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Summary

1.

 

Habitat structure is a major determinant of bird species diversity. One process by
which habitat structure is altered is livestock grazing, the most extensive land use across
most continents. While the impacts of grazing on vegetation have received much attention,
the effects on avifauna are less well known.

 

2.

 

Predictions of  the impact of  grazing on Australian woodland and riparian bird
assemblages were formulated. We used available information on the vegetation strata
utilized by each species for foraging and the strata most affected by grazing.

 

3.

 

We compared predictions based on foraging height preferences with differences in
bird density in grassy eucalypt woodland and riparian habitats subject to three levels of
grazing. We found that foraging height preference was a good predictor of species’ sus-
ceptibility to grazing. Birds exhibited both monotonic and non-monotonic responses to
grazing, with the majority of bird species declining with increasing grazing pressure.

 

4.

 

Synthesis and applications

 

. Existing information on foraging behaviour can be used
to make predictions of the impact of any threat on birds where that threat alters habitat
structure. While the approach is simple, it is a point of departure for more complex pre-
dictive models, and avoids the circularity of 

 

post hoc

 

 interpretation of impact data. This
approach can be used to guide management decisions where landscapes are in a state of
transition and species conservation is a priority.
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Introduction

 

For decades ecologists have collected data on where
and how birds forage. These data have typically been
used to understand patterns in community structure
(Hartley 1953; MacArthur 1958; Recher 

 

et al

 

. 1985; Ford,
Noske & Bridges 1986) and interspecific competition
(Cody 1974). We have used bird foraging height data in
a novel way to predict the impact of habitat alteration.

Grazing by livestock is one process that alters habitat
structure. Pioneering work by Dambach & Good (1940),
Good & Dambach (1943) and Dambach (1944) demon-
strated the deleterious impacts of  livestock grazing
on understorey vegetation and subsequent breeding

bird populations in the woodlands of  Ohio, USA.
Despite this early work and the extensive nature of live-
stock grazing globally, the degree to which changes
in vegetation composition and structure caused by
livestock grazing influence native faunal assemblages
remains largely unknown. Current research on impacts
of grazing on woodland and riparian bird fauna uses a
classical null hypothesis testing approach, assuming
there is no impact, and attempts to reject that hypothesis
(Knopf, Sedwick & Cannon 1988; Popotnik & Guiliano
2000; Soderstrom, Part & Linnarsson 2001; Stanley &
Knopf  2002; Woinarski & Ash 2002; James 2003;
Krueper, Bart & Rich 2003). None of  these studies
explicitly tests mechanisms underlying bird suscep-
tibility to grazing but rather make 

 

post hoc

 

 inferences
regarding possible causes. Other studies predict a priori
bird species likely to be most affected by grazing
(Sedgwick & Knopf 1987) or changes in forest structure
(Haila, Järvinen & Väisänen 1980) but do not test the
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underlying reasons that led to the prediction in the first
place. Understanding the effects of grazing on Australian
woodland and riparian birds has also been hindered by
the confounding effect of grazing intensity with changes
in tree density, as these are often linked (Abensberg-
Traun 

 

et al

 

. 1996; Arnold & Weeldenburg 1998; Ludwig

 

et al

 

. 2000; Jansen & Robertson 2001; Woinarski &
Catterall 2004). Nonetheless, grazing has been implicated
in the decline of woodland and riparian birds (Dambach
1944; Jansen, Little & Crowe 1999; Recher 1999; Garnett
& Crowley 2000; Popotnik & Guiliano 2000; Traill &
Duncan 2000) and recent studies lend support to this
hypothesis (Martin 

 

et al

 

. 2005; Woinarski & Ash
2002). However, the mechanisms underlying these
declines remain to be tested. Using foraging data we
explored one of the mechanisms underlying bird sus-
ceptibility to grazing.

