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Preface

This thesis is structured as a series of connected papers that have been published or submitted 

for publication at the time of submission. These papers are listed below and are referred to by 

their roman numerals in the text.

I. Rayner L., Lindenmayer D.B., Gibbons P. & Manning A.D. (2014). Evaluating 

empirical evidence for decline in temperate woodland birds: A nationally 

threatened assemblage of species. Biological Conservation, 171, 145-155.

II. Rayner L., Gibbons P., Hutchinson, M. J., Lindenmayer D.B., Stein, J., Wood, J. & 

Manning A.D. (2014). The influence of weather on long-term population trends of 

birds in an endangered ecological community.

III. Rayner L., Lindenmayer D.B., Wood J.T., Gibbons P. & Manning A.D. (2014).

Are protected areas maintaining bird diversity? Ecography, 37, 43-53.

IV. Rayner L., Evans, M. J., Gibbons P., Ikin K., Lindenmayer D.B. & Manning A.D. 

(2014). Avifauna and urban encroachment in time and space. Diversity and 

Distributions, 21, 428-440.

V. Rayner L., Gibbons P., Lindenmayer D.B. & Manning A.D. (2014). Conservation 

of temperate woodland birds: Lessons from long-term population monitoring and 

research.

All papers were intended as stand-alone pieces of work. For this reason, there is some 

repetition between chapters, for example in descriptions of the study area. In line with The 

Australian National University’s College of Medicine, Biology and Environment guidelines for 

‘Thesis by Compilation’, an Extended Context Statement has been provided at the beginning of 

this thesis. The Extended Context Statement is not intended to be a literature review, but rather 

a framework for understanding the links between research chapters.
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Abstract

Arresting biodiversity loss is integral to protecting the intrinsic value of natural areas and 

the ecological services that are critical for human well-being. The important role that birds play 

in supporting a suite of ecosystem functions underpins the need to identify processes that drive 

long-term change in populations of this group. Indices of population change are frequently used 

to communicate important trend patterns for species. However, for such indices to assist the 

objectives of biological conservation and human development, a deeper understanding of the 

processes that drive population change is essential. Consequently, identifying factors that stress 

and pulse species populations has become a dominant theme in global conservation research.

Currently, there is concern for the persistence of birds throughout the temperate woodland 

regions of Australia. Native vegetation in these regions has been extensively cleared and 

modified since European settlement in the 1800’s. Furthermore, ongoing threats to woodland 

extent and condition prevail, such as agricultural and urban expansion. In this thesis, I analyse 

an exemplary, volunteer-collected dataset to provide a detailed assessment of temperate 

woodland bird population trends over time, and the dominant factors influencing their 

persistence, in an important woodland region of Australia. My research shows that quantitative 

evidence for the decline of temperate woodland birds is limited, and that rigorous empirical 

research into the factors influencing woodland bird populations is needed to inform evidence- 

based conservation planning.

I identify significant temporal dependence in the response of woodland bird species, and 

functional trait groups, to three key regulatory factors: weather, reservation and urbanisation.

My assessment and analysis of these factors incorporates 14 years of empirical field monitoring 

data, revealing important biological responses that would not be detected in short-term research. 

Specifically, I demonstrate that the temporal scale, and conditions experienced during the period 

of trend assessment, will exert a significant influence on the calculation of population indices 

and, in turn, the conservation implications inferred. I show that woodland bird species are 

resilient to severe drought. I reveal that the impact of protected areas and urban development on
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woodland birds are interactive, and can change through time. I provide empirical evidence that 

ecologically-informed reserve selection achieves better conservation outcomes for species, and 

that a previously untested metric of urban encroachment (rate of urban change) exerts a 

significant influence over species distributions in time and space.

These findings represent scientific evidence that can inform the planning of reserves, 

restoration activities, and ecological-sensitive urban design for birds occupying temperate 

woodland habitats. For this reason, I provide a synthesis of management implications and 

recommendations to enhance decision making for this threatened assemblage of species in 

Australia. In addition, the results presented in this thesis make an important contribution to the 

conservation science of managing declining populations. In particular, I present a novel tool for 

the evaluation of methods used in population trend assessment, as a means to improve future 

monitoring programs. In completing this work, I highlight the extraordinary contribution that 

citizen scientists can make, and have made, to conservation research.
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Extended context statement

Introduction

Few parts of the world are unaffected by biodiversity loss and the challenges associated 

with arresting species declines (Hoffman et al. 2010; WWF 2012; Dirzo et al. 2014). The 

growth of conservation biology as an applied discipline could be viewed as a response to the 

urgency of such challenges (Possingham & Shea 1999). However, with this growing field of 

research has come expansive debate on the accountability and defensibility of conservation 

investments for achieving true conservation progress (Ferraro & Pattanayak 2006; Svancara et 

al. 2005). Increasingly, authors have argued for improved systematic planning of conservation 

action (Possingham & Shea 1999; Margules & Pressey 2000; Brooks et al. 2004) and empirical 

assessment of conservation outcomes (Gaston et al. 2006, Taylor et al. 2011) to ensure timely 

and cost-effective biodiversity targets are met. It is now broadly acknowledged that future 

initiatives to conserve species populations should be evidence-based (Svancara et al. 2005).

Evidence-based conservation planning is urgently needed in areas subject to rapid land- 

use change (Jackson & Sax 2010). In particular, agricultural expansion and intensification 

represents the primary threat to terrestrial fauna populations (CBD 2010; Cunningham et al. 

2013), and has been linked strongly to bird declines world-wide (BirdLife International 2013; 

Krebs et al. 1999; Ford et al. 2001; Newton 2004; Murphy 2003). Consequently, a diverse suite 

of conservation interventions, with significant associated costs, are undertaken to secure bird 

populations in these systems (Lindenmayer et al. 2012; McCarthy et al. 2012). The 

effectiveness of such interventions is crucially informed by monitoring national or continental 

biodiversity trends (Kleijn et al. 2011). However, it is a pervasive short-coming that adequate 

population monitoring data are not available for many species, and across many regions, where 

biodiversity is thought to be declining and conservation action is considered imperative (Collen 

et al. 2009; Mace et al. 2008).
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One system where population data will be critical to effective conservation action is 

temperate woodland. Temperate woodland ecoregions are internationally-recognised as 

endangered due to high levels of land conversion and limited levels of formal protection 

(Hoekstra et al. 2005). This is certainly the case in Australia, where agricultural development is 

spatially concentrated in temperate zones, and has resulted in the loss of almost 90% of 

woodland vegetation (Lambert et al. 2000). This loss has had detrimental effects on associated 

biota (Lindenmayer et al. 2010), particularly birds (Robinson & Traill 1996; Reid 1999; Ford et 

al. 2001; Attwood et al. 2009), which are reported to be in national decline as a result (Recher 

1999; Mac Nally et al. 2009; Ford 2011; Watson 2011). However, despite widespread concern, 

conservation research on this assemblage of species has rarely utilised long-term population 

monitoring data to examine factors affecting persistence. Indeed, Maron et al. (2005) found that 

Australian bird studies are typically conducted over a time period of less than 6 months.

There are a number of critical knowledge gaps in how to effectively conserve woodland 

bird populations that cannot be addressed with ‘snapshot’ studies (sensu Maron et al. 2005).

This is because inter-annual variation in woodland bird populations is high (Mac Nally et al. 

1996), making the extrapolation of short-term results to draw conclusions about long-term 

persistence potentially misleading (Maron et al. 2005; Porszt et al. 2012). In contrast, systematic 

monitoring data capture important information about population growth (trends) and fluctuation 

(variance). In turn, these data can assist the objectives of biological conservation by facilitating: 

(1) the calculation of long-term trend patterns to assess the likelihood of species persistence 

(Meir & Fagan 2000; Collen et al. 2009), (2) the identification of processes that pulse and stress 

populations (Siriwardena et al. 1998; Clavero & Garcfa-Berthou 2005; Potts et al. 2010; Rhodes 

et al. 2011), and (3) the evaluation of management interventions aimed to secure species 

persistence in perpetuity (Smith et al. 2005). Given the value of such outputs for evidence-based 

planning, the call has been made for further research on Australian temperate woodland birds 

utilising long-term population data (Reid 1999; Ford 2011). This thesis represents an important 

contribution toward that aim.
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Overview of Aims

Previous studies have highlighted a lack of long-term population data used in research on 

Australian temperate woodland birds (e.g. Ford et al. 2001; Maron et al. 2005). However, a 

quantitative review of research on this assemblage of species is not available, despite numerous 

qualitative reviews and essays on their apparent decline (e.g. Robinson 1993; Robinson & Traill 

1996; Recher 1999; Reid 1999; Ford et al. 2001; Ford 2011). In Paper I, I conducted an 

extensive systematic literature review to assess the growth, scope and rigour of studies 

investigating the conservation status of Australian temperate woodland birds. Specifically, I 

sought to consolidate the empirical evidence for decline in this assemblage of species. Further, 

there is a growing need to assess the inferential rigour of published population indices given 

their pertinence to evidence-based conservation policy and funding (Reading et al. 2010; Porszt 

et al. 2012). Therefore, as part of my review, I employ a novel scoring system to evaluate the 

inferential status of trend estimates reported in the literature for these species.

Based on the findings of my systematic review, the remainder of my thesis was designed 

to explore population dynamics in temperate woodland birds, and examine factors that are likely 

to influence their persistence over time. I selected three key regulatory factors for investigation: 

(1) weather, (2) reservation, and (3) urbanisation. These factors have been discussed previously 

in the literature with regard to the decline of woodland birds (Loyn & Menkhorst 2011), and 

their impacts measured in numerous short-term empirical studies (e.g. Mac Nally et al. 1996; 

Davis et al. 2013; Ikin et al. 2014). However, these three factors are expected to be temporally 

dynamic in their effects on species (Gaston et al. 2002; Maron et al. 2005). Thus, longitudinal 

data are vital for determining how these factors impact woodland bird populations over time, 

and whether those impacts are likely to assist or threaten long-term species persistence.

My investigation of these regulatory factors is presented as three empirical research 

papers (Papers II-IV) in this thesis. In Paper II, I investigate the influence of weather variability 

on the persistence of woodland birds in a modified landscape. I calculate population indices for 

57 individual species, and quantify the effect of local- and broad-scale weather signals on 

species abundances through time, to determine if meteorological parameters explain significant



long-term changes in population growth. Of particular interest to me was the effect of drought 

on population trends, as it has been suggested that droughts can interact with habitat loss to 

cause avifaunal collapse (Mac Nally et al. 2009). I took a novel approach in testing this effect 

on our study species, and examine closely the effect of sampling bias on the derivation of 

population estimates during- and post-drought.

Following the findings of Paper II, in Paper III, I examine the ecological effectiveness of 

a protected area network for maintaining woodland bird diversity. Studies that use long-term 

monitoring records to assess protected-area effectiveness are scarce (Gaston et al. 2006), 

meaning that the capacity for protected areas to ensure the persistence of species populations is 

poorly understood (Gaston et al. 2008). I explore differences in the conservation performance of 

reserves based on their period of enactment, and compare this to unprotected areas matched by 

key habitat attributes. I consider species functional trait responses, and reserve characteristics, in 

my evaluation of whether threatening processes are being abated or reduced for woodland birds 

in our study area.

Prompted by the findings of Paper III, in Paper IV, I investigate the effects of 

urbanisation on woodland birds occupying urban fringe habitats. Faunal communities occupying 

urban-adjacent habitats are assumed to change through time with ongoing development (Scott 

1993). However, to date, this assumption has not been tested with empirical field monitoring 

data. I report individual species and trait-based responses to urbanisation over a period of 

marked change in urban growth, and determine whether the effects of encroachment are 

temporally dependent. That is, I test whether the rate of urban change had a distinct and 

significant effect on species inhabiting urban fringe ecosystems above that of spatial proximity 

alone.

In Paper V, I draw together the key findings of my empirical research and conclude with 

a synthesis of existing knowledge on long-term woodland bird responses to the three regulatory 

factors examined in this thesis. The chapter is intended as a management report that can be used 

by practitioners to improve conservation outcomes for birds dependent on temperate woodland 

habitats in Australia.

4



Methodology

All field monitoring sites used in my empirical papers were located in temperate 

woodland remnants of the Australian Capital Territory (ACT) in south-eastern Australia. 

Woodland remnants of the ACT are typically larger, more intact, and more adequately protected 

than woodlands found anywhere else in Australia (ACT 2004). However, all remnants have 

been perturbed by grazing, altered fire regimes and invasion by weeds and feral animals, 

reflecting substantial environmental modifications characteristic of this ecoregion. The type of 

temperate woodland found in the study region is box-gum grassy woodland, which is listed as 

critically endangered at the national level (ACT 2011).

All empirical research papers utilised a common longitudinal dataset of bird records, 

albeit with variable data abstractions depending on the specific aims of each paper. I sourced 

bird records from the Woodland Bird Monitoring Program undertaken by the Canberra 

Ornithologists Group. The program received professional statistical guidance during the design 

phase and throughout execution, ensuring a sound data collection framework. From the 

resulting database, I selected 92 permanent field sites, monitored between 1998 and 2012, that 

provided the highest temporal resolution of data for my empirical research. Sites were located in 

the sub-humid region of the ACT, on public and private land, on- and off-reserve, and at 

varying distances from urbanisation. Further details of the program, including survey effort, 

sampling protocol, specific site locations and related material, are provided in Papers II-IV.

I used a variety of statistical techniques for the analysis of species and spatial data in each 

paper. These techniques included Analysis of Variance (ANOVA; Underwood 1996), 

Generalised Linear Modelling (GLM; McCullagh & Neider 1989), Hierarchical Generalised 

Linear Modelling (HGLM; Lee et al. 2006), Generalised Additive Modelling with regression 

splines (GAM; Wood & Augustin 2002), GROWEST Modelling (Nix 1981; Hutchinson et al. 

2004); RLQ Analysis (Doledec et al. 1996) and Factorial Analysis on Mixed Data (FAMD; 

Husson et al. 2013). This required the use of two statistical packages, GENSTAT (VSN 

International; Payne 2009) and R (R Development Core Team; Venables & Smith 2010).



Summary of Outcomes

Paper I: Evaluating empirical evidence for decline in temperate woodland birds: A 

nationally threatened assemblage of species.

In Paper I, I revealed a paucity of research that can reliably detect population trends to 

draw conclusions about the persistence of woodland birds. I found that, while more than half of 

the reviewed articles acknowledged widespread declines in this assemblage of species, only 33 

articles have directly measured change using population data. I found that the majority of these 

studies contained less than ten years of survey data and relied heavily on indirect or secondary 

data sources to derive trends, often with highly variable sampling protocols that were 

overlooked in the calculation of population indices. My novel scoring system, developed to 

assess the inferential rigour of population assessments, indicated that all currently available 

information on woodland bird population change is limited either by statistical methodology or 

the temporal coverage of population data. I demonstrated that population research on Australian 

temperate woodland birds is becoming more rigorous, however, strong long-term studies of 

change are rare.

Paper II: The influence of weather on long-term population trends of birds in an 

endangered ecological community.

In Paper II, I provided an up-to-date assessment of species population trajectories for 

woodland birds in the Australian Capital Territory, identifying five native species of immediate 

conservation concern. My analyses indicated highly variable, species-specific responses to 

modelled meteorological parameters. I identified the El Nino-Southern Oscillation as a strong 

influence on the regional abundances of 26 species, however there was no evidence to suggest 

that a severe drought threatened the long-term persistence of birds in our study system over the 

last 14 years. I concluded that trend patterns in woodland bird species can be strongly 

influenced by the length of, and climatic conditions associated with, the period of observation. 

In particular, I demonstrated bias toward the detection of declines where population data were 

collected during periods of declining or low rainfall.



Paper III: Are protected areas maintaining bird diversity?

In Paper III, I uncovered significant shortfalls in the conservation performance of 

multiple ACT reserves, and highlighted the value of off-reserve land for maintaining species 

persistence. I showed that species population trends differed between protected and unprotected 

areas, but also between protected areas established prior to and after fundamental changes to 

regional conservation policy that were made in 1995.1 found that protected areas were less 

species rich than unprotected areas, with significant declines in species occurrence across sites 

protected prior to 1995. My investigation of trait relationships revealed that small, specialised 

and vulnerable species showed stronger associations with unprotected areas than protected 

areas. By examining the ecological attributes of reserves in this study system, I demonstrated 

that the conservation value of a protected area is strongly influenced by its physical 

characteristics and landscape context, and can diminish with changes in surrounding land use 

over time.

Paper IV: Avifauna and urban encroachment in time and space.

In Paper IV, I provided evidence that the response of species to urbanisation can change 

through time. I found that the occurrence of approximately half of the regions avifauna is 

strongly linked to the proximity of their habitat to urban fringe development. I classified species 

based on their response to urban proximity (as an urban avoider or urban exploiter) and 

identified life history traits characteristic of these groups. Importantly, I discovered that the rate 

of urban encroachment had a distinct effect on species occurrence over and above proximity 

alone, particularly during the construction of human infrastructure, and that the distance of these 

effects far exceeded those typically examined in urban gradient studies. I concluded that testing 

the response of species to urban change using long-term monitoring data provides critical 

insight into those taxa that are particularly vulnerable to urban-related disturbance.
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Paper V: Conservation o f temperate woodland birds: Lessons from long-term 

population monitoring and research.

In Paper V, I recommended management strategies to facilitate the persistence of 

temperate woodland birds in modified landscapes. These strategies are based on the key 

findings of my empirical chapters and other published long-term research. Management 

recommendations included: the collection of more detailed species movement data, enhanced 

protection of urban fringe habitats, increased conservation effort in productive landscapes with 

low urban land cover, and further investigation into the benefits of ecologically-sensitive urban 

design for woodland bird persistence. I highlighted new long-term evidence that confirms and 

challenges some key paradigms on how three globally relevant regulatory factors (i.e. weather, 

reservation, urbanisation) influence species population dynamics. In doing so, I have 

demonstrated the value of long-term empirical monitoring data for informing evidence-based 

conservation planning.
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I. Evaluating empirical evidence for decline in 
temperate woodland birds: A nationally 
threatened assemblage of species.

Despite numerous qualitative reviews and essays on the decline of Australian temperate 

woodland birds, a quantitative review of population research is not available. In this 

paper, I conducted an extensive systematic literature review to assess the growth, scope 

and rigour of studies investigating the conservation status of Australian temperate 

woodland birds. In doing so, I consolidate the empirical evidence for decline in this 

assemblage of species.

Rayner L., Lindenmayer D.B., Gibbons P. & Manning A.D. (2014) Evaluating empirical evidence 

for decline in temperate woodland birds: A nationally threatened assemblage of species. Biological 

Conservation, 171, 145-155
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Abstract

Quantifying the population trends of species is crucial to achieving effective conservation 

action. However, deriving accurate and reliable indices of change is difficult due to the paucity 

and complexity of population data. There is a growing need to assess the inferential status of 

reported trend estimates given their pertinence to evidence-based conservation policy and 

funding. In this review, we used a simple scoring system to assess the rigour of population 

assessments using Australian temperate woodland birds as a case study. These birds are widely 

considered to be in severe and ongoing decline at a national scale. However, we found relatively 

few studies that report population trends for woodland birds in the existing conservation 

literature (44 articles, 9% of total) and only 33 articles (7% of total) that actually attempt to 

measure change using population data. While we identified strong signs that the inferential 

status of population research on temperate woodland birds is improving, we detected serious 

limitations in the temporal coverage and statistical analysis of population data used in the 

majority (80%) of trend assessments, compromising any long-term inference about population 

persistence. Despite these limitations, the decline of woodland birds is referenced in over half of 

all Australian woodland bird conservation studies (53%), with most of the information on 

woodland bird status (49% of citations) sourced from relatively few, predominantly qualitative, 

studies of change. The paucity of research that can reliably detect trends to draw conclusions 

about species persistence is a concerning issue for conservation practitioners and policy makers.
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Introduction

Reducing rates of biodiversity loss relies heavily on our ability to track population trends 

(Collen et al. 2009). In particular, the detection of unwanted trends (e.g. native declines, 

invasive increases) is necessary for the diagnosis of ecosystems and species at risk (Meir and 

Fagan 2000), and can provide insight to the processes threatening biodiversity (Rhodes et al. 

2011). Furthermore, quantifying population change in response to conservation interventions 

can enhance the adaptive capacity of management (Smith et al. 2005). Thus, monitoring 

population trends can make a significant contribution to the development of effective 

conservation (Lindenmayer and Likens 2010b).

In practice, quantifying trends of species’ populations is fraught with challenges. Most 

prominent is a widespread lack of continuous, long-term survey data (Jenkins et al. 2003; 

Lindenmayer and Likens 2010a; Wilson et al. 2011). It is a pervasive short-coming that 

adequate population data are often not available for many species, and across many regions, 

where biodiversity is thought to be declining and conservation action is considered imperative 

(Collen et al. 2009; Mace et al. 2008). In an attempt to compensate for incomplete population 

data, studies often rely on historical records as evidence of change through time. While such 

studies frequently report interesting and informative differences, the conditions under which 

past and contemporary records were collected can vary (Holmes 2001). This is important 

because identifying sources of variability in population data is crucial for making sound 

inferences about species population growth (McNamara and Harding 2004).

Even where systematic and continuous population data are available, eliciting robust 

indices of change is not a trivial exercise. This is because population data are complex (Clark 

and Bjornstad 2004), with inherent variability presenting both a source of interest and error in 

analysis (McNamara and Harding 2004). For example, observed changes in year-to-year 

population size can be driven by unmeasured environmental factors (Amano et al. 2012; De 

Valpine 2003; Freckleton et al. 2006) or by statistical issues caused by sampling bias or error 

(Freckleton et al. 2006; Meir and Fagan 2000). Failing to account for either is likely to 

compromise the accuracy and reliability of long-term trend indices (McNamara and Harding
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2004; Wilson et al. 2011). Indeed, some authors have explicitly demonstrated how failing to 

account for variation in population data can lead to tenuous, if not misleading, estimates of 

population change (e.g. Alford et al. 2001; Lonergan and Harwood 2003; Shapiro and Swain 

1983).

Given these challenges, reviews of the empirical evidence behind documented trends in 

biota have proven useful for pinpointing the type and scope of data that limits understanding of 

species decline (e.g. Porszt et al. 2012; Reading et al. 2010). In this review, we examine the 

strength of inference that can be drawn from assessments of population decline in Australian 

temperate woodland birds. These birds are reported to be in severe (Mac Nally et al. 2009; 

Watson 2011), widespread (Recher 1999) and ongoing (Ford 2011) decline at a national scale, 

due primarily to extensive modification of their native habitat (Hobbs and Yates 2000). 

However, woodland birds are often highly mobile and exhibit large natural fluctuations in their 

abundances through space and time (Fleming 1992; Lindenmayer and Cunningham 2011; Mac 

Nally 1996; Manning et al. 2007). Given these factors, it is especially difficult to disentangle 

changes in population size driven by habitat alteration from those driven by environmental and 

demographic stochasticity (Emlen et al. 2003). This makes woodland birds an excellent case 

study for reviewing the issues associated with the quantification of long-term population trends. 

However, to date, a quantitative review approach has not been applied to the issue of Australian 

woodland bird conservation, despite numerous qualitative reviews and essays on their decline 

(e.g. Ford 2011; Ford et al. 2001; Recher 1999; Reid 1999; Robinson 1993; Robinson and Traill 

1996).

Using this nationally threatened assemblage of species, we provide a quantitative 

approach for assessing the growth, scope and rigour of studies investigating decline. To 

establish the context for inference, we began our review by asking: (1) How pervasive has the 

acceptance of decline been in the ecological literature? And, (2) From where has the established 

knowledge of decline been derived? We then critically reviewed studies that directly investigate 

population change. Specifically, we asked: (3) What was the spatial coverage of population 

studies? (4) What was the temporal coverage of population studies? And, given the inherent
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variability of population data, (5) What proportion of studies allowed for rigorous inference 

about population decline? While our focus for this review is on Australian temperate woodland 

birds, our quantitative approach may be applied to any nation that seeks to define and counter 

species population declines, particularly in modified landscapes.

Background: Global bird declines and Australia’s temperate woodlands

Tracking biodiversity loss is particularly important in areas subject to land-use change. 

The primary threat to terrestrial fauna populations is agricultural expansion and intensification 

(CBD 2010), which has been linked specifically to bird declines world-wide (BirdLife 

International 2013; Ford et al. 2001; Krebs et al. 1999; Newton 2004; Murphy 2003). 

Consequently, a diverse suite of conservation interventions, with significant associated costs, 

are undertaken to secure bird populations in these systems (Lindenmayer et al. 2012, McCarthy 

et al. 2012). The effectiveness of such interventions is crucially informed by monitoring 

national or continental biodiversity trends (Kleijn et al. 2011).

