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Abstract

1. Locations in whiclecological assemblages show high resistance to climate pressures,
such as drought, are likely to be important refuges for biota in changing climates. We
asked whetheenvironmentatharacteristics of locationgere associated with the

capacity'oefbird assemblages to withstand prolonged drought.
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2. We used a mukspecies index to quantify trends in bird assemblages duringyeat3-
drought at >500 locations (>18,000 surveys) in the Murray-Darling Basin, south
eastern Australiausing data from the Atlas of Australian Birds. We investigated
whether the resistance of bird assemblages was associated with: (1) vegetation
structure; (2) vegetation productivity (vegetation greenness); (3) landscape context
(patch size, landscape vegetation cover); or (4¥ipAyenvironment (elevation,
terrain, topography, availability of surface water).

3. Vegetation productivitymeasuredby vegetation greennedsdrmalized Difference
Vegetation Index wasthe onlypotential predictowith strong evidence of an effect,
and waguositively associated with the index of drought resistanicerelwas little
evidence that variableharacterisingandscape contex¢egetation structure dhe
physical'environmeruaf siteswere associated with drought resistance of bird
communties.

4. Synthesis and applicationBird assemblages in locations wiilgh vegetation
greenness are more resistangegere drough®rioritizing conservationnvestments
in areas.witHocally high vegetation productivitg likely to be an effective strategy
for increasing the resistance of bird assemblages to extreme drought, especially i
areas where mean productivity is relatively low, such as arid aneasgimegions.
Remotely sensed vegetation greenness may baraging source of information for
identifying drought refuges for birds and possibly other biota.

Keywords: birds, climate changerefuge, refugia, droughyDVI, species resistance,

vegetation productivity, vegetation greenndésdyitat characteristics
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I ntroduction

Climate change is a key driver of biodiversity cha(Belardet al. 2012) Increases

in the frequency and severity of climate extremes, such as droughiydnezd and
extreme weather events, may pose a greater threat to ecosystem function than gradual
increasestin‘mean temperature or aridificagi®ermesan, Root & Willig 2000;

Jentsch & Beierkuhnlein 2008} limate extremes may have severe local effects on
ecosystems, and it is difficult to manage pressures of climate change at local or even
regional sales. Strengthening the capacity of local ecosystems to withstand climate
extremes such as drought (‘resistance’ = the maintenance of positive or stable
population trends, or less severe declines, compared to other locations) iolikely t

a key management strategy for minimizing the adverse effects of climate change on
biota(Nimmoet al. 2015).

Drought is occurring with increased frequency, severity and extent in many
parts of the world (Sheffield & Wood 2008), and poses a major threat to many
ecosystes (Mitchell et al.2014). Drought reduces resource availability for animals,
including.feed, shelter and nesting resources and xeric climate conditions place
physiolegical pressures on individuals (Albright et all@O0Locationsin which biota
show resstance to drought are likely to be important climate refuges. Identifying
environmental characteristics that affect the resistance of animal assemblages
contributes important information to two approaches for mitigating the effects of
climate extremes: (Ipredicting and protecting those locations that are likely to be
resistant to climate extremes; and (2) identifying environmental variables that might
be manipulated to improve thesistance of the resident bigddimmo et al. 2015).

There are foumaintypes of environmental variables that may affect the
resistance of animal assemblages to climate pressures by influencing abiotic and
microclimatic conditions or resource availability: (1) vegetation structure; (2)
vegetation-productivity; (3) landscapentext; and (4) the physical environment.

Locations in which vegetation is in better condition may be more likely to
sustaingpopulations through climate extremes, such as drddgbtNally et al.

2014). \egetation structure affects the local availabititfood and nesting resources
and micro-refuges, which affect population vital rgteslwood, Mac Nally &
Thomson 2009). Vegetation productivity may affect drought resistance of animal
assemblages because mpreductive ecosystems have more food andtagabi

resources and so, support more individuals and more species (Hurlbert 20@4).
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productivity ecosystemsuch as arid and seiaiid ecosystemsnay be more
vulnerable to resource declines caused by low raiafalldrough{Weltzin et al.