Bird species richness has long been linked to habitat
characteristics, in particular structural complexity
(MacArthur & MacArthur 1961; MacArthur 1964;
Cody 1968; Recher 1969; Willson 1974). Generally,
habitats with a complex architecture support more
species than habitats with a simple architecture because
they provide more resources and/or opportunities for
microhabitat segregation (Bell, McCoy & Mushinsky
1991; MacArthur, Recher & Cody 1966; Vickery 

 

et al

 

.
2001). Thus more species may co-occur per unit area,
leading to a positive correlation between biological
diversity and structural diversity (MacNally 

 

et al

 

. 2001).
A variety of  elements contribute to habitat structure
(Rice, Anderson & Ohmart 1984; Bell, McCoy &
Mushinsky 1991), including vertical and horizontal
zonation and patchiness of the vegetation (Willson 1974),
floristic elements (Woinarski, Tidemann & Kerin 1988),
structural elements of vegetation, such as the distribution
and size of trees (MacNally 1990), and provision of
resources. Ground cover and litter are also key components
of structural diversity (Recher 1991; Abensperg-Traun
& Smith 1993; Martin & Green 2002).

Grazing of woodland and riparian habitats alters the
vertical and horizontal structure and composition of
vegetation through a combination of trampling, grazing,
changes in nutrient fluxes and loss or altered recruit-
ment (reviewed by Fensham & Skull 1999; Kauffman &
Krueger 1984; McIntyre, Heard & Martin 2002, 2003).
Generally, shrubs are removed, establishment of tree
seedlings is inhibited, saplings are trampled and
browsed, and the grass layer is grazed in a heterogene-
ous manner or, when grazing pressure is heavy, the
grass sward becomes homogeneous (McIntyre, Heard

& Martin 2003). Hence we predicted that species that
preferentially forage in the understorey habitat are
more likely to be adversely affected by grazing than
species using the canopy or foraging on the ground.

Using this simple assumption, we built an impact-of-
grazing model whereby foraging height preferences are
used to predict the effect of livestock grazing by relat-
ing the height at which a bird predominantly forages
with its susceptibility to grazing. These predictions
were made before any field data were collected. The
model was tested with field data collected from land-
scapes with similar canopy cover, hence the differential
response is interpreted as a consequence of changes in
the understorey caused by livestock grazing. This approach
allowed us to test whether the foraging behaviour of
a bird species is a good predictor of its vulnerability to
grazing. We tested this model on field data collected
from two types of habitat impacted by grazing: riparian
vegetation and adjacent grassy eucalypt woodland.

 

The model

 

The changes in vegetation structure and composition
brought about by livestock grazing are likely to impact
bird foraging differentially in certain strata. We obtained
published information on foraging time–budget data for
Australian birds in woodlands similar to those in our
study area (see the Appendix). Using these data we esti-
mated the proportion of time different bird species spent
foraging in various vegetation strata. The specification
of foraging height categories was based on the literature
and our observations of grazing impacts on different
vegetation elements (Table 1). Where data from wood-
lands in eastern Australia were not available, data from
structurally similar woodlands in other regions were used
(Recher & Davis 1998; Tibbetts & Pruett-Jones 1999).

 

 

 

In developing the impact-of-grazing model we made
the following assumptions based on empirical grazing
studies (McIntyre, Heard & Martin 2003; McIvor 

 

et al

 

.
2005) and personal observations. (i) Grazing reduces
the grass/tussock layer and shrub/sapling layer (i.e.
understorey). (ii) Grazing increases the amount of bare
ground and short grass. (iii) Grazing has a negligible
effect on the canopy layer (although in the long term
grazing is likely to impact the canopy through changes
in tree population dynamics). Given these assumptions,
we would expect that species that forage on bare ground

Table 1. Description of height categories used in the impact-of-grazing model
 

 

Height (m) Description Strata index

0 Ground (either bare or short grass sward or leaf litter) 1
> 0–1 Grassy/ low shrub understorey 2
> 1–5 Shrub/sapling understorey 3
> 5 Subcanopy/canopy 4
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and/or short grass would increase as grazing pressure
increases, while species that forage in the grass/tussock
and shrub layer would decrease as grazing pressure
increases and, in the short term, species that forage in the
canopy would be unaffected by increasing grazing pressure.

