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Abstract

Background and aims Livestock grazing and climate change are two efrttost important
global change drivers affecting ecosystem functignn drylands. Grazing and climate are
known to influence the cover and composition otthists, which are substantial components
of dryland soils globally. Much less is known, haaeg about how these global change

drivers affect the functional diversity of biocrestmmunities in these ecosystems.

Methods Here, we evaluate the role of increasing aridityf grazing intensity in driving the
functional diversity of biocrusts. We collectedalan multiple biocrust functional traits and
community composition, recent and historic grazimmgnsity, and vascular plants at 151 sites
from drylands in eastern Australia. We then useatsiral equation modelling and a fourth
corner analysis to examine the combined effectsidity and grazing on biocrust functional

diversity and individual functional traits.

Results Aridity had a significant direct suppressive effen biocrust functional diversity.
Effects of grazing by livestock, kangaroos and isltn functional diversity were
predominantly indirect and suppressive, mediated lgduction in biocrust cover. Grazing
did, however, promote functional diversit\a an increase in vascular plant richness, with a
concomitant increase in biocrust richness. Theallveffect of grazing on biocrust functional
diversity however was negative. Fourth corner asedyrevealed that livestock grazing had a
significant negative effect on the ability of biasts to stabilise the soil. Aridity had strong
negative effects on biocrust height and their gbib absorb water and capture sediment.
Few significant relationships were detected betwareayme-related traits and environmental

variables.

Conclusions Our findings provide novel evidence that the cambon of increasing aridity
and intensified livestock grazing will reduce tlhwdtional diversity and capabilities of

biocrust communities, with resultant declines insstem functioning.

Keywords:Trait; Biological soil crust; soil crusts; ecosystéunction; functional diversity;

livestock; Drylands
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Introduction

Biocrusts inhabit most terrestrial ecosystems beiparticularly abundant in drylands as a
consequence of their high tolerance to temperatidemoisture extremes (Weber et al.
2016). In these ecosystems, biocrusts play importdes in moderating key ecosystem
functions such as water infiltration and nutrieyptling (Bowker et al. 2013; Delgado-
Baquerizo et al. 2013). Biocrust attributes sucha®r and taxonomic richness have been
reported to be highly vulnerable to climate chaageé land use intensification (Ferrenberg et
al. 2015; Concostrina-Zubiri et al. 2016). Muchslesknown, however, about how the
functional diversity of biocrusts will respond teetcombined effects of aridity and land use

intensification.

The way in which biodiversity, commonly quantifiad taxonomic diversity (e.g. number of
species), interacts with ecosystem functioningldesn long studied. In these studies,
however, taxonomic diversity is a surrogate forctional diversity, relying on a correlation
that is frequently, but not consistently, posit{izgaz and Cabido 2001). For example, studies
that measure both functional and taxonomic diverditen show that both respond

differently to the same environmental drivers (ddl®et al. 2006; Ernst et al. 2006; Villeger
et al. 2010). Since functional effect traits dilpcheasure the mean effects of taxa or
functional types on ecosystem functioning, condasidrawn from the link between
functional diversity indices and ecosystem fundtigrare theoretically more valid than those

drawn from simple taxonomic diversity.

Livestock grazing and climate change are two oflost important drivers of ecosystem
function in drylands (Maestre et al. 2016). Overgrg by livestock alters ecosystem
functions, particularly in drier environments (Ettiye et al. 2016b), and pressures from
grazing are predicted to intensify by up to 70926%0 (FAO 2017). Livestock grazing
reduces crust cover directly by trampling (Eldrid@®8) and indirectly, via its effects on
vascular plant cover (Tabeni et al. 2014). Climait&lso likely to have substantial effects on
biocrusts by altering composition (Maestre et 82 Ochoa-Hueso et al. 2016) and the
ability of crusts to produce radiation-resistarmgments (Belnap et al. 2004; Reed et al. 2012;
Ferrenberg et al. 2015). Improving our understamdiithow grazing and climate affect

biocrust function is critically important if we ate manage drylands sustainably.
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Despite the mounting literature on the effectsvadtock disturbance and climate change on
biocrust attributes, there are three major knowdegigps. First, most studies have focused on
biocrust cover and taxonomic richness, but ligl&nown of the combined effects of climate
change and disturbance in driving functional diitgrsf biocrusts. Second, most studies
provide evidence of the vulnerability of biocrugidisturbances at the local scale, but much
less is known about how climate and grazing afbémtrust functional diversity at regional
scales, which are aligned with the scales at waratity and grazing operate (Maestre et al.
2016). Finally, we lack studies exploring the rofdong-term climate changes (e.g. aridity)
and land use intensification across environmentadignts (“real world” situations), as most
information comes from laboratory-based studiesuating short-term climate changes (e.g.

drought or sudden increases in temperature).

