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Summary

1. Overgrazing is one of the main drivers of desertification in drylands, and livestock produc-
tion is expected to increase in the next decades. The analysis of functional diversity can clarify
the effects of increasing livestock grazing on ecosystem functioning.

2. We assess the effect of livestock grazing intensity on the relationship between taxonomic
diversity (TDy) and functional diversity (FDq) of plants, ants and small mammals, as well as
on within-trait diversity. We compared results using two indices of taxonomic diversity (Shan-
non and Simpson indices). We used structural equation modelling (SEM) to assess the causal
relationship between grazing intensity, TDy, FDg and decomposition rate for each taxa.

3. Correlation between TDy vs. FDg, varied across assemblages and seasons, but was consistent
between different indices of taxonomic diversity. A similar trajectory of TDy; vs. FDq under land-
use intensification was found for all taxa, with a correlated loss of species and functional traits.
Also, within-trait diversity was negatively affected by increasing grazing pressure. Vegetation and
small mammal SEM models show that increasing grazing intensity had a strong and direct effect
on decomposition rate. The ant SEM model was the only one that showed an indirect effect of
grazing on decomposition through FDq. TDyy had no effect on decomposition for either taxa.

4. We found higher niche differentiation in animal than in plant assemblages. In vegetation, sev-
eral species seem to have similar trait diversity (i.e. redundancy), perhaps due to a dominant role
of environmental constraints. These results were consistent among diversity indices. But increas-
ing disturbance negatively affected TDy vs. FDg, in all assemblages in a similar way. Livestock
grazing affected decomposition rate directly, and indirectly only through the effect of ant FD,.

5. Synthesis and applications. Under increasing grazing intensity, all plant and animal assem-
blages respond with a mirrored reduction in taxonomic diversity and functional diversity,
although vegetation seems to have higher functional redundancy. Our results are robust to
diversity indices, and show that several taxa respond similarly to land-use intensification,
despite differences in the mechanism behind it. This may facilitate sustainable management.
Notably, increasing grazing intensity affects decomposition rate through a stronger direct
than indirect effect. The stronger direct effect of livestock on decomposition rate, rather than
indirectly through functional diversity, suggests that changes in structure may be more impor-
tant than changes in community composition.

Key-words: ants, arid rangeland management, decomposition rate, drylands, functional
effect traits, functional redundancy, Monte desert, overgrazing, small mammals, vegetation

Introduction

TCorrespondem:e duth'or. E-mail: mc}.n110.@uﬂrr‘l.edudr Current global increases in agricultural demands are often
Present address: Instituto de Investigaciones en Recursos Natu-

rales, Agroecologia y Desarrollo Rural (IRNAD), Universidad achieved by expanding agrlcultur.e to marg?nal and previ-
Nacional de Rio Negro Sede Andina, Rio Negro, Argentina ously less managed areas, causing the displacement of

© 2016 The Authors. Journal of Applied Ecology © 2016 British Ecological Society



2 V. Chillo et al.

livestock production to more arid regions (Thornton
2010). Arid, semi-arid and subhumid ecosystems (drylands
hereafter) collectively occupy almost 41% of the world’s
land surface and are highly vulnerable to desertification
(Maestre et al. 2012), an ecological change characterized
by the loss of fertile soil that diminishes biodiversity and
primary and secondary productivity of the system. Over-
grazing is among the main causes of desertification
because it diminishes vegetation cover and disrupts impor-
tant ecological processes such as grass recruitment and
nutrient cycling (Reynolds & Stafford Smith 2001). Live-
stock grazing is a complex disturbance to investigate.
There are several factors involved in biodiversity response,
such as vegetation type within the landscape, climatic sea-
sonality, grazer identity and stocking rates, paddock
design and grazing management, among many others
(Chillo & Ojeda 2014; Eldridge et al. 2015). In drylands,
livestock grazing during dry periods generates a radial
gradient of grazing intensity due to the provision of per-
manent water sources, called a piosphere. Several studies
have demonstrated the negative effect of such manage-
ment, where grazing intensity concentrated close to the
watering points diminishes plant and animal species diver-
sity (Landsberg et al. 2003; Hoffman & James 2011;
Chillo & Ojeda 2014).

