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Birds are declining in agricultural landscapes around the world.
The causes of these declines can be better understood by
analysing change in groups of species that share life-history
traits. We investigated how land-use change has affected birds
of the Tasmanian Midlands, one of Australia’s oldest
agricultural landscapes and a focus of habitat restoration. We
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surveyed birds at 72 sites, some of which were previously
surveyed in 1996-1998, and tested relationships of current
patterns of abundance and community composition to
landscape and patch-level environmental characteristics. Fourth-
corer modelling showed strong negative responses of aerial
foragers and exotics to increasing woodland cover; arboreal
foragers were positively associated with projective foliage cover;
and small-bodied species were reduced by the presence of a
hyperaggressive species of native honeyeater, the noisy miner
(Manorina melanocephala). Analysis of change suggests increases
in large-bodied granivorous or carnivorous birds and declines in
some arboreal foragers and nectarivores. Changes in species
richness were best explained by changes in noisy miner
abundance and levels of surrounding woodland cover. We
encourage restoration practitioners to trial novel planting
configurations that may confer resistance to invasion by noisy
miners, and a continued long-term monitoring effort to reveal
the effects of future land-use change on Tasmanian birds.

1. Introduction

Agricultural intensification is a major cause of global biodiversity
loss [1]. Beyond the direct clearing and fragmentation of habitat
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that typically accompanies agriculture, farm management practices can modify wildlife communities [ 2 |
through their effects on the abundance of food, shelter and predators. For example, rising levels of
pesticide use to protect crops from herbivory have had wide-ranging negative impacts on invertebrate
populations [2] and have subsequently been implicated as a major contributor in the decline of
farmland bird populations in Europe and North America [3-5]. By contrast, corvids and mammalian
mesopredators (for example, feral cats Felis catus and raccoons Procyon lotor) are thought to have
benefitted from an increased food supply on farms and fewer large predators [6,7]. The mechanization
of agriculture and expansion of irrigated lands also results in the removal of discrete habitat elements
such as paddock trees, surface rocks, coarse woody debris and hedgerows [8,9]. These features are
often the only source of cover for animals in farm landscapes and are used by a range of taxa for
breeding, thermoregulation and as sources of food [10-12].

Understanding how land use affects wildlife communities is essential if we are to predict their
response to future environmental change, whether that results from continued agricultural
intensification or landscape restoration. This is especially important given that the agricultural sectors
need to meet a projected increase in global food demand of between 25 and 70% [13]. Land-use
change associated with agriculture can affect species differently according to their life-history traits
such as body size, diet or dispersal ability. Relationships between functional traits of species and
population change can offer insight into the mechanisms by which land use affects wildlife [14,15].
This understanding can be applied to produce more targeted conservation strategies and may allow
for broader approaches that protect several species at once [16,17]. Functional traits can also be used
to estimate the contribution of species to ecosystem services and, therefore, how those services might
respond to land-use change [18].

Birds have long been used as indicators of environmental condition and can be effective indicator
species for the conservation of other threatened vertebrates [19]. They occupy many ecological niches,
respond relatively rapidly to changes in habitat, are straightforward to monitor, and perform
important ecological functions such as seed dispersal, pest control and pollination [20]. We surveyed
birds in the Tasmanian Midlands, one of Australia’s oldest agricultural landscapes, a National
Biodiversity Hotspot and the focus of an ambitious habitat restoration programme [21]. The bird
community of the Midlands has high biodiversity value, with 10 Tasmanian endemic species and
several distinct subspecies (electronic supplementary material, table S1). Tasmania, more generally, is
important for many species of terrestrial bird (at least 19) that migrate to the island from mainland
Australia to breed each year [22,23].

An increasing threat to local bird communities is secondary clearing of remnant woodlands for the
installation of large pivot irrigation systems [24]. Agricultural fragmentation in the Midlands has also
led to the dominance of an aggressive species of native honeyeater, the noisy miner (Manorina
melanocephala), in many small patches of habitat [25]. Noisy miners are native to Australia’s eastern
coast but have become overabundant [26]. The noisy miner’s exclusion of small birds from suitable
woodland habitat is listed as a Key Threatening Process under federal environment legislation [27]. The
productive landscapes of the Midlands also support very high densities of feral cats which are a
major predatory threat to birdlife [28], although it is unknown how mortality from cat predation
might translate to population viability of birds.

Our first aim was to assess changes in the Midlands bird community over the past 20 years as a
consequence of land-use change. The only broad-scale survey of birds in the Tasmanian Midlands
was previously conducted in 1996-1998 (hereafter the 1997 survey period, [25]). We repeated surveys
at 34 historical study sites in order to explore the effects of habitat clearing, revegetation and changes
in noisy miner abundance on bird communities. Changes in bird abundance between survey periods
allowed for the identification of target species and functional groups of birds to be either encouraged
or discouraged by restoration efforts.

Second, we explored whether the response of birds to land-use change is trait-mediated. Previous
research has identified ground-foraging insectivores as particularly vulnerable to habitat degradation
and predation by introduced species in Australia [29]. Nectarivores and large-bodied birds were also
found to have declined in agricultural landscapes of New South Wales [15]. Unfortunately, Tasmania
lacks informative terrestrial bird survey data when compared to other parts of Australia. This is
particularly the case in the Midlands, which is mostly privately owned. To address this gap and
provide context to the effects of land-use change, we described current patterns of bird abundance
and community composition and how these are influenced by environmental factors. We use the
results of our study to make practical recommendations for restoring habitat for terrestrial birds
in Tasmania.
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Figure 1. Location of survey sites in the Midlands of Tasmania, Australia. Inset (c) shows a satellite image of part of the study
region, which is largely cleared of native vegetation. Arrows signify the conceptual east—west connections of the Midlands restoration
programme where revegetation is planned to occur.

2. Methods
2.1. Study region

Tasmania lies at the southern-most tip of Australia and is separated from the Australian mainland by
Bass Strait (250 km, figure 1). Islands of the Furneaux Group and King Island act as stopovers for
birds that migrate to Tasmania in the spring and summer [22,23]. The Midlands Biodiversity Hotspot
(ca 8000 km?) is defined by a low annual rainfall (less than 600 mm) and lies within north (Macquarie
and Esk Rivers) and south (Jordan, Clyde and Coal Rivers) flowing catchments that are bordered by
the mountainous Eastern and Western Tiers of Tasmania. Prior to European settlement, the Midlands
consisted of grassy or heathy temperate eucalypt woodlands and native grasslands. More than 200
years of clearing for agriculture has left less than 10% of native woodland and less than 3% of native
grasslands remaining [21]. The region is now predominately exotic pastures for livestock grazing
(primarily sheep), and crops of cereals, oilseeds and other high-value yields such as poppies for the
pharmaceutical industry. Agricultural intensification continues to result in deforestation and
particularly the loss of scattered paddock trees [24].

Temperatures range from mean daily maximums of 21.9°C in summer and 11.4°C in winter to mean
minimum temperatures of 8.8°C in summer and 1.9°C in winter. However, Tasmania experienced several
extreme weather events during our study, including a period of drought in 2015, Tasmania’s coldest
winter in 50 years with abnormal snowfalls across the Midlands (2015), followed by the warmest
summer since records began (2016-2017) and record levels of rainfall that caused significant flooding
at some of our field sites [30]. Such extreme weather events, especially heatwaves, are expected to
become more frequent in the Midlands under the effects of climate change [31].

2.2. Survey sites

We surveyed 72 sites representing the range of habitat types in the Midlands. This included 52 woodland
remnants and five small (Iess than 6 ha) mixed-species eucalypt plantings, ranging in age since planting
of approximately 20-30 years. To document birds that were using the agricultural matrix, we also
conducted 2ha/20 min bird surveys [32] in five native grasslands, five pasture sites and five areas
dominated by the exotic weed, gorse (Ulex europaeus). These sites were placed a priori and usually
included at least one paddock tree.
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Remnant woodlands reflected a range of patch sizes and levels of modification: 15 small (0-20 hectares),
25 medium (20200 hectares) and 12 large (greater than 200 hectares). The dominant tree species (canopy
10-30 m) were black peppermint (Eucalyptus amygdalina), cabbage gum (E. pauciflora), white gum
(E. viminalis), silver peppermint (E. tenuiramis) and gum-topped stringybark (E. delegatensis). Typically,
small and degraded patches of woodland were characterized by exotic pasture grasses throughout their
interior, bracken fern (Pteridium esculentum) and introduced weeds including gorse and hawthorn
(Crataegus monogyna). The mid-storey of these patches was generally sparse.

Larger and less disturbed woodlands were more structurally complex with a greater diversity of low
branching trees including wattles (Acacia dealbata, A. mearnsii, A. axillaris), sheoaks (Allocasuarina
verticillata, A. littoralis), native cherry, (Exocarpos cupressiformis), yellow bottlebrush (Callistemon pallidus)
and silver banksia (Banksia marginata). Dense thickets of prickly box (Bursaria spinosa) were common at
some sites. The understorey of intact woodlands comprised of a patchy mosaic of heathy
groundcovers (Lissanthe strigosa, Epacris impressa), bracken fern, native perennial grasses (Themeda
triandra, Poa labillardieri, Austrostipa spp.), sedges (Lepidosperma spp.) and rushes (Juncus spp.). Swards
of spiny-head mat-rush (Lomandra longifolin) were a prominent feature at many sites.

*sosi/Jeunof/6106uiysgnd/aposjedos

2.3. Bird surveys

Surveys were conducted by a single observer (G.C.B.) between May 2015 and February 2017 both at
dawn and dusk (89% of surveys within three hours of sunrise). Surveys were undertaken blind as to
the occupancy of species at field sites during the 1997 survey period. Each site was surveyed in clear
weather on up to six occasions: twice during the non-breeding season (March—August) and twice each
in spring (September—October) and summer (November-February). Due to limited farm access and
flooding, not all sites could be surveyed six times. All sites were, however, surveyed in both winter
and spring/summer to ensure that seasonal migrants were accounted for.

To enable a comparison with historical bird data, we repeated the survey methods of MacDonald &
Kirkpatrick [25]. A 100 m wide fixed transect was placed parallel to the longest axis of the woodland and
crossed from one side to the other. For larger woodlands, transects began at one edge and extended
800 m into the interior. These were placed randomly if their location had not already been established
by historical surveys. Each transect was further divided into 200 m segments. Transects were walked
at a constant pace with each segment surveyed for 10 min. All species detected by sight or sound
were recorded, noting in which segment they occurred and their number. Birds that were heard but
not detected on the transect were recorded as offsite and were not included in our final analysis.
Historical surveys were also completed by a single observer (M.M.). One original site was excluded
from all analyses of change in the bird community because it had become invaded by gorse such that
it was no longer possible to walk a transect that was comparable to earlier surveys.
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2.4. Environmental data

At the centre of woodland sites and plantings, we established two intersecting 10 x50 m plots and
recorded the following site-scale attributes: the number of alive and dead stems (greater than 10 cm
diameter at breast height, DBH), the DBH of alive and dead stems (cm) from which basal area was
later calculated (m?), average canopy height (m) and the summative length of fallen logs (greater than
10 cm in diameter, m). For analysis, these data were extrapolated beyond the sampling plot to be
expressed per hectare. Plots were positioned on survey transects in the centre of woodlands and
plantings to accommodate concurrent research on habitat use by mammals [28,33]. A line-point
intercept method (2x50 m transects) was used to estimate the per cent cover of ground substrates
which were classified into eight categories: leaf litter, bare earth, rocks, forbs and other low
herbaceous plants, shrubs (greater than 30 cm in height, including bracken fern), sedges, mosses and
lichen. Shannon'’s diversity index (H') was calculated to represent the heterogeneity of groundcover [34].