2003, Holmgreret al.2006). Analogues of vegetation productivity can be estimated
by remotely sensed measures of vegetation greenness, such as the Normalized
Difference"Vegetation Index (NDV[()Wanget al.2004), whichhas been linked to
resource quality anthe abundance and dynamics of many groups of animals,
including birds(Pettorelliet al. 2005; Pettorellet al.2011).

Landscape context may affect the ability of fauna to withstand drought,
especially for mobile taxa such as birds. Fragmented vegeta#igribe more
susceptible to droughmduced degradation (Bennettal. 2015) while ready access
to fooddresources in the surrounding landscape may increase the capacity of animals
to survive hot, dry periods (Bennettal.2014). Last, the physical environment
consists of the abiotic elements that influence microclimatic conditions and water
availability of ecosystems, which can affect biotic resistance. For example, gullies
provide.more-sheltered and maresic microclimates timanearby ridges, which may
protectindividuals from climate extrem@dac Nally, Soderquist & Tzaros 2000).
Ecosystems/with locally low water availability (elgilltop or range ridges), or
regionally low water availability (e.g. arid climate zon@saybe particularly
vulnerablesto drought because they are already iatged, while wetter locations,
such as those with high water retentiorsites in mesic climate zones may have
greater capacity to withstand droug¥teltzin et al. 2003).

We used a miti-species index based on trends in the occurrences of
droughtdeclining bird species to quantify the resistance of bird assemblages to a
prolonged drought, the ‘Big Dry’, at >500 locations in the Murray-Darling Basin,
southeastern Australia. The Big D097 — 2010), was the most severe drought in
the instrumental record in southeastern Austfaerdon-Kidd & Kiem 2009) and
had profound effects on bird assemblages, with widespread denliaéguilds
(Bennettet-al. 2014; Selwoocett al.2015a; Selwooeét al. 2015b).The relative
resistance obird species to the Big Dry appeared to be unrelateddoies
ecological biologicaland life-history traits which suggestethatdifferencedn the
responses of birds may be driven by extrinsic factors rather than intrinsic traits
(Bennettet al. 2014; Selwooctt al.2015a; Selwooeét al.2015b). Prolonged
droughts are expected to become more frequent in the r@adiobal et al. 2015), so

identifying drought refuges is vital. We foaton birds as exemplars because they
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arehighly mobile, andnany species camspond to spatial variation in conditicats
regional scales. We investigated whether site characteristics are associated with the
resstance of bird assemblages to drought by relatingdssgmblage resistance to:
(1) vegetation structure; (2) vegetation productivity; (3) landscape context; ahe (4)
physiealrenvironment. We expected that the following conditions would increase the
resistance of bird assemblages to the drought:
1. Local availability of ecological resources (measured by ground, shrub
and tree cover, plant species diversity and fallen timber);
2. High productivty (measured by using vegetation greenness);
3¢ Potential availabily of resources in the surrounding landscape
(measured by patch size, landscape vegetation cover); and
4. Sheltered landscapes with high water availability (measured by
elevation, terrain, topography, surface water, distance to permanent
water).
Materials and Methods
Bird surveys
We used hirdsurvey data from BirdLife Australia’s New Atlas of Australian Birds
program, specifically, from the standard 2-ha/20-min surveys, from January 1998 to
December200th the MurrayDarling Basin(Barrettet al. 2003) We used sites at
which vegetation structure and cover data at the survey location had been recorded by
bird surveyors on a standard ‘habitat foffable 1; BirdLife Australia 2012)Ve
included only those sites that were surveyedféryears. We considered this a
minimum period for detecting trends because other research in the region has detected
changes In bird assemblages during the Big Dey4yr period(Haslemet al. 2015).
We excluded sites that had incomplete information on site coordiramsgcy >100
m), vegetation variables (s&#e characteristigsor that had been surveyed <10
times. Thewresulting dat@erefor 546 sites with 18,306 bird surveys (mean number
of surveyssper site = 24.6, standard deviation = 22.8) (Fig. 1).
Climate-data
We obtained spatial rainfall and temperature data (modeled ah%68olution) for
the survey year@Bureau of Meteorology (Australia) 2015b; Bureau of Meteorology
(Australia) 2015a)We calculated mean annual temperature and rainfall anomalies,

