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Abstract In Australian urban environments, revegetation and vegetation restoration are increasingly utilized
conservation actions. Simple methods that help assess the utility of urban vegetation for bird species will help direct
this effort for bird conservation purposes. We therefore examine whether ecological principles can be used to
predict, a priori, the relative abundance of different bird species in urban vegetation. Our model proposes that a bird
species will be in greater abundance where vegetation structure better reflects its foraging height requirements, and
this relationship will be moderated by the landscape context of the patch. To quantify and test this model, we
created an index to rank existing and revegetated urban vegetation sites in order of greatest expected abundance for
each of 30 bird species.We tested this model, alongside two simpler models which consider landscape context and
foraging height preferences alone, using bird abundance data from 20 woodland remnants and 20 revegetated sites
in Brisbane, Australia. From these bird abundance data, we calculated the relative abundance of each species
between the top-ranking sites and lowest-ranking sites. The model which incorporated both foraging height
requirements and landscape context made predictions that were positively correlated with the data for 77% of
species in remnant vegetation and 67% in revegetation. The results varied across species groups; for example, we
achieved lower predictive success for canopy foraging species in the less mature revegetation sites. Overall, this
model provided a reasonable level of predictive accuracy despite the diversity of factors which can influence species
occurrence in urban landscapes. The model is generic and, subject to further testing, can be used to examine the
effect of manipulating vegetation structure and landscape context on the abundance of different bird species in
urban vegetation. This could provide a cost-effective tool for directing urban restoration and revegetation efforts.
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INTRODUCTION

Conserving nature in urban environments presents
enormous challenges. The majority of the world’s
human population now resides in urban areas (United
Nations 2008), and as a result remaining urban habitat
is generally isolated and degraded (Rickman &
Connor 2003). The cost of land acquisition close to
cities for conservation purposes is also markedly
higher than rural areas (Cavailhes & Wavresky 2003).
Along with dense human populations come a range of
threatening processes including high road density,
invasion by exotic species, and light and noise pollu-
tion which can limit wildlife species diversity and
abundance (Longcore & Rich 2004). Despite these
threats, the presence of green space and biodiversity
within urban landscapes provides numerous tangible
services that can be accessed by a large proportion of
the community (Jim & Chen 2006; McDonnell 2007).
Urban parklands often represent one of the few oppor-
tunities city residents have to encounter nature on a

daily basis (McDonnell 2007), and the psychological
benefits of such encounters have been repeatedly
noted (Ulrich 1984; de Vries et al. 2003; Fuller et al.
2007).These benefits underpin the need for continued
conservation effort and investment in urban areas.

In Australian urban environments, revegetation and
vegetation restoration are increasingly utilized conser-
vation tools (e.g. Green Web Sydney, The Sydney
Regional Organisation of Councils 2009; 2 Million
Trees Project, Brisbane City Council 2009). In our
study, ‘revegetation’ refers to replanting of areas that
have previously been cleared, and ‘restoration’ is where
the quality of a vegetation remnant is enhanced
through a range of management techniques (such as
weeding and some vegetation planting). These actions
are both costly and time-consuming relative to basic
habitat protection. To date, there are few, if any,
methods to rapidly predict the relative abundance of
different bird species in remnant or revegetated urban
patches. Such methods, if effective, could provide a
means to direct restoration and revegetation efforts to
enhance bird biodiversity at the local scale.

Numerous landscape or patch-level factors have
been found to influence bird species presence in urban
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landscapes. Just a few examples include the level of
urbanization (Morimoto et al. 2006), household
density (Tratalos et al. 2007), the primary use of the
patch (e.g. whether dogs are walked in the area; Banks
& Bryant 2007) or the level of pedestrian usage
(Fernandez-Juricic 2000). Our objective within this
study, which is to develop a method to rapidly predict
the relative abundance of birds in remnant or recreated
vegetation patches, is therefore complicated by a large
number of potentially interacting variables. One
method for dealing with this complexity is to use
general rules, or basic ecological principles to make a
priori predictions of a system.These predictions should
be based on any available expert knowledge of the
system, as well as mechanistic principles which are
likely to drive the patterns of interest (Mac Nally et al.
2000; Martin & Possingham 2005).While rarely used,
the a priori approach represents a powerful method to
test general rules and theory, and translate theory into
useful accessible tools for conservation management
(Shanahan & Possingham 2009). Here, we identify
possible mechanistic drivers of species presence and
abundance in vegetation patches, and use the a priori
approach to make predictions regarding the potential
abundance of bird species in urban vegetation patches.

Two factors which are likely to have a strong mecha-
nistic influence on bird species abundance are patch-
level vegetation characteristics and landscape context.
These variables have repeatedly been found to impact
bird species persistence in many landscape types,
including urban (Luther et al. 2008; Evans et al. 2009)
and rural landscapes (Martin et al. 2006; Tewksbury
et al. 2006). Vegetation characteristics, including veg-
etation structure and floristics, of a patch are generally
considered important as they determine whether the
species can forage, and thus survive in an area (Mac-
Arthur & MacArthur 1961). Vegetation structural
complexity in particular has repeatedly been found to
influence bird species richness (MacArthur et al. 1966;
Willson 1974; Hinsley et al. 2009), and bird foraging
height preferences have been found to be a good pre-
dictor of bird abundance in response to woody vegeta-
tion structure (Martin & Possingham 2005; Kutt &
Martin (2010). The similarity between a species for-
aging height preferences and the vegetation structure
in a patch is therefore likely to be a reasonable predic-
tor of the relative abundance of that bird species.