We used the software program ArcMap (v. 10.4.1, [35]) to calculate the size (ha) and shape complexity
of woodland remnants. The shape was calculated as the corrected perimeter to area ratio using the
formula shape = perimeter of woodland/+/4m(area of woodland). Satellite data and the geospatial
layer, TASVEG 3.0, were used to classify landcover within a buffer zone of 1km radius that was
centred on the middle of bird survey transects. TASVEG is a state government digital map that
depicts the extent of 162 vegetation communities in Tasmania [36]. We updated the spatial layer to
more accurately reflect vegetation composition at our survey sites, for example, where recent land
clearing had occurred. For historical survey sites, patch size and landcover were also determined from




Table 1. Summary of landcover types within 1km of the centre of bird survey transects at woodland (n=>52) and planting [}
sites (n=15).

'3
landcover class mean % (s.d.) min (%) max (%) %
eucalypt woodlands 35.3 (26.6) 0.2 96.5 %
non-eucalypt woodlands 0.8 (0.4) 0.0 189 %

eucalyptplantat|0n o (27) S E_
pine plantation 04 (0.3) 0.0 170 8
productlonagnculture e (38) R G E
R ‘grbassllabnbd St 63(16) S s %
Openwater o (06) S D 2

digitized aerial images collected in 1997 to allow calculation of change between the 1997 and 2017
surveys. Seven categories of landcover were identified: (1) native eucalypt woodlands, including
mixed eucalypt plantings; (2) native non-eucalypt woodlands; (3) productive eucalypt plantations;
(4) pine (Pinus radiata) plantations; (5) agricultural pastures and other exotic vegetation; (6) open water
(mostly farm dams); and (7) native grasslands (table 1). Categories 1-4 were further classified as
‘woody vegetation’. Cover of native grasslands could not be determined from aerial imagery, so for all
analyses, the distribution of grasslands in 1997 was assumed to be unchanged from that in 2017.
Shannon’s Diversity Index was again used to represent heterogeneity of landcover.

We counted the number of centre-pivot irrigation systems present within 1km of survey sites as a
proxy for land-use intensity. Pivot irrigators need relatively flat terrain to operate and usually require
large areas of land (up to 300 ha) to be entirely cleared of native vegetation. Climate data (mean
annual rainfall, rainfall seasonality, mean annual temperature), as well as the elevation of survey sites
and projective cover of woody foliage (foliage projective cover, FPC) were derived from geospatial
information systems [37,38]. Values for FPC were averaged over the area of each bird survey transect.
Finally, the density of noisy miners at survey sites was considered as an environmental variable
because previous research demonstrated strong effects of noisy miners on the abundance of other bird
species [39]. Density of miners was determined from bird surveys as described above (see §2.3).
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2.5. Trait data

All birds observed were categorized according to species traits (electronic supplementary material, tables
51-S3) using data extracted from the Handbook of Australian, New Zealand and Antarctic Birds [40-46].
These traits were body size, diet, foraging height, native status and movement pattern (table 2). We
acknowledge that many species do not exclusively fit one category type for each trait, but for the
purposes of analysis, birds were categorized according to their primary behaviours.

2.6. Statistical analyses

Our analysis was performed in five stages. First, we used the package BORAL in R to produce a model-
based unconstrained ordination of bird-count data for the visualization of species-site relationships
[47,48]. In all analyses of multivariate data, we pooled observations of birds from transect surveys at
each site and specified a negative binomial distribution. We included a fixed row effect when
generating our ordination to account for differences in the total abundance of birds at survey sites
such that the resulting ordination reflects species composition.

Next, we used the package muvabund (v. 3.13.1) to test for effects of environmental variables on bird
community composition at survey sites [49]. Candidate environmental variables were reduced to a final
set of 10 (table 3) by generating a correlation matrix (Spearman’s rank) and eliminating those variables
that demonstrated high levels of collinearity (rs > 0.6). Woody vegetation cover and distance to the nearest
patch of woodland (r,=0.71) were associated; only woody vegetation cover was retained in our models.
Elevation and FPC were considered as representative of climatic variables (e.g. mean temperature,
rainfall seasonality) because these too were highly correlated.

Mvabund implements a generalized linear model (GLM) framework to analyse multivariate
abundance data and fits a separate GLM to each species. This technique accounts better for the mean-—



Table 2. Summary of trait variables used to explain variation across bird species in their response to environmental variables.

native status

seeds and gralns

natlve tO Tasmanla

exotic to Australla

trait category example species
body size very large (>1000 g) wedge-tailed eagle, Australian shelduck
large (100-1000g) ~ sulphur-crested cockatoo, grey curawong
. medlum(25—100 g) R easternrosella fanta||ed 'c'u'ck'o'o R
srna" ({25 gh)‘ ‘ - scarlet robln superb falry wren
e T gl We|(0me swaIIow R
‘vertebrates ‘ ”brown falcon nankeen kestrel

galah house sparrow

nectar B o musk I0r|keet eastern splneblll
. pIants O ey teaI R
generalists black currawong, forest raven
. forag|nghe|ght e obin yellow rumped o
arboreal strlated pardalote Irttle wattleblrd
marboreal/terrestrral - grey- shrike thrush grey. butcherbrrd
aerlal » » hwelcome swaIIow brown falcon
- movementpattern S ”resrdent/sedentary. - yellow throated honeyeater grey butcherbrrd ”
migratory’ srlvereye dusky woodswallow ‘
mnomadrc ”crescent honeyeater musk Iorrkeet

green roseIIa spotted pardalote
common starlrng, European goldﬁnch

introduced to Tasmania laughing kookaburra, little corella

aMlgratory species |ncIuded onIy those blrds known to migrate to malnland Australla annually, |ncIud|ng partial mlgrants
®Nomadic species also included altitudinal migrants and species described as dispersive in the literature.

variance relationship of count data than do distance-based multivariate analyses (e.g. canonical
correspondence analysis) and allows formal tests of bird responses to environmental variables at both
the community and species-specific levels [49]. An offset (area of transect in hectares log-transformed)
was used in our model to adjust for differences in the area surveyed at each site and the effort
argument was included to account for variation in the number of times a site was surveyed. Wald test
statistics and p-values were determined from 999 resampling iterations via the PIT-trap method.
Adjusted univariate p-values were calculated for individual species to test for their response to
environmental variables.

We then used the traitglm function in movabund to evaluate how bird species’ traits influence their
relative abundance and response to environmental variables [50]. This method also uses an extension
of a GLM, fitting a single predictive model to all species across all sites simultaneously. Three
matrices of environmental data, species-abundance data and species-trait data were used to calculate a
fourth matrix of trait-environment interaction coefficients, or ‘fourth-corner’ terms [51]. For visual
interpretation, we generated a heat-map of the standardized coefficients and used the LASSO penalty
to remove all interactions that failed to improve model fit [51]. We also used traitglm to model bird
count data without specifying a trait matrix. This method effectively fits a multivariate species
distribution model and assumes a different environmental response for each species. Mvabund does
not yet support offsets when modelling fourth-corner problems and using LASSO in the model fitting
process. While the trait analysis does not, therefore, account for differences in the area of each transect
surveyed, the results remain informative. Observed traits were unrelated to woodland patch size and
so this limitation is expected to have minimal influence.

In our fourth analysis, we used GLMs to assess which elements of landscape change best explained
differences in species richness at historical survey sites between the 1997 and 2017 survey periods. Here,
species richness was the total number of native bird species recorded at a site over the duration of each
survey period. A Poisson distribution of errors is usually assumed in models of discrete count data, but in
this case, the response variable could be both positive and negative (species richness may have increased
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Table 3. Summary of a multivariate analysis (manyGLM) testing for the effects of environmental variables on bird community
composition. The p-values (less than 0.05 italics) and Wald statistics are given for the effect of variables at the community level. .
Estimates + s.e. are for individual species that contributed significantly to the variance in community composition. The sign of :
the estimate (positive or negative) indicates the direction of a species response to the environmental variable.

8
z
environmental community ‘5
variable Wald (1 d.f)  p-value species where p < 0.05 estimate =+ s.e. g
woody vegetation cover  20.95 0.001 ) Australian ‘magpie (Cracticus t/'b/'cen) - —0.015+0.007 E
common starl ing (Sturnus vu/gar/s) —0 029 +0.006 E
” eastern roseIIa (P/atycercus E‘leIUS) . —0 031 +0012m g
H European goldﬁnch (Carduells carduel/s) oo 037+ 0008m g
” forest faven ((orvus tasman/cus) o ”—0 010 + 0 005,.. =
H grey butcherblrd (Cra(tlcus torquatus) - ”—0 019+ 0006w §‘
 black-headed honeyeater 005340048 .g
(Mel/threptus afﬁnls) %
e honeyeater Y oY i
(Phylldonyr/s pyrrhopterus) g
e sineil e §
(Acanthorhynchus tenwrosms) :
 fan-tailed cuckoo 400580034
(Cacomantls ﬂabe/l/form/s)
” .grey currawong (Strepera vel co/or) 4003920013
 grey shrke-thrush (Colluricinca harmonica)  +0.0640017
” vscarlet rob|n (Petrmca boodang) o +0 020+0 006
H >yeIIOw wattleblrd (Anthochaera paradoxa) o ”+0 044+ 0 008w
” .yeIIow throated honeyeater 400130010
(Lichenostomus flavicollis)
follageprOJectwe o 13 59 R 00” o R
mlnerdensny 83 0012 brown thombil (Acanthlza pus:/la) B 033+0 189
” vEuropean goldﬁnch ((ardue//s cardue//s) o ”—1 394+ 0238m
H >grey fantall (Rh/p/dura alblscapa) 095 952 +0179
” vscarlet rob|n (Petrmca boodang) - ”—1 481 + 0378m
H >S|Ivereye (Zosterops lateralls) - >—3 096+0683m
” .superb fairy-wren (Ma/urus cyaneus) 10334022
} yeIIowrumped o ensoss
(Acanth/za chrysorrhoa)
H >AustraI|an magple (Cract/cus> I I(en) . ”+0 865 +0 129....
” .eastern roseIIa (P/atycercus eXIm/us) . ”+1 738+0 217m
R d|ver5|ty . ne YT SRR ST
e e s greyfantall(Rh/p/duraa/b/scapa) O seian
Ieaf||ttercover e e PR R
. s T ooss B B
wshape compIeX|ty 1223 H 0118 — —
Wcanopy height 957 0468 — —
 groundeover diversity '~ 8.74 0546 — —



or declined). After examination of diagnostic plots, we found that a Gaussian distribution with identity [ 8 |
link provided a good fit to our data. In these models, we included combinations of the following
explanatory variables: patch size (ha in 1997), change in patch size (ha), per cent change in the
amount of woody vegetation cover within 1 km, change in noisy miner density (miners ha™") and the
number of pivot irrigation systems within 1 km in 2017. We used an information-theoretic approach to
assess model performance and ranked models by Akaike’s information criterion corrected for a small
sample size (AICc, [52]).