compared to the Australian Bureau of Meteorology’s standard historic baseline of
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1961-1990, at each site, in each year of the study using QGIS (QGIS Development
Team 2013).
Multispecies droughtesistance index
We developed a multispecies index to measure tlisarse of droughdeclining
bird assemblages at each site, which we call the ‘Drought Resistance Index’ (DRI).
This index resembles the multispecies indices usddrbgoryet al. (2009) and
Stephenet al. (2016) to compile trends in groups of birds\idrich climate
suitability is either increasing or decreasing. Multispecies indices aggregate
informationfor groups of species into scalar measures. Although the absolute values
of multispecies indices are difficult to interpret on their own, indices setilfor
comparing composite trends in species in time or space in response to anthropogenic
pressureg§Stephengt al. 2016).

Theindex was based on ‘drougtieclining’ species. We defined these as
species with a mean negative temporal trend in occurréndalfle S1) during the
Big Dry. These trends were identified in a previous study that measured trends in the
occurrence.of terrestrial bird species using data from > 39,000 surveys in > 28,000
sites in'the Murrayparling Basin (Selwooeét al. 2015b). The widespread extent of
the drought meant that there were no concurrent ‘controls’ to determine whether
species declines were caused, or enhanced, by the drobgtgpatially explicit Atlas
of Australian Birds commenced in 1998, so there were no comparable pre-drought
baselines. As such, it is possible that some of these ‘draleglihing’ species were
declining for reasons other than drought, such as lags caused bgdongsince the
mid-19" century) landsse change in the regi¢Ford 2011).

Ead species was given a weighting such that highly drodgblining species
contributed more heavily to the DRI. We calculated the weigltior species as:

W, = (l¢;| - min(ltsl)),
(range(|ts)))

where:tpissasspecies’ overall trend during the Big Dry [fr@alwoodet al. (2015b)

Supplementary Table S1] afds the list of droughtleclining species, including all
species'with a mean negative trend, regardless of the statistical magniiude of
the posterior probability that < 0).

For each sit¢, we estimated temporal trends for each spaedmsthe Big Dry
period The model was probji(;) = ao + X;; X year,where:p;; is the probability of

observing specidsat sitej in a single survey; oo is the intercept; ani;; is the
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134 temporal trend parameter, wigearranging from 1 (1998) to 12 (2009). We assumed
135 all trends were linegiSelwoodet al. 2015b) Site trends were fitted using tgknm

136 function in R(R Core Team 2015).

137 The DRI was calculated &lse mean ofv; x X;; for all droughteleclining species
138 at eachsit@ giving a composite indicator of species’ trends at that site weighted by
139 species’ drought sensitivitiegdependeiy of species richnessarger values of the
140 DRI indicated greater drought resistance of drowgalining species. To be included
141 inthe analysis, a site haa have had a minimum of ten surveys in the survey period,
142 and speciebad to have hadt leastwo records.

143 To provide a measure of uncertainty in the DRI values, we generated 1000

144  bootstrapped samples ofiL; w;,x X; ; for each sitewith replacementrom the set

145 of species present at sjtéh = number of species present at gitesing the package

146 ‘boot’ (Canty & Ripley 2015) in R. The standard deviation each site was

147 calculated.from the 1000 samplesd the precision calculated for the DRI of each
148 site Wetested for spatialependence in the DRI with Moran’sisingthe ‘ncf’

149 package«(Bjornstad 2016) in R.