In order to understand the effects of livestock grazing
on ecological processes, it is necessary to consider aspects
of biodiversity besides species richness and abundance. It
is, for example, well known that diversity influences
ecosystem functioning through the type, range and rela-
tive abundance of functional traits, defined as the charac-
teristics of an organism that determine its effect over
ecosystem processes (Cadotte, Carscadden & Mirotchnick
2011). The identification of functional traits allows us to
understand the effect of species loss on the ecological pro-
cesses where they play a role, and thus over the function-
ing of the ecosystem as a whole (Cardinale ez al. 2012).
Species diversity has long been used as an indicator of the
conservation status of ecosystems, but higher species
diversity does not always imply higher diversity of func-
tional traits (Cadotte, Carscadden & Mirotchnick 2011).
Rather, the relationship between species and functional
traits is variable along gradients of abiotic and biotic fac-
tors because of the occurrence of different mechanisms of
community assemblage. For example, it has been found
that environmental constraints (i.e. drought) may be more
important than grazing disturbance in structuring commu-
nities in dry habitats (Carmona er al. 2012). It has also
been proposed that in communities with high functional
redundancy (several species with similar functional roles),
the loss of species richness due to an increase in environ-
mental constrains may not result in a decrease in func-
tional diversity if species loss is randomly distributed
across functional groups (Mayfield er al. 2010). Although
drylands have been described as systems containing high
functional redundancy (Carmona et al. 2012), species loss
within functional groups has been found to be associated

with the diversity in response traits (Chillo, Anand &
Ojeda 2011), and not in a random way.

Livestock grazing disturbance affects different plant
functional traits, with several traits being indicators of
this disturbance (i.e. short height and ruderal life forms)
(Diaz et al. 2007). Moreover, variations in precipitation
and disturbance intensity have been found to be impor-
tant factors affecting the response of plant functional
diversity (Carmona ef al. 2012). However, few studies
have empirically analysed how these changes in functional
diversity affect ecosystem function in natural ecosystems
(Valencia et al. 2015), a key link needed to understand
the consequences of biodiversity loss. For example,
decomposition rates may be a good indicator of ecosys-
tem functioning as they relate to nutrient cycling.

Grazing may affect decomposition rate by changes in
microenvironmental conditions (direct effect) and by
changes in plant community composition which modifies
litter quantity and quality (indirect effect). But the direc-
tionality of the effect seems to be highly context depen-
dent (Bardgett & Wardle 2003). On the one hand, grazing
is expected to alter decomposition rate by decreasing
plant cover, increasing litter exposure to UV radiation
and, thus, photodegradation (Giese et al. 2009). But it
also increases soil compaction and reduces infiltration,
and together with higher solar exposure, the reduced
microsite humidity may decrease microbial activity and
reduce decomposition rate (Vaieretti er al. 2010). Also,
grazing is expected to increase soil nutrient availability
(i.e. dung and urine inputs), thus stimulating decomposi-
tion rate (Wardle, Bonner & Barker 2002). On the other
hand, changes in plant functional diversity due to grazing
may influence decomposition rate through changes in lit-
ter quality (Semmartin ez al. 2004). In drylands, grazing
had been found to produce lower litter quality (i.e. low N
and high secondary compounds content) and, together
with the decrease in litter quantity and soil moisture, neg-
atively affects decomposition rate (Campanella & Bisigato
2010). Such changes in plant composition may affect ani-
mal communities by modifying habitat structure and food
availability (Hoffman & James 2011; Chillo & Ojeda
2014), which may in turn modify the decomposition rate
by altering resource intake and release in space and time
(Schmitz et al. 2015).

Although much less is known regarding animal assem-
blages and human-induced disturbances, a decrease in ani-
mal functional diversity with negative effects on
ecosystem functioning has been reported (Chillo & Anand
2012; Garcia & Martinez 2012). Moreover, it has been
found that the effect of land-use changes on the relation-
ship between taxonomic diversity and functional diversity
varies between different taxa, being highly complex and
context dependent (Anand, Laurence & Rayfield 2005;
Hevia et al. 2015). Thus, the challenge is to consider sev-
eral trophic levels when analysing the consequences of
functional diversity loss, because fauna can also influence
key ecosystem processes such as productivity and nutrient
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cycling (Schmitz et al. 2015). Therefore, a key research
need is to integrate taxa of different trophic levels in
order to examine livestock grazing effects on functional
diversity and ecosystem functioning.