Finally, we used the log-response ratio (InRR) to assess changes in species densities at historical survey
sites. This was calculated as In(x! /x?), where X! was the mean density of a species in the 2017 survey period
across all sites where that species was present (in any survey year) and x> was the equivalent but for the
1997 survey period. Bird species with a low absolute density might still have a high InRR because this
measure reflects proportionate change. The InRR was also used to assess changes in the density of birds
that shared species traits. Here, ! and x?> were the mean densities of all species present in a trait
category in the 2017 and 1997 survey periods respectively. Mean + s.e. is reported where appropriate.

*sosi/Jeunof/6106uiysgnd/aposjedos

3. Results

A total of 91 species was recorded across all our bird surveys (electronic supplementary material, tables
S1-53). Of these, 72 were recorded during transect surveys, including five species that are exotic to
Australia and three that have been introduced to Tasmania from the Australian mainland. Seven
additional species were detected and identified from calls offsite, eight more were observed during
concurrent 2ha/20 min bird surveys in woodlands (not analysed in this study, electronic
supplementary material, table 52) and four were found only in either pastures or grasslands
(electronic supplementary material, table S3). These additional records tended to be of birds that were
rare (e.g. peregrine falcon Falco peregrinus), flying overhead (e.g. silver gull Chroicocephalus
novaehollandiae), more typical of open habitats (e.g. striated fieldwren Calamanthus fuliginosus, banded
lapwing Vanellus tricolor), or of domesticated birds and feral species with large aural detection
distances (e.g. helmeted guineafowl Numida meleagris, Indian peafowl Pavo cristatus).

The size and type of habitat patch surveyed was related to community composition and species
richness of birds. Species richness of native birds was highest for large remnant woodlands (23.09 +
1.07), followed by medium (19.75+1.35) and small remnants (14.47 +1.60), areas of gorse (12.5+0.5),
native grasslands (11.5+1.77), plantings (10.6+1.08) and pastures (7.25+1.03). Because of the
influence of noisy miners and a greater range in patch size, woodlands classed as medium size varied
greatly in bird community composition (figure 2). Some medium-sized remnants supported species
that were typical of large intact woodlands, while others were most similar in species composition to
small and degraded remnants. Thus, when species were pooled across sites, medium remnants were
the most species-rich (58 species, n=25) followed by large (52, n=12) and small remnants (48, n=15),
native grasslands (31), plantings (25), gorse (23) and pastures (20).

A variety of bird species used non-woodland habitats and some small patches of woodland had very
high bird densities. Many of the birds that we recorded in pastures, grasslands and gorse were observed
flying between nearby patches of woodland and used paddock trees within our survey plots as ‘stepping
stones’. Some species were more frequently recorded in these habitat types. For example, white-fronted
chats (Epthianura albifrons) were most often seen in areas of gorse, and tree martins (Pefrochelidon
nigricans) were consistently recorded in those grassland and pasture sites where large paddock trees
were present. Bird densities (birds ha™, pooling species) were higher in small remnants (8.70 +0.87)
and plantings (7.01+1.56) than in medium (6.70+0.70) and large remnants (5.04 +1.00, X2=8.25, d.f.
=3, p=0.04). This pattern was largely the result of a higher abundance of small-bodied and often
introduced species (e.g. greenfinch Chloris chloris, house sparrow Passer domesticus, and common
starling Sturnus vulgaris) in small remnants and plantings.
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3.1. Relationships between environmental variables and the bird community

Bird-community composition was significantly influenced by 6 of the 10 environmental variables that we
examined (table 3). Woody vegetation cover had the strongest effect, followed by FPC, density of noisy
miners, landcover diversity, elevation and the per cent cover of leaf litter. Fifteen species responded
significantly (p <0.05) to increasing cover of woody vegetation. Of these, six responded negatively and
nine species, including three that are endemic to Tasmania, responded positively (table 3). Univariate
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Figure 2. An unconstrained ordination of the bird community at woodland remnants (circles) and planting sites (triangles). Colours
signify low (less than 0.6), medium (0.6—2) and high (greater than 2) noisy miner densities (miners ha™"). Large (greater than
200 ha), medium (20-200 ha) and small (less than 20 ha) patches are indicated by the size of data points.

tests showed that no individual species contributed significantly to the effects of FPC and the cover of leaf
litter on the multivariate bird community. Increasing density of noisy miners negatively affected seven
small-bodied birds (less than 25g) but was positively associated with two species, the Australian
magpie (Cracticus tibicen) and eastern rosella (Platycercus eximius). Despite elevation having a strong
effect at the community level, the grey fantail (Rhipidura albiscapa) was the only species to respond
significantly negatively in univariate tests (table 3), although black-headed honeyeaters (Melithreptus
affinis) tended to be more common in woodlands at higher elevations (p =0.072).

Life-history traits of birds explained their response to environmental variables. The negative influence
of noisy miners on small birds was once again highlighted by our trait analysis (figure 3). Large birds
showed no response to miner density but were more common at lower elevations and at sites with a
greater diversity of surrounding landcover types. The positive association between miners and birds
introduced to Tasmania reflects a higher abundance of little and long-billed corellas (Cacatua
sanguinea, Cacatua tenuirostris) and laughing kookaburras (Dacelo novaeguineae) in miner-dominated
woodlands (figure 3). These three species have been introduced to Tasmania from elsewhere in
Australia. However, species exotic to Australia were negatively associated with miners. Exotic species
also showed a strong negative response to increasing cover of woody vegetation and were more
common where the basal area of tree stands was high.

The diet and foraging habits of birds also moderated their response to environmental variables
(figure 3). Arboreal foragers were more abundant at sites with greater FPC, more leaf litter, fewer
miners and at higher elevations. Aerial foragers were negatively associated with woody vegetation
cover and FPC but preferred sites with a simplified groundcover and diverse composition of
surrounding landcover. Birds with a mainly granivorous diet were more common in woodlands at
lower elevations and where FPC and woody vegetation cover were low. In contrast, generalists and
nectarivores were more abundant with increasing cover of woody vegetation.

Our species distribution model indicates more complex relationships between environmental
variables and individual species (figure 4). For example, sulphur-crested cockatoos (Cacatua galerita)
were more likely to be found in areas of high woodland cover but also preferred higher landcover
diversity, higher groundcover diversity and woodlands with less leaf litter. This apparently
inconsistent relationship could reflect the movement of cockatoos between large woodland sites where
they were frequently observed during the day and smaller satellite patches of degraded woodland
where they foraged in the morning and evening. Other parrot species (e.g. blue-winged parrot
Neophema chrysostoma, galah Eolophus roseicapillus, eastern rosella) were also more common in areas
with diverse landcover but small-bodied and exotic birds (house sparrow, greenfinch and European
goldfinch) had the opposite response.
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Figure 3. The relationship between birds that share species traits and environmental variables. Colours represent the strength of
interactions (shading) and their direction (blue, negative and red, positive). The scale bar indicates the values of fourth-comner coefficients.

3.2. Models of change in species richness

Changes in species richness at historical survey sites were related to changes in woodland cover and
densities of noisy miners. Overall, though, there was generally little change in native species richness
(=148 +1.2, range = 0-18) with nearly half of all sites (15/33) gaining or losing fewer than two species
(electronic supplementary material, figure S1). The most parsimonious models (A AICc <7 units, [52])
explaining these changes always included the effects of change in noisy miner density (table 4). Sites
where noisy miners had increased in number were more likely to have experienced a decline in native
species richness. Change in woody vegetation cover was also a significant predictor: sites that had a
decline in surrounding woody vegetation also experienced a decline in species richness. The initial
size of the woodland patch had a smaller effect on change in species richness, but larger patches
tended to have fewer species recorded than previously (electronic supplementary material, figure S2).
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Figure 4. Relationships between bird species abundance and environmental variables. Species are ordered according to diet. Colours
represent the strength of interactions (shading) and their direction (blue, negative and red, positive). The scale bar indicates the
values of fourth-corner coefficients.

The best model included just these three predictors and explained 45% (adj. R?) of the variation in the net
change in species richness. The top three models, however, were all within two A AICc units and carried
38%, 23% and 16% of the weight, respectively (table 4).
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Table 4. Regression analysis of the relationship between the net change in native species richness at historical survey sites (n=33) [JEE}}
and changes in noisy miner density, woody vegetation cover and patch size. Also included as covariates were the initial size of the
woodland patch surveyed and the number of pivot irrigation systems present within 1 km of the survey site in 2017. Models are
ranked by AlCc. See electronic supplementary material, table S5 for models with W < 0.10.

A native species richness

A noisy miner A woody pivot
AlCc AAC W density vegetation cover patch size A patch size irrigators

21036 000 038  —5456+1360 0378+ 0.180 000440002 — —
1
21207 171 016 —5857+1417 042440185  0.004+0002 024740233  —
O
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Only three survey sites experienced a reduction in patch size from clearing. Thus, our analysis may
not have had sufficient power to detect any effects of change in patch size on species richness. The
number of pivot irrigation systems increased dramatically between 1997 and 2017, from three
irrigators within 1km of two survey sites, to 33 irrigators at 12 survey sites. Yet, there was no
relationship between the number of nearby irrigation systems and changes in species richness.

Change in densities of noisy miners was highly variable between sites (range = —1.30 to +1.43 ha™") but
the mean density of noisy miners at historical study sites was lower in the 2017 survey period (-0.24 +
0.12 ha™"). Noisy miners could be a candidate for observer variation between survey periods, but we
think this is unlikely given the species is easily detectable. Miners were recorded at 31/33 sites in 1997
and at 28/33 sites in 2017. Four woodlands had miners present in 1997 but no miners in 2017, including
one site where miner density was previously as high as 1.21 miners ha™'. Miners were recorded at only
one site where they were formerly absent and at a very low density (0.02 ha™").