150

151 Site'characteristics

152 1. Vegetation structure

153 We estimated vegetation structure from data recorded in Habitat forms of the New Atlas
154  of Australian Birds prograriTable 1; BirdLife Australia 2012)/ariables included

155 estimated cover and diversity of small shrubs, tall shrubs, trees and ground cover and the
156 amount of fallen timber (Table 1). While other variables were included on the Habitat
157 form, we included only variables that had neamplete data for all sites (< $@es

158 [1.8%] missing information for each variable) to maximize the number of sites included
159 inthe analysis. The cover and diversity of tall and small shrubs were correlatéd’()

160 so we excluded all but small shrub cover because it was most highly correlated with all
161 three other shrub variables.

162 2. Vegetation productivity

163 We extracted the mean anniarmalized Difference Vegetation Index (NDMW¥ing

164 site coordinateto obtainan estimate of the average vegetation productivity of a site
165 (Table 1).The NDVlis strongly related to vegetation productivity, and links between
166 NDVI and the fraction of absorbed photosynthetic active radiation intercepted are
167 well documentedPettoreli et al. 2005).
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168 3. Landscape context

169 We measured the percentage cover of native vegetation to indicate resource availability in
170 the surrounding landscape for each site using ‘raster’ (Hijmans & van Etten 2013) in R
171 (Table 1). We used a 50f-radius because this scaleviously has been shown to be a
172 good.predietor of bird species response in the study region (Thahab2009) The

173 area ofgregetation patches in which sites were located was olfi@inedtlas of

174  Australian-Birds Habitat form@able 1).

175 4. Physical environment

176 We used spatial information on elevation, topographic wetness index, frequency of
177 surface water presence, and distance to permanent waterssasing site

178 coordinatessand information on site terrain from habitat forms (Table 1) to

179 characterize'the physical environment of sites. We obtained the mean annual aridity
180 of sites, butthis was highly correlated with NDYK-0.79), so we excluded it from

181 the analysis (Table 1). We included NDVI rather than aridity because we believed
182 that NDVI would be more directly linked to bird responses than aridity becausé NDV
183 links vegetation productivity and hence probable resource avaiabikclimate

184 (Pettorelliet al. 2005).

185

186 Statistical analysis

187 We usedtthree approachedich have differing capabilities, to investigate the

188 potential relationships between the DRI and environmental characteristics. First, we
189 usedthe flexibility of Bayesian multiple regression (BMR) to propagate the

190 uncertainties\in th®RI and to accommodate possible spatial dependencies by

191 employingregional random effects. We u8ayesiarmodel averaging (BMA) to

192 evaluate which variables were important predictéth® DRI. BMAis a useful way

193 to incorporatgnodelselection uncertaintgwhich predictors should be included?)

194 into inference and predictian ecological modeléWintle et al. 2003)Last, weused

195 hierarchical partitioning to estimate the individual explanatory power of dwgbors

196 identified.dn'the BMR and BMAFor all approaches, we standardized (mean = 0,

197 standard,deviation = 1) the predictors to make the ranges of all predictors dampara
198 and to assist in model convergence. The distributions of the retained predictors were
199 near normally or near uniformly distributel! pairwise-correlations for retained

200 continuous predictors were0.55.

201
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Statistical analysis 1: Bayesian multiple regsion
The BMR model was fitted usingAGS(Plummer 2003) anthe R2jags interface in
R (Su & Yajima 2015)The model was:

P
DR[;~N(z;, Ugmi); zi~N(u;, 0%); 4y = a + Z 1ﬁj Xij + Pr(i)-
]=

a~N (0,02 = 4); Bj~N(0,05); 5,05~U(0,0.2).