A recent study showed a positive relationship betwsinfall and the functional diversity of
biocrusts on the Iberian Peninsula (ConcostrinaiZebal. 2014). Others have provided
evidence of multiple interactions among biocruait$rand environmental variables (Bowker
et al. 2011; Michel et al. 2013), or similaritiestraits among functional groups of biocrusts
(Gavazov et al. 2010; Kidron and Tal 2012; Malleme@er and Eldridge 2016). Here, we
aim to build a system-level understanding of thheatiroles of aridity and grazing in driving
biocrust function, and indirectlyja multiple environmental drivers and biocrust atités.

To do this we used two different modelling appras;ta structural equation model, to
examine the combined effects of aridity and grazingdpiocrust functional diversity, and a
fourth corner model, to investigate the effectshaflse drivers on specific traits of species
(Brown et al. 2014).

With limited previous research on biocrust functims difficult to make a comprehensive
set ofa priori predictions about environment-trait interactioesived from the fourth corner
model. Nevertheless, Concostrina-Zubiri et al. @&howed that drier regions support
biocrust taxa with thicker attachment structuresngequently, we expected that our drylands
would support taxa with longer roots (or rhizinedichens). We also expected grazing to
hinder the establishment of taller taxa, as theynaore susceptible to trampling, but that
aridity would promote communities with taller taxeas, they are better able to withstand the
high levels of erosion and regular depositionah¢év@ssociated with more arid regions
(Read et al. 2014).
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Methods

Sudy area

Our study area covered an area of about 0.4 M kastern Australia (31.5°S - 36°S, 145°E
— 148.3°E; Figure 1). The climate in this regiomisstly semi-arid and dry-subhumid

(Aridity Index = 0.19 to 0.63; FAO 2013), and ra&adls uniformly throughout the year, with
slightly more rainfall in winter in the southernmegtes. Average annual rainfall varied along
a northwesterly gradient from 850 mm in the sowh&a320 mm in the northwest. Average
annual temperatures (~18°C) varied little acrossaitea (BOM 2017). The 151 sites were
non-contiguous fragments of woodland dominatedhieyttee species White cypress pine
(Callitris glaucophylla). These communities have been used extensivelywéstock grazing
and forestry over the past ~200 years (ThompsorEsridge 2005). The soils are relatively

deep sands to clay loams that support a moderatx obbiocrusts (Figure 1).

Data collection

In order to capture a range of grazing intensities selected sites from a range of tenures
including roadside reserves used for moving livels{@ ravelling Stock Reserves),
conservation reserves, exclosures and private \afedalso used Arc GIS to stratify sites to
capture a range of distances from permanent watech is regarded as a useful surrogate of

grazing intensity (Andrew 1988).

At each site we established a 200 m transect #imaperpendicular to the nearest livestock
watering point. Along this transect we placed f%n? (5 m x 5 m) quadrats (henceforth
‘large quadrat’) 50 m apart (i.e. at the 0 m, 5QL80 m, 150 m and 200 m points). Within
each large quadrat, we selected a uniform are@ofust for placement of a smaller 0.25 m
guadrat (‘small quadrat’). Within each small quadva estimated total crust cover. At the 50
m position at all sites we also counted the nunolb@rdividuals of each biocrust
morphospecies within the small quadrat using at20xd lens, and collected representative
samples of all taxa present. These were placediiptper bag and transported back to the
laboratory, where they were identified using dissgcand compound microscopes and
standard taxonomic keys described in Mallen-CoapeérEldridge (2016). To assess

abundance, we counted the number of individuatssample. However, we recognise that

5



159  the assessment of biocrust abundance can be pratddmecause counting the discrete crust
160 entities (the method we used) equates a near-nompasmoss with a crustose lichen the size
161  of a small dinner plate. This could potentially witte functional dispersion centroid towards
162  small mosses and away from large lichens with oomotis thalli. Biomass would be more