Woody vegetation cover had changed at 14/33 sites. At 12 of these, woodland cover had declined with an
average loss of 3% (range=1 to 8%). Native woodland was replaced by agricultural pastures and exotic
vegetation at 11 sites and by both open water (farm dam) and pasture at one location. Two small remnants
experienced an increase in surrounding woody vegetation cover due to the establishment of a pine
plantation near one site (+17%) and a eucalypt plantation at the other (+21%). In the woodland remnant
adjacent to the eucalypt plantation, native species richness more than doubled from 12 to 30 species (three
additional species were heard offsite). Noisy miner densities at this site were also one-third of what they
were previously (1.86 versus 0.56 miners ha™!). Only a narrow road separated one edge of the remnant
from the eucalypt plantation and several birds were observed crossing between the two habitat types. The
result was a community that combined many species more typical of large woodland remnants (e.g. pallid
cuckoo Cacomantis pallidus, scarlet robin Petroica boodang) as well as those common to small sites (e.g. noisy
miners and grey butcherbirds Cracticus torquatus). In fact, the bird community appeared to change
between the first segment (0-200 m) of the transect, which was nearest to the plantation (25 species
observed), and the second segment (200400 m, 13 species). By contrast, the pine plantation had no effect
onspecies richness, which was the same (10 species) in the nearby woodland remnant for both survey periods.

At the other extreme, native species richness more than halved at one medium-sized remnant (88 ha)
from 31 species to just 13. The reasons for this change are not immediately clear, but noisy miner
density at the site was much higher in 2017 than had previously been recorded (0.56 versus
1.75 miners ha™"). Landcover at this site was unchanged but the property manager had begun using a
small area in the centre of the woodland for disposing of farm waste.
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3.3. Changes in abundance

Birds associated with water (e.g. swamp harrier Circus approximans, white-faced heron Egretta
novaehollandiae, Australian shelduck Tadorna tadornoides) were more abundant in the 2017 survey period
(figure 5). This was also reflected in the InRR of birds with a herbivorous diet and very large body size,
which were mostly species of ducks (figure 6). Granivores and raptors also appeared to be more
common. Swamp harriers had the highest proportionate increase among species for which InRR was
calculated, followed by galahs (Eolophus roseicapillus) and the little wattlebird (Anthochaera chrysoptera), a
species common in urban environments of Tasmania. Sulphur-crested cockatoos and the introduced
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Figure 5. Changes in the mean density of bird species in remnant woodlands (n = 33) between the 1997 and 2017 survey periods.
Positive values of the log-response ratio (InRR) indicate greater abundance in 2017 while negative values indicate greater abundance
in the 1997 survey period. Differences are significant when 95% Cl error bars do not overlap zero. Only those species that were
recorded at more than one site and for which more than five individuals were observed are included. The InRR could not be
calculated for species that were recorded in only one of the two survey periods (e.g. satin flycatcher, little and long-billed
corellas) and so these birds were also excluded.

common starling had the greatest absolute increases in density: 0.26-1.11 cockatoos ha™! and

1.25-1.87 starlings ha~'. Forest ravens (Corvus tasmanicus) were also more abundant and, as in the 1997
survey period, this species was recorded at every survey site.

Of the 10 species with the lowest response ratios (i.e. less abundant in the recent survey), two are
endemic to Tasmania (yellow-throated honeyeater Lichenostomus flavicollis and yellow wattlebird
Anthochaera paradoxa) and eight are arboreal foragers. The exceptions were eastern rosellas and the
yellow-rumped thornbill (Acanthiza chrysorrhoa), both of which are classed as ground-foraging species.
At historical sites, three species were recorded on transects in the 1997 survey period but were absent in
the present survey: masked lapwing (Vanellus miles), peregrine falcon and chestnut teal (Anas castanea).
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Figure 6. Changes in the density of all bird species that shared traits. Positive values of the log-response ratio (InRR) indicate
greater abundance in the 2017 survey period. Negative values indicate greater abundance in the 1997 survey period. Error bars
are 95% confidence intervals.

Conversely, four species were recorded in the current survey but were previously undetected: satin
flycatcher (Myiagra cyanoleuca), little corella, long-billed corella and the Pacific black duck (Anas superciliosa).

4. Discussion

The Midlands region of Tasmania is a microcosm of agricultural landscapes elsewhere in Australia and the
world, with many of the same threats to avifauna. The well-defined geographical boundaries of the
Midlands Biodiversity Hotspot provide an ideal opportunity for studying the impacts of land-use change
on birds and other wildlife. We first examined how environmental characteristics influence current patterns
of bird species presence and community composition, before considering how this might have changed as
a result of agricultural intensification. The composition of bird communities in remnant woodlands of the
Midlands was strongly influenced by the amount of surrounding woody vegetation, landcover diversity
and the elevation of survey sites, but elements of structural complexity such as foliage projective cover
(FPC) and leaf litter cover were also important. As in other studies of Australian avifauna, the presence of
aggressive noisy miners had strong negative effects on the abundance and richness of small birds [39,53],
highlighting what will be a key management challenge for local restoration efforts. Agricultural
intensification in the Midlands over the past 20 years appears to have favoured large-bodied birds;
populations of some small and medium-sized species, particularly arboreal foragers, could be in decline.

4.1. Bird community composition and habitat variables

The greatest gains in avian biodiversity are to be made by restoring habitat in landscapes with low levels
of native vegetation cover [54]. We found that increasing levels of wooded cover could have significant
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benefits for native birds in our study region. Survey sites surrounded by more woodland supported a [ 15 |
more diverse bird community with a higher abundance of nectarivores and generalist foragers and
fewer exotic species. Four of the seven species with significantly lower abundances in the 2017 survey
period (spotted pardalote Pardalotus punctatus, crescent honeyeater Phylidonyris pyrrhopterus, yellow-
throated honeyeater, grey shrike-thrush Colluricincla harmonica) were also positively associated with
woody vegetation cover. Thus, restoring tree cover might especially benefit these species, which are
potential targets for ecological restoration. Species—area relationships have been well described in
birds [55-59]. Large patches of woodland and landscapes with high vegetation cover provide more
resources, such as space, food and safe nesting sites, as well as better access to these resources, and
can, therefore, support larger and more diverse bird populations [60-62]. Increasing vegetation cover
might also improve the ability of birds to colonize remnant vegetation, mitigate negative edge effects
and encourage settlement by greater numbers of migratory individuals [63-65]. Nonetheless, small
patches of remnant habitat still contribute to avian biodiversity in fragmented landscapes [59]. This
was true for small woodlands and planting sites in the Midlands but only when these habitats were
free from high densities of noisy miners.
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There was a clear division between bird communities in noisy miner-dominated woodlands, which
were mainly comprised of large species characteristic of open-farmland environments (e.g. Australian
magpie, laughing kookaburra), and woodlands without miners where smaller species could persist.
This pattern is consistent with the earlier survey of the Midlands [25] and is common to fragmented
habitat throughout Australia wherever aggressive Manorina honeyeaters are present [39,66,67]. Our
study adds that temporal changes in miner density could explain shifts between these two types of
bird community. Two woodlands demonstrated large changes in species richness; one increased by 18
bird species and the other declined in richness by the same number. Miner densities at these sites
changed from 1.75 to 0.56 miners ha™' and 0.56 to 1.86 miners ha™', respectively. Thomson et al. [39]
had previously estimated 0.56 miners ha™' as the threshold above which miners in the Northern
Midlands bioregion were expected to negatively affect the occupancy of small birds. Thus, such
dramatic changes in community composition are consistent with the impact threshold proposed by
Thomson et al. [39]; this represents an effective target for the maximum density of noisy miners that
could be tolerated by other birds in restored habitats. Methods of controlling miner populations are
currently the focus of much scientific inquiry ([68], but see Recommendations for restoration).

FPC and leaf litter cover also had significant effects on community composition. Arboreal foragers and
species more typical of wet forests (e.g. satin flycatcher & Tasmanian scrubwren Sericornis humilis) were
most abundant at sites with high FPC while granivorous species and aerial foragers showed the
opposite response. High FPC and leaf litter cover might reflect greater site productivity (FPC was
positively correlated with mean annual rainfall) and a more abundant and diverse prey-base for
insectivorous birds [69-71]. Certainly, all three species of robin included in our analysis showed positive
associations with leaf litter cover. Sites with high FPC might also provide better opportunities for
nesting sites and greater protection to birds from introduced predators like feral cats [72]. Birds that
were negatively associated with leaf litter cover tended to be more common in degraded woodlands
where pasture grasses were the dominant groundcover (e.g. forest raven and common starling).

v 9 L OOOZ v L DS L 305 v H ,.

Elevation had a strong influence on community composition but only one species, the grey fantail,
was found to contribute significantly to this effect. The apparent negative relationship between grey
fantails and elevation could be the result of seasonal migratory behaviour in this species, which is
poorly understood in Tasmania [73]. Some birds, such as the crescent honeyeater, are known to
migrate altitudinally in response to changes in food availability but individual trends for these
elevational migrants could have been masked in our analysis because we combined survey data from
different seasons. Given that our study sites were mainly restricted to the rift valley of the Midlands,
our surveys were not designed to reveal the full effects of elevation on Tasmanian bird assemblages.
Nonetheless, our models showed that endemics like the black currawong, black-headed honeyeater
and yellow-throated honeyeater were more common at higher altitudes.

4.2. Traits and changes in abundance

The bird community of Tasmania is distinct from those of mainland Australia but is also relatively
depauperate [25]. This could result from a dispersal filter to the island or Tasmania’s climatic
suitability. Of the terrestrial bird species that settled in Tasmania, and when compared to those of
mainland Australia, few have been recognized as of ‘conservation concern’, ‘decliners’ or as sensitive
to the area of woodland remnants [15,58,71]. For example, of the 26 species of declining woodland



bird analysed by Watson [71], only the dusky woodswallow (Artamus cyanopterus) and swift parrot [ 16 |
(Lathamus discolor) are present in Tasmania. The paucity of research on woodland birds in Tasmania
could mean that species of conservation concern are yet to be identified or might otherwise indicate
that local species are more resilient to the impacts of land-use change and are not at overall risk.

Of the 51 species that we examined, seven showed significantly lower current densities than in the
1997 survey period, but without data collected from the intervening years, we cannot be certain if
these differences truly reflect population declines. This is particularly so for striated pardalotes
(Pardalotus striatus) and crescent honeyeaters, both of which have strong migratory patterns that could
be influenced by yearly variations in climate. Many of those species with lower abundances share a
small to medium body size and are arboreal foragers. Birds with these life-history traits may be
particularly sensitive to continued habitat loss and the degradation of structural complexity in
remnant woodlands, for example by livestock grazing or domestic firewood collection. Consistent
with our findings, the spotted pardalote, striated pardalote, grey shrike-thrush and yellow-rumped
thornbill have been identified as in regional decline elsewhere in Australia, although the reasons for
their decline remain unclear [15,59,74]. Unlike Lindenmayer et al. [15] who found declines in numbers
of large-bodied birds, we found an increase in larger species.