In Australia, land-use change has been particularly severe in temperate regions of the 

continent. Almost 90% of Australia’s temperate woodlands have been cleared for agricultural 

development (Lambert et al. 2000). This has resulted in a loss of approximately 500,000 km2 of 

native vegetation (Yates and Hobbs 1997); an area twice the size of the UK and larger than the 

state of California, USA. Disproportionately high rates of clearing (Fig. 1), coupled with poor 

representation in formally protected areas (Yates and Hobbs 2000), make ongoing threats to 

temperate woodland extent and condition a serious conservation concern (Lindenmayer et al. 

2010a). Persisting woodland remnants in Australia now make a significant contribution to the 

global extent of this biome (Hoekstra et al. 2005). Thus, Australian temperate woodlands and 

associated biota are of global conservation significance.
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Figure 1. Clearing of native vegetation in Australia (shaded grey, NLWRA 2000) 

corresponds with the Australian temperate zone (cross-hatched, Stern et al. 2000).

Methods

Literature search

Our literature search was designed to capture all articles relevant to the conservation of 

woodland birds in Australia. We searched the scientific literature using three major electronic 

databases: Web of Science, CAB Abstracts and Zoological Record Plus (1945-2012, cut-off 

date Dec 30, 2012). We retrieved articles by screening the article topic (keywords or abstract) 

using the following automated search string: Australia* AND woodland* AND (bird* OR 

avifauna*) AND (conserv* OR declin* OR extinct*). Duplicates (n = 264) and references with 

indexing errors (n = 7) were removed, leaving 596 original articles (Fig. 2). We confirmed the 

relevance of these articles by manually screening the title and abstract. Articles that 

predominantly focussed on other taxa (e.g. mammals, n = 41), features (e.g. mistletoe, n = 29), 

biomes (e.g. rainforest, n = 50), countries (e.g. Britain, n = 7) or disciplines (e.g. statistics, n = 

22) were excluded from the review, bringing the total number of articles to 447.
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Data extraction

For these 447 articles, our review proceeded in two distinct phases. In Phase 1, we read 

all articles in full to determine which studies made reference to pre-existing woodland bird 

decline. During this process, we added 23 articles to the review that were found 

opportunistically or were highly cited among articles retrieved by the search string. A number of 

these articles were unpublished and sourced from “grey” literature, although an extensive 

review of that literature was not undertaken. This brought the total number of articles in Phase 1 

of the review to 470 (Fig. 2). We extracted qualitative data from these papers to assess the 

prevalence of, and sources of information underpinning, statements acknowledging Australian 

woodland bird decline (research questions 1 and 2).

In Phase 2 of the review, we targeted articles that directly investigated changes in 

temperate woodland bird populations. We considered only those conducted in the temperate 

zone of Australia (Stern et al. 2000, Fig. 1) because these have been the woodlands and birds of 

greatest conservation concern (Watson 2011). Based on our reading in Phase 1, we identified 82 

articles that satisfied this requirement. We refined this group of articles by excluding studies 

that: (1) reported only predictive trends based on short-term survey data or indirect measures of 

species abundance (e.g. expected abundance for a given value of vegetation cover, n = 15), (2) 

reported trends immediately following a disturbance event or substantial habitat manipulation 

thereby confounding long-term trend estimates (n = 13), or (3) contained only anecdotal data 

with no further supporting information (n = 2). Where multiple articles published results from 

the same dataset, we included only the most comprehensive study in the review (n = 8 articles 

excluded). We used the remaining articles (hereafter “population studies”, n = 44) to examine 

the spatial and temporal coverage of trend assessments, as well as the strength of inference 

associated with reported population indices (research questions 3, 4 and 5; Fig. 2). Citations for 

the 470 articles included in this review are provided in Appendix A. Full references for the 44 

population studies are provided in Appendix B.
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Articles returned by the search string
n = 867

Erroneous articles removed (n = 7) 
Duplicate articles removed (n = 264)

Unique, error-checked articles
n = 596

Non-target articles removed (n = 149) 
Opportunistic articles added (n = 23)

Phase 1 articles: review articles
n = 470

Non-target articles removed (n = 388) 
Data limited articles removed (n = 38)

Phase 2 articles: population studies
n = 44

Figure 2. Flowchart illustrating the search protocol undertaken for this review.

Addressing research questions

How prevalent has the acceptance of woodland bird decline been in the literature?

We reported the number o f studies that referenced a pre-existing decline in woodland bird 

populations as a proportion of all studies relevant to woodland bird conservation (n = 470). We 

used logistic regression (Generalized Linear Models with a logit link, McCullagh and Neider 

1989) to determine whether this proportion had significantly changed over time. When 

interpreting the results of this analysis, readers should be aware that observations were assumed 

to be independent despite a number o f authors occurring on multiple studies. Therefore, results 

offer a simple measure of the prevalence of decline statements irrespective o f their source or 

validity. We also reported the proportion of articles that indicated woodland bird decline as a 

motivation for their study aims, or utilised pre-existing classifications of declining species in 

their analyses.
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From where has our knowledge of decline been derived?

From each review article, we recorded all instances where a paper was cited as providing 

evidence of woodland bird decline, for example, “Many species of woodland birds have 

declined in numbers across southern Australia in recent decades (Ford et al. 2001)" in Lollback 

et al. (2010). Not all references to population decline provided a citation but, where available, 

we tallied citations to provide a quantitative overview of articles that make the strongest 

contribution to our knowledge of woodland bird decline. Most often, there were multiple 

citations within a given article, such that the total number of tallied decline citations 

outnumbered the total number of articles that we reviewed.

What was the spatial coverage of population studies?

To provide an overview of the areas where woodland bird populations have been 

assessed, we noted the scale of research and mapped the survey locations of each population 

study that contained spatial references (mapping excluded reviews and state-wide or national 

assessments). Scale was defined as either: Local (< 1km2), Landscape (1-100km2), Regional 

(multiple landscapes), or Continental (i.e. Australia-wide) following Fazey et al. (2005), and the 

boundary of survey data was estimated from site descriptions and coordinates (where available). 

We mapped survey locations against the distribution of cleared and remnant woodland 

vegetation (NLWRA 2000) to provide a crude depiction of habitat loss among studies and 

throughout the temperate woodland zone.

What was the temporal coverage of population studies?

From each population study, we extracted data on the temporal coverage of trend 

assessments. Where possible, we retrieved two values: (1) the time-span of the population 

dataset, from first population record to last, from which population trends have been derived 

(hereafter “period of inference") and (2) the number of years in which population survey data 

were actually collected (hereafter “observation years"). For each study, we calculated the 

number of observation years as a proportion of the period of inference.
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What proportion of studies allowed for rigorous inference on bird decline?

We assigned each population study a score reflecting the inferential status of population 

trends reported by the study (hereafter “inference score”). Inference scores (0-15) were based on 

a proforma developed specifically for this review (Appendix C), but were informed by similar 

approaches in the conservation literature (e.g. Pullin and Knight 2003, Felton et al. 2010, Sato et 

al. 2013). Our proforma considers a set of simple, headline sources of variability known to 

influence the reliability and accuracy of long-term population indices (Meir and Fagan 2000; 

Szabo et al. 2012; Wilson 2011). These included: (1) type of trend assessment, (2) source of 

data, (3) generality of results, (4) temporal coverage, (5) statistical approach, and (6) 

confounding effects of weather (see Appendix C for full details of the proforma, including 

subject relevance and weighting). Articles with higher inference scores have controlled for more 

sources of uncertainty in trend estimates and, therefore, provide stronger inference of population 

change. To assist the interpretation of results, inference scores were summarised as “casual” 

(score 0-4), “moderate” (score 6-10) or “rigorous” (score 11-15).

It is important to note that inference scores only applied to the component of each study 

that examined long-term population trends. Not all articles classed as “population studies” in 

this review were designed to provide rigorous inference about long-term trends. Indeed, a 

number of these population studies provided information about long-term trend patterns as part 

of broader, or more directed, ecological questions. Our approach in this review has been to 

collect, to the best of our ability, all available information on woodland bird population trends to 

examine the empirical evidence for decline. Therefore, studies classified as “rigorous” in this 

review refer only to the rigour of population data and derived indices, and not to the study as a 

whole. Likewise, studies classified as “casual” in this review provide only weak inference of 

population change, but may be rigorous in addressing their specific study objectives.

In addition to summarising the results of our proforma, we used simple linear regression 

to assess whether inference scores (response variable) have changed over time. We also 

examined the relationship between inference scores and citation rates using Poisson regression 

(Generalized Linear Models with a logarithmic link, McCullagh and Neider 1989) with citation 

rate and year as fixed effects.
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Results

Our systematic review yielded 470 articles that were directly relevant to the conservation 

of Australian woodland birds. Articles were retrieved from a variety of sources, including 

science journals, books, technical reports and conference proceedings. The majority of articles 

came from peer-reviewed sources (93%), with large contributions from Biological Conservation 

(10%), Emu (8%), Pacific Conservation Biology (8%) and Wildlife Research (6%). However, 

Wingspan magazine (not peer-reviewed) also made a substantial contribution (4%). Population 

studies (n = 44) were identified from 20 sources, the majority being peer-reviewed (82%), with 

Biological Conservation contributing most studies (14%).

How prevalent has the acceptance of woodland bird decline been in the literature?

Reports of woodland bird decline have been made for over 50 years, with a number of 

unpublished, anecdotal reports documenting the local extirpation of species from wooded areas 

over time (e.g. Barnard 1925). However, serious concern for widespread population declines did 

not enter the ecological literature until the 1990s. Since then, the number of articles relevant to 

Australian woodland bird conservation has increased dramatically (Fig. 3a). Of the articles 

retrieved by our literature search, 96% have been released since 1990 (n = 456), 78% since 2000 

(n = 341), and over half have been released since 2003 (56%, n = 266).

Of the 470 articles reviewed, 251 articles (53%) made a direct reference to pre-existing 

woodland bird decline. There has been an increase in the number of these articles over time with 

98% published since 1990 (n = 247), 76% since 2000 (n = 191) and 60% since 2003 (n = 155, 

Fig. 3a). The proportion of all articles referencing decline has also increased over time (Wald = 

13.87, p < 0.001, Fig. 3b) although this relationship was variable (R2= 2.46). We found that 

almost one quarter (22%) of all woodland bird studies cited population decline as a key driver 

of research, over half of which were published in the last decade. A further 34 articles have 

investigated the ecology of bird species identified as “decliners” in previous research. These 

results indicate that woodland bird decline is widely accepted in the conservation literature.
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Figure 3. (a) The number of Australian woodland bird conservation articles that 

acknowledge (filled bars) or do not acknowledge (empty bars) pre-existing species declines 

with the corresponding year of publication, (b) The proportion of articles acknowledging 

woodland bird decline over time (black line) with 95% confidence intervals (shaded grey).

From where has our knowledge of decline been derived?

For each of the 470 articles reviewed, we recorded all references that were cited for 

providing evidence of woodland bird decline. From a total of 627 citations, we identified 195 

independent references used to support population decline. The majority of these references (n = 

137, 70%) were cited only once by a single study, accounting for less than one quarter (22%) of 

all citations. Eleven references were the source of almost half of all decline citations in the 

literature (49%, Table 1). Of these 11 references, only five utilise primary population data 

(usually in combination with secondary data sources) in trend assessments and only two of these 

studies assesse trends quantitatively. Three of the top 11 references, comprising 16% of all 

citations, are not peer-reviewed.
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Table 1. Eleven references accounting for 49% (n = 309) of all decline citations. Full references for 

listed articles are provided in Appendix B.

Reference Study type No.
citations

% citations 
(cumulative)

Primary
data?

Peer-
review?

Ford et al. 2001 Review 54 8.61 (8.61) No Yes

Reid 1999 Synthesis 53 8.45 (17.07) Yes No

Robinson and Traill 1996 Review 33 5.26 (22.33) No No

Barrett et al. 1994 Synthesis 27 4.31 (26.63) Yes Yes

Garnett and Crowley 2000 Action Plan 26 4.15 (30.78) No Yes

Recher 1999 Essay 26 4.15 (34.93) No Yes

Saunders 1989 Synthesis 22 3.51 (38.44) Yes Yes

Saunders and Ingram 1995 Bird Atlas 19 3.03 (41.47) Yes Yes

Barrett et al. 2003 Bird Atlas 17 2.71 (44.18) Yes Yes

Garnett 1992 Report 16 2.55 (46.73) No Yes

Robinson 1993 Essay 16 2.55 (49.28) No No

What was the spatial coverage o f population studies?

Of the 44 population studies in our review, 33 provide details on the source of primary 

population data and 26 clearly define survey locations to allow mapping (Fig. 4). The number of 

studies conducted in each Australian state was roughly proportional to the amount of temperate 

woodland vegetation remaining within that state (Fig. 4). New South Wales (NSW), Victoria 

and Western Australia contributed 11,9 and 6 studies respectively, while Queensland (QLD) 

and South Australia each provided two studies and the Australian Capital Territory provided 

one. Two studies took place across state borders. One of which, The New Atlas of Australian 

Birds (Barrett et al. 2003), examined population trends at the continental-scale and, therefore, 

includes temperate woodland, but is not specific to it. The majority of population studies were 

conducted at the regional scale (n = 20), with nine landscape-scale studies and only three local- 

scale studies (Appendix B). Most studies occurred predominantly in temperate eucalypt 

woodland vegetation; however, 11 studies included considerable samples of open forest and 

other woodland complexes (e.g. Casuarina spp., Callitris spp., Acacia spp.). All articles 

indicated that the region of study had been disturbed by clearing or the modification of bird 

habitat.
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Kilometers Kilometers

Figure 4. Location o f 26 population studies (circles) occurring within the temperate zone o f 

Australia (shaded grey). Survey locations are mapped for (a) south-western and (b) south

eastern Australia separately and illustrate the distribution o f woodland vegetation prior to 

European settlement (light grey) and after clearing (dark grey) (NLW RA 2000). The 

general location o f further 6 studies are shown (triangles), however these studies contain 

atlas data consisting o f patchy sites with a much broader study region than is indicated.
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What was the temporal coverage of population studies?

Of the 44 population studies in our review, 33 provided sufficient information about the 

temporal collection of survey data to assess coverage. The period of inference for reported 

trends could be retrieved for all 33 studies, however, the number of observation years had to be 

estimated for a third of population studies (n = 11, Appendix B). The period of inference varied 

substantially across population studies, ranging from 5 to 162 years, with a median of 25 years 

(substantially less than the mean: 38.4 years, Fig. 5). The number of observation years was less 

variable, ranging from 2 to 27 years, with a median of 8 years (nearing the mean: 9.3 years, Fig. 

5). For the majority of population studies (n = 21), surveys occurred in less than half of the 

years from which trends were estimated. Ten studies reported population trends based on data 

collected from ten or more observation years, and five studies surveyed every year of the period 

of inference (Fig. 5).
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Figure 5. Interaction between the period of inference and the number of observation 

years for each study (circles). Filled circles represent studies where the number of 

observation years was clearly reported, empty circles represent studies where the 

number of observation years had to be estimated. The dashed line represents the 

approximate number of observation years required to elicit reliable trend estimates 

given by examples from the statistical literature (Holmes 2001; Hovestadt and 

Nowicki 2008; Swanson 1998).
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What proportion of population studies allowed for rigorous inference of bird decline?

Inference scores ranged from 2 to 14 with a median of 6 (Appendix B), indicating that 

most assessments of population change (n = 22) provide moderate inference (score 5-10) about 

the long-term trends of woodland birds. Studies providing casual inference (score 0-4, n = 13) 

were typically reviews or essays (n = 11) that did not measure change directly using population 

data. Studies providing casual inference were characterised by: purely qualitative assessments of 

population change (e.g. a species is classed as less or more common), predominant use of 

secondary or anecdotal data, poorly- or un-defined temporal coverage, and the absence of any 

formal analysis (Table 2). At the other end of the scale, studies providing rigorous inference 

(score 11-15, n = 9) were characterised by quantitative assessments of population change (e.g. 

occurrence declined/increased by X percent), predominant use of primary data, a shorter period 

of inference (mean = 12 years) with a higher proportion of years surveyed (mean = 9 years), and 

formal analysis of data collected using systematic and structured survey protocols (Table 2). 

Rigorous studies typically examined trends during the period 1990-2010, four of which used 

volunteer-collected data.

Most population studies (79.5%) used indirect data sources (e.g. anecdotal records, 

historical bird lists, previously published surveys, atlas records) in assessments of population 

change. Population studies typically examined whole species assemblages, but five focussed on 

individual species, including the Brown Treecreeper (Climacteris picumnus), Carnaby’s 

Cockatoo (Calyptorhynchus funereus latirostris), Grey-crowned Babbler (Pomatostomus 

temporalis) and Hooded Robin (Melanodryas cucullata). Roughly half of studies (47.7%) drew 

attention to the confounding effects of weather on reported population trends, however, only 

two studies attempted to examine these effects quantitatively (Table 2).
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Table 2. Summary of inference scores for all studies combined, as well as for each inference class 

(casual, moderate, rigorous) separately. Tabulated values indicate the number of studies associated with 

each measure of inferential status. The weighting assigned to each measure, and used to calculate the 

inference score for each individual study, is presented in Appendix C.

Casual 
Score 0-4 

n = 13

M oderate 
Score 6-10 

n = 22

Rigorous 
Score 11-15 

n = 9

All studies 
Score 0-15 

n = 44

Trend reporting
Qualitative assessment 13 12 0 25
Quantitative assessment 0 10 9 19

Data source(s)
Anecdotal 5 10 0 15
Secondary 12 11 2 25
Indirect primary/Primary 2 16 5 23
Primary only 0 6 4 10

Generality
Single species 1 4 0 5
Species group 1 0 0 1
All species 11 18 9 38

Temporal coverage
P.O.I. sampled < 0.5 13 18 1 21
P.O.I. sampled 0.5 - 0.8 0 3 3 6
P.O.I. sampled > 0.8 0 1 5 6
Observation years > 5 1 16 9 26
Observation years > 10 0 6 3 9

Study design
Replicate sites 2 19 9 30
Repeat visits 1 16 9 26
Consistent method 0 3 8 11
Consistent effort 0 3 1 4

Data analysis
Formal analysis 0 5 9 14
Measurement error 0 2 7 9

Weather
Not considered 9 13 1 23
Qualitative assessment 4 8 7 19
Quantitative assessment 0 1 1 2

P.O.I. = period of inference



When considering each population study independently, we found a significant positive 

relationship between a study’s inference score and the year of publication, indicating that 

population assessments are becoming more rigorous over time (Wald = 19.48, p < 0.001, R2 =

31.69, Fig. 6). When we examined the citation rates of each population study, we found a weak 

negative relationship between a study’s inference score and the number of times that study had 

been cited (Wald = 5.50, p = 0.024, R2 = 13.08). However, this relationship was not significant 

(Wald = 2.80, p = 0.102, R2= 14.88, Fig. 7) once the year of publication was included in the 

model (i.e. older publications have had more time to be cited).
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Figure 6. Results of linear regression showing significant increase in inference score 

over time (black line) with 95% confidence intervals (grey shading) for the 44 

population studies examined.
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Figure 7. Results of Poisson regression showing a decline in citation rate with 

increasing inference score (black line) with 95% confidence intervals (grey shading) 

for the 44 population studies examined. The decline was not significant when the 

year of publication was included in the model.

Discussion

The results of our review indicate that, despite growing interest and widespread concern 

for the conservation of Australian woodland birds (as indicated by the increasing literature), 

relatively few rigorous, quantitative assessments of population change exist. Of the 470 articles 

that we reviewed, 44 report change in the population size of woodland bird species, of which 

only nine were able to provide rigorous inference about the trends they report. The spatial 

coverage of research was generally balanced across the distribution of remaining temperate 

woodland, with all studies representing typical woodland habitat in heavily degraded condition. 

The majority of studies (80%) contained less than ten years of survey data and relied heavily on 

indirect or secondary data sources to derive trends, often with highly variable sampling 

protocols that were overlooked in the calculation of population indices. Despite these 

limitations, the decline of woodland birds is referenced in over half of all Australian woodland 

bird conservation studies. Given the paucity of strong quantitative population research available 

from the empirical literature, it is unsurprising that the majority of cited information on



woodland bird status (49% of citations) is sourced from reviews and syntheses of predominantly 

qualitative, short-term studies of change.

Challenges for woodland bird population research

Maintaining and improving spatio-temporal data quality

Understanding the dynamics of Australian woodland bird populations is made 

challenging simply by a limited capacity to adequately survey woodland areas across the range 

of many species. For example, the current Breeding Bird Atlas compiled by the British Trust for 

Ornithology has attracted over 17 000 online atlasers, providing comprehensive spatial coverage 

across Great Britain and Ireland (http://www.bto.org/volunteer-surveys/birdatlas/results). In 

Australia, the most recent national bird atlas, The New Atlas of Australian Birds (Barrett et al. 

2003), represents a geographical area more than ten times the size of Great Britain and Ireland, 

but with less than half the number of atlasers (-7000). Even with such a concentrated mass 

effort, the spatial coverage of bird atlas records in Australia are typically biased toward coastal 

regions with high human population densities (Barrett et al. 2003). Our review showed that, 

while the spread of population studies is relatively balanced across the distribution of remaining 

temperate woodland vegetation, a number of population studies relied on secondary data 

sources to provide more spatially comprehensive estimates of population change (e.g. Barrett et 

al. 2007; Paton et al. 1994; Saunders and Ingram 1995).

More typically though, secondary data sources were utilised to compensate for poor 

temporal coverage in population data: a key resource gap encumbering the conservation of 

biodiversity all over the world (MEA 2005). But despite the contribution of secondary data, the 

majority of population studies evaluated in this review contained fewer than ten years of survey 

data. A number of authors argue that population data need to be a time series of 15-20 years 

before reliable estimates of population change can be inferred (Holmes 2001; Hovestadt and 

Nowicki 2008; Swanson 1998). This is because short-term datasets can underestimate long-term 

population variance (McNamara and Harding 2004), which is particularly relevant in countries 

such as Australia where marked variation in climate occur over long periods (discussed further

http://www.bto.org/volunteer-surveys/birdatlas/results


below). This is particularly pertinent to trends derived from datasets where survey years are 

sparse (as was the case for many of the studies reviewed, Fig. 5,Table 2). Therefore, it would be 

unwise to assume that studies will provide stronger inference of population change simply 

because the period of inference is longer (Reside et al. 2011).

The heavy reliance on secondary data sources for both spatial and temporal coverage has 

its consequences for inference. Measurement errors, which stem from ignoring variation in 

sampling methods and effort, are more likely to occur in studies that combine multiple datasets 

collected by different individuals across space and time. Such errors have been shown to 

generate false patterns of annual variation in long-term datasets, compromising estimates of 

annual population growth (Freckleton et al. 2006; Hovestadt and Nowicki 2008; McNamara and 

Harding 2004). Inference scores calculated for this review considered efforts to control for 

measurement error, both in study design and statistical analysis, and revealed that only nine 

studies specifically addressed this issue (Table 2). This finding supports arguments from the 

broader literature that more attention should be paid to the effects of measurement error 

(Freckleton et al. 2006).

Challenges stemming from the use of secondary data sources do not mandate that such 

data are unsuitable for trend analysis (Jenkins et al. 2003, Szabo et al. 2012). In fact, formal 

analyses of community volunteer-collected bird records contributed three of the four most 

rigorous population studies identified in this review (Bounds et al. 2010; Reid and Cunningham 

2008; Szabo et al. 201 l).This demonstrates that secondary data have the potential to generate 

robust population estimates provided that features of the data, particularly its limitations and 

biases, are carefully considered in analysis (Szabo et al. 2012). It also highlights the importance 

of statistically-designed, long-term monitoring approaches (whether driven by research 

institutes or the motivated public) for detecting unwanted trends in biodiversity. Thus, it is of 

paramount importance that established monitoring programs are given adequate resources to 

continue to build long-term datasets (Lindenmayer and Likens 2010a).



Quantifying meteorological influences

The Australian climate is highly variable (McKeon 2006). In particular, rainfall exhibits 

very large interannual variability due to mechanisms associated with the El Nino-Southern 

Oscillation (Nicholls 1991; Nicholls et al. 1997). Numerous authors claim that such variability 

can influence the size and distribution of bird populations, particularly in response to drought 

conditions (Bennett and Ford 1997; Manning et al. 2007; Reid 1999; Reid 2000; Robinson 

1993; Szabo et al. 2011; Woinarski and Catterall 2004). Furthermore, weather variability 

influences the availability of key avifaunal resources, for example food such as arthropods (Bell 

1985) and nectar (Ford 1991). Many Australian birds are highly mobile and their movements 

are linked to areas where resources are optimal or more abundant (McGoldrick and Mac Nally 

1998; Reid and Cunningham 2008; Schodde 1982), making their annual and seasonal 

abundances at a given location highly variable (Fleming 1992; Mac Nally 1996) and their total 

population size at any one point in time difficult to judge.