163  representative than counts in this case, partigudesr most traits were measured per gram.
164

165 We identified and estimated the cover of groundst@lants and shrubs in the five large

166  quadrats at each site (Eldridge et al. 2016a).sTinate recent grazing intensity, we first

167 identified and counted the faecal pellets of alhmaalian herbivores (cattle, sheep/goat,

168  kangaroo, rabbit) in the large quadrat at each 8feewere unable to differentiate between
169  sheep and goat dung, or between European rabyictblagus cuniculus) and European hare
170  (Lepuseuropaeus) dung. Samples of dung were also collected ait26,slried and weighed
171 in order to calculate the relationship between demunts and dry mass for each herbivore.
172 We used this relationship to calculate the dry nodgking at each site as a measure of recent
173  grazing intensity (see Eldridge et al. 2016a). €awh site we recorded the width and depth of
174  all livestock tracks crossing the 200 m transeaiudated the cross-sectional area of tracks,
175 and used this as a measure of historic grazingriyisiVe extracted values of the Aridity

176  Index (Al), which measures the relationship betweetipitation and potential

177  evapotranspiration, from the CGIAR-CSI Global-Atydand Global-PET Database

178  (http://www.cgiar-csi.org, Zomer et al. 2008). Weh used this index to calculate aridity, as
179 1 - Al, so that increasing values of aridity cop@sded with increasing dryness.

180

181  Biocrust trait data

182

183  Biocrust organisms have highly diverse morpholggyes biocrust traits must be applicable
184  to all constituent organisms, or at the very leth&,macroscopic organisms. In a previous
185  study we devised and measured eight functionatefifaits in individual macroscopic

186  biocrust species (Mallen-Cooper and Eldridge 20@)absorptivity, (2) sediment capture,
187  (3) height and (4) root (or rhizine) length reltdesrosional and hydrological functions

188  (Table 1; Bowker et al. 2010); (5) phosphatase (BH&hd (6) N-acetyB-glucosaminidase
189  (NAG) activity provide a measure of the degree tocl each biocrust species contributes to

190 phosphorus and nitrogen cycles respectivelyp{bD)cellobiosidase (CB) and (8)



191 glucosidase (BG) activity are surrogates of spécmastributions to the carbon cycle through
192  decomposition (Delgado-Baquerizo et al. 2015; Malooper and Eldridge 2016).

193

194  The biocrusts of south eastern Australia are kntmagontain many rare species (Eldridge et
195 al. 2006). Unfortunately, measuring traits acrasge environmental gradients is only

196 feasible in the more abundant species. Rare spécegver, are unlikely to contribute

197  greatly to ecosystem functioning, according torttess ratio hypothesis (Grime 1998).

198

199 Dataanalysis

200

201  We used two complementary approaches to analysgathea structural equation model

202  (SEM; Shipley 2000) and a fourth corner model (Bncat al. 2014). To date, there are no
203 standardised methods of measuring functional diyefBavoine and Bonsall 2011). The

204 Laliberté and Legendre (2010) measure of functidiadrsity (Functional dispersion —

205  FDis), however, has garnered considerable suppaoecent field and simulation studies due
206  to several desirable properties (Paquette and Ere28iL1; Mason et al. 2013; Gagic et al.
207  2015). First, the index can be weighted by speatesdances, which has been shown to
208 improve explanatory power (Gagic et al. 2015). 8dc¢d varies independently of taxonomic
209 richness and evenness, a necessary conditionfiddrity Mason et al. (2005). Third, it

210 tolerates any number and type of traits. Functidmgersion, however, does not allow for
211 intraspecific variation, which accounts for a skdedraction of the total trait variation in real
212 world situations (Siefert et al. 2015).

213

214  For each site, the functional diversity index (PRised here calculates the mean distance of
215  species in multivariate trait space to a centrbat ts weighted by species’ abundances. To
216  compute functional diversity, we firstly generate@ower dissimilarity matrix between

217  species for which we had sufficient trait data (@amentary Material S1). Gower

218  dissimilarity was used because it tolerates misgaiges. Principle coordinates analysis

219  (PCoA) was performed on this matrix in thB package version 1.0-12 in R (Laliberté et al.
220 2014), which derived a value of functional divergidr each of the 129 sites that contained
221  biocrust samples. A site where only one specigsasent is allocated a value of zero for
222 functional diversity. The 22 sites where no spewieee recorded were excluded from these
223  analyses because the aim of this study was tordeterhow the traits of biocrusts vary,

224  rather than the environmental conditions contrglline presence or absence of biocrusts.