Our model assumes that the susceptibility of bird
species 

 

j

 

 to grazing (

 

sg

 

j

 

) is a function of the proportion
of time that species 

 

j

 

 feeds on the ground minus the pro-
portion of time species 

 

j

 

 feeds in the grass/tussock and
shrub layers:

 

sg

 

j

 

 

 

=

 

 

 

x

 

1

 

j

 

 

 

−

 

 (

 

x

 

2

 

j

 

 

 

+

 

 

 

x

 

3

 

j

 

) eqn 1

where 

 

x

 

1

 

j

 

 is the proportion of time species 

 

j

 

 forages in
strata 1, 

 

x

 

2

 

j

 

 is the proportion of time species 

 

j

 

 forages in
strata 2 and 

 

x

 

3

 

j

 

 is the proportion of time species 

 

j

 

 for-
ages in strata 3 (Table 1). This measure of susceptibility
is a number between 1 and 

 

−

 

1 that is positive for species
that feed predominantly on the ground (0 m) and
negative for species that forage predominantly in the
understorey (> 0–5 m). We predict that positive values
of  this measure indicate a propensity to increase in
abundance with increasing grazing pressure, while neg-
ative values suggest a tendency to decrease in abundance.
An average susceptibility to grazing measure was
calculated when more than one relevant study reported
foraging height data for a particular species.

 

Methods

 

 

 

The study region was located in the south-east Queens-
land Bioregion, Australia (Sattler & Williams 1999). It
is bounded by 26–28

 

°

 

S and 151–153

 

°

 

E and ranges in
elevation between 300 and 550 m.a.s.l. The climate is
subtropical, with most rain falling in summer and frosts
occurring between May and September. Annual rainfall
is approximately 960 mm, with a temperature range in

the hottest month (January) averaging 17–28 

 

°

 

C and the
coolest month (July) 5–16 

 

°

 

C. Temperatures frequently
dropped below freezing across most of the study sites in
winter. The dominant soil types are derived from meta-
morphic, granite, sandstone and alluvium landforms.

The vegetation is grassy eucalypt woodland and
forest. In many areas the number and size of trees has
been modified during early settlement by ring barking,
a process by which trees are killed through the removal
of  a ring of  bark around the stem of  the tree. More
recently, stem-injection of  herbicides into trees has
become the major management practice to remove woody
overstorey in an effort to maintain grass production.
Currently more than one-third of the study region is
covered by woodland. The landscape is variegated,
with native vegetation comprising the majority of the
landscape matrix (60–90%) (McIntyre & Hobbs 1999).
The native vegetation has been modified to various
degrees by grazing and other disturbances but, overall,
intensive land uses such as cropping and sown pasture
are limited. The most abundant eucalypts are 

 

Eucalyptus
crebra

 

, 

 

Eucalyptus melanophloia

 

 and, on the lower slopes
and within riparian habitats, 

 

Eucalyptus tereticornis

 

(Martin 

 

et al

 

. 2000).

 

    

 

Sites were chosen based on understorey composition
and structure using a combination of  aerial photos,
topography and soil maps, followed by ground truthing.
The probable grazing history of a site was ascertained
from discussions with landholders on the historical
and current stocking rates of their property, knowledge
of  patch formation dynamics in subtropical grassy
woodlands (McIvor 

 

et al

 

. 2005), the present structural
condition of the grass sward and the plant species com-
position of the sites (McIntyre & Martin 2001, 2002;
McIntyre, Heard & Martin 2002, 2003). Three levels of
grazing were defined: no/ low, moderate and high (Table 2).