Here,DRI; is the estimated value for sitewith varianceyl%R,i. z; 1s the value of DRI
with uncertainty(bootstrapped precision) propagated, and is modeled as a function of
the meany; and variance?. y; is a function on the intercept[prior: N(0,02 =
4)] and'adinear combination of regression coefficiefify ndP site-specific
predictor valuesX;;). Thepg; values have exchangeable priors with mean 0 and
varianceaﬁ. Regional random effec{siver catchmers, derivedrom Geoscience
Australia=1997)p ), have exchangeable priors with mean 0 and varigncerhere
0,~U(0,0.2).

Model fit was assessed using posterior predictive asses@@antan, Meng
& Stern 1996) which assesses measure of fit (PPfit) betweenliberved and fitted
values (sum.of absolute deviations). The model is regarded as being plausible if 0.05
< PPfit <0:95. We made inferences on the importance of predictors by measuring the
posterior-prebability distributions (PPD) of thg if < 0.1 ofthe PPD foig; were > 0,
then the predictor is regarded as having a negative association with the response; if >
0.9 of thePPD fop; were > 0, then the predictor is regarded as having a positive
association with the respond€ass & Raftery 1995)
Statistical analysis 2: Bayesian model averaging
We used Bayesian model averaging (BMA) to estimate the relationships between DRI
and the predictors. The software used, bic.glm in the BMA padRafteryet al.
2015)inRsfits generalized linear modelsng the ‘leaps and bounds’ algorithm and
the Bayesian information criteridBIC) approximation to Bayes factofidoetinget
al. 1999)«bic.glm cannot propagate uncertainties in the response or handle spatial
randomreffectsWe assumed a Gaussian ermolel, which was checked and
supported by poditting assessments. We used the posterior probability that a
variable had a nemero coefficient [Pr(inc)as a measure of the influence of that

variable on the DRI. We considered values of Pr(inc) > 0.1B® &trong evidence
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that a given predictor variable influenced the DRhllefont, Raftery & Richardson
2001).

Statistical analysis 3: Hierarchical partitioning

The two approaches above are useful for identifying potentially influential predictor
but dernetprovide a break-down of ‘explained variation’, so we used the hier.part
package in RWalsh & Mac Nally 2003jo estimate the individual explanatory power
of the predictors identified in the BM&hd the BMA hier.partalsocannot propagate

uncertaintiesn the response or handle spatial random effects.

Results

Climate

Annual rainfall was below average at most sites (median site anorBalipx10 of

the 13 years of the Big Dry (Fig 2a). The mean cumulative rainfall anomaly of sites
for the study period was —882 mm relative to the baseline average for 1961-1990.
Mean annual temperature was consistently above average at most sites (median site
anomaly.>.0) for all of the Big Dry (Fig. 2b).

Drought,resistance

Eighty-nine species were identified as drought-declining. The number of drought-
declining.species recorded at each site, and hence, the number of species contributing
to a site’s DRIranged from 2-50, with a mean of 17.3 and standard deviation of 8.0.
The majority of species had weightings <0.200, with the mean weighting being 0.167
(Supplementary Fig. S1, Table S1). The distribution of site values of DRI was near
normal (Fig. $2), ranging from —0.027 to 0.021, with a mean of —0.001 and standard
deviation of 0.005There wadittle evidenceor spatial autocorrelation in the DRI

(Fig. S3).

Relationships between the DRI and predictors

The modelitted the data well for the BMR (PPfi042. The regression parameters

for fourspredictors were substantially different from 0, with DRI being assakiat
positively'with NDVI and negatively with ground cover spread (clumped vs not
clumped); landscape cover, and small shrub cover (Table yeshilts for the BMA
identified only one important [Pr(Inc) > 0.7%)jedictor, NDVI (Table 2Fig. 3).The

other three predictors identified from the BMRowed very little evidence of being
important (Pr(Inc) < @.0, Table 2). The results of theerarchical partitioning were

consistent with the BMA outcomeNDVI had the majorityof independent
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explanatory power (Table Zgiventhe strong relationship between DRI and
vegetation productivityNNDVI), we tested whether specigsightings in the DRI
were related to their affinity to arid (i.e., low productiyigreas (fronSelwoodet al.
2017), but there was raignificantrelationship R® < 0.01, Fig. S4).