Since 1990, southeastern Australia has suffered the effects of two severe droughts, 

including one of the longest and most severe droughts on record (1991-1995 and 2001-2009,

AB ARES 2011; van Dijk et al. 2013). Studies that provide the strongest inference of population 

change have predominantly examined trends during this period (Fig. 6). While the potentially 

confounding effects of weather on population trends were frequently discussed among studies, 

such effects were rarely quantified (Table 2, but see Mac Nally et al. 2009). Thus, the impact 

that broad- and local-scale meteorological parameters have had, and will have, on the long-term 

trends of woodland birds is largely uncertain. With the severity and frequency of drought 

periods expected to increase with climate change (Recher et al. 2010), this relationship 

represents a major source of variability that should be addressed in future trend research.

Achieving effective conservation policy fo r  birds

The loss of eucalypt woodland has been referred to as “one of the most significant 

vegetation changes in Australian history” (Yates and Hobbs 1997, p. 949), and little question 

remains as to whether Australian woodland birds have undergone historic declines. Indeed, it



seems clear, from the many qualitative studies based on historical accounts of local extirpation, 

that woodland birds are neither as abundant nor as widespread as they once were. However, 

many authors argue that these declines are ongoing as result of an ‘extinction debt’ (e.g. Ford et 

al. 2009; Manning et al. 2012; Szabo et al. 2011). This implies that woodland birds are 

persisting in a non-equilibrial state (Mac Nally 1996) in which the impacts of environmental 

and demographic stochasticity may be heightened (Engen et al. 2001), particularly if a species is 

at serious and impending risk of extinction (Fagan and Holmes 2006). This scenario is not 

unique to Australia and further complicates the already challenging task of measuring change in 

threatened bird populations.

To effectively direct conservation efforts for birds we need to determine whether threats 

to persistence are ongoing and, if so, the relative importance of historic and recent land-use 

practices. In Australia, many landscapes are exhibiting dramatic increases in vegetative cover 

due to natural regeneration (Geddes et al. 2011, Cunningham et al. 2013). Such regenerating 

habitats have been shown to benefit birds, including a number of species of conservation 

concern (Lindenmayer et al. 2012). Further examples of birds adapting to landscape alteration 

exist, such as the breeding success of cover-dependent species in small patches (Fischer and 

Lindenmayer 2002; Zanette 2000) and the colonisation of birds in restoration plantings (Barrett 

et al. 2008; Cunningham et al. 2008; Lindenmayer et al. 2010b; Robinson 2006). These 

‘positive’ scenarios of change are likely to temper ongoing declines in woodland avifauna in 

some landscapes, and offer hope for more widespread recovery in the future.

However, a large proportion of woodland landscapes are not regenerating naturally 

(Weinberg et al. 2011) and clearing pressures throughout much of the Australian temperate zone 

have not abated (e.g. Gibbons et al. 2008). In turn, the precautionary principle dictates that we 

should not base conservation policy on the assumption that ‘positive’ scenarios will lead to 

population-level recovery. The risks of falsely declaring “recovery” or underestimating rate of 

decline are manifold, especially in light of the small number and relatively recent publication of 

inferentially “rigorous” studies identified in our review.



While population research is progressing admirably toward more rigorous assessments, 

all currently available information on woodland bird trends is limited either by statistical 

methodology or temporal coverage. This is largely because flexible methods for modelling 

population data are relatively new (Clark and Bjornstad 2004) and most longitudinal or time- 

series datasets cover fewer than 15 observation years (Fig. 5). Continued population monitoring 

is, therefore, a priority. We need to know where to direct our restoration efforts to sustain extant 

populations and we need to know how to adapt those efforts to maximise conservation 

outcomes. Both of these goals necessitate reliable and accurate methods for monitoring and 

reporting population trends.

Conclusion

Eliciting population trends for many species is challenging, but is vital for good 

conservation policy. It is widely accepted that the treatment of natural and error-driven 

variability will determine the inferential status of long-term trend estimates. We argue that this 

relationship must be brought more prominently into our deliberations on global bird decline. We 

have shown that population research on Australian temperate woodland birds is becoming more 

rigorous. However, strong long-term studies of change are rare. The paucity of rigorous trend 

assessments has not subverted the notion that woodland birds are in severe and ongoing decline. 

We believe that the widespread citation of research that cannot reliably detect trends to draw 

conclusions about species persistence is a concerning issue for policy development (Boyd 

2013). Given international concern for bird assemblages occupying regions of high land-use 

change, there is a pressing need to maintain the commitment to population monitoring to refine 

trend assessments and enhance the effectiveness of conservation activities. It is very 

encouraging that we found an increasing trend towards population studies that are inferentially 

rigorous. We hope that in coming years the rate of citations of this work shows a commensurate 

increase in support of evidence-based policy and practice.
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II. The influence of weather on long-term
population trends of birds in an endangered 
ecological community.

Rigorous assessments of long-term population change are rare for Australian temperate 

woodland birds. Robust population indices are urgently needed to inform evidence-based 

conservation planning for this assemblage of species. Further, to assist the objectives of 

biological conservation, a deeper understanding of the processes that drive population 

change is essential. In this paper, I quantify the effect of weather variability on the 

persistence of woodland birds in a modified landscape, paying particular attention to the 

effects of drought.

Rayner L., Gibbons P., Hutchinson, M. J., Lindenmayer D.B., Stein, J., Wood, J. & Manning A.D. 

(2014). The influence of weather on long-term population trends of birds in an endangered 

ecological community.
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Abstract

Observed trends in populations of native biota can be confounded with or explained by 

weather variability. Weather variability therefore needs to be rigorously considered in decision

making. We calculated trends in abundance for 57 bird species over 14 years and assessed the 

influence of weather variability on those trends. Our results showed that fewer native bird 

species were declining (n = 5) than might be expected from the existing literature. We also 

observed no change or an increase in some species of birds identified to be of conservation 

concern in other regions. Our analyses showed highly variable, species-specific responses to the 

modelled meteorological parameters, but we nevertheless identified the El Nino-Southern 

Oscillation (ENSO) as a strong influence on the regional abundances of 26 species. This 

association was reinforced in a comparison of population trends during and after drought. The 

group of species we analysed in detail excluded a number of potentially vulnerable birds whose 

detection was too low for robust trend estimates to be calculated. We found a bias toward the 

detection of declines where population data were collected during periods of declining or low 

rainfall. Despite significant effects of ENSO on population dynamics, we found no evidence 

that a severe drought threatened species persistence over the observation period. However, it 

should not be assumed that relationships between drought and species persistence will be 

innocuous in the future, as climate change is expected to exacerbate the dry phase of ENSO and 

may increase pressure on species whose abundances are suppressed during drought.
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Introduction

Arresting biodiversity loss is integral to the protection of ecosystem function (Hooper et 

al. 2012), including services critical for human well-being and prosperity (Cardinale et al.

2012). Indices of species population change are frequently used to quantify biodiversity loss and 

help communicate important trend patterns (e.g. Baillie et al. 2010; WWF 2012). However, for 

such indices to assist the objectives of biological conservation and human development, a 

deeper understanding of the processes that drive population change is essential (Siriwardena et 

al. 1998). Identifying drivers of species decline has become a dominant theme in global 

conservation research (e.g. Clavero and Garcia-Berthou 2005; Potts et al. 2010).

The important role that birds play in supporting a suite of ecosystem functions (Wenny et 

al. 2011) underpins the need to identify processes that drive long-term change in populations of 

this group. This is particularly relevant in regions subject to land-use change where declines in 

bird abundances are frequently documented (Attwood et al. 2009; Marzluff 2001). In these 

regions, studies have focused heavily on anthropogenic disturbances to explain declines, such as 

habitat loss (Kerr and Deguise 2004), fragmentation (Rueda et al. 2013) and interactions with 

non-native species (Beckerman et al. 2007). However, climatic variation is a primary 

determinant of faunal population dynamics (Stenseth et al. 2002) and can influence the nature 

and severity of anthropogenic threats to species (Cox et al. 2013; Mantyka-Pringle et al. 2012). 

Conversely, anthropogenic threats have the potential to alter regional climates (McAlpine et al. 

2007) to which populations of species will respond.

With growing concern for the impacts of climate change on biodiversity (IPCC 2013), 

quantifying meteorological effects on species that are part of threatened ecological communities 

is needed to underpin effective conservation (Mantyka-Pringle et al. 2012). There is a strong 

case for this in the temperate zone of Australia, where climate is highly variable (Steffen et al. 

2009), landscape responses to climate can be rapid (McAlpine et al. 2007), and inter-annual bird 

abundances fluctuate markedly (Lindenmayer and Cunningham 2011). Furthermore, land 

conversion in the temperate zone of Australia has been extensive (Yates et al. 2000) and many 

bird species are reported to be in severe and ongoing decline (Mac Nally et al. 2009). Of
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particular concern are those species occupying woodland habitats (Ford 2011) as these areas 

have been selectively cleared for grazing and cropping.

In a review of the literature dedicated specifically to threatened bird assemblages in the 

temperate zone, Rayner et al. (2014a) found that patterns of population change are frequently 

attributed to climatic variability, but that the effect of such variability on longitudinal trends is 

rarely quantified. Indeed, empirical evidence on how temperate woodland birds respond to 

meteorological variability is largely limited to short-term studies that investigate weather-driven 

resource pulses (e.g. Barea and Watson 2007; McGoldrick and Mac Nally 1998). While such 

studies have provided important information about habitat quality and resource limitation, 

questions remain over how species respond to prolonged weather events (e.g. drought, Ford 

2011), and what role climate plays in apparently declining woodland bird populations 

(Chambers et al. 2005; Recher et al. 2010).

The aim of our study was to investigate the influence of weather variability on the 

persistence of woodland birds in a modified landscape. We used bird records collected over a 

14-year period, capturing one of the most severe droughts in Australian history (2001-2009) and 

some of the highest rainfall events that followed. Specifically, we asked: (1) What is the effect 

of local weather, and broad-scale weather signals, on the abundances of individual bird species? 

(2) Do these meteorological effects explain significant changes in population growth? And (3) 

How did the drought, and subsequent high rainfall years, influence trend indices derived for 

individual species? We focused our assessment on individual species to assist conservation 

decision-making by identifying species with concerning long-term trend patterns, as well as 

species that may be susceptible to future climate change.

Methods

Study region

Our study area comprised a 20 km x 40 km area (bounded by -35.1°, 149.3° and -35.6°, 

148.9°) in the sub-humid region of the Australian Capital Territory, south-eastern Australia. The 

area has a cool wet climate with soil moisture availability being highest in winter and spring
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(Hutchinson et al. 2005). Annual mean temperatures range from 6 to 16°C. Mean summer 

temperatures across the observation period ranged from 19 to 22°C (maximum = 31°C), while 

mean winter temperatures ranged from 6 to 7°C (minimum = -1°C). Annual precipitation is 

approximately 630 mm (monthly rainfall averages range from 38.4 to 67.4 mm; BOM 2013).

The dominant vegetation type in the study area is temperate eucalypt woodland. These 

woodlands once covered vast areas of the Australian continent, but have been heavily cleared 

since European settlement in the mid-1800s (Lindenmayer et al. 2010). Some large intact 

remnants remain, but most have been perturbed by grazing, altered fire regimes, and invasion by 

weeds and feral species. Urbanisation presents ongoing threats to woodland extent in the region 

and significant challenges for protecting the ecological integrity of remnants on the urban fringe 

(Ikin et al. 2013; Rayner et al. 2014b).

Bird surveys

We obtained bird records for this study from a citizen-based monitoring project run by 

the Canberra Ornithologists Group. We used data from 92 permanent field sites located in 

temperate grassy woodland (n = 86) or dry forest contiguous with temperate grassy woodland (n 

= 6). Sites were dominated by eucalypt tree species, including Eucalyptus blakelyi, E. 

melliodora, E. bridgesiana and E. macroryncha. Several sites were located in peri-urban 

reserves of strict legal protection.

Sites were surveyed every year for 14 years from 1999 to 2012. Surveys were 10-minute 

point-counts conducted seasonally (four surveys/site/year) with no changes to survey protocol 

and little appreciable variation in effort. During surveys, observers counted all birds seen or 

heard within a 50m radius. Further information on site and survey characteristics is provided in 

Cunningham and Rowell (2006).

Data exclusion

Prior to trend calculation, we applied data exclusion criteria to ensure meaningful 

statistical analyses of population change. We excluded the following: (1) Water birds because



surveys were concentrated on woodland habitat. (2) Species that occurred in less 1% of surveys 

as they provided insufficient data for trend calculation. (3) Sites that did not contain at least 

three repeat observations of a species over the 14-year period to ensure that trend indices were 

derived using sites where species were known to reoccur. And (4) Seasons that contained less 

than 5% of a species’ total abundance to ensure that trend indices for migratory birds were 

derived using seasons when species occur in the study area. Exclusion criteria left 57 species 

suitable for trend analysis. We provide a list of these species, with the number of sites and the 

seasons included in trend calculations, in Appendix A.

Calculating trend indices

We used hierarchical generalised linear modelling (HGLMs\ Lee et al. 2006) to derive 

trend indices from abundance data for each species. Exploratory data summaries revealed high 

intra- and inter-year variability. We fitted cubic regression splines to the time-series data for 

each individual bird species, setting knots at the terciles of the study period (Cunningham and 

Olsen 2009). We then fitted HGLMs with the spline parameters and ‘season’ as fixed effects to 

obtain a smoothed trend index for each bird species. We used an overdispersed Poisson 

distribution with a logarithmic link function. We accounted for dependence resulting from site- 

and time-specific variations in abundance by including ‘site’ and ‘time’ as random effects. We 

included the effects of surveys within a year for each site as random effects to control for small 

variations in sampling effort. All random effects were gamma distributed with a logarithmic 

link function. Finally, we fitted a linear trend with season and the same random effects to 

estimate long-term population change (increase, no change, decline) over the study period. We 

have presented smoothed trend indices and linear trend lines with 95% confidence intervals to 

assist inference.

Weather data

We examined both local weather (using individual weather features) and broad-scale 

weather signals (using climate indices) for their effects on long-term bird abundances. 

Individual weather features can provide a direct link to local-scale, short-term changes in
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abundance (Stenseth et al. 2003) and are frequently used to investigate bird-weather 

relationships (e.g. Stevens and Watson 2013). However, it is sometimes the combination of 

weather features captured by broad-scale climate indices that best predict ecological processes 

driving population change (Hallett et al. 2004).

We investigated four weather features (temperature, rainfall, soil moisture and plant 

growth index) and two climate indices (raw and normalised Southern Oscillation Index, ‘SOT 

and ‘nSOT) in our study (Table 1, Fig. 1). Both climate indices are measures of El Nino- 

Southern Oscillation activity (‘ENSO’). We obtained all weather variables as monthly 

anomalies from 1998-2012 means and averaged over seasonal and annual time steps for 

analysis. We accounted for potential delays in species responses to weather by analysing 

seasonally summarised variables with lags of 0, 3, 6, 9 and 12 months, and annually 

summarised variables with lags of 0, 12 and 24 months, prior to each survey.

Linking trends to weather

We used HGLMs to identify weather variables that explained significant variation in the 

long-term trend patterns of individual species. In fitting these models, we considered a suite of 

measures of ENSO, but pre-selected weather features by examining correlation coefficients 

between lagged weather features and the Pearson residuals of abundance derived from seasonal 

survey data. We used residual abundances because the detection of most species (n = 50) was 

significantly related to season (Appendix A). Therefore, examining abundances with the 

seasonal effect removed was likely to highlight weather features relevant to long-term change 

rather than inter-annual variability. All weather variables added to HGLMs were significantly 

correlated with individual species’ residual abundances at p < 0.05. Weather variables included 

in the final species models were refined using backwards stepwise selection. We used stepwise 

selection as a simple method for eliminating terms that were correlated with species 

abundances, but did not make a significant contribution to the model.
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To examine the effect of weather on population estimates, we compared linear trend 

indices before and after adding weather parameters to the model. We compared trends in terms 

of direction (A slope) and precision (A error).

Table 1. Variables used to investigate relationships between weather and long-term bird abundances. 

Weather features and climate indices covered the time period 1998-2011 and 1998-2012 respectively. All 

GROWEST models assumed a mesotherm temperature index. “NCAR” is the National Centre for 

Atmospheric Research.

Variable Description and source method Reference

W eather fea tures

Temperature Site estimates derived from elevation dependent Hutchinson 2004;

(mean, max, min) interpolations of weather station data using thin 
plate smoothing splines

Kesteven and Landsberg 
2004

Rainfall Site estimates derived from elevation dependent Hutchinson 2004;

(mean, total, sqrt) interpolations of weather station data using thin 
plate smoothing splines

Kesteven and Landsberg 
2004

Soil moisture index Site estimates derived from GROWEST by a 
simple water balance model using monthly 
rainfall and pan evaporation

Hutchinson et al. 2004; 

Nix 1981

Plant growth index Site estimates derived from GROWEST by 
combining the soil moisture index with 
temperature and solar radiation indices to 
summarise weather conducive to plant growth

Hutchinson et al. 2004; 

Nix 1981

Climate indices

SOI Broad-scale measure of the Southern 
Oscillation Index

NCAR: www.cgd.ucar.e 
du/cas/catalog/climind/

nSO l Broad-scale measure of the Southern 
Oscillation Index derived using normalisation 
factors based upon annual means to maximise 
the signal-to-noise ratio

NCAR:www.cgd.ucar.e
du/cas/catalog/climind/;

Trenberth 1984

Effects of drought on trends

We explored the effects of the Millennium Drought (2001-2009; van Dijk et al. 2013) on 

long-term trends in species abundance. To do this, we compared trends in birds derived from the 

entire time-series (1999-2012) with data until the end of the drought (1999-2010).
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Figure 1. Seasonal values of weather in the study area from 1998-2012. Plots show 

anomalies in (a) total rainfall, (b) mean temperature and (c) soil moisture index 

(solid) and plant growth index (dashed) and seasonal means of (d) SOI (solid line) 

and nSOI (dashed).

Results

Long-term trends in abundance

Our longitudinal bird dataset comprised 4,750 surveys spanning 14 years from 1999 to 

2012. From counts of 65,413 individuals, we quantified long-term population change for 57 bird 

species (Appendix A). For 39 species, we found no significant temporal trend. The remaining 

18 species showed significant trend patterns over the study period: 12 with increasing linear 

trends, and six with declining linear trends (Table 2). Two of these species were introduced to 

Australia, the increasing Common Starling and declining Common Myna. We show examples
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of long-term trends for six species in Fig. 2. We provide trend statistics for all species in 

Appendix A.

Table 2. Species showing significant linear trends in population growth during the study period (1999- 

2012). Significance tests were set at p < 0.05. Species are listed in order of prevalence (i.e. the number of 

surveys present). “Surveys” is the number of surveys in which a species was detected, “Obs” is the 

number of observed individuals, and “Sites” is the number of sites where a species was detected. 

Asterisks (*) denote introduced species.

Species Survey Obs. Sites
Linear trend

Slope S.E. P

Increasers

Weebill 1603 3971 85 0.007 0.003 0.008

Australian Magpie 1494 3047 91 0.007 0.002 <0.001

Galah 1142 2958 67 0.013 0.002 <0.001

Noisy Miner 894 3008 36 0.011 0.003 <0.001

Sulphur-crested Cockatoo 753 1817 60 0.016 0.003 <0.001

Superb Fairy-wren 739 2740 43 0.007 0.003 0.010

Common Starling* 706 3408 34 0.009 0.004 0.028

Australian Raven 507 903 50 0.015 0.004 <0.001

Magpie Lark 310 579 28 0.009 0.004 0.036

Crested Pigeon 275 534 19 0.035 0.005 <0.001

White-eared Honeyeater 198 231 19 0.031 0.008 <0.001

Brown-headed Honeyeater 169 459 15 0.027 0.009 0.002

Decliners

Striated Thornbill 519 1820 45 -0.010 0.004 0.011

Mistletoebird 296 369 24 -0.020 0.008 0.008

Scarlet Robin 277 404 31 -0.013 0.005 0.012

Common Myna* 237 736 15 -0.038 0.007 <0.001

Grey Shrike-thrush 155 172 12 -1.138 0.306 0.002

Tree Martin 154 616 10 -0.068 0.012 <0.001



(a) Sulphur-crested Cockatoo (b) Superb Fairy-wren (c) Common Starling

Figure 2. Examples of three increasing (a-c) and three declining (d-f) species, 

including two introduced species (c and f). Plots show smoothed trend indices (bold 

line) with 95% confidence intervals (shaded grey), the expected (mean) number of 

birds per season (dotted line) and the calculated linear trend (red line). All trends 

displayed are significant at a = 0.05. Note: Y axes are scaled to best visualise trend 

patterns and vary between species.

Bird responses to weather

We identified 34 species whose long-term trends in abundance were significantly 

influenced by weather. Of these 34 species, SOI was a significant predictor in the models of 26 

species, and local weather explained a significant amount of variation for 17 species (9 species 

responded to a combination of both). Temperature was the most influential local weather feature 

in the models (13/17 species) indicating a positive association with altitudinal and summer 

migrants and an inverse relationship with most resident species (6/9 species). However, SOI 

was the strongest predictor of long-term abundances for most species (18/34 species) showing 

predominantly positive associations with abundance (12/18 species). Importantly, SOI was also 

the most common predictor of long-term abundances for species with significant temporal 

trends (10/13 species), all of which were resident species with the exception of the Tree Martin 

(Table 3). Further details of each individual species’ association with weather are provided in 

Appendix B.
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Effects of weather on trend estimates

Additional variance in population trends for 27 species was explained by weather. In 

most cases (21 species), adjusting models for weather effects improved the precision of trend 

estimates, although this effect was usually small (A error < 0.001 for 16 species). However, 

improved precision resulted in three additional species exhibiting significant trend patterns 

(Increasers: Australian King-parrot and Speckled Warbler, Decliner: Welcome Swallow) that 

were not previously identified (Table 3; Fig. 3a-c). For these three species, local weather 

features were more important than broad-scale weather variation. In contrast, improved 

precision also resulted in the trends of two species no longer being significant (Table 3; Fig. 3d, 

e). For these two species, SOI was most important.

Adjusting models for weather effects also altered the slope of trend lines for five species 

(A slope > error). Slopes were more positive for four species (Common Bronzewing, Golden 

Whistler, Varied Sittella, Grey Shrike-thrush) indicating predominantly unfavourable weather 

conditions during the study period, and more negative for one species (Sacred Kingfisher) 

indicating predominantly favourable weather conditions during the study period. However, 

while linear trends were significantly altered for all of these species, only the Grey Shrike- 

thrush exhibited a significant long-term trend (decline; Fig. 3f). Details of model comparisons 

are provided in Appendix C.
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Table 3. Weather variables significantly associated with increasing or declining bird species from 1999- 

2012. Only species with significant weather predictors and significant increasing or declining trends are 

shown. 1 denotes species that showed significant temporal trends only after models were adjusted for the 

effects of weather variability. Species in italics showed non-significant trends after adjusting for the 

effects of weather variability. Asterisks (*) denote introduced species.

Common name Predictor (lag)
HGLM

Est. SE Wald P

Increasers

Weebill Mean annual SOI (24) -0.142 0.040 12.34 <0.001

Common Starling* M ean annual SOI 0.215 0.063 11.66 < 0.001

M agpie Lark M ean annual SOI 0.144 0.069 4.44 0.035

White-eared Honeyeater Mean annual SOI 0.213 0.093 5.27 0.022

Brown-headed Honeyeater Mean annual SOI (24) -0.191 0.083 5.37 0.020

Australian King-Parrof Maximum spring temperature 0.44 0.019 5.51 0.019

Speckled Warbler1 Mean seasonal temperature 0.097 0.036 7.07 0.008

Decliners

Striated Thornbill Mean seasonal moisture -0.980 0.235 17.41 <0.001

SOI (12) -0.095 0.034 7.68 0.006

Scarlet Robin SOI (9) 0.117 0.055 4.46 0.035

Common Myna* Mean annual SOI 0.429 0.142 9.16 0.002

Grey Shrike-thrush Maximum autumn temperature -0.044 0.007 35.54 <0.001

SOI -0.275 0.093 8.69 0.003

Tree Martin Mean annual SOI (24) -0.291 0.106 7.53 0.006

Welcome Swallow1 Mean seasonal temperature (3) -0.106 0.031 11.66 <0.001

Total annual rainfall 0.001 0.001 5.14 0.023
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(a) Australian King Parrot (b) Speckled Warbler (c) Welcome Swallow

(d) Magpie Lark (f) Grey Shrike-thrush(e) Common Starling

I s I l l l l i S S i g RI I i I I 1

Figure 3. Trend indices for six species with (red) and without (grey) the effects of 

weather included in the model. Solid lines represent the linear trend for the time- 

series of each species and shaded areas represent 95% confidence intervals about the 

linear trend index for each species. All trends displayed are significant at a = 0.05.

Effects of drought on trend patterns

Excluding survey data from post-drought years (2010 to 2012) significantly altered trend 

indices that were derived from the full time-series of survey data (1999-2012) for a quarter of 

the study species (14 species, Table 4). Most species went from an increasing trend to no 

temporal change (4 species, e.g. Superb Fairy-wren, Fig. 4a) or from no temporal change to a 

declining trend (5 species, e.g. Willie Wagtail, Fig. 4b) when post-drought survey data were 

excluded. Three species that showed no overall change across the full time-series of survey data 

were increasing prior to 2010, and two species that showed declines across the full time-series 

of survey data were stable prior to 2010.