In terms of landscape context, both patch area and
connectivity of a patch to other vegetation in the land-
scape can be considered important factors. These
landscape characteristics interact to influence the colo-
nization probability of remnant vegetation and persis-
tence of a population in the long term (Hanski 1994).
Furthermore, the connectivity between vegetation
within a highly modified landscape is likely to be
important for birds that use multiple patches on a
day-to-day basis (Martensen et al. 2008). There are

many ways to measure landscape context; for example,
patch area and distance to a large patch, and different
measurements are likely to be appropriate for different
landscapes. However, in some highly altered urban
landscapes where there are many small, scattered
remnant vegetation patches, per cent vegetation cover
in the surrounding landscape is likely to provide an
ecologically meaningful summary measure. It provides
an indication of both landscape connectivity and avail-
able vegetated area (Andrén 1994). As the landscape
becomes increasingly saturated with vegetation
(increasing percentage vegetation cover), the amount
of potential habitat increases and the physical distance
between patches is reduced, thereby increasing
connectivity. Several studies have also suggested per
cent vegetation cover in the landscape may provide a
means to generalize species response to landscape
change, as there is some evidence of thresholds below
which species extinctions occur at a much greater rate
(McAlpine et al. 2002; Radford et al. 2005; Rhodes
et al. 2008).

In this paper we ask the question: can we use these
basic ecological principles, namely species foraging
height preferences and landscape context, to a priori
predict the relative abundance of bird species in urban
vegetation? In addressing this question, we create a
predictive model to quantify and then rank vegetation
patches for 30 bird species in an urban landscape.This
model predicts that bird abundance will be higher the
more similar the species foraging height preferences
are to the vegetation structure in the patch, and that
this relationship is moderated by the landscape context
of the patch.We test the efficacy of this ranking system
in both revegetated areas and unmanaged remnant
vegetation sites in Brisbane, Australia. If effective, this
simple predictive model could aid in the prioritization
of investments in urban restoration and revegetation.

METHODS

Model development

We developed three a priori models to predict the relative
abundance of individual bird species in urban vegetation
patches. For each model, we developed an index that can be
used to rank the habitat patches of interest from best to worst
for each bird species. These models and the indices are pre-
sented below, and Table 1 provides a summary with associ-
ated abbreviations.

Model 1: foraging height preferences and vegetation
structure predict the relative abundance of bird species

Bird foraging heights have been used to predict changes in a
bird species relative abundance in response to both livestock
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grazing (Martin & Possingham 2005) and woody vegetation
change (Kutt & Martin 2010). These previous studies have
found that as the shrub layer within a vegetation patch is
removed or restored, the abundances of species that rely on
this layer for foraging decrease or increase, respectively. Our
first model therefore assumes: a bird species will be in greater
abundance in areas where vegetation cover more closely
reflects the birds’ foraging height requirements.

To formalize this model, we use a foraging height similarity
index (Fij) to quantify the difference between the vegetation
structure within patch j and the foraging height preferences
of species i. We define the ranking index using a sum of
absolute differences equation:

F i xij y y= − (1)

where iy is a measure of the proportion of time bird species i
is known to spend foraging in y vegetation stratum level
(either A, B, C or D, defined below); and xy is the percentage
vegetative cover within the patch at the same vegetation
stratum level y.We consider the same foraging height catego-
ries used by Martin and Possingham (2005): A (ground:
bare, short grass or leaf litter, 0 m); B (grass/low shrubs,
>0–1 m); C (shrubs/sapling understorey, >1–5 m); and D
(canopy/sub-canopy, >5 m). To simplify this index, we cat-
egorize both the proportion of time a species spends foraging
in a particular vegetation stratum and the percentage cover at
that stratum layer into five groups: 0 (0% of time or cover);
1 (1–25% of time or cover); 2 (26–50% of time or cover); 3
(51–75% of time or cover); 4 (76–100% of time or cover).
This index results in possible values between 0 (foraging
height preferences and vegetation characteristics are similar)
and 16 (foraging height preferences and vegetation charac-
teristics are dissimilar). Thus, the model suggests the lower
the Fij value, the better the patch for species i.

Model 2: landscape context of a patch predicts the
relative abundance of a bird species

Our second model predicts a bird species will increase in
abundance as the percentage of woody vegetation in the

surrounding landscape increases. For this model, the index
used to rank sites from best to worst (index referred to as Cj)
is simply the percentage cover of woody vegetation in the
landscape surrounding patch j. The higher the percentage
woody vegetation cover relative to the other patches consid-
ered, the better the patch rank will be.

Model 3: foraging height and landscape context predict
relative abundance of bird species

Our final model predicts that a bird species will be in
greater abundance where vegetation cover more closely
reflects the birds’ foraging height requirements, but this
effect will be moderated by the landscape context of the
patch. Of all three models, we expect Model 3 to be the
best predictor of bird species presence and abundance
because it takes into account both local (foraging behav-
iour) and regional (habitat in the surrounding landscape)
factors known to moderate bird species abundance. The
ranking index for this model (Vij) is the product of
the foraging height similarity index, Fij, and the context
index, Cj;

V F Cij ij j= −( )1 (2)

Based on this equation, the foraging height similarity index
(Fij) will decrease linearly with increasing percentage woody
vegetation cover. Thus, a low Vij value relative to the other
patches considered will indicate the species will have a
greater abundance. In urban areas where vegetation cover
does not reach high proportions, we expect using a linear
relationship will approximate the true relationship between
landscape cover and species persistence. However, this
equation (as well as that presented under Model 2) must be
adjusted if applied to an unmodified landscape, as 100%
cover of percentage woody vegetation in the landscape will
always result in an Vij index of 0. The true relationship is
more likely to be a logistic shaped curve (see Andrén
1994).