Discussion

The mostimportant site characteristic related to the resistance of bird assemblages
was vegetation productivity, indicated by vegetation greenngssassemblages in
moreproductive site®iaving greater resistance to prolonged droufere wadittle
evidence thategetation structural characteristior landscape conteaffected the
resistance’ of\bird assemblagasd measures of the physical environment showed no
association‘with the index of drought resistance.

Vegetation greenness, measured by NDVI, has been used successfully to estimate
resource quality, abunde® and dynamics for many groups of animals, including
birds (Pettorellet al.2005; Pettorellet al.2011). It is likely that greener sitesith
more produective vegetation, had more resources that enabled bird populations to
persist;.or.decline less the face of the Big Dryincluding food (seeds, fruit, nectar,
invertebrates), nesting materials, shelter and breeding subgktatésert 2004;

Berry, Magkey & Brown 2007). Although we did not find effects of gullies or water
availability per seon the DRI, these variables might be important at local scales
where relatively greater water availability and topographic sheltering may create
‘ecosystem greenspots’ (Mackeyal.2012).

Vegetation productivity declines with aridity (Roderick, Berr\N&ble 2000),
so aridity may be an important governor of bigsemblage resistance to drought as a
driver of vegetation productivity. Arid ecosystems are more sensitive tmeeah
rainfall’(Weltzinet al. 2003), so higher aridity (arsb, lower produavity) sites may
have experienced greater absolute or proportional declines in productivity during the
Big Dryswhich could explain the reduced resistance inpoaductivity landscapes.
The aridifying conditions of drought may has@&used local extirpatins at sites
located at the edge of speciebBmate-suitabledistributions(Selwoodet al. 2017).1t
is alsopossible that the positive relationship between DRI and NDVI was influenced
by movement of birds from arid, low-productivity landscapes to more-productive
mesic regions, although we note that species that occur in arid areas of the Murray

Darling Basin are no more likely to be nomadic than species that occur in more mesic
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regions (Selwooet al.2017). Arid zone birds did not experience larger regional
declines than other specidisat is arid zone species were not highly influential on the
DRI (Fig. $4), so it is unlikely that the intrinsic traits of birds that inhabit-low
productivity regions had an unduly large influence on the relationship between DRI
and NDVI:

Vegetation structurgandscape contexnd the physical environment
appeared to havétle influence on the drought resistance of bird assemblddes.
variables that we used from the Atla®gram(all vegetation structure variables,
patch size and terrainyere designed to be coarse, ordinal measures based on visual
estimates by volunteer bird observers (Tabld hgse measures may not have been
sensitive enough to detect differencesaitat structure that affect bird responses
and there may have been much variability in the visual estimation methods used by
the bird observerand in the interpretation of the vegetation structural variables
recorded on the habitat forms. Matetailedand consistently measured aspedts
vegetatiorstructuremight reveal other relationships witiird resistance, which have
been documented elsewhéBennettet al. 2015).Similarly, finer measures of the
physical,landscapderived from highresolution elevation models may better
characterize the microclimate conditions of sites than the variables us€Bémene
et al.2008):

Synthesis and applications

Bird assemblages in locations wiitgh vegetation productivity are momesistanto
severedrought.This suggests thaftiotitizing conservationnvestments imigh-
productivity ecosystermmight maximizethe collective persistence arought-
sensitivebird speciesSites with locally high vegetation greenness are likely to be
particularly.imporant, especially in regions where mean productivity is relatively
low, suehrasarid and semi-arid regions. Vegetation greenness is higher attsites tha
are topographically sheltered and that have more reliable water availability, such as
run-on.areas (sitesf more concentrated or reliable surface or subsurface water flow),
gullies,floadplains and riparian zonéslackeyet al.2012; Selwooeckt al. 2016).
Protecting these sites, maintaining their vegetation productivity and conditougkhr
the provision okenvironmental watefHorneret al. 2016), and engaging &cological
restoratiorarelikely to enhance the resistance of bird assemblagi toore

frequent and severe droughts that are projected for this and other southernakustrali
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333 regions.