The main purpose of this study was to analyse the
effect of increasing livestock grazing disturbance on com-
munity functional diversity of different taxa (plants, small
mammals and ants), and on decomposition rate in the
Monte Desert of Argentina. We also analyse the variabil-
ity of community response given by the marked seasonal-
ity that characterizes drylands. Our working hypotheses
are as follows: (i) due to the importance of environmental
filtering in structuring communities (i.e. drought in dry-
lands) (de Bello et al. 2013), we expect a decoupled rela-
tionship between taxonomic diversity and functional
diversity (i.e. a decrease in taxonomic diversity will not be
mirrored by functional diversity, Carmona et al. 2012),
with high redundancy given by stress-tolerant traits; (ii) as
traits related to drought tolerance may be similar to those
related to grazing tolerance (Quiroga et al. 2010), we
hypothesize that increasing grazing intensity will diminish
the diversity of trait values at the level of a single trait
(‘within-trait diversity’), but the diversity of multiple traits
at the community level (‘across trait diversity’) will be
diminished in a less significant way; (iii) decomposition
rate will be negatively and directly affected by livestock
intensity, and indirectly through changes in community
functional diversity.

Materials and methods

STUDY SITE AND SAMPLING DESIGN

The study was conducted in the Central Monte desert biome of
Mendoza province, Argentina (33°46'S, 67°47W). The climate is
semi-arid and markedly seasonal, with cold dry winters and hot
wet summers, with mean annual temperature of 12 °C and mean
annual precipitation of 342-5 mm. Study sites were located within
sand dunes, an extensive habitat type of the region. The vegeta-
tion is an open xerophytic savanna and shrub land where grasses
dominate the herbaceous layer. The dominant management strat-
egy is continuous and extensive cattle grazing around a water
source, where main beef production is 3 kg ha~' year™' and car-
rying capacity ranges from 15-3 to 26-3 ha AU™" (hectares per
animal unit) year ! (Guevara ef al. 2009). We selected seven dif-
ferent watering points in private rangelands (from 4000 to
8000 ha approx.), each one representing a different grazing gradi-
ent (n =7), where stocking rates varied between 18 and 26 ha
AU™!. A precise location of each sampling site is available from
Chillo ef al. (2016).We sampled vegetation, ants and small mam-
mals in each grazing gradient, along a transect originating at the
watering point. Ten sampling sites were set up at varying dis-
tances (100, 180, 290, 400, 600, 850, 1200, 1800, 2400 and
3200 m) from the watering point. These distances were chosen
based on previous studies in the area, which reported that utiliza-
tion during the wet season ranged from 50-4% at 100 m from the
watering point to 18-6% at further distances than 3200 m. The
relationship fitted a curvilinear function, characterized by a
threshold change in cattle usage along the piosphere pattern
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(Chillo & Ojeda 2014). Samples were taken during the dry (May—
September) and wet seasons (November—March) over two years
(summer 2008 up to winter 2010). Within each sampling site, we
visually estimated the percentage of each plant species cover in 10
randomly distributed quadrants of 1 m% Ants were sampled
using four pitfall traps (9 cm diameter) placed in a 2 x 2 grid,
40 m apart each and active during three consecutive days. Small
mammals were sampled using Sherman live-capture traps and
placed in a 4 x 4 grid, 10 m apart each and active during three
consecutive nights. Captured individuals were permanently
marked in the ear with a small cut and then released. Due to the
low abundance of small mammals in the area, we used the total
abundance of both consecutive years in our analyses.

The decomposition rate of standard material was calculated as
a proxy of the decomposition process by incubating three lit-
terbags (mesh pore diameter of 3 mm) containing 1 g of standard
material (cellulose) in the topsoil during 9 weeks (Scherer-Loren-
zen 2008). Due to the importance of the microsite effect on
decomposition rate (Vaieretti et al. 2010), one litterbag was
placed in each of the three main different microsites: under shrub
canopy, under grass canopy and in bare soil. We then calculated
the mean value of decomposition rate between microsites and
obtained one value for each sampling site. After incubation, lit-
terbags were dried at 50 °C during three days and weighted.
Decomposition rate of standard material was calculated as the
amount of lost weight per day (Scherer-Lorenzen 2008). This
experiment was carried out in three transects (10 sites per tran-
sect) during the wet season, where decomposition rates are
thought to be higher.

An important methodological aspect of our study was the
selection of functional traits related to the ecological processes
that were both affected by livestock grazing and related to
decomposition rate. The chosen traits (Table 1) are related to
microhabitat conditions (humidity, irradiation, etc.), primary and
secondary productivity, and nutrient cycling. The selected func-
tional effect traits were those for which information exists in pub-
lications or biological collections and that exhibit low or null
intraspecific variation, except for body size which was obtained
from captured mammals. The trait values/categories used for
each species are shown in Table S1, Supporting Information.

