contribute to the shift
from open grassy woodland to closed shrubland.
Encroachment of native shrubs involves a suite of interacting
processes (Lunt et al. 2007). In the case of L. laevigatum, ﬁre is
thought to be important in establishment because it stimulates
seed release, and provides nutrients and bare ground for seedlings

(a) Functional group
Axis 1*Axis 2

Axis 1*Axis 3

Axis 2*Axis 3

Species
Common wombat
Eastern grey kangaroo
European rabbit
Hog deer
Swamp wallaby

(b) Species

(c) Family

Fig. 2. Non-metric multidimensional scaling three-dimensional conﬁguration (each axis displayed in two dimensions) of
individuals of ﬁve herbivore species (n = 20 for all species, except swamp wallaby, for which n = 13) based on a Bray–Curtis
matrix of dissimilarities between the number of plant fragments identiﬁed in stomach samples belonging to each:
(a) functional group (stress = 0.09); (b) species (stress = 0.19); and (c) family (stress = 0.12). Standardisation (1) was
applied within species, families and functional groups, and species and families occurring in one stomach only were
excluded.
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to establish (Burrell 1981). On Yanakie Isthmus, encroachment of
L. laevigatum in the absence of ﬁre suggests that spontaneous
seed release is adequate for regeneration, soil phosphorous is not
limiting, and there is adequate bare ground for seedling
establishment (Bennett 1994). Following establishment the
persistence of shrubs is strongly inﬂuenced by their
palatability (Williams 1990). Bennett (1994) suggested that
changes in the herbivore assemblage on Yanakie Isthmus may
have played a direct role in the continued encroachment of
L. laevigatum. Changes in herbivory that favour shrub
invasion involve low herbivory on the invasive shrub (Fogarty
and Facelli 1999), or increased selective herbivory on other plant
species, thereby reducing competition with the invasive shrub
(Wilson 1990). The leaves of woody plants are generally highly
ligniﬁed and of poor quality (Dawson 1989), yet in the past
domestic cattle browsed L. laevigatum and A. longifolia on
Yanakie Isthmus (Bennett 1994). Following the removal of
cattle in the 1990s, however, the cover of L. laevigatum
increased as grazing pressure shifted to more palatable plants
with increases in the abundance of kangaroos and rabbits (Bennett
1994). Judd (1990) suggested that L. laevigatum was palatable to
native browsers, but that browsers were slow to re-establish
following the removal of cattle.
The two species that had predominantly browser diets
(introduced hog deer and native swamp wallabies) consumed
L. laevigatum in the greatest proportions, but it accounted for <3%
of their diets. L. laevigatum accounted for <1% of the diet of
eastern grey kangaroos and was not consumed by common
wombats or rabbits. These results suggest that swamp
wallabies and hog deer are the species most likely to limit the
spread of L. laevigatum. However, given the dominance of
L. laevigatum on Yanakie Isthmus (Bennett 1994) and the
high consumption of shrubs relative to other plant functional
groups, it appears that even browsers avoid this invasive shrub.
This is a common phenomenon for invasive shrubs due to
chemical and/or physical defenses (Rohner and Ward 1997)
(such as essential oils in L. laevigatum: Brophy et al. 1999) or
low palatability, as has been suggested for other Leptospermum
species (Clarke 2002). Although the role of herbivores in
encroachment by L. laevigatum is unclear, avoidance of
L. laevigatum by herbivores could favour the expansion of this
species. In contrast, A. longifolia was consumed in large
quantities, accounting for 6–14% of the diets of eastern grey
kangaroos, hog deer and swamp wallabies. The high contribution
of A. longifolia to herbivore diets suggests that it is browsed more
selectively than L. laevigatum, which may reduce its growth.
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However, impacts of herbivores on native vegetation dynamics are
inﬂuenced by interactions between factors such as diet, density,
body size, digestive strategy and metabolic requirements (Dawson
1989), and Van Langevelde et al. (2003) describes a positive
feedback mechanism between grass biomass and ﬁre intensity
that can be triggered not only by high grazing pressure, but also
by a decrease in browsing pressure. Further work is required to
examine the potential for complex interactions between herbivory
and the fuel load.
Native and exotic plants
It has been suggested that foraging by introduced herbivores
facilitates invasions by exotic plants, whereas native herbivores
facilitate resistance to such invasions (Parker et al. 2006).
However, there was no clear trend regarding the relative
proportions of exotic and native plants in the diets of native
versus introduced herbivores on Yanakie Isthmus. Overall, the
proportion of native plants consumed by the entire assemblage of
herbivores was greater than the proportion of exotic species
consumed. The consequence of this is unclear because without
information on forage availability we cannot estimate diet
selection. However, if herbivores are preferentially foraging on
native plants this could provide exotic plants with a competitive
advantage, facilitating their invasion (Vavra et al. 2007).
Rare species within Coastal Grassy Woodland
Grazing can prevent recruitment of native trees and shrubs (Hunt
2001). However, native grasses and overstorey tree species of
particular interest for their conservation signiﬁcance in Coastal
Grassy Woodland made up only small proportions of the diets of
native and introduced mammalian herbivores on Yanakie
Isthmus. This may reﬂect limited availability of these plants.
For example, T. triandra, which was consumed in low
proportions, has undergone reduction in abundance, associated
with grazing (Lunt 2003) and ﬁre exclusion (Morgan and Lunt
1999), throughout its range in Australian temperate grasslands.
Two rare species, Exocarpos syrticola and Pomaderris oraria
(Department of Sustainability and Environment 2005), were
consumed by native swamp wallabies and the latter was also
consumed by introduced hog deer on Yanakie Isthmus. Although
these two species were consumed in small proportions, even low
levels of foraging could have impacts on the regeneration, growth
and abundance of rare species. The persistence of these rare
species should therefore be monitored to determine the effects of
grazing.
Management implications