Almost all species whose trends were more negative with the exclusion of post-drought 

data showed significant positive associations with either rainfall or SOI (8 species, Appendix 

B). Conversely, two species whose trends were more positive with the exclusion of post-drought 

data showed negative associations with SOI. This indicates that drought may be augmenting 

trend indices for these species. However, four species did not respond significantly to rainfall or 

SOI and are, therefore, more likely to be responding (in most cases negatively) to other 

environmental drivers (Table 4).
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Table 4. Species with trend indices that were altered by the exclusion of post-drought survey data. Trend 

changes are based on the significance of the linear trend lines derived for each species. We provide P- 

values for the linear trend lines in parentheses. Asterisks (*) denote introduced species.

Full time-series Drought only Relationship
Common name 1999-2012 1999-2009 to SOI or

Linear trend (p) Linear trend (p) rainfall?

P ositive trend  change

Australian Magpie Increase (< 0.001) No change (0.193) Positive

Common Starling* Increase (0.028) No change (0.183) Positive

Crimson Rosella No change (0.836) Decrease (0.045) Positive

Grey Currawong No change (0.546) Decrease (0.034) Positive

Welcome Swallow No change (0.054) Decrease (0.017) Positive

White-eared Honeyeater Increase (< 0.001) No change (0.744) Positive

Willie Wagtail No change (0.391) Decrease (0.010) Positive

Superb Fairy-wren Increase (0.010) No change (0.654) None

N ega tive trend  change

Common Bronzewing No change (0.484) Increase (0.032) Negative

Striated Thornhill Decrease (0.011) No change (0.096) Negative

Australian King-Parrot No change (0.072) Increase (0.036) None

Mistletoebird Decrease (0.008) No change (0.691) None

White-winged Chough No change (0.062) Increase (0.049) None

Superb Fairy-wren

i  1 1 1

Willie Wagtail

i m  n

06

0.5

04

03 

0.2 

0 1 

0.0

Grey Currawong

Year

Figure 4. Plots illustrating the difference in trend lines calculated from the full time- 

series of survey data (black line, 95% confidence intervals shaded grey) and the 

model excluding post-drought survey data (red line, 95% confidence intervals 

dashed line).



Discussion

Deriving reliable trend indices is critical for the identification of species undergoing 

population declines and the development of effective conservation strategies to arrest those 

declines. In this study, we have explicitly demonstrated the importance of capturing climatic 

variation in population data used to diagnose declining species. By describing species-weather 

relationships, we have also provided a more comprehensive assessment of population variability 

in a nationally threatened assemblage of species, with valuable insights to their persistence in 

modified landscapes. Specifically, our study demonstrates that: (1) The majority of bird species 

showed no significant change in population size over the study period (1999-2012) and 

relatively few native species exhibited long-term declines. (2) Effects of the ENSO explained 

more variability in the long-term trends of bird species than local-scale weather features, and 

improved the accuracy of trend indices for 21 species. And (3) Trend indices derived during 

drought varied substantially from those that incorporated post-drought data for 14 species, with 

most of these species showing a positive trend change following the drought-breaking rains of 

2010 .

Long-term trends in abundance

If the conservation literature is searched for empirical evidence of Australian temperate 

woodland bird decline, we are faced with pervasive uncertainty (Rayner et al. 2014a). Much of 

this uncertainty results from a shortage of high-quality population data to facilitate robust 

estimates of long-term change (Jenkins et al. 2003; Szabo et al. 2010). However, uncertainty is 

also due to strong regional variation in the number, composition and functional traits of species 

identified to be in decline (Lindenmayer and Cunningham 2011; Mac Nally et al. 2009). For 

example, the number of bird species reported to have declined in the last 50 years ranges from 

4-57 (median = 18) based on 20 studies from southern Australia (Appendix D). Given this 

range of estimates, the identification of only five native declining species in our study (Table 2) 

presents a positive, yet potentially conservative, result.
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Our result may be conservative for two reasons. First, of the 122 woodland species 

observed during surveys, only 57 were detected regularly enough to assess long-term trends.

This left 61 uncommon or “rare” species whose trends could not be reliably estimated. While 

many of these species were vagrants or historically uncommon in the study region, populations 

of other species such as the Jacky Winter, Diamond Firetail and Hooded Robin were once large 

but are now thought to be in decline (Barrett et al. 1994; Ford et al. 2009; Paton et al. 2004;

Reid 1999; Reid and Cunningham 2008). Given such infrequent detection, these populations 

must be assumed to be vulnerable and targeted research is urgently needed to evaluate their 

extinction risk. Second, the longitudinal dataset used in this study is relatively short in terms of 

historical (e.g. extinction debt, Tilman et al. 1994) and climatic (e.g. multiple drought cycles) 

inference. In particular, many species may have undergone substantial declines prior to the 

commencement of our surveys, meaning our trend estimates reflect a much reduced baseline of 

abundance for some species (Pauly 1995). Thus, we acknowledge that our study may have 

overlooked important losses to the regional avifauna that may have occurred prior to 1999.

Irrespective of these caveats, our trend indices for species that did meet the required data 

criteria were inferentially rigorous. By capturing considerable variation in regional conditions 

(e.g. climate and land-use), they provide powerful insights to inter-annual population dynamics. 

Thus, we believe that the relatively small number of native declining species observed (< 10% 

of species) from the group of species analysed is a robust assessment for this system. Also 

robust is the lack of evidence for pervasive declines in species of broader conservation concern, 

such as the Brown Treecreeper and Speckled Warbler (Barrett et al. 1994; Ford et al. 2009; 

Paton et al. 2004; Reid 1999). Furthermore, while the majority of increasing species listed here 

were large-bodied generalists that have shown similar population growth elsewhere (e.g. Ellis 

and Taylor 2013; Szabo et al. 2011), an important exception was the Superb Fairy-wren (also 

previously noted for declines, Szabo et al. 2011); a small-bodied species (ca. 10g) that exhibited 

a positive linear trend in our study.

The five native birds exhibiting declines in our study area were the Grey Shrike-thrush, 

Striated Thornbill, Mistletoebird, Tree Martin, and Scarlet Robin. Rigorous trend assessments
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from two woodland studies conducted over a similar time period within 160 km of our study 

area (South-west slopes: Lindenmayer and Cunningham 2011; Cowra: Reid and Cunningham 

2008) did not identify any of these species as declining. Further abroad, temporal population 

trends for the Grey Shrike-thrush, Striated Thornhill and Mistletoebird are markedly 

inconsistent (e.g. Cunningham and Olsen 2009; Szabo et al. 2011) suggesting that conservation 

gains for these species may best be achieved through regional-scale management. More 

concerning, however, are trends for the Tree Martin and Scarlet Robin. We identified these 

species to be declining in our study area and similar declines have been reported throughout 

their range (Barrett et al. 2003; Barrett et al. 1994; Paton et al. 2004; Szabo et al. 2011). Hence, 

these species appear to be in need of immediate conservation action.

Effects of the ENSO and drought

Our results showed that, while species abundance was often correlated with local 

weather, effects of the ENSO explained more variation in long-term abundances than any single 

weather parameter. The strength of climate indices for describing population dynamics has been 

demonstrated in various parts of the world for mammals (Dickman et al. 2001; Lima et al. 2002; 

Stapp et al. 2004), birds (Forchhammer et al. 1998; Grant et al. 2000; Manning et al. 2007), 

amphibians (Forchhammer et al. 1998), arthropods (Polis et al. 1998) and marine biota (Defeo 

et al. 2013; Drinkwater et al. 2003). Stenseth et al. (2003) and Hallett et al. (2004) suggest that 

these relationships occur because broad-scale climate indices offer a more holistic examination 

of meteorological conditions (operating through local, interacting weather parameters) that drive 

ecological processes affecting species populations. Thus, the strength of ENSO as a predictor of 

species abundance in our study is likely to have emerged as a result of its strong influence over 

local temperature and rainfall extremes (McAlpine et al. 2007; Nicholls et al. 1997), particularly 

rainfall deficits recorded during drought (van Dijk et al. 2013).

Effects of ENSO in this study manifested as a positive relationship between species 

abundances and SOI in most cases. That is, abundances were typically suppressed during the El 

Nino cycle (onset: 2002), and boosted during La Nina cycles (onset: 1998 and 2010). Recently,
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the positive influence of La Nina on faunal abundances is documented for other Australian bird 

assemblages (Pavey and Nano 2013; Tischleret al. 2013) as well as for small mammals 

(Greenville et al. 2013; Kelly et al. 2013; Pavey and Nano 2013). However, it is critical to note 

that the El Nino cycle did not significantly suppress abundances of all species in our study (e.g. 

Striated Thornbill) and we found no evidence to indicate that El Nino was responsible for long

term declines. Thus, our results offer additional support for studies that link declines in bird 

abundance to below-average rainfall years (e.g. Mac Nally et al. 2009; Reid and Cunningham 

2008; Stevens and Watson 2013), but we emphasise that this relationship will not be consistent 

across species, and does not (of itself) appear to present a significant threat to species 

persistence.

Climate change

It is becoming increasingly important to evaluate the impacts of climate change on 

species persistence. It is highly likely that the behaviour of the ENSO will continue to change 

with global warming, leading to increased drying in Australia during future El Nino cycles 

(Power et al. 2013). The frequency of El Nino in Australia has increased in recent years 

(Steffen et al. 2009). This is consistent with computer projections by Cai et al. (2014) that the 

frequency of El Ninos is likely to increase under greenhouse warming. Moreover, temperatures 

have been disproportionately increasing, and rainfall decreasing, for a given value of SOI since 

the 1970’s (Nicholls 2003). Taken with the patterns observed for species in this study, droughts 

are likely to become increasingly arduous for some woodland birds (Recher et al. 2010). 

However, the lack of consistency among species’ responses to climatic variability observed here 

suggests that species, rather than communities, will need to be the unit of measure for assessing 

the range of future climate impacts on birds in this ecosystem (Midgley et al. 2003; Peterson 

2003). For this task, our study provides a valuable baseline for future research.

Conclusion

Identification of significant trend patterns in woodland bird species can be strongly 

influenced by the length of, and climatic conditions associated with, the sample period. For
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example, trend indices derived from population data that culminate in periods of drought have 

the potential to bias estimates toward decline for many species that may in fact recover their 

abundances post-drought. We have shown that broad-scale weather plays an important role in 

regulating species abundances. Therefore, assessments of population change should seek to 

reflect the temporal scale at which these broad climatic processes operate. Doing so will refine 

our predictions of species population growth and persistence, but relies heavily on systematic 

field-based monitoring and access to high accuracy climate and weather measurements.
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III. Are protected areas maintaining bird 
diversity?

Whether originally located on species-rich sites, or actively managed to prevent habitat 

degradation, protected areas are expected to foster positive ecological effects on 

biodiversity. Studies that use long-term monitoring records to assess protected-area 

effectiveness are scarce, meaning that the capacity for protected areas to ensure the 

persistence of species populations is poorly understood. In this paper, I evaluate the 

ecological effectiveness of reserves for maintaining woodland bird diversity in an 

important woodland region of Australia.

Rayner L., Lindenmayer D.B., Wood J.T., Gibbons P. & Manning A.D. (2014) Are protected areas 

maintaining bird diversity? Ecography, 37, 43-53.
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Abstract

Evaluating the effectiveness of protected areas for sustaining biodiversity is crucial to 

achieving conservation outcomes. While studies of effectiveness have improved our 

understanding of protected-area design and management, few investigations (< 5%) have 

quantified the ecological performance of reserves for conserving species. Here, we present an 

empirical evaluation of protected-area effectiveness using long-term measures of a vulnerable 

assemblage of species. We compare forest and woodland bird diversity in the Australian Capital 

Territory over 11 years on protected and unprotected areas located in temperate eucalypt 

woodland and matched by key habitat attributes. We examine separately the response of birds to 

protected areas established prior to 1995 and after 1995 when fundamental changes were made 

to regional conservation policy. Bird diversity was measured in richness, occurrence of 

vulnerable species, individual species trajectories and functional trait groups. We found that 

protected areas were effective in maintaining woody vegetation cover in the study region, but 

were ineffective in the protection of the target bird species assemblage. Protected areas were 

less species rich than unprotected areas, with significant declines in richness across sites 

protected prior to 1995. Small, specialised and vulnerable species showed stronger associations 

with unprotected areas than protected areas. Our findings indicate that recently established 

reserves (post-1995) are performing similarly to unprotected woodland areas in terms of 

maintaining woodland bird diversity, and that both of these areas are more effective in the 

conservation of woodland bird populations than reserves established prior to 1995. We 

demonstrate that the conservation value of protected areas is strongly influenced by the physical 

characteristics, as well as the landscape context, of a given reserve and can diminish with 

changes in surrounding land use over time. Both protected areas and off-reserve conservation 

schemes have important roles to play in securing species populations.
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Introduction

Conserving biodiversity through protected areas has been at the core of global 

conservation strategies for more than a century (Pimm et al. 2001). Today, over 160,000 

protected areas covering between 10.8% and 12.7% of the Earth’s terrestrial surface comprise 

the global protected-area network (WDPA 2010; Bertzky et al. 2012). The primary objective of 

a protected area is “to achieve the long-term conservation of nature with associated ecosystem 

services”, where ‘conservation’ refers to “the in-situ maintenance of ecosystems... and of viable 

populations of species in their natural surroundings” (Dudley 2008, pp. 8-9). Protected areas 

draw heavily on limited conservation resources in striving to achieve this objective (Brooks et 

al. 2004). Yet, the world continues to experience unprecedented levels of biodiversity loss 

(WWF 2012) and ongoing destruction of natural habitat (FAO 2011), sometimes within areas 

designated for biodiversity protection (e.g. DeFries et al. 2005).

Consequently, the capacity for protected areas to protect and maintain biological diversity 

is contested (Joppa et al. 2008), bringing their effectiveness as a global conservation tool into 

question. It is therefore essential to measure protected-area effectiveness as the first step 

towards improving biodiversity management efforts, and rectifying failures to achieve 

conservation goals.

To assess the effectiveness of protected areas, studies predominantly focus on one of 

three subjects: design, management processes, or ecological integrity (sensu Ervin 2003). We 

reviewed the empirical literature on protected-area effectiveness (539 studies) and found that 

studies of design, management and ecological integrity accounted for 39%, 44% and 17% of 

articles respectively (Rayner, unpublished data). Importantly, only a small subset of studies (< 

5%) directly quantified the effectiveness of protection for sustaining biodiversity. This finding 

supports calls from the scientific community for greater research focus on the ecological 

effectiveness of protected areas to provide direct measures of conservation outcomes and 

enhance adaptive decision making (Gaston et al. 2008, Jones et al. 2011).

Here, we define ‘ecological effectiveness’ as the ongoing maintenance or recovery of 

biodiversity within areas implicitly or explicitly established for its protection. A comprehensive
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assessment of ecological effectiveness requires, at the least, comparative and temporal data.

That is, the status of biodiversity in the presence and absence of protection should be compared 

through time. This is critical for determining whether ecosystems are showing direct and 

sustained benefits from protection. This approach is distinct from most available studies on 

protected-area design (e.g. location, coverage), management (e.g. funding, enforcement) and 

integrity (e.g. intactness, threats), which often evaluate effectiveness using proximal measures 

that are assumed to be reliable surrogates of biodiversity conservation, but are rarely tested 

(Brooks et al. 2004).

Important studies of ecological effectiveness exist, but few have measured the impact of 

protection on species populations; a core biodiversity indicator (Brooks et al. 2004, Gaston et al. 

2006). For example, several studies examine the response of vegetative cover to protection over 

time using retrospectively collected, remotely-sensed, time-series data (e.g. Andam et al. 2008, 

Mas 2005). However, such methods cannot be used to track species populations, which rely on 

field-based monitoring records that are often difficult to obtain (Lindenmayer and Likens 2010). 

Consequently, studies that utilise long-term monitoring records to assess protected-area 

effectiveness are scarce (Gaston et al. 2006). As a result, the capacity for protected areas to 

ensure the persistence of species populations is poorly understood, and this has been identified 

as a significant knowledge gap in protected-area research (Gaston et al. 2008).

In this paper, we studied ecological effectiveness using a dataset for forest and woodland 

birds observed in temperate eucalypt woodland within and without protected areas spanning 11 

years. We pose four primary questions: (1) Do protected areas support higher bird species 

richness than unprotected areas over time? (2) Do protected areas support more birds of 

conservation concern than unprotected areas over time? (3) Do protected areas support more 

species with stable or increasing trends than unprotected areas? (4) Do protected areas benefit 

birds with particular functional traits?

Where possible, we assessed separately, the response of birds to protected areas that were 

established pre- and post-1995, following a change in legislation that re-prioritised reserve 

selection criteria in the study region. This allowed us to account for developments in global
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reserve-selection standards. Further, to characterise protected-area conditions and explore 

potential environmental predictors of species-site occurrence, we investigated the physical 

characteristics (area and elevation), landscape context (relative topographic position and urban 

proximity) and environmental processes (woody vegetation cover and plant productivity) 

associated with our study sites. In doing so, our study demonstrates the strength of long-term 

ecological monitoring in evaluations of protected-area performance.

Methods

Study region and protected areas

Eucalypt woodland once covered over 1.5 million km2 of the Australian continent 

(NLWRA 2001), this is the equivalent to the area of 19% of the lower 48 states of the USA. 

Since European settlement, almost 28% has been cleared, and less than 8% of the remainder is 

protected (NLWRA 2001). Consequently, these woodlands are an internationally-recognised 

endangered ecoregion (Hoekstra et al. 2005). We used a 20 km x 40 km area in the north-east 

region of the Australian Capital Territory (ACT) in south-eastern Australia (Fig. la) as an 

exemplar of this highly-modified, continent-scale ecosystem type. Prior to European settlement 

in 1824, this region was dominated by temperate eucalypt woodland (or temperate broad- 

leaf/mixed forest, sensu Jenkins and Joppa 2009). The type of temperate woodland found in this 

area (box-gum grassy woodland) is listed as critically endangered at the national level (ACT 

2011). However, woodland remnants of the ACT are typically larger, more intact, and more 

adequately protected than woodlands found anywhere else in Australia (ACT 2004). These 

remnants make a significant contribution to the global protection of this biome (Jenkins and 

Joppa 2009).

For this study, sites in protected areas were located within the Canberra Nature Park, a 

series of protected areas within a matrix of urban and rural land uses (Fig. lb). These protected 

areas contain the highest quality longitudinal records of birds and provide the best 

representation of protected temperate woodland for the region, including one woodland 

sanctuary (www.mfgowoodlandexperiment.org.au) and large areas of Eucalyptus
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melliodora!Eucalyptus blakelyi Grassy Woodland, an endangered ecological community in the 

ACT (ACT 2011).

Bird surveys and site selection

We sourced records of bird occurrence from a long-term woodland bird monitoring 

project undertaken by the Canberra Ornithologists Group (COG). The design and execution of 

this project was based on statistical principles ensuring a sound data collection framework (see 

Bounds et al. 2010 for further information). From this database, we selected 92 study sites 

nested within 10 broad locations for analysis (Fig. lc). Sites were circular plots of 50 m radius. 

All sites were surveyed over an 11-year period between 2000 and 2010. Where possible, bird 

surveys were conducted seasonally, providing four surveys per year for each site. However, 

some variation in survey effort occurred in the dataset. Bird surveys were 10 minute point 

counts recording all bird species seen or heard within a 50 m radius of a permanent marker point 

(Bounds et al. 2010).

To compare bird responses, we located sites on both protected and unprotected land 

(hereafter “reserved sites” and “unreserved sites”). All reserved sites were managed strictly for 

biodiversity protection under IUCN protection class I-IV. Unreserved sites were of mixed land 

tenures and varied in the level of active biodiversity management, from very little (e.g. grazed 

leasehold land) to substantial (e.g. meeting statutory obligations on defence land). Reserved and 

unreserved sites were matched in three key characteristics: (1) all sites occurred in either 

temperate grassy woodland (86 sites) or dry forest contiguous with temperate grassy woodland 

(six sites), (2) all sites were dominated by eucalypt tree species with Eucalyptus blakelyi, 

Eucalyptus melliodora, Eucalyptus bridgesiana, Eucalyptus macroryncha and Eucalyptus 

polyanthemos being the most common over-storey trees, and (3) all sites were located within 25 

km of the city of Canberra and were likely to have been subject to some level of modification 

over time as a result of fire, grazing and/or invasion from weeds and feral species. More remote 

woodland sites were not available due to limited habitat protection and a paucity of longitudinal 

bird data.
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149°10'E
Figure 1. Map of Study Area, (a) Position of the Australian Capital Territory (ACT) within 

Australia, (b) Distribution of protected areas within the ACT, showing Canberra Nature Parks 

(shaded green) and all other protected areas (cross-hatched), (c) Location of sites in Pre-1995 

reserves (squares). Post-1995 reserves (triangles) and unreserved land (circles). Distribution of 

Canberra Nature Parks (shaded green) and urban development (grey lines) within the study 

region. Location of Canberra, the capital city, is denoted by a star.

Reservation categories

The number of reserved and unreserved sites changed over time as 12 sites gained 

reservation status during the survey period (Table 1). This meant that, in any given year, data 

for ‘reserved sites’ included surveys from sites added recently to the reserve system where, one 

could argue, the effects of legal protection may not have had time to manifest. Despite this 

caveat, we argue that recently reserved sites make an important contribution to this study. 

Theoretically, the addition of reserved sites in a study where the total number of sites is fixed, 

should favour the long-term conservation performance of reserves if representativeness is the 

guiding principle behind land acquisition.
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Within our sample of reserved sites, we examined separately, the response of birds to 

reserves established prior to 1995 and reserves established since 1995. The year 1995 coincides 

with a period of change in the motivation behind reserve establishment in the ACT, shifting 

reserve objectives from those of scenic value to conservation value (ACT 1994). Consequently, 

this provides a unique opportunity to examine the effect of changed global standards in reserve 

selection. Thus, three reservation categories were created for analysis: Pre-1995 reserved sites 

(n = 24), Post-1995 reserved sites (n = 34), and Unreserved sites (n = 34) (Table 1).

Table 1. The number of sites represented by the three reservation categories (Pre-1995 reserved sites, 

Post-1995 reserved sites and Unreserved sites) and their corresponding years of gazettal. Note that the 

total number of sites is fixed (n = 92). Twelve sites gained reservation status during the survey period 

(2000-2010). The total for unreserved sites is the number of sites that were unprotected for the duration of 

the survey period.

Year of 
establishment

Pre-1995 
reserved sites

Post-1995 
reserved sites

Unreserved
sites

1975 14 0 78

1987 10 0 68

1995 0 22 46

2003 0 9 37

2004 0 3 34

Total 24 34 34

Species o f conservation concern

We assigned conservation status to each bird species based on regionally-relevant current 

literature. Here, species of conservation concern included species that were declared as 

vulnerable at a regional level (ACTFFC 2011) or have exhibited a long-term declining trend in 

the region over the last decade (Bounds et al. 2010). We present the conservation status of each 

species in Appendix A in Supporting Information.
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Species traits

Many authors encourage the use of functional trait analysis in ecological studies for a 

deeper understanding of community responses to environmental conditions (Devictor and 

Robert 2009). This is particularly relevant where changes to community composition might be 

missed by simple diversity measures such as richness (Filippi-Codaccioni et al. 2010). We 

therefore assigned each species to functional trait groups based on life-history attributes. These 

groups included habitat specialisation (woodland dependent, non-woodland dependent), bird 

mobility (resident and sedentary species versus migratory, part-migratory and dispersive 

species), body weight, nest type (e.g. hollow, cup, dome), nest location (e.g. arboreal, 

understorey, ground), main food type (e.g. invertebrates, seed, nectar), foraging substrate (e.g. 

aerial, arboreal, shrub) and whether the species feeds on the ground. A species could belong to 

multiple functional trait groups. We provide details of trait assignment for individual species 

and reference material in Appendix A.

Environmental descriptors

We examined four broad-scale environmental variables for their relationship with area 

protection and species functional traits. These were: woody vegetation cover, potential 

productivity, plant productivity, and proximity to the urban boundary. We chose these variables 

for two primary reasons: (1) their documented influence on woodland bird communities (e.g. 

Chace and Walsh 2006, Huth and Possingham 2011, Montague-Drake et al. 2011); and (2) their 

strength and increasing availability as data types to be used in protected-area design, 

management and performance assessments (e.g. Mas 2005, Radeloff et al. 2010). We also 

compared these variables, as well as reserve area, elevation and landscape position, across 

reservation categories. In doing so, we examined: (1) differences in physical reserve 

characteristics as an indicator of biases in reserve establishment, and (2) changes in ecological 

processes as an indicator of disturbance. We provide details on source and method of data 

collection for each environmental descriptor in Appendix B.