Table 1. Summary of models developed and tested in this study

Description and model prediction Abbreviation of model index Equation reference

Model 1
Similarity between the foraging preferences of species i and the
vegetation cover of a given stratum within patch j best explains
relative abundance of bird species.

Fij Eqn 1

Model 2
Landscape context (measured by per cent woody vegetation
cover in the landscape surrounding patch j) best explains relative
abundance of all bird species. In this study the landscape is
measured at three separate landscape scales: 1-km, 3-km and
5-km radius around the patch of interest.

Cj (1, 3 or 5 km) Eqn 2

Model 3
Similarity between the foraging preferences of species i and the
vegetation cover of a given stratum within patch j, adjusted for
the landscape context of the patch best explains relative
abundance of bird species. Landscape is again measured at three
scales: 1-km, 3-km and 5-km radius.

Vij (1, 3 or 5 km) Eqn 2
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Applying the models

We applied the models to vegetation patches in Brisbane city,
Australia.The landscape is entirely urban/suburban with veg-
etation patches scattered throughout.We identified a total of
40 patches for which to make predictions of bird species
relative abundance. Twenty revegetated patches were
selected, all between 1.5 and 2 ha which can be broadly
characterized as areas with diverse, young eucalypt woodland
vegetation (with predominantly local species) and continued
weed management (site characteristics summarized in
Table 2).These sites were planted by both local environmen-
tal groups and as part of a waterways and urban greening
plan organized by local councils between 8 and 25 years ago.
We also identified 20 unmanaged vegetation patches (termed
‘unmanaged remnant’ in this study). Each was of a similar
size, and within 1 km of a revegetation patch. These sites
were remnant woodland vegetation where weed management
does not occur. This resulted in a paired study system of 20
revegetated sites and 20 unmanaged remnant sites.

We carried out transect vegetation surveys within all sites
to quantify and characterize plant coverage at each foraging
height level. A 50-m survey line was randomly placed within
each block, and at 2-m intervals along this line we recorded
all plant species at that exact point (touching the tape
measure or directly above it). We also recorded the height of
all ground, shrub and canopy plants. From these data, we
calculated the percentage of survey points that were covered
at each vegetation stratum level; this was simply the percent-
age of survey points along the transect at which there was
plant cover within each of the four stratum categories (A,
0 m; B, >0–1 m; C, >1–5 m; D, >5 m). Finally, these plant
cover percentage estimates were categorized for use in the
model index calculations: 0 (0% cover); 1 (1–25% cover); 2
(26–50% cover); 3 (51–75% cover); 4 (76–100% cover).

We calculated per cent woody vegetation cover in the
landscape around each vegetation patch at a range of scales:
a 1-km radius around the edge of the patch of interest, 3-km
radius and a 5-km radius. This multiple scale approach is
similar to that taken by Rhodes et al. (2008), and encom-
passes a range of scales at which bird dispersal may occur.To
determine these values, within a GIS environment (ArcGIS
9.2, ESRI, CA, USA) we extracted a vegetation map of
woody vegetation from the regional ecosystems vegetation
map V1.0 (Brisbane City Council 2004). This map resource
was generated by government using remote sensing and

ground truthing, and has a high resolution (4 m) detailing all
vegetation types that occur within the city limits. In the GIS,
we then created buffers of 1 km, 3 km and 5 km around the
edge of each patch, and estimated per cent woody vegetation
cover within that buffer. Table 2 summarizes the range of
values obtained for sites in this study.

We compiled a list of bird species that occur within the
urban area from surveys carried out in the past 5 years.These
records were obtained from the Bird Atlas resource, which is
collated by Birds Australia and comprises data from surveys
carried out by the community (Barrett et al. 2003). For all
species on this list for which it was available (from studies in
similar vegetation types), we obtained foraging height time-
budget data from the Handbook of Australian, New Zealand
and Antarctic Birds (Marchant & Higgins 1993; Higgins &
Davies 1996; Higgins 1999; Higgins et al. 2001, 2006;
Higgins & Peter 2002) and other studies (for list of all rel-
evant studies see Martin & Possingham 2005). Thirty bird
species had sufficient information for which we could apply
the models.These species were non-migratory and native.We
converted the foraging time proportions into categories for
each of the vegetation stratum levels (A, B, C and D): 0 (0%
of time); 1 (1–25% of time); 2 (26–50% of time); 3 (51–75%
of time); 4 (76–100% of time).

Model analysis

We calculated each of the indices Fij (Eqn 1), Cj and Vij

(Eqn 2) for each of the 30 species. For the indices Cj and Vij,
we did this for each of the three separate landscape scales
measured (1 km, 3 km and 5 km). Based on these index
values, for each species we ranked the 20 unmanaged rem-
nants and 20 revegetated sites from predicted highest abun-
dance to lowest.