DATA ANALYSIS

Indices of taxonomic diversity and functional diversity

Taxonomic diversity was analysed via the commonly used Shan-
non-Weiner index (TDy) (Magurran 2004). Rao’s entropy index
(FDg) was chosen to estimate functional diversity, because it
allows the use of relative abundances (Botta-Dukat 2005). This
was a very important consideration because under low or inter-
mediate levels of grazing disturbance, ants and small mammals
may respond only through changes in abundance, but not in spe-
cies richness (Hoffman & James 2011; Chillo & Ojeda 2012).
Moreover, since FDy, is related to functional richness and func-
tional divergence, it is useful when analysing assemblages with a
low number of species (i.e. mammal assemblages) (Mouchet et al.
2010). We used the Gower index to estimate the dissimilarity
matrix because it allows for binary, categorical and continuous
variables.

Although, as already noticed by de Bello ez al. (2016), there is a
clear mathematical relationship between Simpson index of diversity
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Table 1. Functional effect traits (and its categories) used to calcu-
late functional diversity of vegetation, ants and small mammals

Taxa Trait Category

Grass

Forb

Subshrub

Shrub

Tree

Annual

Deciduous
Perennial

Small (<2 c¢cm)
Medium (2-5 cm)
Big (>5 cm)
Taproot

Lateral

Single shoot
Several stems
Stolons or rhizomes
Tussock (caespitose)

Vegetation  Growth form

Life cycle

Leaf size

Main root system

Lateral spread

Leaf texture Tough
Intermediate
Membranous

Leguminosae Legume/non legume

Storage organs Yes/no

Ants Foraging strategy Opportunistic

Generalistic
Granivorous

Leaf-cutter
Specialist predator
Open

Closed
Intermediate
Warm

Humid
Continuous (mm)
Ground dwelling
Canopy

Insects

Seeds

Leaves

Others
Quadrupedal gait
Quadrupedal saltation

Habitat type

Climatic preference

Body size
Activity

Small
mammals

Main items in the diet (%)

Escape strategy

Scansorial
Body size Continuous (gr)
Semifossorial Yes/no

and Rao’s entropy index, we have used Shannon—Weiner index
because the Simpson index has its own drawbacks in that it is more
of a dominance index, giving more weight to common or dominant
species and the effects of rare species may not be taking into
account. In the study region, there are many species with very low
abundances, especially during wet season where annual ephemeral
species bloom. Shannon index is sensitive to the occurrence of
these species better than Simpson index. Still, to prevent misinter-
pretations given a potential nonlinear relationship between Shan-
non index and Rao, we decided to compute parallel analyses using
Simpson (TDg) index and compare the results.

We calculated TDy and FDg for each assemblage at each dis-
tance from the watering point. However, different considerations
were taken into account for each assemblage. Plant diversity at
each site was computed using the mean value of the 10 samples.

Ant captures of the four pitfall traps were pooled to compute
one value per site at each grazing gradient. Since ants often pre-
sent a problem for quantification due to a clumping of individu-
als within samples, we transformed abundance to an ordinal
scale: 1 =1 ant; 2 =2-5 ants; 3 =6-20 ants; 4 =21-50 ants;
5 =51-100 ants; 6 = 101-1000 ants; 7 = >1000 ants. Small mam-
mal abundance for each species was determined by the minimum
number alive for the 4 x 4 trap grid of each site. All statistical
analyses were performed using R software and FD package.

Relationship between taxonomic diversity and functional
diversity

Our goal was to assess whether taxonomic diversity is a good
indicator of functional diversity in these rangelands. Therefore,
we performed Pearson correlations between TDy and FDg for
each assemblage. We consider a correlation coefficient of 0-6 as a
threshold to indicate a certain level of congruence between indices
(Lovell et al. 2007). We do not consider that a significant correla-
tion is enough because we are comparing different indices for the
same field data (i.e. species abundance of the same taxa) and it is
highly probable that the correlation would be statistically signifi-
cant as the trend in the response to increases in grazing pressure
should be similar. Moreover, we wanted to assess whether
changes in taxonomic diversity due to increased livestock grazing
pressure result in similar changes in functional diversity. To do
so, we evaluated the trajectory of change in TDy vs. FDg
between the less modified sites (far from the watering point) and
the most disturbed by livestock sites (closer to the watering
point), as done by Mayfield e al. (2010). For comparison pur-
pose, we chose to analyse the distances of 3200 m and 2400 m as
less modified sites. Only the distances of 100 m and 180 m were
considered as severely disturbed sites, as in previous studies we
identified a clear distinction of these distances from the rest of
the gradient for the analysed variables. R scripts are available
from Chillo er al. (2016).