Data structure and statistical analyses

In total, we used 3768 bird surveys over 11 years in our analysis. Bird surveys were not 

available for one unreserved location, Majura Training Area (8 sites), between 2001 and 2003. 

All other sites were surveyed in all years. The spatio-temporal structure of the dataset is 

presented in Appendix C.

For our analyses, we examined all species detected in > 1% of surveys, excluding 

waterbirds (n = 60). These species are listed in Appendix A. We pooled bird surveys annually to 

give three measures per site: (1) Richness, the total number of species detected; (2) Proportion, 

the number of surveys in which a species was detected as a proportion of the total number of 

surveys conducted in that year; and (3) Presence, the species detected in at least one of the 

surveys conducted for each year. We derived all of these measures from presence/absence data. 

For all analyses, x 2 test statistics quoted are derived for Wald statistics.

Trends in richness and species occurrence

We fitted Hierarchical Generalised Linear Models (HGLM, Lee et al. 2006) to determine 

whether bird responses differed across reservation categories over time. To do so, we calculated 

longitudinal trend patterns for: (1) species richness, (2) species of conservation concern, and (3) 

each species separately. The first two analyses assumed a Poisson distribution and we used the 

richness measure as the response, with survey effort included as a fixed effect. For individual 

species, we fitted quasi-binomial models with the proportion measure as the response, 

accounting for variability in survey effort directly. For both models, we included location and 

site as random effects to account for the influence of spatial autocorrelation that could result 

from the clustering of sites within locations. For 11 of the rarer species, there were insufficient 

data to estimate separate location and site components of variance. In these cases, we estimated 

the pooled variance of location and site combined. We fitted the HGLMs in GenStat statistical 

software package (14th Edition).



Functional trait analysis

We used RLQ analysis (Doledec et al. 1996) to relate environmental conditions and 

species functional traits to patterns in species-site occurrence (using the presence measure).

RLQ analysis explains variation in species composition using scores derived from the 

ordinations of three separate matrices: (R) site by environmental descriptors, (L) site by species, 

and (Q) species by functional traits. We used reservation status as an environmental descriptor 

in the R matrix, to highlight the environmental conditions and species traits that are most 

strongly associated with reserved and unreserved sites.

A challenge with RLQ analysis is dealing with both spatial and temporal autocorrelation 

within the dataset. Including location and year as descriptors in the ordinations would mask the 

contribution of our environmental conditions of interest because: (1) location remains 

unchanged through time, and (2) surveys within years are likely to be more similar due to 

abiotic factors. RLQ analysis does not account for such random effects. To overcome this issue, 

we performed two separate analyses: one using data collected in 2000 and the second on data 

collected in 2010. This approach allowed us to maximise the covariance between site and 

species scores using only the environmental descriptors directly relevant to our aims. 

Furthermore, this approach allowed us to compare the relative influence of explanatory 

variables across two points in time (by standardising the RLQ eigenvectors for each year), while 

minimising the variance explained by location that would be inflated by pooling all survey years 

together. As we used only two years in this analysis (2000 and 2010), reservation categories 

were constrained to ‘reserved’ versus ‘unreserved’ categories.

We assessed the statistical strength of the analysis using a permutation test (1000 

permutations) and by comparing variance explained by the RLQ analysis to separate R, L and Q 

ordinations. We conducted RLQ analysis in the R statistical program (R Development Core 

Team 2011), using the ade4 software package.



Environmental differences among reservation categories

We used HGLMs to examine differences in environmental descriptors across reservation 

categories. We compared static environmental descriptors across reserves using Analysis of 

Variance (ANOVA) with location as a blocking variable. We calculated all static environmental 

descriptors as means at the reserve-level. Where environmental descriptors were derived from 

time-series data (temporal environmental descriptors), we used HGLMs to compare variation 

across reservation categories through time. These models included location as a random effect. 

We calculated all temporal environmental descriptors at the site-level. We performed both 

ANOVA and HGLMs in GenStat statistical software package (14th Edition).

Results

Species richness

We found a significant difference in species richness between reservation groups (^f = 

596, p < 0.001) with Unreserved sites supporting higher mean species richness for most years 

(Fig. 2). There also was a strong interaction between reservation category and time (ffi = 76, p 

< 0.001) with a decline in richness on Pre-1995 reserved sites and an increase in richness on 

Unreserved sites (Fig. 2; Appendix D). While these trends were highly significant, differences 

in expected (mean) richness among reservation categories were small for most years. There was 

no significant change in species richness on Post-1995 reserved sites during the survey period 

(Fig. 2; Appendix D).
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Figure 2. Trends in species richness on reserved and unreserved sites. Results of 

HGLM showing changes in mean species richness over time on sites reserved Pre- 

1995, sites reserved Post-1995 and Unreserved sites. Standard errors for the model 

predictions, which include the random effect of location, are shown in grey.

Number of species of conservation concern

The number of species of conservation concern was consistently lower on reserved sites, 

regardless of year or reservation category ( ^ | = 32, p < 0.001) (Fig. 3). Like total species 

richness, there was a significant interaction between reserve category and time = 64, p < 

0.001), driven by a decline in the number of species of concern on Pre-1995 reserved sites (Fig. 

3; Appendix D). In contrast, the number of species of conservation concern remained stable on 

Post-1995 reserved sites and Unreserved sites during the survey period (Fig. 3; Appendix D).
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Figure 3. Trends in the number of species of conservation concern on reserved and 

unreserved sites. Results of HGLM showing changes in mean species richness for 

birds of conservation concern over time on sites reserved Pre-1995, sites reserved 

Post-1995 and unreserved sites. Standard errors for the model predictions, which 

include the random effect of location, are shown in grey.

Longitudinal trends

Of the 60 species detected in > 1% of surveys, 35 showed significant temporal trends in 

response to our reservation categories (Table 2; Appendix D). Temporal trends for a further six 

species were marginally significant (p = 0.05-0.1), leaving 18 species exhibiting no significant 

change in detection over time, for any reservation category. An examination of the long-term 

trends of individual species and their responses to reservation categories revealed three types of 

patterns: (1) Increasers, species for which a significant temporal trend was always positive, (2) 

Decliners, species for which a significant temporal trend was always negative, and (3) species 

that showed contrasting temporal trends dependent on reservation category (Table 2).

(1) Increasers. Twelve species were identified as increasers in this study (Table 2). Of these, 

four showed significant increasing trends across all reservation categories. These species 

were Australian King-Parrot (Alisterus scapularis), Australian Raven (Corvus 

coronoides), Crested Pigeon (Ocyphaps lophotes), and Noisy Miner (Manorina 

melanocephala). Of the 12 increasers, only three were defined as woodland-dependent:



Australian King-Parrot, Sacred Kingfisher (Todiramphus sanctus) and the White-eared 

Honeyeater (Lichenostomus leucotis) (Appendix A). All increasers were represented on 

Unreserved sites, while Pre- and Post-1995 reserved sites represented nine and six species 

respectively.

(2) Decliners. Twelve species were identified as decliners in this study (Table 2). Of these, 

two showed significant decreasing trends across all reservation categories. These species 

were the Striated Thornhill (Acanthiza lineata) and Superb Fairy-wren (Malurus 

cyaneus). Of the 12 decliners, 11 were defined as woodland-dependent species (Appendix 

A). The only decliner that was not dependent on woodland was the White-plumed 

Honeyeater (Lichenostomus pencillatus). Almost all decliners were represented on Pre- 

1995 reserves (except the Tree Martin Hirundo nigricans) while Post-1995 reserves and 

Unreserved sites supported seven and six species, respectively.

(3) Contrasting trends. Eleven species exhibited contrasting trends that were dependent on 

reservation category (Table 2). The most common pattern of contrasting trends was for a 

species to decline on Pre-1995 reserved sites, while increasing on Post-1995 reserved 

sites (n = 4) or Unreserved sites (n = 1) or both (n = 6) (Table 2). Such species included 

the Striated Pardalote (Pardalotus striatus) and Speckled Warbler (Chthonicola sagittata) 

(Table 2). Only one species, the Mistletoebird (Dicaeum hirundinaceum), showed a 

decreasing trend on both Pre-1995 reserved sites and Unreserved sites, while increasing 

on Post-1995 reserved sites (Table 2). Seven of the species listed here are dependent on 

woodland (Appendix A).

General trends across reservation category

Post-1995 reserved sites and Unreserved sites showed similar patterns in the number of 

species with increasing (n = 17 and 19, respectively) and decreasing (n = 7 for both) trends 

(Table 2). Pre-1995 reserved sites showed very different results with nine species exhibiting an 

increasing trend and 23 species exhibiting a decreasing trend (Table 2). Of these 23 decreasing 

species, 14 were unique to Pre-1995 reserved sites, showing stable or increasing trends across
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other reservation categories (Table 2). There were no declining species unique to Post-1995 

reserved sites or Unreserved sites. That is, neither of these reservation categories supported 

species with decreasing trends that did not also show a decrease in another category.

Functional trait relationships

Both the 2000 and 2010 RLQ analyses performed best with a single common set of 

variables (permutation test p < 0.001; Table 3). These included two environmental descriptors: 

woody vegetation cover within 500 m of sites and distance from the urban boundary, and three 

species functional traits: habitat specialisation, body size and whether the species feeds on the 

ground (Fig. 4). The first axes of the 2000 and 2010 RLQ analyses explained 80% and 87% of 

total variance in environmental conditions and species functional traits across reservation, 

respectively. Thus, results here are presented along a single axis of eigenvalues standardised for 

separate years.

In both the 2000 and 2010 RLQ analyses, we observed clear differences in the functional 

groups and environmental conditions associated with reserved versus unreserved sites (Fig. 4). 

Reserved sites were more strongly associated with woody vegetation cover, and large, ground

feeding bird species that were not strictly dependent on woodland habitat. Unreserved sites were 

typically located further from the urban boundary and more strongly associated with smaller, 

non-ground-feeding birds that were woodland-dependent. While differing slightly in strength, 

the direction of these associations remained consistent across the two time periods analysed.



Table 2. Longitudinal trends of bird species across reservation categories. Results of HGLM showing 

individual species trends (Slope) including and standard errors (S.E.) on Pre- and Post-1995 reserved 

sites, and unreserved sites. Only species with significant trends (p < 0.1) are presented (n = 42). 

Significance is indicated by the Wald statistic ( Xd . f )  ar*d P-value as follows: * p < 0.05, ** p < 0.01, *** 

p < 0.001. Marginally significant trends (p = 0.05-0.10) are presented in italics and non-significant trends 

are presented in grey. Species are listed in order of detection frequency. Scientific names for species are 

provided in Appendix A.

 ̂ Reservation Pre-1995 Post-1995 Unreserved
Common name n r^ n ^  xYear reserved trend reserved trend trend

(%) x i Slope S.E. Slope S.E. Slope S.E.

Crimson Rosella 43.58 6.50 0.050 0.020

Striated Pardalote 35.75 41.08 *** -0.133 0.027 0.078 0.020

Weebill 34.90 61.84 *** -0.129 0.025 0.075 0.022 0.102 0.021

Australian Magpie 30.41 19.40 *** 0.046 0.023 0.084 0.021

Grey Fantail 24.04 41.31 *** -0.198 0.033 -0.049 0.021

Galah 23.67 50.21 *** 0.086 0.026 0.145 0.023

Buff-rumped Thornhill 18.90 21.96 *** -0.161 0.037 0.038 0.027

Noisy Miner 18.37 67.34 *** 0.264 0.045 0.158 0.035 0.157 0.044

Common Starling 15.61 7.67 -0.123 0.050 -0.053 0.044

Superb Fairy-wren 15.10 43.82 *** -0.228 0.035 -0.072 0.059 -0.025 0.024

Sulphur-crested Cockatoo 14.78 19.54 *** 0.108 0.031 0.079 0.030

Spotted Pardalote 14.68 13.22 ** -0.080 0.034 0.057 0.023 0.035 0.028

Rufous Whistler 13.16 14.11 ** -0.166 0.058 -0.061 0.025

Red Wattlebird 11.65 16.31 *** 0.027 0.025 0.147 0.038

Pied Currawong 11.44 18.41 *** 0.038 0.025 0.154 0.039

Striated Thornhill 11.12 18.86 *** -0.165 0.064 -0.051 0.027 -0.089 0.030

Australian Raven 10.56 29.90 *** 0.035 0.033 0.041 0.038 0.152 0.029

White-throated Treecreeper 10.06 26.26 *** -0.251 0.053 -0.051 0.028 -0.020 0.034

Yellow-rumped Thornhill 9.98 17.59 *** -0.159 0.045 0.067 0.034 0.035 0.028

White-plumed Honeyeater 8.17 10.36 * -0.326 0.212 -0.165 0.061

Mistletoebird 6.61 23.77 *** -0.229 0.062 0.077 0.036 -0.088 0.038

Magpie-lark 6.40 20.72 *** 0.188 0.042

White-throated Gerygone 6.24 17.53 *** -0.423 0.117 -0.076 0.036

White-winged Chough 5.79 24.93 *** -0.080 0.057 0.101 0.034 0.196 0.052

Red-rumped Parrot 5.73 21.90 *** -0.545 0.129 0.329 0.162

Crested Pigeon 5.65 53.58 *** 0.230 0.047 0.271 0.068 0.170 0.046

Common Myna 5.39 68.24 *** -0.319 0.045 0.162 0.119 0.201 0.049

Speckled Warbler 4.64 26.20 *** -0.107 0.047 0.180 0.058 0.157 0.047

Willie Wagtail 3.90 7.30 -0.408 0.156

White-eared Honeyeater 3.77 32.25 *** 0.126 0.056 0.263 0.051

Brown-headed Honeyeater 3.69 8.79 * -0.268 0.125 0.074 0.038



continued

Grey Shrike-thrush 3.40 8.66 *

Tree Martin 3.37 28.17 ***

Silvereye 3.24 20.21 ***

Brown Thornhill 3.13 6.27

Australian King-Parrot 2.81 10.29 *

Golden Whistler 2.71 9.34 *

Leaden Flycatcher 2.42 10.53 *

Dusky Woodswallow 1.80 7.44

Grey Currawong 1.65 7.57

Sacred Kingfisher 1.04 12.05 **

-0.266 0.103 -0.067 0.054

-0.230 0.155 -0.182 0.036

-0.249 0.056

-0.162 0.072

0.080 0.040 0.167 0.144 0.516 0.236

-0.207 0.069

-0.262 0.089 0.075 0.056

-0.283 0.118 -0.151 0.117

-0.194 0.079

0.163 0.077 0.302 0.110

Table 3. Results of RLQ analysis. Eingenvalues for the first two axes of: (a) individual ordinations of the 

R (environmental variables of each site), L (species detection at sites) and Q (bird species traits) matrices, 

and (b) RLQ analysis, including covariance and correspondence with the L matrix, and projected variance 

of the R and Q matrices. Percent variance explained by each analysis component is shown in parentheses.

2000
Simulated p-value: < 0.001

2010
Simulated p-value: < 0.001

Axis 1 (%) Axis 2 (%) Axis 1 (%) Axis 2 (%)

a. Individual ordinations:

R (Hill-Smith PCA) 1.83 (60.87) 0.78 (25.85) 1.81 (60.24) 0.69 (23.09)

L (CA) 0.28 (8.93) 0.20 (6.39) 0.34(11.75) 0.18 (6.09)

Q (Hill-Smith PCA) 1.88 (46.89) 1.02 (25.44) 1.82 (45.45) 1.03 (25.78)

b. RLQ analysis:

RLQ axis eigenvalues 0.06 (79.58) 0.01(20.38) 0.07 (86.60) 0.01 (13.02)

Covariance 0.24 0.12 0.26 0.10

Correlation: L 0.15 (28.41) 0.12(25.77) 0.16(27.79) 0.12(27.41)

Projected variance: R 1.42 (77.59) 2.55 (98.14) 1.63 (89.96) 2.36 (94.27)

Projected variance: Q 1.77 (94.14) 2.72 (94.17) 1.55 (85.19) 2.57 (90.37)
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Figure 4. Associations among reservation, broad-scale environmental measures and 

species traits. Standardised eigenvectors for axis l of RLQ analyses relating bird 

species occurrence to environmental variables and species traits for the years 2000 

and 2010. Variables with positive standardised eigenvectors are more strongly 

associated with reserved sites. Variables with negative standardised eigenvectors are 

more strongly associated with unreserved sites. Increasing difference from zero 

indicates increasing contribution to the inertia explained by the analysis.

Environmental descriptors across reservation categories

Static differences in environmental descriptors at the reserve-level 

We found that Pre-1995 reserves were significantly higher in elevation and relative 

topographic position than Post-1995 reserves (Table 4). Compared to Pre-1995 reserves, Post- 

1995 reserves were generally larger with lower levels of woody vegetation cover based on the 

calculated reserve means. However, these results were not statistically significant (Table 4).

Static differences in environmental descriptors at the site-level 

Potential productivity was significantly higher on Unreserved sites when compared to 

reserved sites (Table 4). This trend was reversed for measured plant productivity. Mean cover of 

woody vegetation at the site-level was significantly higher on reserved sites than unreserved 

sites. There also was a significant difference in urban proximity across reservation categories, 

with Pre-1995 reserves situated nearest to the urban boundary, followed by Post-1995 reserves, 

and Unreserved sites situated the furthest from the urban boundary.
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Temporal change in environmental descriptors at the site-level

While potential productivity increased across all reservation categories over time, 

measured plant productivity decreased. Cover of woody vegetation decreased consistently over 

time and across all reservation categories. The urban boundary encroached on all sites, but this 

trend was only significant and particularly strong for P ost-1995 reserved sites (Table 4).

Table 4. Comparison of environmental conditions across reservation categories. Differences in the 

physical characteristics of reserves (Pre- and Post-1995 reserved sites) are expressed using means with 

standard errors (S.E.). Differences and trends in environmental conditions across reservation categories 

(Pre- and Post-1995 reserved sites and unreserved sites) are expressed using the estimate (Est.) and slope 

respectively, including standard errors (S.E.). Significance is indicated using the Wald statistic (Xd.f.) and 

P-value as follows: * p < 0.05, ** p < 0.01, *** p < 0.001. Non-significant relationships are presented in 

grey. Details on source and method of data collection for each environmental covariate are provided in 

Appendix B.

Pre-1995 Post-1995 Unreserved
reserved sites reserved sites sites

Static data Fl,S Mean S.E. Mean S.E. - -

Reserve area (ha) 378.30 1 14.40 546.70 132.10 - -

Reserve elevation (m) 7.06* 705.04 12.08 656.01 13.95 - -

Reserve landscape position 26.14** -1.19 0.16 0.06 0.18 - -

Site woody cover 2.75 0.38 0.12 0.12 - -

Pooled temporal data xl Est. S.E. Est. S.E. Est. S.E.

Potential productivity 2226*** 1.772 0.054 1.730 0.058 1.849 0.060

Plant productivity 2796*** 1.530 0.039 1.494 0.040 1.481 0.045

Woody cover (within 500m) 107*** 3.525 0.407 2.852 0.413 2.386 0.483

Distance to urban boundary 867*** 6.679 0.328 7.022 0.321 7.759 0.393

Temporal data xl Slope S.E. Slope S.E. Slope S.E.

Potential productivity 2^*** 0.010 0.005 0.015 0.004 0.008 0.004

Plant productivity 244*** -0.019 0.002 -0.020 0.002 -0.012 0.002

Woody cover (within 500m) 176*** -0.059 0.008 -0.091 0.009 -0.060 0.014

Distance to urban boundary 418*** -0.009 0.012 -0.087 0.004 -0.007 0.004
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Discussion

Whether originally located on species-rich sites, or actively managed to prevent habitat 

degradation, protected areas are expected to foster positive relationships with biodiversity 

(Jackson et al. 2009). In this study, we assessed the ecological effectiveness of protected areas 

for conserving bird diversity by examining the long-term response of species to the presence 

and absence of protection. We posed four key questions to empirically test the long-term effect 

of protected areas on: (1) species richness, (2) species of conservation concern, (3) species 

persistence and (4) species functional groups.

We found that, compared to unprotected areas, protected areas collectively supported: 

lower species richness, fewer species of conservation concern, more species with declining 

trends, and larger-bodied, generalist species. By these measures, we can conclude that 

unprotected areas sampled in this study are more effective in conserving woodland bird 

diversity than protected areas within our study region. This is a striking and counter-intuitive 

result which we explore within the physical and ecological context of protected areas below.

Specifically, we draw attention to three key findings:

(1) Reserve placement influenced ecological effectiveness over time. Our results indicated 

that the long-term response of birds to protected areas was strongly influenced by the 

period of protected-area establishment. Long-established protected areas may be limited 

in their capacity to meet conservation objectives due to reserve design that was not 

ecologically-driven. For example, creating reserves to protect scenic values (Margules 

and Pressey 2000) and establishing reserves on less productive land (Joppa and Pfaff 

2009). Indeed, we found that reserves established before 1995 in this study were 

significantly higher in elevation, higher in topographic position, had lower potential 

productivity and, on average, were smaller in size than Post-1995 reserves (although this 

last finding was not statistically significant).

In 1994, an amendment to the Nature Conservation Act 1980 in the ACT (ACT 

1994) introduced a statutory requirement to conserve endangered ecological 

communities. Since that time, the characteristics of newer reserves have changed (Table
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4) and our analyses indicated that their ecological effectiveness has improved. This was 

exemplified by increasing species richness, stabilisation of species populations of 

conservation concern and fewer individual species declines, particularly of less common 

specialist species on Post-1995 reserves when compared to Pre-1995 reserves. Hence, this 

study demonstrated that overcoming traditional biases in reserve placement and re

prioritising designation objectives can enhance the ecological effectiveness of protected 

areas.

(2) Reserves protect habitat and ecological processes. Despite an overall decline in woody 

vegetation cover across study sites (Table 4), our reserved sites supported significantly 

higher vegetative cover and productivity than unreserved sites (Fig. 3, Table 4). Other 

studies have found protected areas to be effective in representing and maintaining 

vegetation cover (e.g. Andam et al. 2008) and plant productivity (e.g. Tang et al. 2011). 

Such outcomes demonstrate that, where enforcement is adequate, protected areas can 

play a critical rple in preserving habitat and maintaining ecological processes through 

legislative controls of destructive processes, such as land clearing, and can therefore be 

associated with enhanced protected-area performance (Stoll-Kleemann and Job 2008).

However, this may not strictly be the case for all woodland birds. For example, 

some argue that vegetation thickening favours the more specialised woodland bird species 

(e.g. Kutt and Martin 2010), but Montague-Drake et al. (2011) found that overstorey 

cover and productivity were positively related to the abundance of hyper-aggressor 

Manorina melanocephala\ a species linked to declines in avian diversity and abundance 

(e.g. MacDonald and Kirkpatrick 2003). In our study, Manorina melanocephala exhibited 

highest detection and strongest increasing trends within reserves (Appendix D) and could 

be driving localised species declines. This example demonstrates that while the 

maintenance of vegetation characteristics within protected areas may provide broader 

landscape functions for biota (e.g. connectivity), additional on-site management actions 

(e.g. population control of interspecific competitors) may be required to secure vulnerable 

species populations.
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(3) Urban encroachment threatens ecological effectiveness. In this study, smaller woodland- 

dependent species were associated with unprotected sites situated furthest from urban 

boundaries (Fig. 4; Table 4). While studies have shown positive relationships between 

human population density and avian richness (due to a mutually positive response to 

primary productivity, Luck 2010), such relationships are highly scale-dependent, with 

more localised effects tending to be negative (Pautasso 2007). Indeed, the direct effects of 

urban encroachment on protected areas and their associated biodiversity are often 

negative (Radeloff et al. 2010). The mechanisms which underpin the negative relationship 

between small, woodland-dependent species and urban proximity identified in this study 

are unclear, but may be associated with habitat or species composition changes within 

reserves close to the urban fringe (Ikin et al. 2012). This is of particular concern as urban 

encroachment is advancing rapidly toward the best-performing reserves in our study 

region (Table 4). Here, buffering protected areas from the impacts of urban development 

will become increasingly important as urban areas expand and opportunities for 

establishing future reserve sites contract (Ewers and Rodrigues 2008).

Together, our findings demonstrate that protected areas are dynamic systems, exhibiting 

their own temporal and spatial response to environmental gradients. We have shown that the 

conservation performance of protected areas can diminish over time with changes in landscape 

context. It is also likely that protected area effectiveness will be influenced by increasing 

environmental pressures associated with climate change (e.g. Hole et al. 2009; Araujo et al. 

2011; Bagchi et al. 2013). For example, survey data for this study were collected during a 

period of severe drought in Australia (2001-2009) and one could suggest that reserve 

performance may improve during years of higher rainfall. However, projected climate changes 

include increased frequency and severity of drought for our study region, indicating that the 

results presented here may provide a good indication of future trends. Further research is needed 

to quantify the effect of weather on bird distributions in this region, and to determine whether 

protected areas are likely to facilitate (e.g. Thomas et al. 2012) or inhibit (e.g. Araujo et al.