We carried out four bird abundance surveys at each of the
20 revegetated and 20 unmanaged urban sites. The repeat
surveys in each site were carried out on different days and
between the hours of 5 am and 9 am, from September to
December 2008 giving a total of 160 surveys across all
patches. Each survey consisted of a 20-min walk along a
transect of approximately 400 m ¥ 40 m (1.6 ha). Double
counting of birds was considered a minor issue as the
observer was continuously on the move (Gregory et al.
2004). Every bird heard and/or seen within the transect was

Table 2. Characteristics of sites used in this study, including the range of per cent vegetation cover in the landscape
surrounding each group

Site description Vegetation characteristics
Number
of sites

Percentage vegetation cover

1-km radius
landscape

3-km radius
landscape

5-km radius
landscape

Unmanaged urban sites Unmanaged remnant vegetation with
weedy undergrowth.

20 7–55% 9–56% 4–56%

Revegetated urban sites Areas which have been revegetated,
beginning as cleared land or with
few remnant trees. Weed
management ongoing.

20 6–52% 8–57% 4–59%
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recorded. Birds seen flying over or heard outside the survey
plot were not included.We calculated the relative abundance
(RAi) of each species between the top-ranking sites and the
low-ranking sites. This was calculated for each index type
using the following formula:

RA y y y yi il iu il iu= −( ) +( ) (3)

where yil is the summed abundance of species i in sites with
index values falling in the lower quartile (l) of all index
values, and yiu is the summed abundance in sites falling
within the upper quartile (u) of all index values. This equa-
tion provides a RAi value between +1 and -1. RAi > 0 indi-
cates the top-ranking sites have a higher overall abundance of
species than the lowest-ranking sites, and RAi < 0 indicates a
lower overall abundance. As such, a positive RAi value pro-
vides support for the model, and a negative value indicates no
support.

To assess the overall performance of each model, we cal-
culated the percentage correct classification rate (i.e. the
proportion of species for which the RAi was positive). The
higher the percentage correct classification rate, the better
the model fit. To test the significance of the difference of
these results from random, we generated a random frequency
distribution. This was carried out by creating 10 000
datasets, each of which consisted of 30 randomly generated
relative abundance (RAi) values between -1 and 1. If the
observed percentage correct classification rate was above the
95th percentile of the randomly generated data, the result
was deemed significantly different from random.

We tested for significant differences in RAi scores between
model pairs using Wilcoxon rank sum tests for paired data in
the statistical software program R (R Development Core
Team 2009). These comparisons were made for each model
between revegetated and unmanaged sites (e.g. Model 1,
between revegetated and unmanaged sites), and also between
each model pair within the site classifications (e.g. between
Model 1 and Model 2, revegetated sites only).

Finally, we tested whether a species most preferred forag-
ing height (the vegetation stratum in which each species
spends the highest proportion of time, based on the data
compiled in Martin & Possingham 2005) influenced the
success of our models.The reasoning for this was that under-
storey species are often considered more susceptible to frag-
mentation (Sekercioglu et al. 2002; Gillies & Clair 2008),
and ground foraging species may not benefit from increasing
vegetation cover in the landscape. Thus, we expected the
models may not work as well in these highly altered land-
scapes for these species groups. We used Kruskal–Wallace
analysis of ranks in the software program R to first test
whether this grouping showed any significant influence on
model trends, and second whether the difference between
models was significantly influenced by the species grouping.

RESULTS

Model 3 achieved the highest level of support from the
RAi scores (i.e. had the greatest percentage correct
classification score). This model considered the simi-
larity between species foraging height preferences and
vegetation structure as well as the landscape context of

the patch. Model 3 was best at the 5-km radius scale,
with 23 of 30 species achieving positive RAi scores in
unmanaged urban sites (77% correct classification,
difference from random significant at P = 0.002), and
20 of 30 species in revegetated urban sites (67%
correct classification, difference from random signifi-
cant at P = 0.01) (Fig. 1).

Model 1 was the only other model to achieve a
significant percentage correct classification, and this
was the case for unmanaged sites only (19 of 30
species, or 63% correct classification, P = 0.049)
(Fig. 1). Model 2 was not significant at any scale; the
scale which achieved the highest per cent correct clas-
sification score was, however, also at the 5-km radius
(56% in unmanaged sites, 53% in revegetated sites).
Model 3 at the 5-km scale provided a statistically sig-
nificant better fit with the RAi values than either
Model 1 or Model 2 (5 km) (Table 3).

The general trend was that all models achieved a
higher percentage correct classification rate in the
unmanaged sites than revegetated sites (Fig. 1). This
difference was not significant for any model; however,
it was close to significant for Model 3 when consider-
ing a radius of 3 km and 5 km (Vij (3 km) and Vij

(5 km); W = 133 and P = 0.057, and W = 141 and
P = 0.055, respectively).