The diversification of farms in the Midlands from sheep grazing to cropping has favoured large-
bodied granivorous birds, namely Cacatuids, by providing these species with a rapidly expanding food
source. The proliferation of farm dams and conversion of pastures has also benefitted another large
but mainly herbivorous species, the Australian shelduck. Incidental to our bird surveys, we recorded
flocks of 189 sulphur-crested cockatoos and 291 shelducks foraging in pastures adjacent to our field
sites. Corellas were absent in the 1997 survey period but were frequently recorded in the present
study [75]. The first formal record of little corellas in Tasmania was in 1983 on a farm in the Northern
Midlands that is now the focus of landscape restoration [76]. We expect that corellas will continue to
increase their abundance and distribution in much the same way as the laughing kookaburra
following its introduction to the Midlands in 1906 [44].

Populations of raptors and other large carnivorous species like the forest raven may have also
increased. This could be because of a greater availability of animal carcasses following the functional
loss of the native apex-predator, the Tasmanian devil [77], higher stocking rates of lambs, reduced
persecution and use of poisons by landowners, or perhaps even habitat fragmentation itself. Aerial
foragers, which were mostly raptors, showed a preference for landcover diversity and low woodland
cover near to survey sites, possibly reflecting their hunting strategies.

We found a high proportional increase in species that are typically associated with wetlands. Record
rainfall meant that in 2016 many of the ephemeral lagoons near to our survey sites were filled and some
paddocks were flooded [30]. This attracted dispersive species of duck, white-faced herons and other
migratory birds like the swamp harrier, such that they were more frequently recorded within
neighbouring woodlands. By contrast, the historical survey period was undertaken at the beginning of
Australia’s Millennium Drought. Wetland birds could also have benefitted from the widespread
creation of farm dams to support crop irrigation.
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4.3. Recommendations for restoration

The invasion of restored habitat by noisy miners poses significant risk to the avian biodiversity objectives
of landscape restoration in the Midlands. The habitat preferences of noisy miners are well established:
eucalypt-dominated woodlands of high productivity [78], a high perimeter-area ratio [26,79] and low
structural complexity [26,39,80]. Therefore, to abate the threat of miners, restoration practitioners
should maximize levels of shrub cover [80], establish mixed stands of eucalypt and non-eucalypt tree
species (e.g. Bursaria spp., [81]) and plant in blocks rather than corridors whenever that is feasible [79,82].

We encourage restoration managers to trial novel planting configurations and test for the most
‘miner-resilient’ formations. This could include plantings that are bordered by tree species, native or
exotic, that have a very dense foliage [83]. Alternatively, eucalypt plantings could have higher than
natural stem densities at the edge but retain an open structure within their interior. Some landowners
in the Midlands regularly clear vegetation along fence lines to avoid damage by tree falls. The
associated soil disturbance has led to dense resprouting of Acacia trees [84] around the perimeter of
woodland remnants and may function to prevent colonization by noisy miners. Small islands of dense
vegetation could also be dispersed within miner-dominated remnants to facilitate the movement of
small birds through revegetation corridors, analogous to paddock trees as stepping stones for birds
across the agricultural matrix [85].



Miner culls have also been proposed as a management action to encourage the return of small birds to
remnant habitat [26,86]. Some authors have reported immediate benefits of culling miners [87,88], but
more recent studies have found no short-term effects on bird species richness and abundance [66,68].
The ecological benefit of culls probably depends on the initial density of miner birds in degraded
habitat [68,89]. Further research is needed to test whether culls are more successful in remnant
woodlands that are contiguous with revegetation sites or when there is a combined habitat restoration
effort [88].

In one small woodland remnant, the establishment of a neighbouring eucalypt plantation led to a
doubling of native bird species richness. This suggests that even when revegetation is not designed
with the purpose of improving biodiversity, increasing levels of woody vegetation cover can still
benefit local avifauna. It is unclear, however, whether this increase in species richness was due to the
provision of more habitat, improved connectivity with nearby remnants or the associated decline in
noisy miner abundance. Forestry plantations could be incorporated into the design of landscape
restoration. Law et al. [90] found that as eucalypt plantations in a farmland mosaic of northern New
South Wales matured, abundance of noisy miners declined. Commercial eucalypt plantations enhance
the biodiversity value of the matrix between remnants [91] and can provide suitable foraging habitat
for some Australian birds [90,92-94].

Even though many of our small woodland sites were degraded and had become dominated by noisy
miners, their conservation value should not be ignored. Huth & Possingham [91] showed that there is
greater benefit to avian biodiversity in restoring structural attributes of small and degraded
woodlands than there is in increasing their size. Moreover, connecting small remnants without first
restoring structural complexity might only lead to the creation of more habitat for miners [86]. Small
remnants could be improved by reducing grazing pressure from livestock or perhaps through
ecological burns such that leaf litter cover and FPC are restored. Gorse shrubs are present in many
woodland remnants in the Midlands and are often the only feature that provides vertical structural
complexity in this habitat. As has been suggested for Tamarix, a genus of invasive weeds in North
America, gorse should be replaced gradually by native shrubs that offer comparable vegetation cover,
rather than being immediately cleared [95]. Gorse shrubs within remnants provide small birds with
safe nesting sites as well as protection from noisy miners and other predators. We also recorded a
range of species using gorse-invaded pastures to travel between woodland remnants, highlighting the
weed’s value in softening the agricultural matrix.

Large increases in the abundance of hollow-nesting birds, including sulphur-crested cockatoos,
common starlings, galahs and corellas, has probably increased competition for what was an already
limited resource in the Midlands. Competition for breeding hollows is thought to contribute to
declining numbers of eastern rosellas in Tasmania [96] and could increasingly threaten other species
like the dusky woodswallow. Tree hollows suitable for breeding birds can take more than 100 years to
form in Eucalyptus [97] and so revegetation sites will not be able to relieve such demand in the
immediate future. Artificial nest-boxes could be used to supplement natural tree hollows within
remnant woodlands but are unlikely to attract hollow-breeding birds to young stands of vegetation [98].
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5. Conclusion

Agricultural intensification in the Tasmanian Midlands appears to have benefitted some bird species.
These tended to be larger birds with either a granivorous or carnivorous diet. By contrast, arboreal
foragers and nectarivores that prefer areas of high woodland cover and rely on more complex
vegetation structure could be in decline. A continued long-term monitoring effort is necessary to
confirm changes in bird abundance because our analysis was limited to comparisons between just two
survey periods. This is especially urgent considering the emerging trend of population decline in
common birds around the world [5,15,99], the rapidly changing environment in the Midlands, and
the poor representation of Tasmanian species in Australian bird data. In a landscape like the
Midlands, which has very little remaining native vegetation, simply increasing levels of wooded cover
will have significant benefits for local bird populations [100]. To maximize the conservation value of
restoration efforts, however, competition between birds and the specific habitat preferences of
individual species must also be addressed.

Ethics. All birds were surveyed under the University of Tasmania Animal Ethics approval no. A0014880. All research
was conducted with the permission of landowners and under scientific permit from the Department of Primary
Industries, Parks, Water and Environment, authority no. FA15132.



Data accessibility. Datasets used in this study are available through figshare at https://doi.org/10.6084/m9.figshare. m
9192485. Bird survey data has been uploaded to the Natural Values Atlas of Tasmania.

Authors” contribution. G.C.B. collected the field data, helped conceive the study, performed the analysis and wrote the
paper; R.G. and R.H. helped collect the vegetation data and discussed the results and statistical analyses; M.A.M.
collected the historical field data and participated in the design of the study; C.N.]J. and M.EJ. helped to conceive
and design the study, discussed the results and statistical analyses and helped draft the manuscript. All authors
revised the manuscript and gave final approval for publication.

Competing interests. We declare we have no competing interests.

Funding. M.EJ. is the recipient of an Australian Research Council Future Fellowship (grant no. FT100100031) and C.N.]J.
was supported by an ARC Australian Professorial Fellowship (grant no. DP110103069). The Midlands Restoration
Project is supported by an ARC Linkage (grant no. LP130100949) to M.E.J. and C.N.J.

Acknowledgements. We thank the many landowners who gave permission for surveys to be conducted on their properties.
We are especially appreciative for the kind hospitality of Rae and Lindsay Young. We thank our industry partners:
Neil Davidson, Sebastian Burgess and Tanya Bailey (formerly Greening Australia) and collaborators: Matt Appleby
(Bush Heritage Australia), Daniel Sprod (formerly Tasmanian Land Conservancy), Louise Gilfedder and Oberon
Carter (Department of Primary Industry, Parks, Water and Environment) for their ongoing logistical and
intellectual support. Finally, we are grateful to Joanne Potts for providing statistical expertise and to anonymous
referees for their feedback on earlier versions of the manuscript.

*sosi/Jeunof/6106uiysgnd/aposjedos

References

Emmerson M et al. 2016 How agricultural
intensification affects biodiversity and ecosystem

overview. Biol. Conserv. 211, 88-95. (doi:10.
1016/j.biocon.2016.12.020)

2016 Using avian functional traits to assess the
impact of land-cover change on ecosystem

services. In Large-scale ecology: model systems 10.  Denerley C, Redpath SM, Wal R, Newson SE, processes linked to resilience in tropical forests.
to global perspectives (eds AJ Dumbrell, Chapman JW, Wilson JD. 2018 Breeding ground Proc. R. Soc. B 283, 20161289. (doi:10.1098/
RL Kordas, G Woodward), pp. 43-97. London, correlates of the distribution and dedine of the rspb.2016.1289)

UK: Academic Press. common cuckoo Cuculus canorus at two spatial 19.  Ikin K, Yong DL, Lindenmayer DB. 2016

Pisa LW et al. 2015 Effects of neonicotinoids and scales. bis 161, 346-358. (doi:10.1111/ibi.12612) Effectiveness of woodland birds as taxonomic
fipronil on non-target invertebrates. Environ. Sci. 1. Fischer J, Stott J, Law BS. 2010 The surrogates in conservation planning for

Pollut Res. Int. 22, 68-102. (doi:10.1007/ disproportionate value of scattered trees. Biol. biodiversity on farms. Biol. Conserv. 204,
$11356-014-3471-x) Conserv. 143, 1564—1567. (doi:10.1016/j. 411-416. (do0i:10.1016/j.biocon.2016.11.010)
Hallmann CA, Foppen RP, van Turnhout (A, biocon.20doi:10.03.030) 20.  Wenny DG, DeVault TL, Johnson MD, Kelly D,
de Kroon H, Jongejans E. 2014 Declines in 12.  Fitzsimons JA, Michael DR. 2017 Rocky outcrops: Sekercioglu H, Tomback C, Whelan DF, J C. 2011
insectivorous birds are associated with high a hard road in the conservation of critical The need to quantify ecosystem services
neonicotinoid concentrations. Nature 511, habitats. Biol. Conserv. 211, 36—44. (doi:10. provided by birds. The Auk 128, 1-14. (doi:10.
341-343. (doi:10.1038/nature13531) 1016/j.biocon.2016.11.019) 1525/auk.2011.10248)