2011) species’ range expansions.
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Given the above examples of measured and predicted fluctuations in protected area 

performance, studies of ecological effectiveness that incorporate comparative and temporal data 

are better equipped to track changes in protected systems relative to un-protected systems, 

identify the processes threatening protected-area performance, and assess the success (or 

otherwise) of management interventions addressing those processes. Moreover, 

representativeness and persistence are the primary indicators of protected-area performance 

(Margules and Pressey 2000) and should be addressed wherever possible in assessments of 

ecological effectiveness. Our results illustrate how studies that lack comparative data fail to 

examine the direct effect of protection on biodiversity and, therefore, are limited in their 

assessments of species representativeness. Similarly, studies that lack temporal data fail to 

examine the sustained effect of protection on biodiversity and therefore, will be limited in their 

assessments of species persistence.

Conservation implications

Our study joins a substantial body of work acknowledging the benefits and importance of 

protected areas, while also identifying significant shortfalls in their conservation performance 

(e.g. Fandohan et al. 2011, Vellak et al. 2009). We believe our study has taken a first step in 

addressing these shortfalls by quantifying the outcomes of past conservation efforts and 

establishing a contemporary ecological context to inform future systematic planning (sensu 

Hockings et al. 2004). The similar, and sometimes superior, performance of unprotected areas in 

comparison to protected areas was unexpected, but not unique to this study region (e.g. China, 

Liu et al. 2001; Canada, Kharouba & Kerr 2010; Europe, Araujo et al. 2011). Such findings 

suggest that the protection of modified habitats situated more favourably in the landscape (in 

terms of surrounding land-use threats and changing climate space) could maximise conservation 

benefits to a region, particularly where active restoration is feasible. Perhaps more importantly, 

it highlights that options for conservation are not limited to protected areas, and that there is 

great potential for biodiversity gains through investments in off-reserve conservation schemes 

(Lindenmayer and Franklin 2002; Cox and Underwood 2011).



The protected-area portfolio in the ACT has 99% of all ecosystems represented to the 

minimum global conservation target of 10% (Taylor et al. 2011). But does this mean that it is 

ecologically effective for conserving biodiversity? Our study showed that the protection of 

ecosystems has been effective in the maintenance of some ecological patterns and processes (i.e. 

vegetative cover and productivity), but has not been effective in ensuring the persistence of a 

vulnerable assemblage of species (i.e. woodland birds). Thus, a key lesson from this study is 

that the use of performance measures that are not necessarily proxies for ecological 

effectiveness (e.g. habitat classes, Brooks et al. 2004; or areal coverage, Gaston et al. 2008) can 

severely limit our capacity to understand and describe the actual performance of protected areas 

for biodiversity, particularly at the resolution needed for the on-ground adaptive management of 

species populations. This is not to say that direct biodiversity data should replace generalised 

environmental variables in all evaluations of protected area effectiveness. Indeed, monitoring a 

potentially unrepresentative assemblage of species will not, in itself, provide a comprehensive 

assessment of performance. Rather, we argue that species-specific data are needed to 

complement broader environmental data and that, where biodiversity data are lacking, 

assumptions of species persistence within protected areas should be made with great caution 

until such data are gathered.
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Avifauna and urban encroachment in time and 
space.

Urban expansion significantly and disproportionately alters fringe environments, and can 

compromise the conservation performance of peri-urban reserves. Factors that influence 

avian populations occupying urban fringe habitats are assumed to be temporally dynamic 

in type, extent, rate and intensity. However, this assumption is rarely tested with 

empirical field monitoring data. In this paper I investigate the effects of urban proximity, 

and rate of encroachment, on woodland birds occupying urban fringe habitats.

Rayner L., Evans, M. J., Gibbons P., Ikin K., Lindenmayer D.B. & Manning A.D. (2014) 

Avifauna and urban encroachment in time and space. Diversity and Distributions, 21,428-440.



Abstract

Urban expansion significantly alters fringe environments often with undesirable impacts 

on biodiversity. Consequently, there is a need to define clear conservation objectives for areas 

subject to urban encroachment. Urban fringe development is a highly dynamic process, both 

spatially and temporally, but few studies are equipped to examine its temporal effects on biota. 

We aimed to explore the impacts of urban encroachment on avifauna through space and time. 

We used records from an extensive 14-year monitoring program undertaken in temperate 

woodland. We fitted hierarchical generalised linear models to assess individual species 

responses to the distance from monitoring sites to the urban boundary, and the temporal rate of 

change in this distance through time. We used factorial analysis on mixed data to examine trait 

group responses to these predictors.

Our results indicated that the occurrence of approximately half of the study region’s 

avifauna is strongly linked to the proximity of their habitat to the urban fringe, but that the 

impact of urban fringe development on the occurrence of some species changed through time. 

We identified several species of conservation concern that respond negatively to large annual 

increases in urban fringe development, irrespective of its proximity to suitable habitat. Species 

responses to urban proximity were linked to life history traits, with small, migratory, woodland- 

dependent species that rely on mid- and upper-canopy structures, clearly disadvantaged by 

urban environments. Our findings demonstrate the breadth of species responses to urban 

encroachment over much larger distances than is typically investigated in urban ecological 

studies. We identify guilds vulnerable to the impacts of urban fringe development, and therefore 

in need of ecologically sensitive urban design. We argue that future urban expansion toward 

important fringe habitats will need to be planned strategically through space and time.



Introduction

Urban areas occupy a relatively small proportion of terrestrial land (Grimm et al., 2008), 

but impact disproportionately on biologically productive landscapes (Luck, 2007).

Consequently, highly populated environments and biodiversity hotspots show strong spatial 

congruence at broad scales (Giineralp & Seto, 2013). In these species-rich environments, human 

population growth exceeds that of global background levels (Cincotta et al., 2000; Seto et al., 

2012). Urban expansion is spatially concentrated at the edge of major urban centres (Fisher, 

2003; Robinson et al., 2005), significantly and disproportionately altering fringe ecosystems 

(Radeloff et al., 2005) often with undesirable impacts on biodiversity (Marzluff et al. 2001; 

Pautasso, 2007).

Urban fringe development threatens biodiversity through habitat loss (Foley et al., 2005), 

fragmentation (Crossman et al., 2007) and the introduction of invasive species (Marzluff & 

Ewing, 2001; Forys & Allen, 2005). If persistent, these threats can ultimately lead to biotic 

homogenization (McKinney, 2006) and species population declines (Aronson et al., 2014) in 

affected environments. Urban encroachment into rural or wild lands also can undermine the 

effectiveness of nearby protected areas to abate such threats (Radeloff et al., 2010) and to 

safeguard species populations in perpetuity (Rayner et al., 2014). However, evidence also exists 

for species that are promoted by urbanisation (e.g. Wania et al., 2006). This is particularly the 

case where important or rare habitats occur within urban landscapes (Sorace & Gustin, 2010).

Conflicting data on the impacts of urban fringe development on biodiversity means it is 

difficult to define clear conservation objectives for peri-urban environments (Turner et al., 

2004). This is pertinent to Australia, where over 50% of nationally-listed threatened species 

occur in vulnerable urban fringe habitats (Bekessy et al., 2012). In response to this challenge, 

many researchers have examined the effects of urbanisation on neighbouring ecological 

communities, primarily using sites located along urban-rural gradients (reviewed in McKinney, 

2002). However, few studies have explored the ecological effects of urbanisation through time 

(Chace & Walsh, 2006; Garden et al., 2006; Chamberlain et al., 2009; Luck & Smallbone, 

2010) .
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Understanding the temporal patterns in responses of biota to urban fringe development is 

important because the process of land-use change is dynamic, both spatially and temporally 

(Figure 1), and because faunal communities are assumed to change with ongoing development 

(Scott, 1993). Therefore, an important consideration when evaluating the effects of urban fringe 

development on neighbouring species populations may not only be the extent and proximity of 

development, but the rate of land-use change.

2009 2013

Figure 1. Example of the spatio-temporal change associated with urban fringe 

development in North Canberra, Australia. The urban boundary is indicated by the 

bold black line, with development encroaching into an endangered ecological 

community found in the study area (box-gum grassy woodland -  arrow) over a 

period of 12 years. Image source: Google Earth.

In this study, we used records from a 14-year biodiversity monitoring program to explore 

the impacts of urban fringe development on a vulnerable assemblage of species: Australian 

temperate woodland birds. Our systematic survey design enabled us to examine the response of 

birds to both the spatial extent and temporal rate of urban fringe development (Figure 2) and test 

two key hypotheses:
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Hypothesis 1: The proximity of urban development will influence observed patterns of 

bird occurrence in neighbouring woodland habitats. Many short-term studies have found 

distance to the urban boundary to be a driver of species abundance, occurrence and community 

structure (Brearley et al., 2010; Dallimer et a l, 2012; Ikin et a l, 2013), and that the tolerance of 

species to urban development is often linked to life history traits and resource use (Sol et al., 

2014). For example, species requiring more complex environments (e.g. specialist species, 

small-bodied species) may be disadvantaged by the simplified structure of urban systems and 

may present as “urban avoiders” {sensu Blair, 1996). We postulated that the incidence and 

abundance of urban avoiders would increase with increasing distance from the urban fringe, and 

that the converse would be found for “urban exploiters” which favour urban zones {sensu Blair, 

1996; Figure 2b).

Hypothesis 2: The negative impact of urbanisation on urban-sensitive species will be 

greater in areas of rapid encroachment than in areas of static or gradual change. Urban fringe 

development significantly modifies existing habitats (Grimm et al., 2008) with considerable 

levels of disturbance during the construction of human infrastructure. Human-induced 

disturbance significantly reduces bird densities and adversely affects foraging and breeding 

behaviour (Burton et al., 2002; Reijnen & Foppen, 2006). We assumed that the larger the annual 

change in urban extent, the more pronounced the effects of disturbance would be, because more 

of the existing habitat is altered with little time for species to adapt. Correspondingly, we 

postulated that the incidence of all species, but especially urban avoiders, would decrease with 

larger annual changes in urban proximity due to displacement effects (e.g. Pearce-Higgins et a l, 

2012; Figure 2c). However, over longer periods, we expected urban exploiters to respond 

positively to large changes in urban extent because the process of urban encroachment creates 

favourable habitat (post-disturbance) that will continue to be inhospitable to urban avoiders.

Our aim in testing these two hypotheses was to determine whether the rate of urban 

change had a distinct and significant effect on species inhabiting urban fringe ecosystems above 

that of spatial proximity alone. To our collective knowledge, this effect has not been previously 

examined with empirical field data.
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Figure 2. Conceptual model showing (a) the measures of urban encroachment used in this 

study, where: d is the distance from a permanent field monitoring site (arrow) to the urban 

boundary recorded at annual time steps (1,2,3); and Ad is the distance that the urban 

boundary has moved in time, recorded at annual time steps (1,2) and over the full period of 

observation (di - dn). The hypothesized relationships between species reporting rate ‘RR’ 

(the proportion of surveys in which a species was recorded out of the total number of 

surveys conducted at a site in a given year) and our measures of urban encroachment are 

shown in figure panels (b) and (c).

Methods

Study region

Our study area comprised a 20 x 40 km area (bounded by -35.1°, 149.3° and -35.6°, 

148.9°) in the sub-humid region of the Australian Capital Territory, south-eastern Australia (see 

Appendix A). The city of Canberra covers -800 km2 and contains a population of -380,000 

people (ABS, 2013). Population density in 2013 was 162 people km 2, but is variable across the 

Territory (ABS, 2013). Strongest population growth has occurred in the northern fringe suburbs 

of Canberra, shifting the centre of population north by 1.5 km over the last decade. In areas 

adjacent to our study sites, population density ranged from 0.44 -  14.54 residents per hectare of 

urban area (mean = 8.63, median = 10.28). Residential density in these areas ranged from 0.28 -  

6.58 dwellings per hectare of urban area (mean = 3.48, median = 3.70). All new developments
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(areas measured as encroachment in this study) were uniformly higher in residential density, 

ranging from 3.89 -  6.58 dwellings per hectare of urban area (mean = 4.95, median = 4.64).

The dominant vegetation type in peri-urban zones of the study area was temperate 

eucalypt woodland. These woodlands once covered vast areas of the Australian continent, but 

have been heavily cleared since European settlement in the mid-1800s (Lindenmayer et al., 

2010). Some large intact remnants of critically endangered box-gum grassy woodland remain in 

the study area (ACT, 2011), but most have been perturbed by grazing, altered fire regimes, and 

invasion by weeds and feral animals. Urbanisation presents ongoing threats to woodland extent 

in the region and significant challenges for protecting the ecological integrity of remnants on the 

urban fringe (Ikin et al., 2014; Rayner et al., 2014).

Bird data

We sourced records of bird occurrence and abundance from a long-term woodland bird 

monitoring project undertaken by the Canberra Ornithologists Group. We used data from 92 

permanent field sites nested within 10 broader survey locations (Figure 3). Sites were at least 

100 m apart, ranging from a minimum of 105 m to a maximum of 2,473 m (mean = 357 m). All 

sites were located in temperate grassy woodland (n=86) or dry forest contiguous with temperate 

grassy woodland (n=6) for the duration of the study (i.e. no sites were consumed by urban 

development). Sites were surveyed every year for 14 years from 1999 to 2012. Surveys were 

10-minute point-counts conducted seasonally (four surveys/site/year) with no changes to survey 

protocol and little appreciable variation in effort. During surveys, experienced observers 

counted all birds seen or heard within a 50m radius. Detailed site descriptions and further 

information on bird survey protocols can be found in Bounds et al. (2010). Only species 

occurring in >1% of surveys were included in formal analysis.
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Urban data

Spatio-temporal data on the changing extent of urban Canberra were sourced from the 

Australian Capital Territory Government for the period 1999 to 2010. For our purposes, change 

in urban extent was recorded at the commencement of urban development. This included areas 

cleared of native vegetation for the construction of human infrastructure. From these data, we 

identified the location of the urban boundary at annual time steps. Geographic Information 

System (GIS) Software was used to calculate Euclidean distances from each of the 92 survey 

sites to the nearest point along the urban boundary corresponding with each year of bird survey 

data. Three metrics were calculated from these data for analysis (Figure 2a): Urban Distance 

(the distance from each site to the urban boundary for a given year), Urban Annual Change (the 

annual incremental change in Urban Distance through time, e.g. Urban Annual Changeioos = 

Urban Distanceioos -  Urban Distanceitxw), and Urban Long-term Change (the total change in 

Urban Distance over the period 1999-2010.

Statistical analysis

We fitted hierarchical generalised linear mixed models (HGLM) to examine the separate 

effects of our three urbanisation metrics on individual species reporting rates and abundances. 

Reporting rates are defined as the proportion of surveys in which a species was recorded out of 

the total number of surveys conducted at a site in a given year. This response variable provides a 

measure of change in species site occurrences, accounting for small variations in survey effort 

directly. For each year, we also pooled multiple visits to a given site to calculate annual 

abundances for each species. We assumed quasi-binomial distributions for models using 

reporting rate, and Poisson distributions for models using relative abundance. We standardised 

all predictor variables prior to modelling. We modelled the variables Urban Distance and Urban 

Annual Change together (i.e. in the same model) to examine the independent effects of these 

predictors. For our investigation of long-term change, we related reporting rates and relative 

abundances calculated for the last two years of the dataset (2011/2012) to the total change in the 

urban boundary recorded between 1999 and 2010. We also provide long-term trend estimates
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based on simple linear models of species abundances to assist ecological inference of long-term 

encroachment effects. For all models, we accounted for spatial and temporal dependence in the 

data that resulted from location-, site-and year-specific variations in occurrence and abundance 

by including these factors as random effects. We assumed a beta-distribution with a logit-link 

function for the random component in binomial models, and a gamma-distribution with a log- 

link function for the random component in Poisson models. We fitted HGLMs in GenStat 15th 

Edition statistical software package (VSN International Ltd).

We used Factorial Analysis on Mixed Data (FAMD) to examine the effect of Urban 

Distance and Urban Annual Change on functional trait groups. FAMD is a principal component 

method that explores similarities among trait groups in terms of their responses to 

environmental predictors. We included only those species that showed significant responses to 

either Urban Distance or Urban Annual Change in FAMD, analysing each predictor separately. 

Prior to analysis, we assigned each bird species to functional trait groups based on life-history 

attributes. These groups included habitat specialisation (woodland specialist, woodland 

generalist), mobility (sedentary, migratory, dispersive), body size (small, intermediate, large), 

and nesting substrate (hollow, understorey, arboreal, opportunistic). We provide details of trait 

assignment for individual species, including sources of information for classification in 

Appendix B. We applied FAMD in the R statistical program (R Development Core Team) using 

the FactoMineR software package (Husson et al., 2014).

Results

A total of 4,750 surveys was undertaken at the 92 permanent field monitoring sites 

between 1999 and 2012. We analysed data for 59 species that occurred in >1% of surveys 

(Appendix B). We excluded waterbirds from our analysis because their primary habitat is 

underrepresented in the dataset. The distance from survey sites to the urban boundary ranged 

from 16 to 5,363 metres between 1999 and 2010. The distance of urban encroachment ranged 

from 0 to 1,052 metres annually, and from 0 to 2,330 metres between 1999 and 2010.
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Hypothesis 1: Effects o f urban proximity

Individual species responses

We identified 32 species whose reporting rates or abundances were significantly related 

to Urban Distance (Table 1). Responses were mixed with 15 species increasing (hereafter urban 

exploiters) and 17 species decreasing (hereafter urban avoiders) with urban proximity. The 

distance over which species were affected by urbanisation also varied (Figure 4a-d). For 

example, the Common Myna responded strongly within 1km of development (e.g. Common 

Myna, Figure 4a), while the Red Wattlebird showed an urban response that extended up to 5 km 

away (Figure 4b). Only two exotic bird species were recorded during surveys (the Common 

Myna and Common Starling) and both showed significantly higher reporting rates proximal to 

the urban boundary. We found no observable effects of Urban Distance on the reporting rates or 

abundances of the remaining 27 bird species.

Trait-based responses

Dimensions one and two of our FAMD explained 45% of variability in trait-based 

responses to Urban Distance. We found a clear pattern in the response of trait groups along an 

urban proximity gradient (Dimension 1, Figure 5). Sites located nearest to the urban boundary 

supported larger-bodied species not strictly dependent on woodland habitats and opportunistic 

in their nesting requirements. In contrast, sites located at increasing distances from the urban 

boundary supported more smaller-bodied, woodland-dependent birds that rely on mid- and 

upper-canopy structure for nesting. Hollow-dependent species (also known as ‘cavity nesters’) 

showed a stronger association with sites located near to the urban boundary, as did sedentary 

species. Migratory and dispersive species were more likely to be observed on sites at increasing 

distances from the urban fringe.

174



T
ab

le
 1

. 
R

el
at

io
ns

hi
ps

 b
et

w
ee

n 
U

rb
an

 D
is

ta
nc

e 
an

d 
sp

ec
ie

s 
(a

) 
re

po
rt

in
g 

ra
te

s 
an

d 
(b

) 
re

la
tiv

e 
ab

un
da

nc
es

. 
Po

si
tiv

e 
es

tim
at

es
 r

ep
re

: 

in
cr

ea
si

ng
 r

ep
or

tin
g 

ra
te

/a
bu

nd
an

ce
 w

ith
 i

nc
re

as
in

g 
di

st
an

ce
 f

ro
m

 t
he

 u
rb

an
 b

ou
nd

ar
y.

 O
nl

y 
sp

ec
ie

s 
sh

ow
in

g 
a 

si
gn

if
ic

an
t 

re
sp

on
si

 

ur
ba

n 
di

st
an

ce
 (

a 
= 

0.
05

) 
ar

e 
lis

te
d.

 E
xo

tic
 s

pe
ci

es
 a

re
 d

en
ot

ed
 b

y 
an

 a
st

er
is

k 
(*

). 
Sc

ie
nt

if
ic

 n
am

es
 f

or
 s

pe
ci

es
 a

re
 p

ro
vi

de
d 

in
 A

pp
en

di
x

uSrz
■Se
3

—3
>

X

213
£

w
05

o o o o 
d d
V V

oo SO Os —
d d<N <N

>n -n- 
os (N 
in  oc
d d

co
d
v

so
tj-
Os(N

OOc nr-
d

©o
d
v

©o
d

qQO
d

os n  in 
cn oo m  
— oc oo

(N SO O  
oo os 

<N O  O
o d d

oo
d
v

(N(N

t T oo 
(N Os r-' sc
(N cn

sO©q in  >n oo 
OO CN (N
o d d

r-
q
d

2
OX)

.5
Oa
S J

X

22
£

w

— r—i r —i i —i i —i s O ' ^ " m O s C N O ' _ H ( Nf N
O  © O O © © ©  — © ©  r ,  r n Tf  Tto o o o o o o o o o o o o o
d d d d d d d d d d d d d o
V V V V V

os O d c n i n c N O o o m - ' ^ - O s o i n C ' i
cs  q  q  in, q  -  r -  q  _
so mi <n  oj r ' oc so d  os A  A
— (si — tn n

oo a s T t m c N O s c N - ^ m c N i C N i f N C ' i r - ' -in ( s i s t O ' O ' ^ - t n t ' s t f n o o ^ msO T f T t ( N —1 (N — — o  — — — — —<
d d d d d d d d d d d d d o

sO
>n
so
<N

O  i n 
sC SO
q  ^(N —

o o o s s o r ^ T t o o m s o c N O s o o  • ^ - s o o o —' t N o o - ^ - o o o s o o r '  ( N r ~ s o c n c n - H T t c s m r s i ( N
—’ d d d d d d d d d o

■ I I I I I I I I I I

cn
2
t>a

C/5

t3
Oh

bßc
2

2
tr>
3
<

<5

11
Sio

H 
c  
£ o

m

co
E
Eo

U

£
S3

Oh

■aoQ.
E
5

TO<L>
X

bßc
3
c/5
co
E
Eo

U

QJ
c  2
OÖ TO

.SP S3
Oh X

-a<D <D 
to 3
E q
U cn

_3
2
o
c2
g
a>

_3
2

-a

<3.co
3

OQ
>.
E

O

E
>
cn

1

!
u
]fj

V
C/3coa
C /3V

d
.c
D

g
<3-a

’5

-C
D

Sa
cr

ed
 K

in
gf

is
he

r 
1.

31
0 

0.
24

7 
28

.0
4 

<0
.0

01

Su
pe

rb
 F

ai
ry

-w
re

n 
0.

95
8 

0.
17

9 
28

.5
1 

<0
.0

01

D
us

ky
 W

oo
ds

w
al

lo
w

 
0.

87
4 

0.
25

7 
11

.5
6 

<0
.0

01

W
hi

te
-p

lu
m

ed
 H

on
ey

ea
te

r 
0.

75
7 

0.
21

8 
12

.0
2 

<0
.0

01
 

0.
57

9 
0.

23
2 

6.
21

 0.
01

3

C
om

m
on

 B
ro

nz
ew

in
g 

0.
50

9 
0.

16
3 

9.
80

 
0.

00
2



n>
CD
cX

in

a
8

I

oo_
a.

JX
on
q“

pac
o'

jX
cn
o'

CO

%
3

8*3a.oa.
3Co

H
oo

p
S’

DC

%
3
H
o
o
oa>
1?

I

&

—i
a

pcc
2 : -
3  S.

ocn
S

oq
*<
aqo

zo_
on’

g
q

p
q

o  o  
to KjPi Pi 
O  vO

p o p
Pi Pi Pi 
— 4P -J -O -P —

P P 
— oLn 4P

O O O
b  0  
os o  —1 -P O  —

Pi Ln
\D  to 
~-J VO

to —  tO -P —  -J 
’-P <4 ip
W 0 \ si

o  o  
b  b-P tO 
Os (si

A A A
O O O
b o b
0 0 0

p  p
VO-O

o
ippito

o  o
b  b
- j  00 o  -P

01
00

pi  o> 
so ’-P 
pj  os

'O
Ln

o  o  
b  b-p —  vo

o
bo
Qs

0.476 
0.165 

8.34 
0.004

0.412 
0.123 

11.25 
<0.001 

0.422 
0.117 

13.12 
<0.001



a )  Common myna
20

b ) Red wattlebird
2 5

? 12
E
CO
<u
=  8 co

O '

0 1000 2000 3000 4000 5000

Distance from urban boundary (m)

0 1000 2000 3000 4000 5000

Distance from urban boundary (m)

0 1000 2000 3000 4000 50C

Distance from urban boundary (m)

0 1000 2000 3000 4000 5000

Distance from urban boundary (m)

Figure 4. Examples o f two species responding positively to urban proximity (a-b), and two 

species responding negatively to urban proximity (c-d). Plots show predicted trends (bold 

line) with 95% confidence intervals (shaded grey). A ll responses are significant at a = 0.05. 

Note: Y axes are scaled to best visualise responses and vary between species.