334 The generality of indices such as DRbh anadvantage andlamitation

335 because the needsintlividual species may be overlooked. We suggest that applying
336 management actions to increase the BfiRluld not be done in isolatiomonitoring

337 trendsinfeompnent species, and employing management techniques that consider the
338 diversity of bird communitiewill be vital for ensuringhe persistence of a

339 representative avifaunAn exclusive focus on preserving high-productivity sites may
340 result in the neglectf@ substantial portion of the avifauna, especially if this approach
341 is employed at large spatial scalgegetation greenness is strongly correlated with
342 aridity,'so although concentrating conservatioroteseson lessarid sites probably

343 would resultiin a higher average DRI, such an approach would likely favor

344 conservation ofmesicavifaunaat the expense die conservation of arid and semi-

345 aridavifaunalegetation greenness has been used to identify ‘ecosystem greenspots’,
346 locations that may function as drought refuges, by maintaining relatively high

347 vegetation productivityMackeyet al. 2012). Our findings suggest that vegetation

348 greenness.may identify drougtesistant refuges for birds. Models that link remotely
349 sensedyegetation data to ground measurements of vegetation are potentially useful
350 for explaining animal responses to climate changes and for forecasting the effects of
351 future climate scenariqgkadaet al.2014; Mac Nallyet al.2014). Moredetailed

352 studies into the relationshipgtween animal responses to drought, vegetation

353 greenness (including its temporal variability) artker site characteristiese likely

354 to be useful'identifying locations that are critical for supporting resistant animal

355 assemblages.
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Table 1. Site characteristics tested as potential predictors of drought resistance in
drought-declining bird assemblages. Asterisks indicate that information
was obtained from the Atlas of Living Australia (2015) indicates
variables that were excluded from analysis due to high correlation with

other variablesr(> 0.70).

Variable Site characteristic Description Source

categories

Vegetation
structure

Small shrub cover 0 = absent, 1 =some=2 Habitat forms

(shrubs 0.52 m) many (BirdLife

Australia 2012)
Small shrub 0 = absent, 1 = one Habitat forms
diversity”® species, 2 = two or three

species, 3 = > three
species
Small shrub type  Categorical: exotic or Habitat forms
native
Tall shrub cover 0 = absent, 1 = some, 2= Habitat forms
(shrubs 2—&n) » many

Tall shrub 0 =0species, 1 =1 Habitat forms
diversity”® species, 2 =-23 species, 3
= >3 species

Tree cover (trees > 0 = absent, 1 = some, 2= Habitat forms
8 m) many
Tree diversity 0 =0species,1=1 Habitat forms
species, 2 =-23 species, 3
= >3 species
Ground cover 0 = mostly bare, 1 = parth Habitat forms
covered with grass/herbs,
2 = mostly covered
Ground cover Classified aslamped / Habitat forms

spreadif present) unclumped
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Fallen timber 0 =0 pieces, 1 =5b Habitat forms