Within-trait diversity along grazing gradients

In order to assess the effect of grazing intensity on each trait, we
performed correlations between the diversity of trait values at the
level of a single trait (‘within-trait’ diversity hereafter) and the
distance to the watering point (Table 1). At the fine (local) scale,
environmental factors were found to mostly influence functional
diversity and the dispersion of trait values, rather than the com-
munity mean values of a trait (de Bello ez al. 2013). Thus, we
decided to use the same FDg index, but calculated it over the
value of each trait instead of over the value of all of the traits.
This index shows the diversity of categories of a trait in each site,
and by assessing its correlation with the distance to watering
points, we were able to evaluate whether increasing livestock
grazing disturbance diminishes the diversity of the categories of
each trait.

Grazing intensity effect on biodiversity and
decomposition rate

First, we searched for a function to characterize the effect of
grazing intensity on decomposition rate. Following a thorough
exploration of the data, we fitted a simple rectangular hyperbola
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function trough maximum likelihood analysis (Bolker 2008). Sec-
ondly, in order to evaluate the effect of increasing livestock graz-
ing disturbance on TDy, FDqg and decomposition rate, we
performed Structural equation modelling (SEM). SEM is a mod-
elling technique that allows for exploratory and confirmatory
analysis, where an a priori model is contrasted against data and
used to infer causation (Grace 2006). We developed and tested a
conceptual model (Fig. 3a) for each assemblage. For parameter
estimation, we used the maximum likelihood. Three variance—
covariance matrices are used in maximum likelihood: the
unknown population covariance matrix (X), the real observed
covariance matrix (S) (an estimate of X) and the covariance
matrix implied by the model (X’). The iteration process compares
S with ¥’ and suggests values for structural coefficients such that
S is as close to ¥’ as possible (Grace 2006).

We tested for general model fit with a chi-square test (where a
non-significant model P-value means a good model fit), the com-
parative fix index (CFI), the standardized root mean residuals
(SRMR), and the Tucker-Lewis index (TLI) (Grace 2006). Indi-
vidual paths between variables were tested with linear regressions,
and were significant if P-value < level of significance (Grace
2006). We compared models using the Akaike’s Information Cri-
terion (AIC), giving priority to those with smaller AIC values.
For all models, modification indices were examined to detect
notorious discrepancies between a model and data. Analyses were
performed using the tavaan and sempPLOT packages in R. R scripts
are available from Chillo et al. (2016).

Results

The relationship TDy vs. FDg varied across assemblages
and seasons, as there was a higher correlation between
indices when considering animal assemblages, especially
during wet season and and lower correlation values when
plant or ant assemblages during dry season were analysed
(Table 2). Similar trends were obtained in the correlation
between Simpson (TDg) index with Rao FDg, although
correlation values were higher for vegetation and lower
under dry season (Table S2), compared with TDy vs.
FDgq values. Nevertheless, all assemblages during both
seasons showed a similar trajectory of TDy vs. FDq dur-
ing land-use intensification, with a correlated loss of spe-
cies and functional traits (Fig. 1). Trajectories were the
same when TDg was considered (Fig. S1). In regard to
the response of within-trait diversity to the grazing gradi-
ent, most of the traits showed a significant and positive
correlation with distance to watering points, with high
correlation values (Fig. 2). There were only four traits
whose diversity did not vary along the grazing gradient,
and notably, the diversity of life cycles and body sizes
were among them (Fig. 2).

Increasing grazing intensity had a negative effect on
decomposition rate, with a threshold response in distances
near the watering point (Fig. 3, stand. coeff.: 0-53). Also,
a significant effect of grazing disturbance intensity on
TDy, FDqg and decomposition rate was supported by our
models, but varied according to the analysed taxa (Fig. 4,
Table 3). In general, increasing grazing intensity (mea-
sured as distance to the watering point) had a strong and
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direct effect on decomposition when considering vegeta-
tion (Fig. 4b, Table S3) and small mammals (Fig. 4d,
Table S4), but the link was not significant when consider-
ing ants (Fig. 4c, Table S5). However, distance did affect
the TDy of all assemblages and the FDq of vegetation
and ants. Despite this, standardized coefficients (used to
compare magnitude of effect of different relationships)
indicated that the effect of grazing on decomposition,
TDy or FDg can be different in magnitude for each
assemblage. For vegetation, for example, grazing had a
stronger effect on FDgq that on other variables (stand.
coeff.: 0-68). This was different from the ant SEM model,
where grazing had a stronger effect on TDy (stand. coeff.:
0-67). Also differing, the effect of grazing in the small
mammal SEM model mainly affected decomposition (s-
tand. coeff.: 0-52) rather than the diversity of small mam-
mals. TDy had no effect on decomposition for either
taxa, and the effect of FD¢ on decomposition was signifi-
cant only for the ant assemblages (Fig. 4). The use of
modification indices revealed that the effect of TDy on
FDq was significant for all assemblages, despite not being
considered in our hypothesized SEM model (Fig. 4,
Tables S3-S5).