7
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We then used structural equation modelling to baitystems understanding of the direct and
indirect effects of grazing and aridity on funciwliversity. In oum priori model both

aridity and grazing had direct effects on functiaigersity and indirect effects, mediated by
changes in perennial plant cover, plant richnesgyrist cover and biocrust richness. We
used perennial plant cover rather than total cobeeause perennial plants are persistent and
provide substantial ecosystem stability, and wdndexpected to support communities with
an extensive crust cover. The effects of recentrastdric grazing were combined in our
models into a single composite variable (‘grazing/hich increased with increasing grazing
intensity. The SEM allowed us to partition direntlandirect effects of one variable upon
another and to estimate the strengths of thesepieuéiffects. To improve normality, the six
predictor values were standardized (z-transformedy to analyses. Overall goodness of fit
probability tests were performed to determine theoéute fit of the best models. The
goodness of fit test estimates the long-term priibabf the observed data given thagriori
model structure. Thus high probability values iradécthat these models are highly plausible
causal structures underlying the observed corogiatiAll SEM analysis was conducted
using AMOS Software Version 20. The stability oéske models was evaluated as described
in Reisner et al. (2013).

Fourth corner analysis is being used increasingbcological studies. Unlike other methods,
which are more indirect (such as community-weighesns), fourth corner analysis
combines traits, environmental variables and sgedeindances into the same predictive
model (Brown et al. 2014). It also provides a dethinsight into the effects of drivers like
aridity and grazing on specific ecosystem functi¢raurth corner analysis describes the
process of using three matrices — sites by enviemah variables, sites by species’
abundances, and species by functional traits -efiwela ‘fourth’ matrix of functional traits

by environmental variables (Legendre et al. 199%.followed the method of Brown et al.
(2014), whereby a predictive species distributiadsi is fitted with environmental

variables, species traits and their interactioaxgdanatory variables. The environment-trait
interaction produces the fourth corner coefficientsich represent the pairwise relationships
between each functional trait and environmentabée. To calculate the fourth corner
coefficients, we used thavabund package version 3.11.9 in R (Wang et al. 2012). Sdme
predictors used in the structural equation modeewsed in this model, excepting biocrust

cover and richness. Only species for which we lmadpdete trait data were included in the

8
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fourth corner analyses because the calculatiomeotallow for missing values. Using the
enzyme traits we had data for 104 sites and 1lGesqeand for physical traits 115 sites and 24
species. We therefore analysed enzyme and physadadlata sets separately in order not to
compromise the power of the four physical traitsttBmodels were fitted with a binomial
distribution. A least absolute shrinkage and selaabperator (LASSO) was used to
determine which environment-trait interactions loakthe Bayesian Information Criterion
(BIC) of the model. Interactions that did not lovilee BIC were set to zero and were deemed
non-significant. Livestock tracks and all dung aates were log-transformed in order to
satisfy statistical assumptions. Graphical outpegse produced in the R packaggplot2
version 2.2.0 (Wickham 2009) akttice version 0.20-34 (Sarkar 2008). For the functional
diversity index used in the SEMs, abundance wasured on a log (10) scale. For the fourth
corner analysis, abundance was binary transforimedp(esence or absence) in order to

improve model fit.

Results

We identified a total of 59 biocrust species aciisk sites. However, due to a shortage of
trait data, only 40 of these species from 129 sitedd be included in the structural equation
model (Supplementary Material S1). Functional dugrwas unrelated to biocrust species

richness (Spearman(s= 0.006; P < 0.01) after removal of a clustereroes; Figure 3).

Grazing and aridity effects on functional diversity

Our structural equation model explained 32% ofta@ance in biocrust functional diversity
(x? = 0.074, df = 1P = 0.79; Figure 2). We detected no direct effetigrazing on

functional diversity, but indirect effects on biast richness mediated by changes in biocrust
cover and plant richness. Perennial plant coverahadak positive effect on biocrust
functional diversity and aridity a direct suppresseffect (Figure 2). Overall, the
standardized total effects were strongly negativafidity (-0.22) and strongly positive for
biocrust richness (0.58) and cover (0.22), andlesser extent, plant richness and cover
(0.12; Figure 2).