Boatman ND, Brickle NW, Hart JD, Milsom TP, 13. Hunter MG, Smith RG, Schipanski ME, Atwood 21. Jones ME, Davidson N. 2016 Applying an
Morris AJ, Murray AWA, Murray KA, LW, Mortensen DA. 2017 Agriculture in 2050: animal-centric approach to improve ecological
Robertson PA. 2004 Evidence for the recalibrating targets for sustainable restoration. Restor. Ecol. 24, 836-842. (doi:10.
indirect effects of pesticides on farmland birds. intensification. BioScience 67, 386—391. (doi:10. 1111/rec.12447)

Ibis 146, 131-143. (doi:10.1111/].1474-919X. 1093/biosci/hix010) 22.  Dingle H. 2004 The Australo-Papuan bird
2004.00347.x) 14.  Langlands PR, Brennan KE, Framenau VW, Main migration system: another consequence of
Stanton RL, Morrissey (A, Clark RG. 2018 BY. 2011 Predicting the post-fire responses of Wallace’s Line. Emu - Austral Ornithol. 104,
Analysis of trends and agricultural drivers of animal assemblages: testing a trait-based 95-108. (doi:10.1071/mu03026)

farmland bird declines in North America: approach using spiders. J. Anim. Ecol. 80, 23. (han K. 2001 Partial migration in Australian

a review. Agr. Ecosyst. Environ. 254, 244-254. 558-568. (doi:10.1111/}.1365-2656.20d0i:10. landbirds: a review. Emu - Austral Ornithol. 101,
(doi:10.1016/j.agee.2017.11.028) 01795.x) 281-292. (doi:10.1071/mu00034)

DeVault TL, Olson ZH, Beasley JC, Rhodes OE. 15.  Lindenmayer DB et al. 2018 Tests of predictions 24, Prior LD, Sanders GJ, Bridle KL, Nichols SC,
2011 Mesopredators dominate competition associated with temporal changes in Australian Harris R, Bowman DMJS. 2013 Land clearance
for carrion in an agricultural landscape. Basic bird populations. Biol. Conserv. 222, 212-221. not dieback continues to drive tree loss in a
Appl. Ecol. 12, 268-274. (doi:10.1016/j.baae. (d0i:10.1016/j.biocon.2018.04.007) Tasmanian rural landscape. Reg. Environ. Change
2011.02.008) 16.  Howland BWA, Stojanovic D, Gordon 1), Radford 13, 955-967. (doi:10.1007/510113-012-0396-0)
Roos S, Smart J, Gibbons DW, Wilson JD. 2018 J, Manning AD, Lindenmayer DB. 2016 Birds of 25. MacDonald MA, Kirkpatrick JB. 2003 Explaining
A review of predation as a limiting factor for a feather flock together: using trait-groups to bird species composition and richness in

bird populations in mesopredator-rich understand the effect of macropod grazing on eucalypt-dominated remnants in subhumid
landscapes: a case study of the UK. Biol. Rev. birds in grassy habitats. Biol. Conserv. 194, Tasmania. J. Biogeogr. 30, 1415-1426. (doi:10.
Camb. Philos. Soc. 93, 1915-1937. (doi:10. 89-99. (doi:10.1016/j.biocon.2015.11.033) 1046/j.1365-2699.2003.00927.x)
1111/brv.12426) 17. Hanspach J, Fischer J, Ikin K, Stott J, Law BS. 26.  Maron M et al. 2013 Avifaunal disarray due to a
Lecq S, Loisel A, Brischoux F, Mullin SJ, Bonnet 2012 Using trait-based filtering as a predictive single despotic species. Divers. Distrib. 19,

X. 2017 Importance of ground refuges for the framework for conservation: a case study of bats 1468-1479. (d0i:10.1111/ddi.12128)
biodiversity in agricultural hedgerows. Ecol. on farms in southeastern Australia. J. Appl. Ecol. 27.  Department of the Environment and Energy.
Indic. 72, 615-626. (doi:10.1016/j.ecolind.2016. 49, 842-850. (doi:10.1111/j.1365-2664.2012. 2019 Listed Key Threatening Processes. See
08.032) 02159.x) https://www.environment.gov.au/cgi-bin/sprat/
Hunter ML et al. 2017 Conserving small natural 18.  Bregman TP, Lees AC, MacGregor HE, Darski B, public/publicgetkeythreats.pl (accessed 24 April

features with large ecological roles: a synthetic

de Moura NG, Aleixo A, Barlow J, Tobias JA.

2019).

. 9LOOOZL /)guadojos H


https://doi.org/10.6084/m9.figshare.9192485
https://doi.org/10.6084/m9.figshare.9192485
https://doi.org/10.6084/m9.figshare.9192485
http://dx.doi.org/10.1007/s11356-014-3471-x
http://dx.doi.org/10.1007/s11356-014-3471-x
http://dx.doi.org/10.1038/nature13531
http://dx.doi.org/10.1111/j.1474-919X.2004.00347.x
http://dx.doi.org/10.1111/j.1474-919X.2004.00347.x
http://dx.doi.org/10.1016/j.agee.2017.11.028
http://dx.doi.org/10.1016/j.baae.2011.02.008
http://dx.doi.org/10.1016/j.baae.2011.02.008
http://dx.doi.org/10.1111/brv.12426
http://dx.doi.org/10.1111/brv.12426
http://dx.doi.org/10.1016/j.ecolind.2016.08.032
http://dx.doi.org/10.1016/j.ecolind.2016.08.032
http://dx.doi.org/10.1016/j.biocon.2016.12.020
http://dx.doi.org/10.1016/j.biocon.2016.12.020
http://dx.doi.org/10.1111/ibi.12612
http://dx.doi.org/10.1016/j.biocon.20doi:10.03.030
http://dx.doi.org/10.1016/j.biocon.20doi:10.03.030
http://dx.doi.org/10.1016/j.biocon.2016.11.019
http://dx.doi.org/10.1016/j.biocon.2016.11.019
http://dx.doi.org/10.1093/biosci/bix010
http://dx.doi.org/10.1093/biosci/bix010
http://dx.doi.org/10.1111/j.1365-2656.20doi:10.01795.x
http://dx.doi.org/10.1111/j.1365-2656.20doi:10.01795.x
http://dx.doi.org/10.1016/j.biocon.2018.04.007
http://dx.doi.org/10.1016/j.biocon.2015.11.033
http://dx.doi.org/10.1111/j.1365-2664.2012.02159.x
http://dx.doi.org/10.1111/j.1365-2664.2012.02159.x
http://dx.doi.org/10.1098/rspb.2016.1289
http://dx.doi.org/10.1098/rspb.2016.1289
http://dx.doi.org/10.1016/j.biocon.2016.11.010
http://dx.doi.org/10.1525/auk.2011.10248
http://dx.doi.org/10.1525/auk.2011.10248
http://dx.doi.org/10.1111/rec.12447
http://dx.doi.org/10.1111/rec.12447
http://dx.doi.org/10.1071/mu03026
http://dx.doi.org/10.1071/mu00034
http://dx.doi.org/10.1007/s10113-012-0396-0
http://dx.doi.org/10.1046/j.1365-2699.2003.00927.x
http://dx.doi.org/10.1046/j.1365-2699.2003.00927.x
http://dx.doi.org/10.1111/ddi.12128
https://www.environment.gov.au/cgi-bin/sprat/public/publicgetkeythreats.pl
https://www.environment.gov.au/cgi-bin/sprat/public/publicgetkeythreats.pl
https://www.environment.gov.au/cgi-bin/sprat/public/publicgetkeythreats.pl

28.

29.

30.

31

32.

33

34,

35.

36.

37.

38.

39.

40.

41.

4.

4.

Hamer R. 2019 Restoring farmland for
biodiversity, a carnivorous perspective. PhD
thesis, University of Tasmania, Hobart,
Tasmania.

Ford HA, Barrett GW, Saunders DA, Recher HF.
2001 Why have birds in the woodlands

of southern Australia declined? Biol.

Conserv. 97, 71-88. (doi:10.1016/s0006-
3207(00)00101-4)

BOM. 2017 Tasmania in 2016: a very wet and
very warm year. See http:/www.bom.gov.au/
climate/current/annual/tas/archive/2016.
summary.shtml (accessed 14 May 2018).
Bennett JC et al. 2010 Climate futures for
Tasmania: water and catchments technical
report. Hobart, Tasmania: Antarctic Climate &
Ecosystems Cooperative Research Centre.

Loyn RH. 1986 The 20-minute search: a simple
method for counting forest birds. Corella 10,
58-60.

Gardiner R, Bain G, Hamer R, Jones ME, Johnson
(N. 2018 Habitat amount and quality, not patch
size, determine persistence of a woodland-
dependent mammal in an agricultural
landscape. Landsc. Ecol. 33, 1837-1849.
(doi:10.1007/510980-018-0722-0)

Forman RTT, Godron M. 1986 Landscape ecology.
New York, NY: John Wiley & Sons.

ESRI. 2019 ArcGIS Desktop: Version 10.4.1.
Redlands, CA: Environmental Systems Research
Institute.

DPIPWE. 2013 TASVEG 3.0. Hobart, Tasmania:
Tasmanian Vegetation Monitoring and Mapping
Program, Resource Management and
Conservation Division. Department of Primary
Industries, Parks, Water & the Environment.
Gill T, Johansen K, Phinn S, Trevithick R, Scarth
P, Armston J. 2016 A method for mapping
Australian woody vegetation cover by linking
continental-scale field data and long-term
Landsat time series. Int. J. Remote Sens. 38,
679-705. (doi:10.1080/01431161.2016.
1266112)

Xu T, Hutchinson MF. 2013 New developments
and applications in the ANUCLIM spatial climatic
and biodimatic modelling package. Environ.
Modell. Softw. 40, 267-279. (doi:10.1016/j.
envsoft.2012.doi:10.003)

Thomson JR et al. 2015 Avifaunal disarray:
quantifying models of the occurrence and
ecological effects of a despotic bird species.
Divers. Distrib. 21, 451-464. (doi:10.1111/ddi.
12294

Marchant S, Higgins PJ. 1990 Handbook of
Australian, New Zealand and Antarctic birds.
Volume 1: rattites to ducks. Melbourne,
Australia: Oxford University Press.

Marchant S, Higgins PJ. 1993 Handbook of
Australian, New Zealand and Antarctic birds.
Volume 2: raptors to lapwings. Melbourne,
Australia: Oxford University Press.

Higgins PJ, Davies SIF. 1996 Handbook of
Australian, New Zealand and Antarctic birds.
Volume 3: snipe to pigeons. Melbourne,
Australia: Oxford University Press.