Fine fuel load
Reduction of grass biomass has a strong effect on ﬁre frequency,
intensity and continuity of spread (Bachelet et al. 2000).
Historically, grasses such as Themeda triandra and I. cylindrica
played a vital role in carrying ﬁre in Coastal Grassy Woodland on
Yanakie Isthmus (J. Whelan, Parks Victoria, pers. comm.). Hence,
the high consumption of monocots by common wombats and, to a
lesser degree, by eastern grey kangaroos and rabbits, indicates that
grazing pressure from multiple species in combination may reduce
the ﬁne fuel load, and that the species that may have the greatest
inﬂuence on the ﬁne fuel load are both native and introduced.

There is a growing body of evidence that suggests that wholeecosystem approaches to management are more effective than
single-species management focussed on invasive species
(Zavaleta et al. 2001). Despite some evidence of resource
partitioning among herbivores on Yanakie Isthmus, overlap in
food resource use was high. In particular, there was a high degree
of overlap between the diets of hog deer and swamp wallabies.
There was also high dietary overlap between eastern grey
kangaroos and both rabbits and common wombats, supporting
other work that has demonstrated the potential for high overlap in
diet between sympatric native herbivores (Woolnough and
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Johnson 2000), as well as between native and introduced
herbivores (Dawson and Ellis 1996). The high level of overlap
in food resource use between native and introduced herbivores
indicates a high potential for competition if shared food resources
are limiting (Gause 1934). If herbivores are competing for limited
food resources, management of introduced species alone is
unlikely to reduce grazing pressure on Yanakie Isthmus due to
the potential for population densities of native herbivores to
increase following competitive release (Connell 1978).
Management focussed on particular feeder types aimed at
manipulating woody cover and ﬁne fuel loads (e.g. Van
Langevelde et al. 2003) is likely to be more appropriate.
However, the broad niches of all ﬁve herbivore species
suggest that each is capable of consuming a relatively
unspecialised diet, and the diets observed for three of the
species on Yanakie Isthmus differed from those reported
elsewhere in south-eastern Australia (e.g. Taylor 1971; Jarman
and Phillips 1988). Managers need to be aware of the potential for
diets to shift from browse-dominated to grass-dominated if the
availability of grass increases on Yanakie Isthmus.
Estimating diet selection (e.g. Evans and Jarman 1999) would
have provided greater insights into the potential impacts of the
herbivore assemblage. However, food availability was
considered too difﬁcult to estimate due to the complexities
involved for an assemblage of free-ranging species with
differing morphology and physiology (Norbury and Sanson
1992). Information on herbivore densities and the tolerances
and responses of plants to herbivory is required to reliably
predict the response of Coastal Grassy Woodland vegetation to
herbivore management. Despite the limitations of our approach,
our results suggest that the potential impacts of native and
introduced species on Coastal Grassy Woodland vegetation are
similar, and that the entire herbivore assemblage will need to be
managed to achieve restoration of this community on Yanakie
Isthmus.
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