Grazing and aridity interactions with speciestraits
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293  There were a number of significant interactions agnoiocrust traits and environmental

294  variables (Figure 4, Supplementary Material S2)dity was negatively correlated with

295 sediment capture, height and absorptivity of wakbus, as aridity increased, biocrust

296 communities not only became functionally less campbut also shorter, less able to capture
297 sediment and less able to absorb water. Grazirgvoees had predominantly negative

298  associations with traits, with the exception oftiigédy which enhanced the height of biocrust
299 communities and their ability to capture sedim&etwv significant interactions were detected
300 between enzyme traits and environmental variaklbgh may be a consequence of

301 relatively low statistical power.

302

303 Discussion

304

305  Our study provides evidence that the functionaéiity of biocrusts is highly vulnerable to
306 increases in aridity and grazing. All effects frgnazing on functional diversity were

307 indirectly drivenvia changes in other biocrust attributes such as caveitaxonomic

308 richness. Our results support the general notianlivestock grazing has overall negative
309 impacts on ecosystem functions, though grazinguagiock, rabbits and native herbivores
310 (kangaroos) showed a positive indirect eff@eatvascular plant richness, which did not

311  counteract other indirect negative effects fronzgrg on biocrust functional diversity. The
312 increase in plant richness is likely to be skewmudbirds exotic species, which tend to be
313 enhanced by introduced grazers (Oduor et al. 2@ri@¥ity, however, showed strong and
314  significant negative direct effects on the funcéibdiversity of biocrusts, likely because of
315 the reduced number of functional groups able twigervery arid conditions. Aridity also

316 had negative effects on traits associated withi@nagsistance, invertebrate habitat and
317  hydrology. Our results imply that the combinatidnnzreasing aridity with intensified

318 livestock grazing could have detrimental consegesifior the functional composition of

319  biocrust communities; with implications for the gdate functioning of drylands, the largest
320 biome on Earth.

321

322 Indirect effect of grazing on functional diversity

323

324 Interestingly, we did not observe a direct effdaj@zing animals on biocrust functional

325 diversity. Rather, any effect from grazing on fuocal diversity was indirectly drivevia

10



326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359

biocrust cover and richness. Livestock are wellvinado directly reduce cover by trampling
(e.g. Eldridge 1998), though other indirect mechkians, which were not measured in the
present study, are possible and would contributbedalirect effect in our simplified model.
Our study suggests that grazing does not direffibgtathe suite of functional traits in a given
biocrust community, but rather reduces the oveler of these organisms, indirectly
reducing the ranges of functional traits. In drdsncover, or any measure of abundance, and
species richness are almost always positively de®, although a theoretical consensus
explaining this relationship has yet to be readfigmtk et al. 2007). The accompanying
increase in functional diversity that follows awri@ase in species richness is likely due to the
‘niche complementarity effect’, whereby a species-community is more likely to contain a
greater range of functional traits, and thus useurces more efficiently, than a relatively
species-poor community (Loreau 1998). Another noorgroversial explanation is the
‘selection effect’ (Diaz and Cabido 2001).

We found a weak relationship between livestockikisaand ‘root’ length. These results are
consistent with results from Liu et al. (2009) wband that heavy grazing reduced the
ability of biocrusts to stabilise the soil. Incresgrazing by sheep reduced the capacity of
biocrusts to capture sediments but had no effeti@srust height, which is one property that
influences sediment capture (Eldridge and Rosetde€99). This finding suggests that
sheep are affecting a different property of biotsisat influences their ability to capture
sediment, perhaps by favouring species that graavdispersed, scattered arrangement rather
than those that grow in dense clumps (e.g. Eldridii8). Unlike Read et al. (2014), who
found that shorter biocrust taxa were indicatorkesvily grazed sites while taller taxa were
indicators of protected sites, we found no relaiops between the intensity of livestock
grazing and biocrust height. Interestingly, we fduo relationship between absorptivity and
grazing. This result contrasts with Concostrinaidgi al. (2016), who found grazed plots
had a lower abundance of fruticose lichens, wheuth particularly high water absorptivity

and retention values.