Discussion

Our main objective was to characterize the relationship
between taxonomic diversity and functional diversity for
several assemblages of different trophic levels and to anal-
yse the effect of increasing livestock grazing disturbance
on community functional diversity and on decomposition
rate in the Central Monte desert biome of Argentina. We
found that species diversity of animal assemblages was
correlated with functional diversity, but the relationship
was weaker for plant assemblages. This may be showing
higher niche differentiation by animal assemblages than
by vegetation, a relationship also found in other ecosys-
tems (Cardinale 2011). Alternatively, our plant commu-
nity seemed to be characterized by functional redundancy
in the analysed traits, perhaps due to the dominant struc-
turing role of environmental constraints (i.e. water limita-
tion), as found for other drylands world-wide (Carmona
et al. 2012). Moreover, these results were robust to diver-
sity indices. Although the relationship between taxonomic
diversity and functional diversity of different taxa may be
characterized by different mechanisms, we found that
increasing livestock grazing disturbance negatively

Table 2. Pearson r correlation coefficient and significance P value
for the analysed relationships between taxonomic diversity (TDyy)
and functional diversity (FDg)

Dry season Wet season
Vegetation 0-33 (0-006) 0-4 (0-004)
Ants 0-48 (0-002) 0-66 (0-001)
Small mammals 0-57 (0-001) 0-6 (0-003)
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affected taxonomic diversity and functional diversity in all
taxa in the same way. This type of response is expected
for communities characterized by a non-random loss of
species within particular functional groups, when environ-
mental filters get stronger (Mayfield ez al. 2010). Within-
trait diversity was strongly affected by livestock grazing,
as most traits showed lower diversity of categories at
higher grazing pressure. Increasing grazing intensity effect
on decomposition rate was negative. Moreover, we found
that increasing disturbance may affect decomposition rate
mainly through a direct effect of livestock grazing inten-
sity, with notably small effect of functional diversity.

RELATIONSHIP BETWEEN TAXONOMIC DIVERSITY AND
FUNCTIONAL DIVERSITY UNDER LAND-USE CHANGE

Our study shows that the relationship between taxonomic
diversity and functional diversity in the Central Monte
desert varies across trophic levels and between seasons.
Taxonomic diversity may be an appropriate indicator of
functional diversity for animal assemblages more than for
plant assemblages, as correlations were higher and

95% confidence intervals. Arrows illustrate
the vector of the trajectory between less
disturbed and highly disturbed sites.

explained more than 50% of the variance. This may be
showing that animal assemblages present higher func-
tional trait dissimilarities (lower functional redundancy)
than vegetation. Some studies have found high functional
trait dissimilarity as a common coexistence strategy in
drylands mainly due to spatial heterogeneity and temporal
variability in resource availability (Chesson et al. 2004).
For vegetation, the lower correlation between TDy and
FDq may show higher functional redundancy than in ani-
mal assemblages. Other studies have found higher func-
tional similarity in dry than humid ecosystems due to trait
convergence under the combined effect of grazing and
drought (Carmona et al. 2012). Our results support these
findings only for plant communities, where taxonomically
different species may present similar physiological adapta-
tions to cope with stress due to the strong environmental
constraints imposed by water deficit (Quiroga et al. 2010).

In the same way, the occurrence of functional similari-
ties is expected for animal assemblages living in stressful
environments, which may represent a small functional
space (Mouchet et al. 2010) where niche overlap and
functional redundancy increases with increasing species
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Fig. 2. Relationship between the diversity of categories/values of each trait (within-trait FDg) and distance from a watering point (graz-
ing intensity gradient). Solid lines represent the correlation function. Correlation coefficient (Pearson r) and significance (*P < 0-05,