Higgins PJ, Peter JM, Steele WK. 2001 Handbook
of Australian, New Zealand and Antarctic birds.
Volume 5: tyrant-flycatchers to chats. Melbourne,
Australia: Oxford University Press.

45,

47.

49.

50.

51

52.

53.

54.

55.

56.

57.

Higgins PJ. 1999 Handbook of Australian, New
Zealand and Antarctic birds. Volume 4: parrots to
dollarbird. Melbourne, Australia: Oxford
University Press.

Higgins PJ, Peter JM. 2002 Handbook of
Australian, New Zealand and Antarctic birds.
Volume 6: pardalotes to shrike-thrushes.
Melbourne, Australia: Oxford University Press.
Higgins PJ, Peter JM, Cowling SJ. 2006
Handbook of Australian, New Zealand and
Antarctic birds. Volume 7: boatbill to starlings.
Melbourne, Australia: Oxford University Press.
Hui FKC, Poisot T. 2016 BoraL - Bayesian
ordination and regression analysis of
multivariate abundance data in R. Methods Ecol.
Evol. 7, 744-750. (doi:10.1111/2041-210x.
12514)

R Development Core Team. 2017 R: A language
and environment for statistical computing, 3.4.3
edn. Vienna, Austria: R Foundation for Statistical
Computing.

Wang Y, Naumann U, Wright ST, Warton DI.
2012 mvabund: an R package for model-based
analysis of multivariate abundance data.
Methods Ecol. Evol. 3, 471-474. (d0i:10.1111/j.
2041-210X.2012.00190.x)

Warton DI, Shipley B, Hastie T, 0'Hara RB. 2015
CATS regression: a model-based approach to
studying trait-based community assembly.
Methods Ecol. Evol. 6, 389-398. (doi:10.1111/
2041-210x.12280)

Brown AM, Warton DI, Andrew NR, Binns M,
Cassis G, Gibb H, Yoccoz N. 2014 The fourth-
corner solution: using predictive models to
understand how species traits interact with the
environment. Methods Ecol. Evol. 5, 344-352.
(doi:10.1111/2041-210x.12163)

Burnham KP, Anderson DR, Huyvaert KP. 2010
AIC model selection and multimodel inference
in behavioral ecology: some background,
observations, and comparisons. Behav. Ecol.
Sociobiol. 65, 23-35. (doi:10.1007/500265-010-
1029-6)

Dow DD. 1977 Indiscriminate interspecific
aggression leading to almost sole occupancy of
space by a single species of bird. Emu - Austral
Ornithol. 77, 115-121. (doi:10.1071/
MU9770115)

Cunningham RB et al. 2014 The law of
diminishing returns: woodland birds respond to
native vegetation cover at multiple spatial scales
and over time. Divers. Distrib. 20, 59-71.
(doi:10.1111/ddi.12145)

Villard MA, Trzcinski MK, Merriam G. 1999
Fragmentation effects on forest birds: relative
influence of woodland cover and configuration
on landscape occupancy. Conserv. Biol. 13,
774-783. (doi:10.1046/j.1523-1739.1999.
98059.x)

Heikkinen RK, Luoto M, Virkkala R, Rainio K.
2004 Effects of habitat cover, landscape
structure and spatial variables on the
abundance of birds in an agricultural-forest
mosaic. J. Appl. Ecol. 41, 824-835. (doi:10.
1111/}.0021-8901.2004.00938.x)

Smith AC, Fahrig L, Francis (M. 2011
Landscape size affects the relative importance of
habitat amount, habitat fragmentation, and
matrix quality on forest birds. Ecography 34,

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

103-113. (doi:10.1111/}.1600-0587.20d0i:10.
06201.x)

Ikin K, Barton PS, Stimemann IA, Stein JR,
Michael D, Crane M, Okada S, Lindenmayer DB.
2014 Multi-scale associations between vegetation
cover and woodland bird communities across a
large agricultural region. PLoS ONE 9, €97029.
(doi:10.1371/journal.pone.0097029)

Watson JEM, Whittaker RJ, Freudenberger D.
2005 Bird community responses to habitat
fragmentation: how consistent are they across
landscapes? J. Biogeogr. 32, 1353-1370.
(doi:10.1111/j.1365-2699.2005.01256.X)

Connor EF, Courtney AC, Yoder JM. 2000
Individuals—area relationships: the relationship
between animal population density and area.
Ecology 81, 734-748. (doi:10.1890/0012-
9658(2000)081[0734:lartrb]2.0.C0;2)

Zanette L, Doyle P, Trémont SM. 2000 Food
shortage in small fragments: evidence from an
area-sensitive passerine. Fcology 81,
1654—1666. (doi:10.1890/0012-
9658(2000)081[1654:fsisfe]2.0.c0;2)

Hartley MJ, Hunter ML. 1998 A meta-analysis of
forest cover, edge effects, and artificial nest
predation rates. Conserv. Biol. 12, 465-469.
(doiz10.1111/j.1523-1739.1998.96373.x)
Fletcher RJ. 2009 Does attraction to conspecifics
explain the patch-size effect? An experimental
test. Oikos 118, 1139-1147. (doi:10.1111/j.
1600-0706.2009.17342.x)

Murcia C. 1995 Edge effects in fragmented
forests: implications for conservation. Trends
Ecol. Evol. 10, 58—62. (d0i:10.1016/50169-
5347(00)88977-6)

Bélisle M, Desrochers A, Fortin M-J. 2001
Influence of forest cover on the movements of
forest birds: a homing experiment. £cology 82,
1893-1904. (d0i:10.1890/0012-
9658(2001)082(1893:lofcot]2.0.C0;2)

0'Loughlin T, 0'Loughlin LS, Clarke MF. 2017 No
short-term change in avian assemblage
following removal of yellow-throated miner
(Manorina flavigula) colonies. Ecol. Manage.
Restor. 18, 83-87. (doi:10.1111/emr.12244)
Kutt AS, Vanderduys EP, Perry JJ, Mathieson MT,
Eyre TJ. 2016 Yellow-throated miners
Manorina flavigula homogenize bird
communities across intact and fragmented
landscapes. Austral Ecol. 41, 316-327. (doi:10.
1111/aec.12314)

Davitt G, Maute K, Major RE, McDonald PG,
Maron M. 2018 Short-term response of a
dedlining woodland bird assemblage to the
removal of a despotic competitor. Ecol. Fvol. 8,
4771-4780. (doi:10.1002/ece3.4016)
Montague-Drake RM, Lindenmayer DB,
Cunningham RB. 2009 Factors affecting site
occupancy by woodland bird species of
conservation concern. Biol. Conserv. 142,
2896-2903. (doi:10.1016/j.biocon.2009.07.009)
Taylor SG. 2008 Leaf litter invertebrate
assemblages in box-ironbark forest:
composition, size and seasonal variation in
biomass. Vic. Nat. 125, 19-27.

Watson DM. 2011 A productivity-based
explanation for woodland bird declines: poorer
soils yield less food. Emu 111, 10-18. (doi:10.
1071/mu09109)

*sosi/Jeunof/6106uiysgnd/aposjedos

.” 9 L OOOZ v L /)g L 305 v H ,.


http://dx.doi.org/10.1016/s0006-3207(00)00101-4
http://dx.doi.org/10.1016/s0006-3207(00)00101-4
http://www.bom.gov.au/climate/current/annual/tas/archive/2016.summary.shtml
http://www.bom.gov.au/climate/current/annual/tas/archive/2016.summary.shtml
http://www.bom.gov.au/climate/current/annual/tas/archive/2016.summary.shtml
http://www.bom.gov.au/climate/current/annual/tas/archive/2016.summary.shtml
http://dx.doi.org/10.1007/s10980-018-0722-0
http://dx.doi.org/10.1080/01431161.2016.1266112
http://dx.doi.org/10.1080/01431161.2016.1266112
http://dx.doi.org/10.1016/j.envsoft.2012.doi:10.003
http://dx.doi.org/10.1016/j.envsoft.2012.doi:10.003
http://dx.doi.org/10.1111/ddi.12294
http://dx.doi.org/10.1111/ddi.12294
http://dx.doi.org/10.1111/2041-210x.12514
http://dx.doi.org/10.1111/2041-210x.12514
http://dx.doi.org/10.1111/j.2041-210X.2012.00190.x
http://dx.doi.org/10.1111/j.2041-210X.2012.00190.x
http://dx.doi.org/10.1111/2041-210x.12280
http://dx.doi.org/10.1111/2041-210x.12280
http://dx.doi.org/10.1111/2041-210x.12163
http://dx.doi.org/10.1007/s00265-010-1029-6
http://dx.doi.org/10.1007/s00265-010-1029-6
http://dx.doi.org/10.1071/MU9770115
http://dx.doi.org/10.1071/MU9770115
http://dx.doi.org/10.1111/ddi.12145
http://dx.doi.org/10.1046/j.1523-1739.1999.98059.x
http://dx.doi.org/10.1046/j.1523-1739.1999.98059.x
http://dx.doi.org/10.1111/j.0021-8901.2004.00938.x
http://dx.doi.org/10.1111/j.0021-8901.2004.00938.x
http://dx.doi.org/10.1111/j.1600-0587.20doi:10.06201.x
http://dx.doi.org/10.1111/j.1600-0587.20doi:10.06201.x
http://dx.doi.org/10.1371/journal.pone.0097029
http://dx.doi.org/10.1111/j.1365-2699.2005.01256.x
http://dx.doi.org/10.1890/0012-9658(2000)081[0734:Iartrb]2.0.Co;2
http://dx.doi.org/10.1890/0012-9658(2000)081[0734:Iartrb]2.0.Co;2
http://dx.doi.org/10.1890/0012-9658(2000)081[1654:fsisfe]2.0.co;2
http://dx.doi.org/10.1890/0012-9658(2000)081[1654:fsisfe]2.0.co;2
http://dx.doi.org/10.1111/j.1523-1739.1998.96373.x
http://dx.doi.org/10.1111/j.1600-0706.2009.17342.x
http://dx.doi.org/10.1111/j.1600-0706.2009.17342.x
http://dx.doi.org/10.1016/s0169-5347(00)88977-6
http://dx.doi.org/10.1016/s0169-5347(00)88977-6
http://dx.doi.org/10.1890/0012-9658(2001)082[1893:Iofcot]2.0.Co;2
http://dx.doi.org/10.1890/0012-9658(2001)082[1893:Iofcot]2.0.Co;2
http://dx.doi.org/10.1111/emr.12244
http://dx.doi.org/10.1111/aec.12314
http://dx.doi.org/10.1111/aec.12314
http://dx.doi.org/10.1002/ece3.4016
http://dx.doi.org/10.1016/j.biocon.2009.07.009
http://dx.doi.org/10.1071/mu09109
http://dx.doi.org/10.1071/mu09109

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

McGregor H, Legge S, Jones ME, Johnson CN. 2015
Feral cats are better killers in open habitats,
revealed by animal-borne video. PLoS ONE 10,
€01339715. (doi:10.1371/journal.pone.0133915)
Ford J. 1981 Evolution, distribution and stage of
speciation in the Rhipidura fuliginosa complex in
Australia. Emu - Austral Ornithol. 81, 128-144.
(doi:10.1071/mu9810128)

Radford JQ, Bennett AF. 2007 The relative
importance of landscape properties for
woodland birds in agricultural environments.
J. Appl. Ecol. 44, 737-747. (doi:10.1111/j.1365-
2664.2007.01327.x)

MacDonald MA. 2001 Habitat fragmentation
and its effects on birds and grasshoppers in
eucalypt remnants in the Tasmanian Midlands.
PhD thesis, University of Tasmania, Hobart,
Tasmania.