Table 2. Description of habitat treatments
 

 

Habitat Grazing level Treatment (habitat type and grazing level)

Grassy eucalypt woodland sites (W)
W 1 Grassy eucalypt woodland intact (exclosures, stock routes): no/ low grazed; land use 

indicative of a history of no, little or infrequent grazing; swards intact; native trees, 
shrubs, grassland present

W 2 Woodland modified (in paddock): moderately grazed; large native tussock grass 
structure as well as short grazed patches, indicating selective grazing; majority of shrub 
layer absent

W 3 Woodland modified (in paddock): highly grazed; closely cropped lawn-like understorey 
structure, dominated by stoloniferous/rhizomatous grasses indicating prolonged non-
selective grazing; shrub layer absent

Riparian sites (R)
R 1 Riparian vegetation intact (exclosures): no/ low grazed (as above W1); tree, shrub and 

herbaceous layer present; surrounded by vegetation consistent with W1
R 2 Riparian vegetation modified (in paddock): moderately grazed (as with W2); 

surrounded by vegetation, consistent with W2
R 3 Riparian vegetation modified (in paddock): highly grazed (as with W3); surrounded by 

vegetation consistent with W3
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Woodland and riparian habitats representing the
grazing treatments (Table 2) were surveyed to deter-
mine the potential impact of grazing on the abundance
of  bird species. Eight replicate sites of  each grazing
treatment in each habitat (three woodland, three riparian)
were selected, giving a total of  48 sites. Each grazing
treatments had to be a minimum of  20 ha in extent.
Riparian sites were situated within woodlands with
a grazing level that corresponded to the sampled
riparian site.

Woodland and riparian sites with a uniform tree
density across all three grazing regimes were chosen to
avoid the grazing effect being confounded by differ-
ences in tree density. Survey sites were stratified across
an area of 1000 km

 

2

 

 and the distance between sites was
a minimum of 1 km.

 

 

 

Each of the 48 sites contained a 2-ha search area (Barrett

 

et al

 

. 2003), where the abundance of all bird species
seen or heard was recorded during a 20-min interval on
two different days and repeated for each season, giving
a total of  192 site visits. With the exception of  aerial
feeders (swifts, swallows and raptors), all birds flying 20
m or above were excluded.

A single observer completed the surveys. Bird counts
were made on fine mornings in summer (November–
January 2001–02) between 04.45 and 09.45 h and in
winter (June–July 2002) between 06.45 and 11.45 h.
Surveys were not conducted during summer, above
35 

 

°

 

C, or during winter when the temperature fell below

 

−

 

2 

 

°

 

C. To avoid possible sampling bias, a restricted
random visitation method was used, whereby the entire
survey was partitioned into six geographical regions and
each region (and subsequent site within each region)
was visited randomly (MacNally & Horricks 2002).

 

     
-- 

 

We calculated the change in species abundance as graz-
ing pressure increases (e.g. from no/low to moderate;
no/ low to high; and moderate to high grazing), referred
to as relative change. Bird species abundance across
the eight replicate grazing treatments for each habitat,
from summer and winter, were combined in order to
calculate the relative change in density for each species
in each grazing level transition for the woodland and
riparian sites, respectively, and density values were stand-
ardized between 

 

−

 

1 and 1 (see the Appendix).
Let 

 

y

 

jk

 

 be the density of  species 

 

j

 

 at grazing level 

 

k

 

,
where 

 

k

 

 is equal to 

 

l

 

 for no/ low grazed, 

 

m

 

 for moderate
grazed and 

 

h

 

 for high grazed sites. Therefore the relative
change from no/low (

 

l

 

) to high (

 

h

 

) grazing for species

 

j

 

 is:

eqn 2

and 

 

lm

 

j

 

 is from no/low to moderate grazing and 

 

mh

 

j

 

 is
from moderate to high grazing. For example, if  species

 

j

 

 is present under high (

 

y

 

jh

 

 > 0) grazing but absent
under no/ low grazing (

 

y

 

jl

 

 = 0) then 

 

lhj

 

 is equal to 1,
whereas if  species 

 

j

 

 is present under no/ low grazing
(

 

y

 

jl

 

 > 0) but absent from high grazing (

 

y

 

jh

 

 = 0) then 

 

lhj

 

is equal to 

 

−

 

1. This relative change for each grazing
transition is then plotted against the susceptibility to
grazing measure.

Spearman’s rank correlations were performed to test
the strength of the relationship between our predic-
tions from the grazing impacts model and the relative
change in density value for each grazing level transition.
We were primarily interested in the overall trend rather
than an exact fit of the correlation, i.e. do species that
are predicted to decline actually decline? If  our model is
a good predictor of a bird’s susceptibility to grazing
then we would expect to find most bird species in the
upper right quadrant or lower left quadrant shown in
Fig. 1. That is, a species predicted to increase is observed
to increase, and a species predicted to decline is observed

lh
y y

y yj
jh jl

jh jl

  
  