**P < 0-01) are also shown.

richness (Cardinale 2011). But contrary to this prediction
and to our hypothesis, results show lower functional
redundancy than in plant assemblages, as increases in spe-
cies diversity are mirrored by an increase in functional
diversity. Only ant assemblage during dry season may
show redundancy, as the correlation between TDy and
FDq was low, a result also found in other arthropods
communities (Moretti, Duelli & Obrist 2006). In drylands,
ant assemblages during dry season are represented by sev-
eral species adapted to stressful conditions of low resource
availability (i.e. several Dorymyrmex spp.). During wet
seasons, higher resource availability may allow the occur-
rence of species with different resource use strategies
(niche complementarity) (Table S1). In the case of small

mammals, niche complementarity may be a strategy to
avoid niche overlap in stressful environments (Rodriguez
& Ojeda 2014). Even during dry season, where only few
species persist active, a clear niche segregation can be
found (i.e. E. typus and E. moreni differentiate in the
main food items) (Table S1). Evidently,
resource availability (wet season) results in increases in

increasing

niche occupancy by new species in all taxa analysed.
Interestingly, the comparison of taxonomical diversity
and FDg relationship showed a similar pattern between
taxonomic indices, despite the direct relationship found
for Simpson index and not for Shannon index (de Bello
et al. 2016). For example, plant assemblage showed lower
correlation coefficients than animal assemblages using
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either Simpson index or Shannon index. Also, correlation
coefficients were lower during dry than wet season for all
taxa using either indices (Table S2). Moreover, we found
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Fig. 3. Relationship between decomposition rate (g x day') and
distance from the watering point (m) (grazing intensity gradient).
Circles represent the mean value of decomposition rate of the
three microsites at each sampling site. A hyperbola (solid line) fit-
ted with maximum likelihood (stand. coef.: 0-53) and 95% confi-
dent intervals (dotted lines) are shown.

Table 3. Results of model fit tests for structural equation models
of vegetation, ants and small mammal assemblages

Obtained values

Desirable
Measure of Small values for
model fit Vegetation mammals Ants good fit
Chi-square 0-25 0-26 0-27 >0-05
CFI 0-99 0-99 0-99 Near 1
SRMR 0-04 0-03 0-04 <0-05
TLI 0-98 0-97 0-98 Near 1
AIC 213-8 3399 143.8 Relative

that regardless of the taxonomic diversity index used, the
relationship between taxonomic diversity and functio-
nal diversity — for all taxa in both seasons — showed
the same trajectory to increasing grazing disturbance
(Figs 1 and S1).

As environmental filtering (aridity) and disturbance
(livestock grazing) may constrain biodiversity in similar
ways (de Bello et al. 2013), we expected that the loss of
taxonomic diversity due to increasing grazing disturbance
would not be accompanied by a loss in functional diver-
sity. But our hypothesis was rejected as we found that

a b
@ Distance ()
052" 041" 04gg
R*=0-269 JR=0172 R?= 0595
|Decomposition| ‘ TDH | | FDQ | |Deuum|)0€iliun| waawuunmu| (
013 O-ES 0-40
() % (d) Distance
067" 047
R*=0359 R?=0:452 R?=0-642
Decomposition
0-64

Fig. 4. (a) General hypothesized structural equation model describing the causal relationships that link grazing intensity (distance), taxo-
nomic diversity (TDy) and functional (FDg) diversity, and decomposition rate (decomposition). (b—d) Best-fitting structural equa-
tion models examining direct and indirect relationships for vegetation (b; P = 0-250), ants (c; P = 0-266) and small mammals (d;
P = 0-265). Variables are shown in boxes; single-headed arrows between variables represent linear regressions; short, single-headed
arrows towards variables represent the variance of such variables; long, single-headed arrows between variances of variables depict
covariances. The widths of the arrows reflect the strength of dependency between two variables, and standardized path coefficients are
shown on the path. Significant paths (P < 0-05) are identified with an asterisk. Variance explained by the model (R?) is shown next to

each response variable.
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under increasing grazing intensity all assemblages respond
in a similar way, with a reduction in both TDy and FDy,.
These results are contrary to those of Hevia et al. (2015),
as they found that the relationship was highly variable
across taxa and land-use changes. The differences may be
due to different scales of analysis, as we analysed sites
within the same habitat type (sand dunes in the Central
Monte desert) and under the same disturbance (increasing
grazing intensity). Our results may show that, although
the mechanism that explains the relationship between tax-
onomic diversity and functional diversity may change
between taxa and seasons, land-use affects community
assembly processes in the same way (Mayfield et al.
2010). That is, environmental filtering becomes more
restrictive due to grazing disturbance, becoming the domi-
nant process regardless of functional redundancy (Chillo,
Anand & Ojeda 2011).