177



Intermediate2.0 -

Dispersive1.5 - Opportunistic

1.0 -

0.5 -

Understorey
SpecialistSedentary0.0 -

Generalist
Arboreal •

-0.5-
Migratory

Hollow
- 1 .0 -

Dimension 1 (28.94%)

Figure 5. FAMD ordination indicating a clear shift in species trait groups along 

a gradient of urban proximity (Dimension 1). Traits included in the ordination 

were: habitat specialisation (Generalist, Specialist), body size (Small,

Intermediate, Large), mobility (Sedentary, Migratory, Dispersive) and nesting 

substrate (Hollow, Arboreal, Understorey, Opportunistic).
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Hypothesis 2: Effects of urban change

Individual species responses to annual change

We identified 15 species whose reporting rates or abundances were significantly related 

to Urban Annual Change (Table 2). Responses to annual change were primarily negative with 

reporting rates or abundances of 12 species decreasing as rate of change in urban proximity 

increased (hereafter rapid change intolerant, e.g Figure 6a, Brown Treecreeper). However, three 

species showed the opposite effect, responding positively to increasing annual changes in urban 

proximity (hereafter rapid change tolerant, e.g. Figure 6b, White-plumed Honeyeater). Most 

species that were influenced by annual change also exhibited a significant relationship with 

distance (9/15 species), but these associations were not always intuitive. For example, the 

White-plumed Honeyeater and Rufous Whistler both responded negatively to urban proximity, 

but positively to increasing annual change. Two species, the Grey Currawong and Varied 

Sittella, showed negative responses to annual change with no significant response to Urban 

Distance. Overall, we found no observable effects of annual change on the reporting rates or 

abundances of most species in the dataset (n = 44).

Trait-based responses to annual change

Dimensions one and two of our FAMD explained 56% of variability in trait-based 

responses to annual urban change. However, patterns in the response of trait groups were less 

clear for change than for distance (see Appendix C). This may be due to the small number of 

species included in the ordination (15 species listed in Table 2). There was no clear association 

between annual change and species body size. However, we found some evidence to suggest 

that sites experiencing lower rates of annual change support more generalist, sedentary and 

hollow-dependent species.
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Figure 6. Examples of two species responding to increasing urban annual change: one 

positively (a) and one negatively (b). Plots show predicted trends (bold line) with 95% 

confidence intervals (shaded grey). A ll responses are significant at a = 0.05. Note: Y axes 

are scaled to best visualise responses and vary between species.

Individual species responses to long-term change

We identified 15 species whose reporting rates or abundances calculated in the final two 

years o f surveys (2011/2012) were significantly related to Long-term Urban Change (Table 3). 

Species with positive associations tended to be urban exploiters (Table 3) that typically 

occupied sites located near to the urban boundary at the start of the observation period, where 

limited encroachment had taken place over the preceding 12 years. Species with negative 

associations tended to be urban avoiders (Table 3) that typically occupied sites further from the 

urban boundary at the start of the observation period, which were sites subjected to higher rates 

of encroachment over the the preceding 12 years.

We found no strong link between the population trends of species that exhibited positive 

associations with long-term urban change. These species showed a combination of increasing, 

stable and declining trends in our study area. However, species negatively associated with long

term urban change showed only stable or declining population trends in our study area. Three 

urban-avoiding species (the Scarlet Robin, Striated Thornbill and Rufous Whistler) showed both 

negative association with long-term urban change and a long-term declining population trend.
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Discussion

In this paper, we tested two hypotheses of how woodland bird occurrence might be 

directly influenced by urban fringe development: (1) via the spatial proximity of urban 

development and (2) via the rate of change in urban proximity. Based on data from a spatially 

replicated long-term monitoring project, our study shows that the occurrence of approximately 

half of the region’s avifauna is strongly linked to the proximity of their habitat to urban fringe 

development, but that the impact of urban fringe development on the occurrence of some 

species is also temporally dependent. These findings, and their implications for conservation 

management, are discussed below.

Hypothesis 1: Proximity of urban fringe development

More than half of our study species showed a clear relationship to urban proximity and, 

within that group of species, positive and negative responses were almost evenly split. Most 

urban exploiters identified in this study were species that we would expect, and possessed traits 

that we would expect, based, on the literature (e.g. Luck & Smallbone, 2010). The tendency for 

urban exploiters to be woodland generalists is supported by Bonier et al. (2007) who 

demonstrated that, globally, urban birds have broad environmental tolerances (as indicated by 

their larger geographical ranges). There is also substantial support for urban exploiters being 

larger, exotic and sedentary (McKinney, 2002; Garden et al., 2006; Kark et al, 2007; Croci et 

al, 2008; Luck & Smallbone, 2010), as found in this study.

Conversely, our finding that urban exploiters were more likely to be hollow-dependent is 

interesting, and both supported (Kluza et al, 2000; Miller et al, 2003; Chace & Walsh, 2006) 

and contradicted (Sandström et al, 2006; Pidgeon et al, 2007) by the literature. Within 

Australia, the relationship between hollow-nesters and urbanisation is suggested to be negative 

due to the mechanisms underlying hollow development and the removal of senescing trees from 

urban landscapes (Shanahan et al, 2013; Le Roux et al 2014). Indeed, within our study area, 

previous research indicates that hollow-nesters decline in occurrence from the suburb-reserve 

interface to the suburb core (Ikin et al, 2014). However, our results suggest that this



relationship is one of more complex urban adaptation (sensu Johnston, 2001), where hollow- 

nesters are attracted to novel resources within the urban boundary, but critically rely on natural 

resources (i.e. remnant trees) that are more abundant outside the urban boundary (McKinney, 

2002; Blewett & Marzluff 2005). This would explain why hollow-nesters appear to favour 

urban fringe habitats in our study, declining as distances increase both into the suburbs and 

away from the urban fringe.

A key outcome of our study was the identification of urban avoiders, because these 

species may require greater conservation effort as urban centres continue to expand and 

opportunities for protection through new reserves become limited (Mcdonald et al., 2009). 

Perhaps unsurprisingly, a number of urban avoiders identified in this study are woodland- 

dependent species that have shown declines in the study area (Table 3) or in various parts of 

south-eastern Australia over the last decade (e.g. Dusky Woodswallow, Sacred Kingfisher, 

Scarlet Robin, Striated Thornbill, Superb Fairy-wren, Tree Martin; Barrett et al., 2007; Szabo et 

al., 2011). Specialised habitat requirements, and a reliance on natural resources, are common 

traits among urban avoiding species (McKinney, 2002; Mpller, 2009; Luck & Smallbone,

2010) .

In addition to their habitat specialisation, urban avoiders were found in this study to be 

small-bodied, migratory or dispersive, and dependent on mid and upper canopy structures for 

nesting. This is consistent with the literature (Lim & Sodhi, 2004: Garden et al., 2006; Kark et 

al., 2007). It is documented that mid and upper canopy structures are reduced in urban 

environments (Chace & Walsh, 2006; Le Roux et al. 2014), but the avoidance of urban areas by 

migrants is also suggested to be linked to nesting requirements (Kark et al, 2007). Specifically, 

sedentary species may occupy the limited number of nest sites during the absence of migratory 

species, thus gaining a competitive advantage in urban systems (Kark et al., 2007). This also 

supports arguments that nesting requirements are a strong determinant of urban tolerance for 

birds (Lim & Sodhi, 2004; Marzluff & Neatherlin 2006).

Another important inter-specific interaction to consider involves the presence of the 

Noisy Miner (Manorina melanocephala). The Noisy Miner is an abundant species commonly
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found in urban areas, but was identified as an urban avoider because its reporting rate 

significantly increased with distance from the boundary. Given the documented impact of this 

hyper-aggressive species on woodland bird communities (Montague-Drake et al., 2011) and its 

strong increasing trend in our study area (Rayner et al. unpublished data), additional work is 

needed to examine the relative effects of Noisy Miner occurrence and urban fringe development 

on sites where other avoider species co-occur. In the present study, the occurrence of the Noisy 

Miner is unlikely to have biased our definition of urban avoiders because this species shows 

strong site fidelity and was absent from, or rare in (present in <10 surveys over 12 years) the 

majority of our study sites (n=72/92).

Hypothesis 2: Change in urban fringe development

Species responses to urban fringe development are not driven by proximity alone. For 

some species, the rate of change in urban proximity also contributes to observed patterns of 

occurrence. For example, the Common Starling (exotic and declining; Barrett et al., 2007; 

Rayner et al. unpublished data) and Mistletoebird (declining; Szabo et al., 2011; Rayner et al. 

unpublished data) both responded positively to urban proximity, but were negatively impacted 

by increasing rates of urban change. That is, the greater the annual change in urban proximity, 

the less likely we were to observe these species on a site. Other species, such as the Grey 

Currawong and Varied Sittella did not exhibit significant relationships with urban distance at 

all, but also showed supressed reporting rates with rapid changes at the urban fringe. Both of 

these species are declining more broadly (Barrett et al., 2007). Of greatest concern are species 

that exhibited both a negative response to urban proximity and change, such as the Brown 

Treecreeper (listed as near threatened; EPBC, 1999), Tree Martin (declining; Barrett et al., 

1994; Paton et al., 2004; Szabo et al., 2011) and Golden Whistler. These examples demonstrate 

that urban fringe development is having a detrimental impact on those bird species which are 

often of conservation concern, but in a way that is not captured by static distance metrics alone.

Common traits were generally lacking among species responding to urban change. 

However, our results indicate that generalist, sedentary and hollow-dependent species, which



are typically favoured by urban environments (Figure 5), are negatively affected by large annual 

shifts in proximity. If the response of these trait groups to urban fringe development is driven 

primarily by resource availability (McKinney, 2002), it is possible that the human-subsidised 

resources favouring these species groups are not available in the initial phase of urban 

construction (i.e. within one year). This supports arguments that species responses to urban 

fringe development are likely to change through time (Scott, 1993) and that the age of a suburb 

is a strong determinant in how communities respond to urbanisation (Mpller et ai, 2012). 

Indeed, we found little congruence between the responses of species to rapid, short-term 

changes in urban fringe development and the delayed, longer-term effects of an established 

urban suburb. Pearce-Higgins et ai  (2012) found a similar pattern of response for birds 

inhabiting areas adjacent to wind farms in the United Kingdom, where population declines were 

linked to immediate construction disturbance rather than subsequent operation. Unfortunately, 

we found no comparative studies examining this effect in urban fringe environments elsewhere 

around the world.

When relating species population trends to the extent of urban change in the preceding 12 

years, we found little support for a linear association. That is, species in areas subject to 

minimal urban encroachment showed variable long-term trend responses, including population 

increases and declines. However, areas of most extensive change in urban fringe development 

were more often associated with species exhibiting stable or declining trend patterns, and these 

species were more likely to be urban avoiders. This finding suggests that long-term changes in 

urban fringe development may be influencing woodland bird persistence, but that its effects 

could be spatially dependent on other landscape factors.

One such factor influencing species responses to urban fringe development may be the 

spatial distribution of protected areas. In our study system, protected areas have been 

established around most of the sites that were subject to the highest rate of urban change over 

the last decade (Rayner et ai, 2014). Direct conservation action within reserves that target the 

protection of woodland avifauna (such as predator removal and the addition of coarse woody 

debris; Manning et al., 2011; Shorthouse et ai,  2012) may have influenced our results on long-
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term responses to urban change by reducing the detectable impact of rapid, large-scale urban 

encroachment. While this result has the potential to be an encouraging conservation outcome, 

the role of protected areas for abating the impacts of urban fringe development remain 

inconclusive without further replication of areas subject to high urban change in the absence of 

formal protection.

Management implications

Defining conservation objectives in urban fringe environments remains an important 

challenge for conservation biology (Miller & Hobbs, 2002; Battisti & Gippoliti, 2004). There is 

an urgent need for long-term monitoring data to assist the management of species-urban 

interactions (Chace & Walsh, 2006). Our study is one of the first to track species responses to 

urban fringe development through time using empirical data from permanent field monitoring 

sites. Temporal replication in our surveys lends additional rigour to our assessment of species 

urban tolerance as significant relationships are based on a consistent response to urban 

proximity through time.

However, this investigation shows that the examination of proximity alone will not reveal 

all that we need to know about the impact of urban fringe development on those species 

occupying fringe habitats. We have discovered that several species respond to the rate of change 

in development at the urban fringe. Given that these species are frequently of conservation 

concern regionally and nationally, we argue that testing the response of species to urban change 

provides critical insight to those taxa that are particularly vulnerable to urban-related 

disturbance. We provide examples of where our results might be regionally specific and 

encourage careful consideration of ecological context when examining the effects urban fringe 

development elsewhere (Luck & Smallbone, 2010).

The adverse effect of urban fringe development on the reporting rates and abundances of 

vulnerable species warrants careful attention in terms of conservation management and 

planning. At a minimum, our findings suggest that vegetation (specifically mid- and upper- 

canopy structures) should be retained wherever possible in urban environments, particularly
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during the construction phase of development. In addition, future urban expansion toward 

important fringe habitats (e.g. endangered ecological communities or areas supporting 

threatened species) will need to be planned strategically through space and time. Spatially, we 

detected urban proximity effects on species frequently beyond 3 km (and up to 5 km) from the 

urban boundary. Decision makers will need to consider this distance when acquiring land for 

future urban fringe development in areas of high conservation value. Planners will need to do 

their best to minimise construction-related disturbance, particularly on large development 

blocks. Ideally, the spatial scale of suburbs also would be considered prior to establishment. 

Avoiding blocks of development that result in large advances toward sensitive habitats would be 

preferable so that species sensitive to urban fringe development can benefit from smaller 

incremental changes in urban encroachment.
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Appendix A
Figure AI. (a) Location of the Australian Capital Territory (ACT) within Australia, (b) distribution of 

woodland extent across the ACT (dark grey), and (c) the study area with location of sites (black circles) 

nested within 10 broader geographic locations situated in woodland remnants (dark grey) and the urban 

area (grey lines) including the location of the capital city, Canberra (star).
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Appendix B
Table Bl. List of species with assigned functional traits. Nomenclature for species names taken 

from Christidis & Boles 2008. Habitat guilds (“Hab.”) taken from Reid & Cunningham 2008. 

Mobility derived from Reid 1999 and Lindenmayer et al. 2011. Body size and nesting traits 

derived from Ikin et al. 2012 and Lindenmayer et al. 2011. Full references are provided below.

C o m m o n  nam e S c ien tific  nam e H ab . M o b ility S ize N estin g

A u s tr a l ia n  K in g -P a r ro t A lis te ru s  sc a p u la r is W G S e d e n ta ry L a rg e H o llo w

A u s tr a l ia n  M a g p ie G y m n o rh in a  tib icen W G S e d e n ta ry L a rg e A rb o re a l

A u s tr a l ia n  R a v e n C o rvu s co ro n o id es W G S e d e n ta ry L a rg e A rb o re a l

B la c k - fa c e d  C u c k o o - s h r ik e C o ra c in a  n o v a eh o la n d ia e ws M ig ra to ry L a rg e A rb o re a l

B ro w n  T h o rn h i l l A ca n th iza  p u s illa ws S e d e n ta ry S m a ll U n d e r s ty

B ro w n  T re e c re e p e r C lim a cter is  p icu m n u s ws S e d e n ta ry S m a ll H o llo w

B r o w n -h e a d e d  H o m e y e a te r M e lith re p tu s  b re v iro s tr is ws S e d e n ta ry S m a ll A rb o re a l

B u f f - ru m p e d  T h o rn h i l l A ca n th iza  re g u lo id es ws S e d e n ta ry S m a ll O p p o r tn

C o m m o n  B r o n z e w in g P h a p s ch a lco p tera ws M ig ra to ry L a rg e O p p o r tn

C o m m o n  M y n a A cr id o th e res  tr is tis W G S e d e n ta ry L a rg e H o llo w

C o m m o n  S ta r l in g S tu m u s  vu lg a ris W G S e d e n ta ry In te rm O p p o r tn

C r e s te d  P ig e o n O c yp h a p s lo p h o tes W G S e d e n ta ry L a rg e O p p o r tn

C r im s o n  R o s e l la P la tycercu s  e leg a n s W G S e d e n ta ry L a rg e H o llo w

D u s k y  W o o d s w a llo w A rta m u s  cya n o p teru s W S D is p e rs iv e S m a ll O p p o r tn

E a s te rn  R o s e l la P la tycercu s  ex im iu s W S S e d e n ta ry L a rg e H o llo w

E a s te rn  S p in e b il l A ca n th o rh y n c h u s  ten u iro s tr is ws M ig ra to ry S m a ll A rb o re a l

G a l ah C a ca tu a  ro se ica p illa W G S e d e n ta ry L a rg e H o llo w

G a n g - g a n g  C o c k a to o C a llo cep h a lo n  f im b r ia tu m W S M ig ra to ry L a rg e H o llo w

G o ld e n  W h is tle r P a ch ycep h a la  p e c to ra lis W S M ig ra to ry S m a ll U n d e rs ty

G re y  B u tc h e rb ird C ra c ticu s to rq u a tu s ws S e d e n ta ry In te rm O p p o r tn

G re y  C u r r a w o n g S tre p era  v ers ico lo r ws S e d e n ta ry L a rg e A rb o re a l

G re y  F a n ta il R h ip id u ra  fu lig in o sa ws M ig ra to ry S m a ll A rb o re a l

G re y  S h r ik e - th r u s h C o llu r ic in c la  h a rm o n ic a ws S e d e n ta ry In te rm O p p o r tn

L a u g h in g  K o o k a b u r ra D a celo  n o v a eg u in ea e ws S e d e n ta ry L a rg e H o llo w

L e a d e n  F ly c a tc h e r M yia g ra  ru b ecu la ws M ig ra to ry S m a ll A rb o re a l

M a g p ie - la rk G ra llin a  c ya n o leu ca W G S e d e n ta ry In te rm A rb o re a l

M is t le to e b ird D ica eu m  h iru n d in a ceu m ws D is p e rs iv e S m a ll A rb o re a l

N o is y  F r ia rb ird P h ilem o n  c o rn icu la tu s ws M ig ra to ry L a rg e A rb o re a l

N o is y  M in e r M a n o rin a  m e la n o ce p h a la W G S e d e n ta ry In te rm O p p o r tn

O liv e - b a c k e d  O r io le O rio lu s  sa g itta tu s W S M ig ra to ry In te rm A rb o re a l

P ie d  C u r r a w o n g S tre p era  g ra cu lin a W G M ig ra to ry L a rg e A rb o re a l

R e d  W a tt le b ir d A n th o c h a era  ca ru n cu la ta W G M ig ra to ry L a rg e A rb o re a l

R e d - ru m p e d  P a r ro t P se p h o tu s  h a e m a to n o tu s W S S e d e n ta ry In te rm H o llo w

R u fo u s  W h is tle r P a ch y ce p h a la  ru fiven tris W S M ig ra to ry S m a ll A rb o re a l

S a c re d  K in g f is h e r T o d ira m p h u s sa n c tu s W S M ig ra to ry S m a ll H o llo w

S c a r le t  R o b in P etro ica  m u ltic o lo r W S S e d e n ta ry S m a ll A rb o re a l

S ilv e re y e Z o s te ro p s  la te ra lis W S M ig ra to ry S m a ll A rb o re a l

S p e c k le d  W a r b le r C h th o n ico la  sa g itta ta ws S e d e n ta ry S m a ll U n d e r s ty

S p o tte d  P a rd a lo te P a rd a lo tu s  p u n c ta tu s ws S e d e n ta ry S m a ll H o llo w

S tr ia te d  P a rd a lo te P a rd a lo tu s  s tr ia tu s ws M ig ra to ry S m a ll H o llo w

S tr ia te d  T h o m b i l l A ca n th iza  linea ta ws S e d e n ta ry S m a ll A rb o re a l

S u lp h u r - c r e s te d  C o c k a to o C a ca tu a  g a ler ita W G M ig ra to ry L a rg e H o llo w

S u p e rb  F a iry -w re n M a lu ru s  cya n eu s W S S e d e n ta ry S m a ll U n d e r s ty

T re e  M a rt in H iru n d o  n ig r ica n s W G M ig ra to ry S m a ll H o llo w

V a r ie d  S i te l la D a p h o e n o sitta  ch ryso p tera W S S e d e n ta ry S m a ll A rb o re a l

W e e b il l S m ic o rn is  b re v iro s tr is W S S e d e n ta ry S m a ll A rb o re a l

W e lc o m e  S w a llo w H iru n d o  n e o xe n a W G M ig ra to ry S m a ll O p p o r tn
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Western Gerygone G erygone fusca WS Migratory Small Arboreal
White-eared Honeyeater Lichenostomus leucotis WS Sedentary Small Understy
White-naped Honeyeater M elithreptus lunatus WS Migratory Small Arboreal
White-plumed Honeyeater Lichenostomus pencillatus WS Sedentary Small Arboreal
White-throated Gerygone G erygone olivacea WS Migratory Small Arboreal
White-throated Treecreeper Corm obates leucophaeus WS Sedentary Small Hollow
White-winged Chough Corcorax melanorhamphos WS Sedentary Large Arboreal
Willie Wagtail Rhipidura leucophrys WG Sedentary Small Arboreal
Yellow-faced Honeyeater Lichenostomus chrysops WS Dispersive Small Understy
Yellow-rumped Thombill Acanthiza chrysorrhoa WG Sedentary Small Arboreal

Habitat abbreviations: WG = woodland generalist, WS = woodland specialist; Size abbreviations: Interm = 
intermediate; Nesting abbreviations: Understy = understorey, Opportn = opportunistic.

Christidis, L. & Boles, W. (2008) Systematics and taxonomy of Australian birds. Collingwood: 

CSIRO Publishing

Ikin, K., Knight, E., Lindenmayer, D. B., Fischer, J. & Manning, A. D. (2012) Linking bird 

species traits to vegetation characteristics in a future urban development zone: 

implications for urban planning. Urban Ecosystems, 15, 961-977.

Lindenmayer, D.B. & Cunningham, R.B. (2011) Longitudinal patterns in bird reporting rates in 

a threatened ecosystem: Is change regionally consistent? Biological Conservation, 144, 

430-440.

Reid, J. R. W. (1999) Threatened and declining birds in the New South Wales sheep-wheat belt: 

I. Diagnosis, characteristics and management. Canberra: CSIRO Wildlife and Ecology.

Reid, J. & Cunningham, R.B. (2008). Statistical Analysis of the First Six Years of Bird Surveys 

for the Cowra Woodland Birds Program: Trends and Implications for Woodland Bird 

Conservation in the Cowra Shire, NSW. Unpublished Report to Lachlan Catchment 

Management Authority, Birds Australia and the Fenner School of Environment and 
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Appendix C
Figure C l. FAMD ordination showing limited similarity among species trait groups in response 

to annual change in urban proximity. Traits included in the ordination were: habitat 

specialisation (Generalist, Specialist), mobility (Sedentary, Migratory, Dispersive) and nesting 

substrate (Hollow, Arboreal, Understorey, Opportunistic).
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V. Conservation of temperate woodland birds: 
Lessons from long-term population 
monitoring and research.

In this paper, I draw together the key findings of my empirical research chapters, and 

disucss their implications for Australian temperate woodland bird conservation in context 

of the broader published literature. This concluding chapter is intended as a management 

report that can be used by practitioners to improve conservation outcomes for birds 

dependent on temperate woodland habitats. Accordingly, this paper has been submitted to 

the journal Ecological Management and Restoration, which addresses the specific task of 

communicating reliable, relevant scientific information to land managers and decision 

makers.

Rayner L., Gibbons P., Lindenmayer D.B. & Manning A.D. (2014) Conservation of temperate 

woodland birds: Lessons from long-term population monitoring and research.
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Abstract

Managing for the long-term survival of species means learning from past drivers of 

population change to predict future threats to persistence. In the Australian Capital Territory, 

conservation researchers have engaged with a government agency and passionate citizen- 

scientists to identify new insights into the conservation of birds in Australian temperate 

woodlands. This article draws together existing knowledge from long-term monitoring and 

empirical research to discuss the role of three primary regulators (weather, reservation and 

urbanisation) in shaping the population trajectories of nationally threatened bird assemblages.
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Introduction

Temperate woodland ecoregions are globally under threat due to high levels of land 

conversion and limited levels of formal protection (Hoekstra et al. 2005). This is certainly the 

case in Australia, where agricultural and urban development is spatially concentrated in 

temperate zones, resulting in the loss of almost 90% of woodland (Lambert et al. 2000). This 

loss has had detrimental effects on biota (Lindenmayer et al. 2010), including birds, which are 

reported to be in national decline (Ford 2011). However, despite widespread concern, 

conservation research has rarely used long-term monitoring data to examine factors affecting 

woodland bird persistence (Maron et al. 2005).

In a review of the conservation literature, Rayner et al. (2014a) found that over 50% of 

woodland bird studies (n = 251) discussed long-term population declines. However, only 7% of 

studies (n = 33) attempted to measure change using empirical data. Rayner et al. (2014a) further 

assessed the inferential rigour of trend estimates reported (Box 1) and concluded that evidence 

for decline in this nationally threatened assemblage was limited to only nine robust studies from 

over 50 years of research in Australia’s temperate zone (-775,000 km2; larger than France).