  
=

−
+

Fig. 1. Plot of susceptibility to grazing based on foraging
height preference (FHP) and relative change in abundance
from no/low grazing to high grazing for (a) woodland and
(b) riparian habitat. Relative change is positive if  a species
increases in abundance with grazing. If  our forage model is a
good predictor of a species’ response to increased grazing
pressure, then we expect the foraging height preference (FHP)
plotted against the relative change in abundance to fall in
quadrants (−1,−1) and (1,1), whereas species that do not fit the
model will be in (1,1) and (−1,1).
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to decline. Species that show an opposite response to
that predicted would be in either the upper left or lower
right quadrant. All analyses were performed using
freeware package R (R Development Core Team 2004).

 

 

 

Species included in the analyses were limited by the
availability of published data on the proportion of time
a species spent foraging at different heights (see the
Appendix). In addition, prior to analysis, birds of prey,
aerial feeders (e.g. swifts and swallow) and aquatic birds
(e.g. ducks, grebes and cormorants) were excluded
because foraging for these species occurs primarily
away from terrestrial vegetation. Finally, a minimum of
two field observations was required in a habitat (ripar-
ian, woodland) to be included in the analysis. A list of
species, studies used and resulting susceptibility to
grazing measure and relative change values for one
grazing transition (no/ low to high grazing) for wood-
land and riparian habitat is shown in the Appendix.
Nomenclature follows Christidis & Boles (1994).

 

Results

 

The susceptibility to grazing measure was a significant
predictor of differences in bird density in grazed habi-
tats (Fig. 1 and  Tables 3 and 4). In both woodland and

riparian sites, 80% and 78%, respectively, of  species’
predictions corresponded with the observed change in
species’ densities from no/low grazing to high grazing
(Table 4). While the correlation coefficients were not
high they indicated that there was a significant relation-
ship between the predictions from the impact-of-grazing
model based on foraging height preference and changes
in bird density as grazing intensity increases (Table 3).

Correlations were strongest for both woodland and
riparian habitats from no/low to moderate grazing and,
the most dramatic change in grazing state, no/ low to
high grazing. The number of species predicted to decline
was three times the number predicted to increase and
most woodland birds predicted to decline did, in fact,
decline (Fig. 1).

Of the 58 species included in the analyses, 53 were
recorded in both woodland and riparian habitats. Four
species (azure kingfisher 

 

Alcedo azurea

 

, eastern whipbird

 

Psophodes olivaceus

 

, red-rumped parrot 

 

Psephotus
haematonotus

 

, straw-necked ibis 

 

Threskiornis spinicollis

 

)
were recorded in riparian habitats only and one species
(brown quail 

 

Coturnix ypsilophora

 

) in woodland only.
Thirty-one species were predicted to decline and did

decline with increased grazing pressure. These included
understorey specialist species (e.g. brown thornbill

 

Acanthiza pusilla

 

, variegated fairy-wren 

 

Malurus lam-
berti

 

 and white-browed scrubwren 

 

Sericornis frontalis

 

),
subcanopy and canopy feeders (e.g. buff-rumped thornbill

 

Acanthiza reguloides

 

, fuscous honeyeater 

 

Lichenos-
tomus fuscus

 

, spotted pardalote 

 

Pardalotus punctatus

 

,
scarlet honeyeater 

 

Myzomela sanguinolenta

 

, white-
throated honeyeater 

 

Melithreptus albogularis

 

 and white-
naped honeyeater 

 

Melithreptus lunatus

 

) and the riparian
specialist, azure kingfisher 

 

Alcedo azurea

 

. Nine species
predicted to increase that did increase were ground for-
agers (e.g. crested pigeon Ocyphaps lophotes, masked
lapwing Vanellus miles, magpie-lark Grallina cyanoleuca,
straw-necked ibis Threskiornis spinicollis and yellow-
rumped thornbill Acanthiza chrysorrhoa).