Strong suppressive effects of aridity on functional diversity

Aridity had a strong negative effect on the funcéibdiversity of biocrusts and reduced the
prevalence of biocrust taxa with extreme valuesoofie traits. The extremes of temperature

and moisture which characterise arid regions apoitant environmental filters, as not all

11
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biocrust functional groups are able to establighsurvive in such harsh conditions (Coe et
al. 2014). This process of habitat filtering coasts the range of various traits, resulting in
lower values of functional diversity (Cornwell aAdkerly 2009). Increases in aridity have
been reported to increase the cover of biocrustdgddlo-Baquerizo et al. 2016), but our
results suggest that the likely increase in fumatialiversity linked to increases in cover with
aridity will not offset the strong reduction in fttional diversity related to aridifger se. This
interesting result suggests that increases intarfidim climate change may promote the
cover of biocrust communities with strongly redudesctional diversity. Ecosystem
functioning in drylands is dependent to a largeeekon biocrusts because as aridity
increases and biocrust communities are less als@hbilise soils and cycle nutrients, dryland

landscapes may become severely degraded.

We also found that increasing aridity strongly reetilisediment capture ability and generally
reduced biocrust height. The lack of relationshepateen root length and aridity contravenes
our hypothesis, revealing differential effects nfigy on the length and thickness of biocrust
attachment structures. Although there are occakresaurce pulses, arid regions generally
have sparser vegetation, drier soils and stronggicdating winds than more humid regions,
leading to high rates of erosion (Maestre et al.&0Biocrust communities in arid regions
are thus likely to be assembled from taxa with ar @dility to capture sediment because
those taxa which more readily capture sedimentisaim leaves and thalli are more likely to
be buried. The negative relationship between gralid height goes against our hypothesis.
Read et al. (2014) found that short biocrust tageevwnore likely to be found in areas
protected from high winds, and attributed thishte high likelihood of burial by wind-borne
sediment, thus preventing the establishment argigtence of these taxa in more exposed
areas. Despite taller taxa being better equippeg#ab with high rates of aeolian erosion, it is
possible that there is a limitation on growth imdaonditions (e.g. productivity, soil

nutrients, or desiccation). Since there is a reaslyrstrong positive correlation between
height and sediment capture (Mallen-Cooper andidgdr2016), another possibility is that
being tall increases a biocrust organism’s likedith@f surviving burial but also increases the

likelihood of being buried.

Concluding remarks

12
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It is likely that the projected increase in ariditith climate change will be accompanied by a
reduction in the functional diversity of biocrustisd in specific biocrust functional traits,
irrespective of the reported increase in biocrostc with aridity. Given that trait-based
functional diversity is fundamentally linked to theovision of ecosystem goods and services
(Diaz et al. 2007), a number of ecosystem senpo@dded by biocrusts, such as soll
stabilisation and nitrogen fixation, may be threatkunder current climate change scenarios.
It may be possible to artificially improve the fle=ice of biocrusts to climate change through
‘assisted migration’ (Young et al. 2016). This ntiglkecessitate introducing taxa adapted to
very arid areas into areas that are expected telo@gimilar climatic profiles in time.

However, such promising developments are stilhgirtinfancy.
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Table 1. Summary of biocrust traits. The numbespecies measured and the number of

replicates per taxa differed for each trait. Thecfional roles of each of these traits are also

briefly described. PHOS = phosphatase activityGNAN-acetylB-glucosaminidase

activity, CB =B-D-cellobiosidase activity and BG=glucosidase activity. ‘Root’ includes

moss roots and lichen rhizines.

Trait # Species  Replicates Functional role

Absorptivity 24 5 Infiltration, runoff

Sediment capture 27 5 Erosion resistance, resouaeping, soll
texture

Height 46 20 Habitat for invertebrates, resourapping,
surface roughness

Root length 40 20 Soil aggregation, erosion rescga

PHOS 16 4 Phosphorus cycle (phosphorus mineraligati

NAG 16 4 Nitrogen cycle (chitin degradation)

CB 16 4 Carbon cycle (cellulose degradation)

BG 16 4 Carbon cycle (sugar degradation)
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Figure 1. Images of short (A) and tall (B) mossex] crustose (C) and squamulose (D)
lichens from semi-arid Australia, and site map $EQwing the location of the study sites in

eastern Australia. Photographs: Heino Lepp.
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contained 1 species and were therefore assignatlia of O functional diversity. When these
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657  Figure 4. Fourth corner interaction coefficientéamen biocrust traits and environmental
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661 (NAG) andp-glucosidase (BG) activity had sample sized¥ 104 and gpecies= 16.

25