The influence of preferred foraging height on the
RAi scores was insignificant for all models (unman-
aged sites: Model 1, c2 = 29, P = 0.41; Model 2,
c2 = 25, P = 0.51; Model 3 (5 km), c2 = 19.8,
P = 0.65; revegetated sites: Model 1, c2 = 27, P = 0.29;
Model 2, c2 = 21, P = 0.31; Model 3 (5 km), c2 = 25.6,
P = 0.53). In Figure 2 we present the RAi scores
achieved for Model 1 (which was the best performer of
the two simple models) and Model 3 (5-km scale) (as

40%
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Fig. 1. The percentage correct classification rate of each
model. This rate is the percentage of species for which the
model achieved a positive relative abundance score (RAi).
Significant model results (at P < 0.05) are indicated by aster-
isk (*). For Model 2 (landscape context considered), only the
scale at which the best results were achieved is presented
here.
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the overall best performer) plotted against the pre-
ferred foraging height of each species (each species
most preferred foraging height is listed for reference in
Appendix S1). Although there is no statistical signifi-
cance in this grouping, there are some trends evident
(Fig. 2 and Appendix S1). Model 3 performed better
than Model 1 for some grassy/low shrub foraging bird

species (preferred foraging height >0–1 m) in both
unmanaged and revegetated areas, including the
superb fairy-wren Malurus cyaneus, the double-barred
finch Taeniopygia bichenovii and the eastern whipbird
Psophodes olivaceus. However, Model 1 and Model 3
were consistently poor predictors for the variegated
fairy-wren (Malurus lamberti), whereas Model 2, which

Table 3. Results from Wilcoxon rank sum tests for paired data, between the relative abundance values achieved from each
model

Difference between model results:

Unmanaged sites Revegetated sites

W Significance (P-value) W Significance (P-value)

Model 1 (Fij) & Model 2 (Cj 5 km) 128 0.42 173 0.70
Model 1 (Fij) & Model 3 (Vij 5 km) 61 0.01* 68 0.05*
Model 3 (Vij 5 km) & Model 2 (Cj 5 km) 65 0.05* 69 0.05*
Model 3 (Vij 1 km) & Model 3 (Vij 3 km) 37 0.11 109 0.58
Model 3 (Vij 1 km) & Model 3 (Vij 5 km) 70 0.05* 65 0.04*
Model 3 (Vij 3 km) & Model 3 (Vij 5 km) 158 0.67 72 0.06

Significance at P � 0.05 is indicated by asterisk (*). The simplistic models (Model 1 and Model 2) are compared against the
best performing scale for Model 3 (5-km scale, based on percentage correct classification scores). Only results for the best
performing scale of Model 2 (landscape context alone) are presented (5-km scale).

Fig. 2. (a) and (b) show the relative abundance (RAi, Eqn 3) of 30 bird species in urban unmanaged vegetation remnants and
revegetated sites, calculated from Models 1 and 3 (5-km scale) (see Table 1 for details). RAi is plotted against each species most
preferred foraging height (see Appendix S1 for details). A positive RAi in (a) and (b) indicates the bird abundance data support
the predictive model ranking system, and the converse for a negative number. (c) shows the difference between the RAi values
in (a) and (b) for each bird species. A positive number indicates Model 3 provides an improved fit to abundance over Model 1,
and the converse is true for a negative number. Species for which negative results were achieved are labelled (abbreviations listed
in Appendix S1).
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considered landscape context of the patch alone,
achieved positive model support (see Appendix S1).

Model 3 performed better for a number of canopy
foraging species in both site types (Fig. 2c); however,
the results were more varied in revegetated areas where
seven of 12 canopy species achieved negative RAi

scores. Contrary to expectations, Model 3 and Model
2 which both considered percentage woody vegetation
cover in the landscape also provided the best predictive
ability for a number of ground foragers, indicating that
improving vegetation cover at the landscape scale can
benefit these species; this was not, however, the case
for the willie wagtail Rhipidura leucophrys, pied butch-
erbird Cracticus nigroularis, Australian magpie Cracticus
tibicen and the torresian crow Corvus orru, all of which
tend to forage in open grassy areas. For species forag-
ing primarily in the shrub/sub-canopy layer, incorpo-
rating landscape context into the foraging model
offered little improvement on model predictions
(Fig. 2a,b). No model considered in this study was
a successful predictor of abundance for the grey
shrike-thrush Colluricincla harmonica (see Appendix
S1), which indicates that other variables not consid-
ered here may be more important for this species.

Overall, we found that Model 3 provided the highest
level of success in ranking patches for the relative
abundance of the 30 species considered. This model
performed better in unmanaged remnant vegetation
than in revegetated areas.

DISCUSSION

In this paper we created three a priori models based on
ecological principles to predict the relative abundance
of bird species in urban vegetation patches. The best
performing model considered two types of readily
available information, specifically species foraging
height preferences and landscape context (Model 3),
and achieved a significant level of predictive accuracy
for the majority of bird species examined. There are
numerous other factors which are well known to influ-
ence bird species presence in altered landscapes.These
include patch size (Mac Nally 2002), urban dwelling
density (Morimoto et al. 2006; Tratalos et al. 2007),
invasive species (Sims et al. 2008) and the intensity of
use of remnant vegetation for recreational purposes
(Fernandez-Juricic 2000). However, we demonstrate
that despite this complexity of factors, a simple model
considering basic ecological principles can achieve rea-
sonable predictive accuracy.This model could provide
substantial benefits for urban conservation efforts by
allowing users to rank sites based on their expected
relative abundance of different species, and so direct
management efforts to achieve bird conservation
objectives.