Species that did not fit the model well tended to fall
close to the edges of quadrants in Fig. 1 rather than at
the extremes, and included a group of large-bodied
ground foragers (e.g. Australian magpie Gymnorhina

Table 3. Results of Spearman’s rank correlation (r) between
the foraging height preference and relative change for
woodland and riparian habitats, showing n number of pairs
and P-value
 

Grazing transitions

Woodland Riparian 

r n P r n P

No/low to moderate 0·61 50 < 0·0001 0·50 49 0·0001
Moderate to high 0·57 50 < 0·0001 0·45 50 0·0006
No/low to high 0·36 47  0·009 0·39 48 0·004

Table 4. Summary of a priori predictions and observed relative change in density from no/low to high grazing for both woodland
and riparian habitats
 

 

Prediction Relative change

Woodland Riparian 

No. species % No. species %

Decrease Decrease 31 62 29 58
Increase Increase 9 18 10 20
Decrease Increase 5 10 4 8
Increase Decrease 3 6 3 6
Decrease Zero 1 2 2 4
Zero Increase 0 0
Zero Decrease 0 1 2
Increase Zero 1 2 1 2
Total 50 50
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tibicen, galah Cacatua roseicapilla and torresian crow
Corvus orru). Notable exceptions were a group of small-
bodied ground foragers (e.g. brown quail Coturnix
ypsilophora, eastern whipbird Psophodes olivaceus,
eastern yellow robin Eopsaltria australis and speckled
warbler Chthonicola sagittata; Fig. 1).

Discussion

Our predictive approach to examining the role of graz-
ing in shaping Australian woodland bird assemblages
has demonstrated that foraging height preference is
a good predictor of a bird’s susceptibility to livestock
grazing. There are many reasons why our impact-of-
grazing model should fail. First, small sample sizes for
some species (e.g. brown thornbill Acanthiza pusilla and
eastern yellow robin Eopsaltria australis) will obscure
any prediction. Secondly, there are likely to be many
other facets that influence the presence of species other
than availability of feeding substrates. Thirdly, grazing
affects habitat in more ways than simply altering
vegetation structure. However, despite these limitations
the impact-of-grazing model successfully predicts
changes in bird species abundance.

The strength of the correlation between bird species
diversity and habitat structural diversity is tied to the
varying availability and exploitation of substrates, food
types and other habitat resources (Willson 1974; Karr
1976). At the most simplistic level a species will not be
present unless there are appropriate resources for it
to use (Ford 1989). Livestock grazing of woodland and
riparian habitats alters the vegetation structure by
modifying and often removing the understorey vegeta-
tion, thereby changing the resources available for birds.
Through an understanding of where birds forage in intact,
non-grazed vegetation, we successfully predicted whether
bird species abundance was likely to increase, decrease
or remain unaffected with increasing grazing pressure
for the majority of bird species under consideration
(Table 4, and see the Appendix).

In this study, loss of understorey vegetation induced
by cattle grazing resulted in a decline in abundance of
many woodland bird species. At high levels, livestock
grazing causes a major structural and plant species
shift in the understorey vegetation, where perennial
tussock grasses are lost and lawn-forming rhizomatous
and stoloniferous grasses predominate (McIvor et al.
2005). The bird assemblage also showed a dramatic
change, from one dominated by small-bodied wood-
land species found in no/ low grazed woodlands, to an
assemblage made up large-bodied ‘generalist’ species
that are increasing nationally (Barrett et al. 2003). The
patterns under moderate grazing were more complex,
with some notable woodland birds (e.g. brown treecreeper
Climacteris picumnus, speckled warbler Chthonicola
sagittata, jacky winter Microeca fascinans and varied
sittella Daphoenositta chrysoptera) increasing in abund-
ance or remaining stable. Under moderate levels, large
tussock perennial grasses dominated the understorey

and were grazed to varying degrees. This increased
structural diversity and may provide new foraging
opportunities. Through knowledge of  where in the
vegetation strata birds forage and the grazing impacts on
vegetation structure, we were able to predict correctly
changes in abundance of most woodland bird species
under consideration. With more than 70% of Australia
and significant areas on other continents under live-
stock grazing, this method could be used widely to help
predict which bird species are most at risk from this
type of land use.