There are several critical knowledge gaps in the effective conservation of woodland birds 

that cannot be addressed with short-term studies (Maron et al. 2005). Inter-annual variation in 

woodland bird populations is high (Mac Nally 1996), making the extrapolation of short-term 

results to predict long-term persistence potentially misleading (Porszt et al. 2012). In contrast, 

systematic long-term monitoring data capture important information about population growth 

(trends) and fluctuation (variance). These data can assist conservation objectives by facilitating: 

(1) the calculation of long-term trend patterns to assess the likelihood of species persistence 

(Meir & Fagan 2000), (2) the identification of processes that pulse and stress species 

populations through time (Lindenmayer et al. 2012), and (3) the evaluation of management 

interventions aimed to maintain biodiversity assets in perpetuity (Gaston et al. 2002). Given the 

value of such outputs for evidence-based planning, further research on Australian temperate 

woodland birds using long-term population monitoring data is required (Ford 2011; 

Lindenmayer et al. 2014).
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Box 1: Checklist for evaluating the inferential rigour of trend assessments

This checklist is aimed at improving the inferential status of population trend 

assessments (Rayner et al. 2014a). It can also be used as a guide for the minimum 

required outputs of population monitoring programs, and to inform the preparation of 

tenders for scientific work in this field. In presenting this list, we emphasise its generality, 

acknowledging that specific actions will be context-based and should always reflect the 

objectives of monitoring. For example, the number of sites required for monitoring should 

depend on the scale of study, the habitat under investigation, the land-use types 

sampled, and many other factors. However, as a generic guide, the following features of 

population datasets will enhance conservation products for evidence-based planning:

• Primary data, collected first-hand in the field by the investigators, is favourable for 

trend assessment as important information regarding data collection and format is 

easily accessed.

• Quantitative data improves population trend estimates, and predictions of species 

persistence, because the rate and magnitude of change can be quantified.

• Defined target species or assemblage should inform survey design (sampling in 

areas and seasons relevant to the species or group of interest), and will indicate the 

generality of analytical results when inferring conservation implications.

• Multiple survey years disentangle natural fluctuations from trends in species 

populations. It is not clear what the minimum length of biodiversity monitoring should 

be, but authors have suggested that 10-15 years of time series data are needed 

before error levels in trend estimates are acceptable (e.g. Field et al. 2007).

• Replicate sites reveal site-specific variation in population data.

• Repeat visits reveal time-specific variation in population data.

• Consistent sampling protocol is necessary for surveys to be comparable in time.

• Consistent sampling effort is favourable to avoid bias in trend estimation, both 

spatially and temporally.

• Formal statistical analysis is necessary to measure observation and process 

error, as well as spatial and temporal autocorrelaton in data structure.

• Clear reporting of the design features and outputs of monitoring (items listed 

above) is essential for sound ecological inference of population trend estimates.
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In this article, we report new findings from a major collaboration, termed the ACT 

Woodland Birds Project (hereafter “ ACTWBP” ), that took place in the critically endangered 

box-gum woodlands of the Australian Capital Territory. The ACTWBP combined funding 

support from a government agency (Environment and Planning Directorate ACT Government), 

long-term monitoring records from a dedicated community group (Canberra Ornithologists 

Group), and science and funding support from The Australian National University. These 

features provided a unique opportunity to study the population dynamics of temperate woodland 

avifauna (Box 2).

Box 2: Examining drivers of population change in woodland birds

Long-term data gathered in the ACT enabled examination of the multi-scale factors

influencing the occurrence and abundance of woodland birds through time. The study

was characterised by several key features:

• The ACT contains some of the most extensive and intact remnants of temperate 

box-gum grassy woodland in Australia, including large samples of critically 

endangered Yellow Box - Blakely’s Red Gum Grassy Woodland.

• The ACT supports a diverse avifauna, including species of conservation concern, 

such as the Hooded Robin, Brown Treecreeper and Superb Parrot.

• The ACT is the best protected state or territory in the National Reserve System, with 

99% of ecosystems represented to the minimum global conservation target of 10%.

• The ACT region is experiencing rapid population growth, with remaining woodland 

remnants under significant threat from future fringe and exurban development.

• There is strong interest and active support from the ACT government to protect 

woodland communities and improve the conservation status of woodland birds.

• There is a highly experienced ornithologists group (COG) who monitor important 

woodland bird habitats in ACT.

• There is extensive, high-quality mapping data of vegetation and land management 

available from government databases and records.

• Bird and habitat data are available at spatial scales (local to landscape) suitable for 

assessing and informing conservation management.
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The core focus of the ACTWBP was to describe the effects of three potentially important 

regulatory factors on woodland bird populations: (1) weather, (2) reservation, and (3) 

urbanisation. Below, we draw together existing long-term research, and present the key findings 

of our project, to discuss how these factors are likely to affect the long-term persistence of 

woodland birds more generally.

Factors regulating woodland bird populations

Weather

Weather regulates woodland bird occurrence and abundance through the availability of 

resources in time and space (Loyn & Menkhorst 2011). Naturally, discussion has emerged on 

the influence of weather on long-term species trajectories and, in particular, the effects of 

drought and climate change on species persistence (Recher et al. 2010; Ford 2011). There is 

evidence that the abundance of many species is suppressed during drought periods (e.g. Loyn & 

Menkhorst 2011; Stevens & Watson 2013; Ellis & Taylor 2014). Some authors infer that these 

species could be ill-equipped to recover their populations post-drought, particularly in degraded 

habitats (Mac Nally et al. 2009). This has led to concern that more frequent droughts of 

increasing severity (as expected with climate change, Power et al. 2013) could slowly erode 

woodland bird communities over time (Recher et al. 2010). However, until recently, there has 

been limited quantitative research to address these concerns (Rayner et al. 2014a).

South-eastern Australia experienced its worst drought on record from 2001-2009 (the 

“Millennium Drought”, van Djik et al. 2013). The majority of long-term research conducted 

during this time indicated that the drought affected bird populations in the temperate zone. On 

average, evidence suggests about one quarter of a region’s avifauna declined in occurrence or 

abundance during drought, though to varying degrees (Table 1). In most cases, rainfall is 

suggested as a key driver of observed population variability (Reid & Cunnigham 2008; 

Cunningham & Olsen 2009; Bounds et al. 2010; Stevens & Watson 2013). For example, Mac 

Nally et al. (2009) documented declines in -70% of bird species in northern Victoria, primarily 

due to climatic effects. However, drought is not associated with decline in all studies.
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Lindenmayer & Cunningham (2011) found declines in only -5% of species in southern NSW 

during the Millennium Drought (-250 km away from Mac Nally et al. 2009), with little 

evidence of drought-related stress on avian populations.

Table 1. Population declines in temperate woodland avifauna during drought. “Species” is the total 

number of species assessed for long-term trend patterns in the study. “Decline” is the percent of species 

assessed that showed significant declining trends over the period of study.

Location Study period Species Decline Reference

Northern VIC 1995-2008 159 -70% Mac Nally et al. 2009

Cowra, NSW 2002 -  2008 62 -30% Reid & Cunningham 2008

Mount Lofty, SA 1999-2007 59 -30% Szabo et al. 2011

Temperate NSW 1999-2007 31 -25% Cunningham & Olsen 2009

Warrumbungle, NSW 1990-2010 25 -24% Stevens & Watson 2013

Canberra, ACT 1998-2008 62 -20% Bounds et al. 2010

Southern NSW 1998-2009 76 -5% Lindenmayer & Cunningham 2011

In 2010, extreme rainfall events occurred throughout south-eastern Australia (Beard et al. 

2011). These events led to important advances in our understanding of how temperate woodland 

birds respond to weather variability. Two important studies, one from central-west NSW (Ellis 

& Taylor 2014) and one from northern Victoria (Bennett et al. 2014), compare the reporting 

rates of birds in periods during and after drought. Both studies found evidence of population 

increases following the drought-breaking rains of 2010 (51% of species, Ellis & Taylor 2014; 

29% of species, Bennett et al. 2014). However, both studies report few species recovering their 

populations to pre-drought levels within two years of the drought breaking. These studies also 

demonstrate that responses by avian fauna to weather cannot be generalised across guilds or 

functional groups, and are highly variable between regions. For example, following the 2010 

rains, the reporting rate of Jacky Winter (Microeca fascinans) more than halved in central 

western NSW, but completely recovered (and surpassed pre-drought levels) in northern 

Victoria.
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Relationships between bird observations and climatic data were not explicitly analysed in 

either of the above studies. The ACTWBP (Rayner et al. in review) was the first study to use a 

quantitative measure of drought (the Southern Oscillation Index, hereafter “SOI”), among other 

meteorological parameters, to examine multiple species responses to weather variability in 

temperate woodland. These authors found that, for species with reporting rates > 1% in the ACT 

region, short-term fluctuations in woodland bird populations were significantly related to SOI, 

and that SOI was often a better predictor of population change than local-scale weather 

parameters (e.g. rainfall or temperature). However, SOI did not explain long-term population 

declines. Time-series data were used in the ACTWBP (Rayner et al. in review) to investigate 

non-linear population growth, thereby removing any pre-determined bounds on exactly when 

drought effects begin and end (e.g. ‘drought’ vs. ‘post-drought’) and when populations may, or 

may not, respond. Using this method, Rayner et al. (in review) found relatively few native 

species exhibited significant long-term declines (n = 5/57 species; Table 2) and, more 

importantly, that most of these declining species showed a neutral or positive association with 

drought (Fig. 1; Table 2).

While generalisations can be made about how temperate avian communities will respond 

to drought (-25% of species may decline) and subsequent high rainfall events (-40% of species 

may increase), the effects of weather on long-term species persistence are not straight-forward 

(e.g. Loyn & Menkhorst 2011), highly variable across regions, and species-specific. There 

remains scant evidence that weather variability is a primary driver of decline (see also 

MacHunter et al. 2006), or that declining species will be ubiquitously disadvantaged by drought.
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Figure 1. Species that showed significant declines in the Australian Capital 

Territory, and neutral (Mistletoebird) or positive (Grey-shrike Thrush, Striated 

Thornbill, Tree Martin) associations with the Southern Oscillation Index (a measure 

of the El Nino Southern Oscillation). Dotted lines show mean abundance across 92 

woodland survey sites, bold lines indicate long-term trends (smoothed spline, 

adjusted for seasonality) with 95% confidence intervals shaded grey.

Table 2: Declining species observed in the Australian Capital Territory (1998-2013) and their association 

with the regulatory factors investigated in the ACTWBP. Drought is measured by Southern Oscillation 

Index (SOI). Response to reservation compares trends on best-performing reserves to trends off-reserve. 

Uncommon species (reporting rate < 1%) were excluded from analysis.

Declining native species Drought Reserves Urban
proximity

Urban
change

Striated Thornbill (A ca n th iza  lin e a ta ) Positive Positive Negative Neutral

Mistletoebird (D ica eu m  h iru n d in a ceu m ) Neutral Positive Positive Negative

Scarlet Robin (P e tro ic a  m u ltic o lo r) Negative Neutral Negative Neutral

Grey-shrike Thrush (C o llu r ic in c la  h a rm o n ica ) Positive Negative Neutral Neutral

Tree Martin (H iru n d o  n ig r ic a n s) Positive Negative Negative Negative
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Reservation

Protected area establishment is a conservation intervention frequently employed to 

address biodiversity loss (Joppa & Pfaff 2011). Effective reservation is defined not only by 

containing important biodiversity assets spatially (representativeness), but by maintaining those 

assets through time (persistence) (Margules & Pressey 2000). While there are detailed studies 

evaluating the effectiveness of Australian reserves for capturing important biodiversity values in 

space (e.g. Watson et al. 2011), few studies examine the effectiveness of reserves for 

maintaining those values (particularly species) through time (Gaston et al. 2008). Assessing the 

impact of reserves on species persistence is important because the factors that threaten species 

can be temporally dynamic in their extent and intensity (Gaston et al. 2002).

For temperate woodland birds, there are several long-term population studies that occur 

partially, or entirely, within protected areas. In most cases, these studies have reported bird 

declines inside reserves (e.g. Recher & Serventy 1991), leading to the conclusion that reserves 

are limited in their capacity to protect woodland birds in perpetuity (e.g. Mac Nally et al. 2009). 

However, while these studies highlight important short-comings of reservation, it remains 

unclear to what degree reserves assist species persistence. This is because, when evaluating 

protected area effectiveness, population trends observed within reserves have not been 

compared to trends from similar, but unreserved, areas in the same landscape. The ACTWBP 

(Rayner et al. 2014b) addressed this uncertainty by assessing the effectiveness of reservation for 

sustaining Australian woodland bird populations through time.

The ACTWBP compared population trends for birds between old reserves (established 

pre-1995), new reserves (established post-1995) and unreserved land located in temperate 

woodland remnants. We found that, in the ACT region, positive trends in woodland avifauna 

were most strongly associated with unprotected woodland remnants located on private land 

(Fig. 2; Rayner et al. 2014b). These areas also supported smaller-bodied, woodland-dependent 

species that forage on the ground (Rayner et al. 2014b), and that are of greater conservation 

concern broadly (Ford 2011). These findings support arguments for the critical importance of 

off-reserve conservation in maintaining bird populations (Bennett et al. 1997). However, we
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also found that new reserves maintained species richness and vulnerable species through time 

(Fig. 2), and contained fewer declining species than older reserves that were smaller on average, 

and established primarily for their scenic value (Rayner et al. 2014b). There also was a 

significant positive relationship between reserves and two declining species observed in the 

study area, the Striated Thornbill and Mistletoebird (Table 2). Differences in the performance of 

new and old reserves were attributed to reserve placement, in particular, their topographic 

position and proximity to urban development (see below). New reserves were located lower in 

the landscape, further from urban development, and tended to be larger with lower levels of 

woody vegetation cover (i.e. more productive box-gum woodland) (Rayner et al. 2014b).

Thus, it is likely that reserves have assisted the conservation of woodland birds in the 

ACT, despite containing species that exhibited long-term declines. Furthermore, the newer 

reserves in our study system performed similarly to unreserved areas, which were located 

further from urban disturbance in more productive landscapes. It is clear from the ACTWBP 

and the available long-term research, that protected areas are not immune to the processes that 

threaten woodland bird persistence (Laurance et al. 2012). However, reserves can contribute to 

important conservation objectives (e.g. maintaining species richness and vulnerable species) 

where reserve placement is carefully planned.

Pre-1995 -------Post-1995 -------Unreserved
Pre-1995 -------Post-1995 ------- Unreserved

/  ^  ^  /  /  /  /  /  ^  /  /
Year

Figure 2. Trends in mean species richness, species richness for birds of conservation concern, 

over time on sites reserved Pre-1995, Post-1995 and unreserved sites. Standard errors for the 

model predictions, which include the random effect of location, are shown in grey.
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Urbanisation

The expansion of urban areas can modify and degrade habitats for many native bird 

species (Marzluff 2001; Ikin et al. 2014b; Le Roux et al. 2014), and occurs predominantly at the 

fringe of major urban centres (Fisher 2003). In Australia, urban development is spatially 

concentrated in temperate regions where six out of eight capital cities are located (Newton et al. 

2001). The impact of urbanisation on temperate woodland birds has been examined spatially in 

numerous short-term studies (e.g. Ikin et al. 2014b) which reveal important compositional 

differences in avian communities along urban ecological gradients. However, long-term 

research on the effects of urban expansion is rare in the conservation literature (Garden et al. 

2006), apart from a few studies examining historical changes in Perth, WA (e.g. Recher & 

Serventy 1991; Smith 2002) and Adelaide, SA (Tait et al. 2005).

These long-term studies demonstrate that urban areas benefit some bird species while 

disadvantaging others (Recher & Serventy 1991; Smith 2002; Tait et al. 2005), as is frequently 

detected in short-term research (e.g. Blair 1996). However, faunal responses to urbanisation are 

expected to manifest, and continue to change, over long time periods (e.g. Mpller et al. 2012). 

To date, such changes have been poorly monitored within Australia. Thus, little, long-term 

quantitative evidence informs current conservation planning in urban landscapes (Garden et al. 

2006). The ACTWBP sought to address this knowledge gap by examining the temporal 

dynamics of avian populations in peri-urban woodland remnants over a decade of urban 

expansion around Canberra (Rayner et al. 2014c).

The results of the ACTWBP supported the findings of other urban ecological studies 

conducted in temperate Australia (e.g. Tait et al. 2005), revealing an almost equal number of 

species responding positively and negatively to growing urban extent (Rayner et al. 2014c). 

However, we found that responses to urban development were temporally dependent. Species 

could be affected by the initial disturbance phase of urban development without showing any 

long-term attraction or intolerance to urban extent, and vice versa. In one case, a declining 

species (the Mistletoebird) exhibited a positive response to urban proximity, but was adversely
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affected by large encroachment events over short time frames (i.e. within 1 year, Rayner et al. 

2014c).

Our results in the ACTWBP also showed that species whose reporting rate had declined 

over the preceding decade were more likely to be urban-avoiding species (Rayner et al. 2014c; 

Table 2), providing a quantitaive link between urban encroachment and population decline. 

Importantly, effects of urban encroachment on species extended up to 5 km from the urban 

boundary, exceeding the range of many exisiting urban ecological studies (e.g. Wood 1996; 

Sewell & Catterall 1998). While long-term research on the impacts of urbanisation on temperate 

woodland birds is limited, available evidence indicates that urban encroachment is important in 

shaping peri-urban avian communities in space and time.

Conservation lessons from long-term monitoring

Long-term studies reveal trends in woodland bird occurrence and abundance that cannot 

be detected with short-term research. Importantly, we have shown how such findings can be 

highly relevant to conservation. With respect to the three regulatory factors examined here, the 

ACTWBP has both confirmed and challenged existing paradigms on the effects of weather, 

reservation and urbanisation on temperate woodland bird assemblages, as we summarise below.

First, time-series data used in the ACTWBP revealed patterns in the response of 

woodland bird populations to weather variability that would have been masked by comparisons 

of pre- and post-drought data. This included the identification of a significant positive 

relationship between drought conditions and the abundance of some declining species. This 

finding challenges the notion that extreme weather events are a driver of long-term population 

declines, and are a threat to woodland bird persistence. It also emphasises that species responses 

to a given landscape are individualistic (sensu Manning et al. 2004a).

Second, monitoring data used in the ACTWBP improved our understanding of species 

persistence in ACT reserves, a core objective of protected area establishment that is critically 

understudied (Gaston et al. 2008). Findings of the ACTWBP confirmed that the position of 

reserves in the landscape was crucial to maintaining species diversity, and species of
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conservation concern, over long periods (at least 10 years). While we found significant 

improvements in reserve effectiveness over time, off-reserve areas made the strongest 

contribution to woodland bird conservation in the ACT.

Third, the ACTWBP supported short-term research showing that species occupying 

fringe habitats w ill vary in their tolerance of urban encroachment. However, long-term data 

revealed that species tolerance of urbanisation can change through time depending on the 

proximity, extent and speed of development. For most species, the response to rapid, large-scale 

development was negative, highlighting a previously undescribed threat to woodland bird 

populations.

Based on the findings of the ACTWBP, we have outlined key management directions for 

improving conservation outcomes for temperate woodland birds. These priority actions are 

summarised for each regulatory factor in Box 3.

Box 3: Directions for managing the effects of regulatory factors to improve 
conservation of temperate woodland birds.

Weather

•  Quantify the influence of weather extremes on key resources for birds

• Collect movement data to enhance inference from regional population trends

Reservation

• Reserve vulnerable/irreplaceable woodland habitats on the urban fringe

• Protect native vegetation located on productive land

• Increase conservation efforts in areas of low urban land cover

Urbanisation

• Increase buffers between important woodland habitats and urban development

• Investigate the benefits of ecologically-sensitive urban design features

• Plan large urban developments in stages to reduce short-term impacts on avifauna
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Weather

While we found that weather variability exerts a strong regulatory force on species 

populations (as other studies have), it does not appear to be a driver of avian declines in the 

ACT (Rayner et al. in review). Projected climate change impacts, such as increased drying 

during future El Nino cycles (Power et al. 2013), suggest that avian responses may not be so 

innocuous in future (Garnett & Franklin 2014), particularly in degraded habitats. Ongoing 

monitoring to capture population responses to multiple droughts, and to determine species 

capacities to adapt to climatic change, will be critical to assessments of population viability.

Indeed, if we falsely attribute population decline to contemporary drought effects, there is 

a serious risk of directing conservation attention to a process that is extremely variable and 

challenging to manage. A better focus would be: (1) quantifying the effects of weather 

variability on critical resources for birds across remnants of different condition, and (2) tracking 

population movements between regions as these resources fluctuate through time. For example, 

increases in species abundance in some areas may reflect movement from poorer conditions 

elsewhere (e.g. Manning et al. 2007). Resources of particular interest would be those of 

demonstrable value to species of conservation concern (e.g. tree hollows, Manning et al. 2004b; 

woody debris, Mac Nally & Horrocks 2007; mistletoe, Ikin et al. 2014a) and those potentially 

influenced by weather (canopy structures, Semple et al. 2010; nectar, Ford 2011). Quantifying 

interactions between weather, resources and movement will enhance our ability to forecast the 

habitat requirements of species under various climate scenarios.

Reservation

The most effective reserves for maintaining species diversity and persistence were large 

woodland remnants located on productive land, situated lower in the landscape and further from 

urbanisation. Peri-urban woodland habitats that are vulnerable to urban consumption, and 

irreplaceable in terms of their associated avifauna, need to be identified as they will require 

formal reservation to avoid local species extirpation. However, opportunities for formal 

reservation on public land will be constrained by land-use demands and cost (Gaston et al.
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2002), and are likely to diminish as urban areas continue to expand (Radeloff et al. 2010). 

Fortunately, evidence suggests that formal reservation is not critical to the persistence of 

woodland birds (Rayner et al. 2014b), as long as management practices are sympathetic. This 

emphasises the need for whole-landscape conservation, irrespective of tenure or land use type.

What is critical to woodland bird persistence is the protection and management of native 

vegetation in productive landscapes, particularly in areas of low urban land cover (see also 

Donnelly & Marzluff 2004). In temperate Australia, these areas occur predominantly in 

travelling stock routes, road-side verges and on private land, where opportunities for strict legal 

protection are limited. The value of these areas for conservation is well established 

(Lindenmayer et al. 2010; Lentini et al. 2011), as is the evidence for improving woodland bird 

diversity through increased cover of native vegetation (Cunningham et al. 2014a, b). Thus, 

while formal reservation can make important contributions in urban landscapes, strong land

clearing controls and active restoration off-reserve will be critical to long-term woodland bird 

persistence at a national scale.

Urbanisation

Work in the ACTWBP revealed that urban-avoiding species were more likely to exhibit 

long-term population declines in the ACT (Rayner et al. 2014c). To abate threats to fauna 

occupying fringe habitats, conservation buffers are often recommended (Fischer et al. 2006). 

However, current buffer distances (usually < 100 m) need to be increased to improve their 

effectiveness, given that urban impacts on avifauna can extend up to 5 km from the urban 

boundary (Rayner et al. 2014c). Implementing buffers of such size around remaining peri-urban 

woodland remnants may not be realistic in areas of rapid urban growth and increasing urban 

density. Anticipatory restoration activities in urban-fringe environments (i.e. planting of native 

vegetation) could improve the effectiveness of future buffer zones for minimising urban-related 

threats to birds (Manning et al. 2006). However, it may be crucial to complement buffers with 

additional conservation measures in the urban matrix, such as increased urban green space (Ikin 

et al. 2013), retention of important habitat structures (Le Roux et al. 2014), modification of built
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structures (e.g. “green walls”, Chiquet et al. 2013) and reduced housing density (Tratalos et al. 

2007), to soften the impact of development on adjacent woodland habitats, and in particular, 

urban-avoiding species.

Additionally, urban planning should aim to minimise the impacts of encroachment 

through time. Ideally, large developments should be avoided near critically important woodland 

habitats. Where development must occur, proceeding slowly and over smaller spatial increments 

may limit disturbance, providing the best opportunity for avian communities to move, re

assemble and adapt to novel environments. Further quantitative evidence of mechanisms that 

drive species urban tolerance over time will be needed to evaluate the effectiveness of 

ecologically-sensitive urban planning for woodland bird conservation, and to inform adaptive 

management.

Conclusion

The vast majority of research on temperate woodland birds and, in turn, the evidence 

underpinning their conservation, comes from short-term ecological studies. We have shown that 

the conclusions drawn from long-term population data can both confirm and challenge current 

knowledge on factors influencing woodland bird persistence. The ACTWBP has revealed some 

important temporal patterns in avian responses to regulatory factors that are globally relevant. 

We owe much to non-government organisations, such as the Canberra Ornithologists Group, 

who voluntarily collect this type of long-term data, which are otherwise rare in Australia. We 

emphasise that the research presented here requires additional information on woodland bird 

survivorship, reproduction and survival, and how these demographic parameters vary through 

space and time, to fully appreciate the mechanisms driving population responses to weather and 

land use change. Nevertheless, we hope the new knowledge presented in this article will 

encourage thoughtful policy responses by land managers, and expanded commitments to long

term woodland bird population monitoring.
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