Foraging height models have been used to predict
the effects of changes in vegetation structure in other
studies (Martin & Possingham 2005; Kutt & Martin
2010). Both these studies tested their models in rural
landscapes, and achieved quite high levels of predictive
success. Interestingly, in our study, the model which
incorporated foraging height alone was either only
marginally successful (correct predictions for 63% of
species for unmanaged remnant vegetation sites), or
no more successful than random assignment (60%
accuracy in revegetated sites). Incorporating landscape
context did, however, significantly improve model fit in
both vegetation types. This improvement may be a
result of the highly altered state of the urban system in
which our study was conducted, as landscape context
has been cited as an important predictor of bird
species presence and abundance particularly in land-
scapes with little remaining vegetation (Martensen
et al. 2008; Schippers et al. 2009). The level of ‘func-
tional connectivity’ (connectivity from a species point
of view; Belisle 2005) may also be particularly impor-
tant in urban landscapes, as this is likely to determine
whether some bird species can exploit multiple small
patches on a day-to-day basis (Fahrig & Merriam
1994; Martensen et al. 2008).

Incorporating landscape context into the predictive
model enhanced accuracy for bird species which pri-
marily forage in understorey vegetation, including the
eastern whipbird, and the variegated and superb fairy-
wrens. Other studies have found understorey insec-
tivorous bird species are particularly susceptible to
habitat loss and fragmentation (Lens et al. 2002;
Sekercioglu et al. 2002), and thus it is not surprising
that the inclusion of information on the amount of
the woody vegetation in the surrounding landscape
improved model predictions for these species. In fact,
for the variegated fairy-wren the best model included
landscape context alone. This may indicate that the
foraging height information for this species needs
validating, or that there are other more important
variables influencing the presence of this species.
However, consistent with our expectations, incorporat-
ing landscape context decreased model accuracy for
some ground foraging species. Such species are known
to adapt well to urban landscapes and forage largely in
open areas. Increasing woody vegetation cover in the
landscape is therefore likely to decrease suitable forag-
ing areas for these species. The foraging height model
alone may be most appropriate for species which
prefer to forage in open areas, whereas the more
complex foraging height and landscape context model
may be more appropriate for species which forage
primarily within vegetation patches.

All models in this study achieved greater overall
predictive success in remnant unmanaged vegetation
compared with revegetated areas. The reason for this
may be that the revegetated areas in our study did not
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provide the same habitat complexity and food
resources as the mature unmanaged remnant vegeta-
tion, as Vesk et al. (2008) found that replanted wood-
land stands may take up to 50 to 100 years to reach full
maturity and complexity. For example, in revegetated
sites we achieved lower model success for species
which prefer to forage in the canopy layer. Delays in
the maturation of the canopy layer relative to the grass
and shrub layers in our young revegetation plots (aged
eight to 25 years) are likely to underpin this finding.
Incorporating measurements of vegetation floristics,
such as flowering phenology and species information,
may enhance predictive accuracy in revegetated sites.
However, there is a significant cost involved in incor-
porating a greater number of predictive variables
versus using only a few variables. At present, very few
data are required to apply the proposed indices to a
vegetation patch. These data include species-specific
foraging information which has been published for a
large proportion of the world’s bird fauna, and vegeta-
tion cover variables, which at worst could be estimated
via satellite imagery from Google Earth. Although
Model 3 is less accurate in revegetated sites than
unmanaged sites, the predictive ability is still signifi-
cant (correct predictions were made for 66% of
species). Incorporating more variables may increase
accuracy slightly, but the accessibility of the model for
managers may be decreased where data requirements
become time-intensive and complexity becomes a dis-
enfranchising factor for managers.

More extensive and long-term abundance data
would be required to examine whether the models
presented in this study are robust predictors of relative
abundance season to season, and how more subtle
variations between patches influence this predictive
ability, such as other flora characteristics, urban dwell-
ing density and the use of patches by humans. Studies
in other landscapes will also help examine where and
how this model succeeds or fails in its predictions.
Such testing and the consequent adjusting of the
general model is an important process that will help
improve its predictive accuracy for use in conservation
management (Shanahan & Possingham 2009).

CONCLUSIONS

Our model could provide a useful tool for conservation
management in urban systems where the objective was
to improve the abundance of a species or group of
species.The ranking system we developed can be used
to explore the effect of manipulating vegetation or
landscape level characteristics on the abundance of a
bird species in a patch, which in turn can help guide
management efforts. Further, the method could also
enable users to predict which species are likely to
colonize new vegetation patches in different landscape

contexts and under varying restoration regimes.
Future research could incorporate the economic cost
of each restoration action and correlate this to conser-
vation returns.

The process of creating and testing a priori models
in ecology has been identified as a critical step in
bridging the gap between theory and practical conser-
vation tools (Mac Nally & Bennett 1997). The model
we developed is founded on basic ecological prin-
ciples, and accordingly is very likely to have wide appli-
cation: not just in urban environments across different
regions but also in non-urban landscapes. The a priori
approach taken here revealed that despite a great
variety of factors that influence bird species presence
and abundance in urban landscapes, using only two
basic ecological principles we can guide urban resto-
ration and management decision making.

ACKNOWLEDGEMENTS

We would like to acknowledge CSIRO Ecosystem Sci-
ences, the University of Queensland, Birds Australia
and the Wildlife Preservation Society of Australia for
funding to complete this project. Also thanks to Bris-
bane City Council for access to the study system. John
Dwyer and Alice Yeates also provided substantial
botanical assistance. Richard Fuller provided assis-
tance with bird surveys.

REFERENCES

Andrén H. (1994) Effects of habitat fragmentation on birds and
mammals in landscapes with different proportions of suit-
able habitat – a review. Oikos 71, 355–66.

Banks P. B. & Bryant J.V. (2007) Four-legged friend or foe? Dog
walking displaces native birds from natural areas. Biol. Lett.
3, 611–13.