(fallen trees or pieces, 2 =615 pieces, 3
branches >2 m)  =>15 pieces
Vegetation
productivity
Vegetation Mean annual Normalized Bureau of Rural
greenness (NDVI)* Difference Vegetation Sciences
Index for 2001-2006 (Australia) (2007);
Carroll et al.
(2004)
Landscape
context
Landscape cover Percentage cover of nativ Department of the
vegetation within a 500 m Environment
radius (2014)
Patch size Size of discrete vegetatio Habitat forms
patch that site is located
within: 1 =<3 ha, 2 = 3—
10 ha,3=11-30 ha, 4 =
31-100 ha, 5 =101-400
ha, 6 = >400 ha
Physical
environment
Elevation* m above sea level Geoscience
(log transformed) Australia (2001)
Topographic In(a/tanB) whereais the  Williams (2010)
wetness index* upslope per unit contour

length and tam is the
local slope

Surface water* Percentage of observatiol Geoscience
1987-2014 of water from Australia (2015)
satellite imagery

Terrain Gully or other (flat, slope, Habitat forms
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ridge)
Distance to Euclidean distance to Williams (2010)
permanent water* permanent natural water

features
Aridity* Annual mean aridity inde; CSIRO (2010)

[
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Table 2 Summary of outcomes from the three analyses of the relationship
between DRI anthe predictor variables. PPD = posterior
probability distribution, Pr(Inc) = probability inclusion in best

models, PPfit = posterior predictive assessment fit, SD = standard

deviation.
Quantity Ground cover NDVI Landscape Small shrub
spread cover cover

Bayesian multiple regression (PPfit = 0.42)

PPD 0.07 0.99 0.03 0.03
Estimaté —0.0002 0.0005 —0.0004 —0.0003
SD 0.0002 0.0002 0.0002 0.0002
Bayesian model averaging

Pr(Inc) 4 100 8

Estimate ~1.1x10° 1.1x 103 -3.1x107

SD 7.6x10™ 2.6x 10 1.27x 10 -

Hierarchical partitioning
Independent % 6 79 15 <1

Figure legends

Figure 1. The study region of the Murray-Darling Basin, Australia (shaded grey,
top left). Study sites are denoted by white circles on the enlarged map,
with bands indicating long-term mean annual rainfall increasing from
west (200—-300 mm rainband) to east in D@®-intervals.

Figure 2. Climate anomalies for the study sites over the Big Dry, (a) deviation of
mean annual temperature from long-term average (1961-1990) in °C,
and (b) deviation of total annual precipitation from Idagn average
in mm.

Figure 3. Plot of the drought resistance indeRRI) against thenostimportant
predictor, vegetation greennedf)Vl). Regression lines and lower

and upper 95% confidence intervals are shown.

This article is protected by copyright. All rights reserved



Author Manuscript

This article is protected by copyright. All rights reserved



“\.‘.{. r‘ ’s.
”‘5{ E ' w. 4 x
o ' 152.8°F, 24.6°S
{i)

This articl€ i opyrighE AHBSHSs reserved

x1 38.0°E, 37.7°S ' 152.8°E, 37.7°S X



(a) jpe_13052_f2.pdf
400

200

|
|

ﬂ«

o

-200 )

rainfall anomaly

-400

-600

-800

1998 1999 2000772001 2002 2003 2004 2005 2006 2007 2008 2009
year

temperature anomaly
—

! . .
-1- This article is protected by copyright. All riéhts reserv

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
year



DRI

0.02 .]'pe_13052_f3.pdf
[ ]
[ ]
0.01
0.00
e
-0.01 4
-0.02 1 o o .
® ) °
« This article is prgtected by copyright. All rights reserved
0.2 0.4 0.6 0.8

NDVI



University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Selwood, KE; McGeoch, MA; Clarke, RH; Mac Nally, R

Title:
High-productivity vegetation is important for lessening bird declines during prolonged drought

Date:
2018-03-01

Citation:

Selwood, K. E., McGeoch, M. A., Clarke, R. H. & Mac Nally, R. (2018). High-productivity
vegetation is important for lessening bird declines during prolonged drought. JOURNAL OF
APPLIED ECOLOGY, 55 (2), pp.641-650. https://doi.org/10.1111/1365-2664.13052.

Persistent Link:
http://hdl.handle.net/11343/294084

File Description:
Accepted version