Our model was designed to detect coarse monotonic
trends associated with grazing. However, we know that
some species do not respond monotonically (Martin
et al. 2005). For example, the brown quail was pre-
dicted to increase under grazing yet showed an inter-
mediate response, reaching its highest abundance under
moderate levels of  grazing. In contrast, the dusky
woodswallow Artamus cyanopterus was predicted to
decline with grazing and did decline under high grazing
but increased under moderate grazing compared with
no/low grazing pressure. Thus, while our model may
predict the correct response for one grazing transition,
the prediction may be incorrect for another.

Several species that were predicted to increase markedly
with increases in grazing, based on their preference
for foraging on the ground (e.g. Australian magpie,
galah and torresian crow), showed only slight increases
in abundance. These species are pervasive throughout
grassy woodlands regardless of  grazing intensity,
therefore the relative change in abundance from one
grazing level to another was marginal.

A model that could accommodate the influence
of ‘substrate type’ may have improved predictions for
some ground foraging birds (e.g. eastern yellow robin,
eastern whipbird and speckled warbler) as these species
are known to forage in leaf litter as well as short grass
and bare ground (Ford, Noske & Bridges 1986) and
grazing is likely to decrease the amount of leaf litter.
However, this information is not widely reported; hence
it is not clear how it could be accommodated a priori.

Our model could be extended to test the relative
importance of seasonality and sex on bird species sus-
ceptibility to grazing. Variation in the place and time
that resident and migrant insectivores (Recher & Davis
2002) and nectivores (Woinarski, Connors & Franklin
2000) exploit different food resources has been docu-
mented for woodland bird fauna. Research has also
demonstrated sexual dimorphism in foraging heights
(Recher & Holmes 2000).

The method reported here should be useful for
informing management decisions relating to landscape
restoration, intensification and abandonment. With
extensive habitat restoration efforts under way across
southern Australia, North America and Europe, pas-
ture abandonment throughout parts of Europe (Blanco,
Tella & Torre 1998; Laiolo et al. 2004), as well as land-
scape intensification across many continents, this
approach could be used to predict which birds are likely
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to utilize different habitats under various management
regimes (Raman, Rawat & Johnsingh 1998). It is widely
presumed that restoration efforts will benefit biodiver-
sity, but there is little general theory to guide restoration
efforts (Hobbs & Norton 1996). This modelling approach
could be adapted to predict when habitat resources
(food and nest sites) for birds or other fauna are likely
to become available or, conversely, when they are likely
to disappear. Simulating the growth or removal of dif-
ferent vegetation layers and features (e.g. hollows and
fruit set) would provide a habitat trajectory over time.
Knowledge of foraging height preference or nesting
requirements could then be used to predict when an
evolving habitat would become suitable for colonization.



Ecologists and resource managers need a sound basis
upon which to make management decisions; for con-
servation biology and ecology to mature as disciplines
we must go beyond case-by-case interpretation and be
able to predict with confidence the impacts of different
land uses in a range of environment (Peters 1991; MacNally
& Bennett 1997). In order to achieve this we must pose
hypotheses with testable predictions (MacNally &
Bennett 1997; MacNally, Bennett & Horricks 2000), as
without these we have no way to forecast (Peters 1991).
Ecologists must consider the mechanisms underlying
change rather than search for patterns to infer change.
The ability to forecast which species are most vulner-
able to grazing by livestock would facilitate a proactive
approach to the management of habitats at the land-
scape, regional and continental scales. The method
reported here has allowed us to demonstrate that most
woodland and riparian birds decline with increasing
grazing pressure and, most importantly, their preferred
foraging height is a significant determinant of  their
susceptibility to livestock grazing. This approach can be
applied to other areas where landscapes are in a state of
transition, to provide crucial information on which to
make conservation management decisions.
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