Barrett G., Silcocks A., Barry S., Cunningham R. & Poulter R.
(2003) The New Atlas of Australian Birds. Royal Australasian
Ornithologists’ Union, Victoria.

Belisle M. (2005) Measuring landscape connectivity: the chal-
lenge of behavioral landscape ecology. Ecology 86, 1988–95.

Brisbane City Council (2004) Regional Ecosystem MappingV1.0.
Brisbane City Council, Brisbane.

Brisbane City Council (2009) 2 Million Trees Project. Brisbane
City Council, Brisbane.

Cavailhes J. & Wavresky P. (2003) Urban influences on periur-
ban farmland prices. Eur. Rev. Agric. Econ. 30, 333–57.

Christidis L. & Boles W. E. (2008) Systematics and Taxonomy of
Australian Birds. CSIRO Publishing, Collingwood, Victoria.

deVries S., Verheij R. A., Groenewegen P. P. & Spreeuwenberg P.
(2003) Natural environments-healthy environments? An
exploratory analysis of the relationship between greenspace
and health. Environ. Plan. 35, 1717–31.

Evans K. L., Newson S. E. & Gaston K. J. (2009) Habitat
influences on urban avian assemblages. Ibis 151, 19–39.

Fahrig L. & Merriam G. (1994) Conservation of fragmented
populations. Conserv. Biol. 8, 50–9.

8 D. F. SHANAHAN ET AL.

© 2011 The Authorsdoi:10.1111/j.1442-9993.2010.02225.x
Journal compilation © 2011 Ecological Society of Australia



Fernandez-Juricic E. (2000) Local and regional effects of pedes-
trians on forest birds in a fragmented landscape. Condor 102,
247–55.

Fuller R. A., Irvine K. N., Devine-Wright P., Warren P. H. &
Gaston K. J. (2007) Psychological benefits of greenspace
increase with biodiversity. Biol. Lett. 3, 390–4.

Gillies C. S. & Clair C. C. S. (2008) Riparian corridors enhance
movement of a forest specialist bird in fragmented tropical
forest. Proc. Natl. Acad. Sci. USA 105, 19774–9.

Gregory R. D., Gibbons D.W. & Donald P. F. (2004) Chapter 2:
bird census and survey techniques. In: Bird Ecology and
Conservation;A Handbook ofTechniques (eds W. J. Sutherland,
I. Newton & R. E. Green) pp. 17–56. Oxford University
Press, Oxford.

Hanski I. (1994) Patch-occupancy dynamics in fragmented
landscapes. Trends Ecol. Evol. 9, 131–5.

Higgins P. J., ed. (1999) Handbook of Australian,New Zealand and
Antarctic Birds.Volume 4: Parrots to Dollarbird. Oxford Uni-
versity Press, Melbourne.

Higgins P. J. & Davies S. J. J. F., eds (1996) Handbook of Austra-
lian, New Zealand and Antarctic Birds. Volume 3: Snipe to
Pigeons. Oxford University Press, Melbourne.

Higgins P. J. & Peter J. M., eds (2002) Handbook of Australian,
New Zealand and Antarctic Birds. Volume 6: Pardalotes to
Shrike-Thrushes. Oxford University Press, Melbourne.

Higgins P. J., Peter J. M. & Cowling S. J., eds (2006) Handbook
of Australian, New Zealand and Antarctic Birds. Volume 7:
Boatbill to Starlings. Oxford University Press, Melbourne.

Higgins P. J., Peter J. M. & Steele W. K., eds (2001) Handbook of
Australian, New Zealand and Antarctic Birds.Volume 5:Tyrant-
Flycatchers to Chats. Oxford University Press, Melbourne.

Hinsley S. A., Hill R. A., Fuller R. J., Bellamy P. E. & Rothery P.
(2009) Bird species distributions across woodland canopy
structure gradients. Community Ecol. 10, 99–110.

Jim C. Y. & Chen W. Y. (2006) Perception and attitude of resi-
dents toward urban green spaces in Guangzhou (China).
Environ. Manage. 38, 338–49.

Kutt A. S. & Martin T. G. (2010) Bird foraging height predicts
response to woody vegetation change. Biodivers. Conserv. 19,
2247–62.

Lens L., Dongen S. V., Norris K., Githiru M. & Matthysen E.
(2002) Avian persistence in fragmented rainforest. Science
298, 1236–8.

Longcore T. & Rich C. (2004) Ecological light pollution. Front.
Ecol. Environ. 2, 191–8.

Luther D., Hilty J., Weiss J., Cornwall C., Wipf M. & Ballard G.
(2008) Assessing the impact of local habitat variables and
landscape context on riparian birds in agricultural, urban-
ized, and native landscapes. Biodivers. Conserv. 17, 1923–35.

Mac Nally R. (2002) Multiple regression and inference in
ecology and conservation biology: further comments on
retention of independent variables. Biodivers. Conserv. 11,
1397–401.

Mac Nally R. & Bennett A. F. (1997) Species-specific predic-
tions of the impact of habitat fragmentation: local extinction
of birds in the box-ironbark forests of central Victoria,
Australia. Biol. Conserv. 82, 147–55.

Mac Nally R., Bennett A. F. & Horrocks G. (2000) Forecasting
the impacts of habitat fragmentation. Evaluation of species-
specific predictions of the impact of habitat fragmentation
on birds in the box-ironbark forests of central Victoria,
Australia. Biol. Conserv. 95, 7–29.