Green RH. 1984 Little corella in Tasmania.
Tasman. Nat. 77, 6.

Cunningham CX, Johnson (N, Barmuta LA,
Hollings T, Woehler EJ, Jones ME. 2018 Top
carnivore decline has cascading effects on
scavengers and carrion persistence.

Proc. R. Soc. B 285, 20181582. (doi:10.1098/
15pb.2018.1582)

Montague-Drake RM, Lindenmayer DB,
Cunningham RB, Stein JA. 2011 A reverse
keystone species affects the landscape
distribution of woodland avifauna: a case study
using the noisy miner (Manorina
melanocephala) and other Australian birds.
Landsc. Ecol. 26, 1383-1394. (doi:10.1007/
$10980-011-9665-4)

Clarke MF, Oldland JM. 2007 Penetration of
remnant edges by noisy miners (Manorina
melanocephala) and implications for habitat
restoration. Wildl. Res. 34, 253—261. (doi:10.
1071/wr06134)

Robertson 0, Maron M, Buckley Y, McAlpine C.
2013 Incidence of competitors and landscape
structure as predictors of woodland-dependent
birds. Landsc. Ecol. 28, 1975-1987. (doi:10.
1007/510980-013-9934-5)

Hastings RA, Beattie AJ. 2006 Stop the
bullying in the corridors: can including

shrubs make your revegetation more

noisy miner free? Fcol. Manage. Restor.

7, 105-112. (doi:10.1111/j.1442-8903.2006.
00264.x)

82.

83.

84.

85.

86.

87.

88.

89.

90.

Taylor RS, Oldland JM, Clarke MF. 2008 Edge
geometry influences patch-level habitat use by
an edge spedialist in south-eastern Australia.
Landsc. Ecol. 23, 377-389. (doi:10.1007/
$10980-008-9196-9)

Marzluff JM, Ewing K. 2001 Restoration of
fragmented landscapes for the conservation of
birds: a general framework and specific
recommendations for urbanizing landscapes.
Restor. Ecol. 9, 280—292. (doi:10.1046/j.1526-
100x.2001.009003280.x)

Spooner PG. 2005 Response of Acacia species to
disturbance by roadworks in roadside
environments in southern New South Wales,
Australia. Biol. Conserv. 122, 231-242. (doi:10.
1016/j.biocon.2004.07.012)

Fischer J, Lindenmayer DB. 2002 The
conservation value of paddock trees for birds in
a variegated landscape in southern New South
Wales. 1. Species composition and site
occupancy patterns. Biodivers. Conserv. 11,
807-832. (doi:10.1023/a:1015371511169)
Major RE, Christie FJ, Gowing G. 2001 Influence
of remnant and landscape attributes on
Australian woodland bird communities. Biol.
Conserv. 102, 47-66. (doi:10.1016/50006-
3207(01)00090-8)

Grey MJ, Clarke MF, Loyn RH. 1997 Initial
changes in the avian communities of remnant
eucalypt woodlands following a reduction in
the abundance of noisy miners, Manorina
melanocephala. Wildl. Res. 24, 631-648.
(doi:10.1071/WR96080)

Debus SJS. 2008 The effect of noisy miners on
small bush birds: an unofficial cull and its
outcome. Pac. (onserv. Biol. 14, 185-190.
(doi:10.1071/pc080185)

Crates R, Terauds A, Rayner L, Stojanovic D,
Heinsohn R, Wilkie C, Webb M. 2018 Spatially
and temporally targeted suppression of despotic
noisy miners has conservation benefits for
highly mobile and threatened woodland birds.
Biol. Conserv. 227, 343-351. (doi:10.1016/j.
biocon.2018.doi:10.006)

Law BS, Chidel M, Brassil T, Turner G, Kathuria
A. 2014 Trends in bird diversity over 12 years in
response to large-scale eucalypt plantation
establishment: implications for extensive carbon
plantings. Forest Ecol. Manage. 322, 58-68.
(doi:10.1016/j.foreco.2014.02.032)

91.

92.

93.

94.

9.

96.

97.

9.

9.

100.

Huth N, Possingham HP. 2011 Basic ecological
theory can inform habitat restoration for
woodland birds. J. Appl. Ecol. 48, 293-300.
(doi:10.1111/1.1365-2664.20d0i:10.01936.)
Hobbs R, Catling PC, Wombey JC, Clayton M,
Atkins L, Reid A. 2003 Faunal use of bluegum
(Eucalyptus globulus) plantations in
southwestern Australia. Agrofor. Syst. 58,
195-212. (doi:10.1023/A:1026073906512)
Kavanagh RP, Stanton MA, Herring MW. 2007
Eucalypt plantings on farms benefit woodland
birds in south-eastern Australia. Austral Ecol.
32, 635-650. (doi:10.1111/}.1442-9993.2007.
01746.x)

Loyn R, McNabb E, Macak P, Noble P. 2007
Eucalypt plantations as habitat for birds on
previously cleared farmland in south-eastern
Australia. Biol. Conserv. 137, 533-548. (doi:10.
1016/j.biocon.2007.03.012)

Sogge MK, Sferra SJ, Paxton EH. 2008 Tamarix
as habitat for birds: implications for riparian
restoration in the southwestern United States.
Restor. Ecol. 16, 146—154. (doi:10.1111/j.1526-
100X.2008.00357.x)

Koch AJ, Munks SA, Woehler EJ. 2008
Hollow-using vertebrate fauna of Tasmania:
distribution, hollow requirements and
conservation status. Aust. J. Zool. 56, 323-349.
(doi:10.1071/2008003)

Koch AJ, Munks SA, Driscoll D, Kirkpatrick JB.
2008 Does hollow occurrence vary with

forest type? A case study in wet and dry
Eucalyptus obliqua forest. Forest Ecol.

Manage. 255, 3938-3951. (doi:10.1016/j.
foreco.2008.03.025)

Le Roux DS, Ikin K, Lindenmayer DB, Bistricer G,
Manning AD, Gibbons P. 2016 Enriching small
trees with artificial nest boxes cannot mimic the
value of large trees for hollow-nesting birds.
Restor. Ecol. 24, 252-258. (doi:10.1111/rec.
12303)

Inger R, Gregory R, Duffy JP, Stott I, Vorisek P,
Gaston KJ. 2015 Common European birds are
declining rapidly while less abundant species’
numbers are rising. Ecol. Lett. 18, 28-36.
(doi:10.1111/ele.12387)

Radford JQ, Bennett AF, Cheers GJ. 2005
Landscape-level thresholds of habitat cover for
woodland-dependent birds. Biol. Conserv. 124,
317-337. (doi:10.1016/j.biocon.2005.01.039)

910007 £ s tado 205y sosyjeumol/bobunsyqndfaanosiedor g


http://dx.doi.org/10.1371/journal.pone.0133915
http://dx.doi.org/10.1071/mu9810128
http://dx.doi.org/10.1111/j.1365-2664.2007.01327.x
http://dx.doi.org/10.1111/j.1365-2664.2007.01327.x
http://dx.doi.org/10.1098/rspb.2018.1582
http://dx.doi.org/10.1098/rspb.2018.1582
http://dx.doi.org/10.1007/s10980-011-9665-4
http://dx.doi.org/10.1007/s10980-011-9665-4
http://dx.doi.org/10.1071/wr06134
http://dx.doi.org/10.1071/wr06134
http://dx.doi.org/10.1007/s10980-013-9934-5
http://dx.doi.org/10.1007/s10980-013-9934-5
http://dx.doi.org/10.1111/j.1442-8903.2006.00264.x
http://dx.doi.org/10.1111/j.1442-8903.2006.00264.x
http://dx.doi.org/10.1007/s10980-008-9196-9
http://dx.doi.org/10.1007/s10980-008-9196-9
http://dx.doi.org/10.1046/j.1526-100x.2001.009003280.x
http://dx.doi.org/10.1046/j.1526-100x.2001.009003280.x
http://dx.doi.org/10.1016/j.biocon.2004.07.012
http://dx.doi.org/10.1016/j.biocon.2004.07.012
http://dx.doi.org/10.1023/a:1015371511169
http://dx.doi.org/10.1016/s0006-3207(01)00090-8
http://dx.doi.org/10.1016/s0006-3207(01)00090-8
http://dx.doi.org/10.1071/WR96080
http://dx.doi.org/10.1071/pc080185
http://dx.doi.org/10.1016/j.biocon.2018.doi:10.006
http://dx.doi.org/10.1016/j.biocon.2018.doi:10.006
http://dx.doi.org/10.1016/j.foreco.2014.02.032
http://dx.doi.org/10.1111/j.1365-2664.20doi:10.01936.x
http://dx.doi.org/10.1023/A:1026073906512
http://dx.doi.org/10.1111/j.1442-9993.2007.01746.x
http://dx.doi.org/10.1111/j.1442-9993.2007.01746.x
http://dx.doi.org/10.1016/j.biocon.2007.03.012
http://dx.doi.org/10.1016/j.biocon.2007.03.012
http://dx.doi.org/10.1111/j.1526-100X.2008.00357.x
http://dx.doi.org/10.1111/j.1526-100X.2008.00357.x
http://dx.doi.org/10.1071/Zo08003
http://dx.doi.org/10.1016/j.foreco.2008.03.025
http://dx.doi.org/10.1016/j.foreco.2008.03.025
http://dx.doi.org/10.1111/rec.12303
http://dx.doi.org/10.1111/rec.12303
http://dx.doi.org/10.1111/ele.12387
http://dx.doi.org/10.1016/j.biocon.2005.01.039

	Changing bird communities of an agricultural landscape: declines in arboreal foragers, increases in large species
	Introduction
	Methods
	Study region
	Survey sites
	Bird surveys
	Environmental data
	Trait data
	Statistical analyses

	Results
	Relationships between environmental variables and the bird community
	Models of change in species richness
	Changes in abundance

	Discussion
	Bird community composition and habitat variables
	Traits and changes in abundance
	Recommendations for restoration

	Conclusion
	Ethics
	Data accessibility
	Authors' contribution
	Competing interests
	Funding
	Acknowledgements
	References