McAlpine C. A., Fensham R. J. & Temple-Smith D. E. (2002)
Biodiversity conservation and vegetation clearing in Queen-
sland: principles and thresholds. Rangeland J. 24, 36–55.

MacArthur R. & MacArthur J. W. (1961) On bird species
diversity. Ecology 42, 594–&.

MacArthur R. H., Recher H. & Cody M. (1966) On the relation
between habitat selection and species diversity. Am. Nat.
100, 319–32.

McDonnell M. J. (2007) Restoring and managing biodiversity in
an urbanizing world filled with tensions (editorial). Ecol.
Manage. Restor. 8, 83–4.

Marchant S. & Higgins P. J., eds (1993) Handbook of Australian,
New Zealand and Antarctic Birds. Volume 2: Raptors to
Lapwings. Oxford University Press, Melbourne.

Martensen A. C., Pimentel R. G. & Metzger J. P. (2008) Relative
effects of fragment size and connectivity on bird community
in the Atlantic Rain Forest: implications for conservation.
Biol. Conserv. 141, 2184–92.

Martin T. G., McIntyre S., Catterall C. P. & Possingham H. P.
(2006) Is landscape context important for riparian conser-
vation? Birds in grassy woodland. Biol.Conserv. 127, 201–14.

Martin T. G. & Possingham H. P. (2005) Predicting the impact
of livestock grazing on birds using foraging height data. J.
Appl. Ecol. 42, 400–8.

Morimoto T., Katoh K., Yamaura Y. & Watanabe S. (2006) Can
surrounding land cover influence the avifauna in urban/
suburban woodlands in Japan? Landsc. Urban Plan. 75, 143–
54.

R Development Core Team (2009) R: A Language and Environ-
ment for Statistical Computing. R Foundation for Statistical
Computing, Vienna.

Radford J. Q., Bennett A. F. & Cheers G. J. (2005) Landscape-
level thresholds of habitat cover for woodland-dependent
birds. Biol. Conserv. 124, 317–37.

Rhodes J. R., Callaghan J. G., McAlpine C. A. et al. (2008)
Regional variation in habitat-occupancy thresholds: a
warning for conservation planning. J.Appl.Ecol. 45, 549–57.

Rickman J. K. & Connor E. F. (2003) The effect of urbanization
on the quality of remnant habitats for leaf-mining lepi-
doptera on Quercus agrifolia. Ecography 26, 777–87.

Schippers P., Grashof-Bokdam C. J., Verboom J. et al. (2009)
Sacrificing patches for linear habitat elements enhances
metapopulation performance of woodland birds in frag-
mented landscapes. Landsc. Ecol. 24, 1123–33.

Sekercioglu C. H., Ehrlich P. R., Daily G. C., Aygen D., Goe-
hring D. & Sandi R. F. (2002) Disappearance of insectivo-
rous birds from tropical forest fragments. Proc. Natl. Acad.
Sci. USA 99, 263–7.

Shanahan D. F. & Possingham H. P. (2009) Predicting avian
patch occupancy in a fragmented landscape: do we know
more than we think? J. Appl. Ecol. 46, 1026–35.

Sims V., Evans K. L., Newson S. E., Tratalos J. A. & Gaston K.
J. (2008) Avian assemblage structure and domestic cat
densities in urban environments. Divers. Distrib. 14, 387–
99.

Tewksbury J. J., Garner L., Garner S., Lloyd J. D., Saab V. &
Martin T. E. (2006) Tests of landscape influence: nest pre-
dation and brood parasitism in fragmented ecosystems.
Ecology 87, 759–68.

The Sydney Regional Organisation of Councils (2009) GreenWeb
Sydney. Green Web Sydney, Sydney.

Tratalos J., Fuller R. A., Evans K. L. et al. (2007) Bird densities
are asociated with household densities. Glob.Chang.Biol. 13,
1685–95.

Ulrich R. S. (1984) View through a window may influence
recovery from surgery. Science 224, 420–1.

United Nations (2008) World Urbanization Prospects: The 2007
Revision. United Nations, New York.

PREDICTING BIRD ABUNDANCE IN URBAN VEGETATION 9

© 2011 The Authors doi:10.1111/j.1442-9993.2010.02225.x
Journal compilation © 2011 Ecological Society of Australia



Vesk P. A., Nolan R., Thomson J. R., Dorrough J.W. & Mac Nally
R. (2008) Time lags in provision of habitat resources
through revegetation. Biol. Conserv. 141, 174–86.

Willson M. F. (1974) Avian community organization and habitat
structure. Ecology 55, 1017–29.

SUPPORTING INFORMATION

Additional Supporting Information may be found in
the online version of this article:

Appendix S1. Species for which model predictions
were made, their abbreviations (from Christidis &

Boles 2008), and the relative abundance (RAi, Eqn 3,
simplified to + or –) calculated from bird abundance
data for each of the Models 1, 2 and 3 considered in
this study. For Models 2 and 3 which considered land-
scape context, we present the results from the 5-km
scale which achieved the best results. + RAi indicates
the model provided predictive power, – or 0 RAi indi-
cates no predictive power. Each species preferred for-
aging height is listed (‘Ground’ = 0 m; ‘Grassy/low
shrubs’ = >0–1 m; ‘Shrub/sapling’ = >1–5 m; ‘Canopy
/sub-canopy = >5 m).
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