EFFECTS OF GRAZING INTENSITY ON FUNCTIONAL
DIVERSITY AND ECOSYSTEM FUNCTIONING

Confirming our second hypothesis, within-trait diversity
of most of the analysed traits was negatively affected by
livestock disturbance. The decrease in the diversity of the
categories of traits such as growth form, lateral spread,
leaf size and root system is of particular concern because
of the importance of these plant traits on determining
microhabitat condition and litter formation and retention
(de Bello, Leps & Sebastia 2006; Cornwell ez al. 2008). In
the same way, in both animal assemblages, increased graz-
ing intensity diminished the diversity of resource capture
strategies (i.e. diet, foraging strategy). Moreover, our
results show that across trait diversity (the diversity of
functional traits) was negatively affected by increasing
grazing pressure in sand dunes of the Central Monte
desert; but, as we hypothesized, the relationship was
weaker than for within-trait diversity (the diversity of cat-
egories within individual traits) and highly variable based
on biotic and abiotic factors.

When considering the diversity of functional groups,
several early warning indicators of desertification have
been found such as a decrease in grass cover, or changes
in the type of vegetation cover based on the response to
the disturbance (Landsberg et al. 2003; Diaz et al. 2007).
Few studies, however, have evaluated the effect of increas-
ing livestock grazing on functional diversity beyond the
limiting categorical analysis (de Bello, Leps & Sebastia
2006; Sasaki et al. 2011; Carmona et al. 2012), and fewer
yet have performed integrated studies considering other
components of the ecosystem besides just vegetation
(Chillo & Ojeda 2014). To the best of our knowledge, this
is the first study that reports a holistic analysis of the
effect of increasing livestock grazing on functional diver-
sity of several taxa and on decomposition rate in dry-
lands.

We found a direct effect of livestock disturbance on
community taxonomic diversity and functional diversity,

Functional consequences of grazing in drylands 9

as well as on decomposition rate. Livestock grazing in
drylands is known to alter community composition
towards a community dominated by species with stress-
tolerant or stress-avoidance strategy (Landsberg er al.
2003; Sasaki et al. 2011; Chillo & Ojeda 2014). Decompo-
sition rate was predicted to be directly affected as increas-
ing grazing intensity may increase the occurrence and size
of bare ground patches and solar exposure, decrease soil
moisture and water infiltration (Vaieretti ef al. 2010; Cin-
golani er al. 2013) and reduce leaf litter fall quantity and
quality (Campanella & Bisigato 2010). The net balance of
these microenvironmental changes may diminish microbial
activity and negatively affect decomposition rate (Vaieretti
et al. 2010) despite the potential positive effect that
increasing UV exposure (photodegradation) may have
had on decomposition rates.

Notably, we found that the main effect of grazing on
decomposition is through a direct effect. What we call
direct effect may be caused by a negative effect of grazing
intensity on plant structure and biomass (Eldridge er al.
2015), which may modify microenvironmental conditions
by increasing soil moisture and microbial activity (Giese
et al. 2009; Vaieretti et al. 2010); but it can also be other
effects not considered in this study like trait main value
instead of diversity (Valencia et al. 2015). An indirect
effect of grazing on decomposition, through changes in
functional diversity, was only found for the ants’ model,
where the strength of the indirect effect is high enough to
make the direct effect insignificant. But we did not find an
effect of functional diversity on decomposition when con-
sidering vegetation or small mammals, despite several
studies reporting this strong indirect effect. In this study,
we measured decomposition rate of standard material as a
proxy of ecosystem functions related to nutrient cycling
and ecosystem productivity (Scherer-Lorenzen 2008). In
particular, vegetation is the most important component of
biodiversity directly influencing nutrient cycling and other
key ecosystem functions in drylands (Maestre et al. 2012).
Indirect effects of livestock grazing on decomposition pro-
cess may occur through changes in litter quality, in micro-
habitat characteristics and in soil microbial biomass or
diversity, given by changes in plant functional trait com-
position (Bardgett & Wardle 2003). Our data do not sup-
port these hypothesized links, a result found in other
drylands (Eldridge et al. 2015), showing that biodiversity
relates in complex and nonlinear ways with ecosystem
functioning.

IMPLICATIONS FOR RANGELAND MANAGEMENT IN
DRYLANDS

Sustainable management should aim at maintaining spe-
cies diversity as well as ecosystem functions, and the con-
sideration of functional diversity helps in that way. The
occurrence of higher niche differentiation in animal
assemblages may facilitate the use of taxonomic diversity
as a surrogate of functional diversity. But for vegetation,
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higher functional redundancy may imply that species loss
will not reflect the consequences of livestock grazing on
ecosystem functioning. Interestingly, under increasing
grazing intensity, all assemblages showed a reduction in
both taxonomic diversity and functional diversity. This
may imply that, when managing small landscape units
with similar ecological characteristics and disturbance
types, predictions can be made in regard to the conse-
quences of land-use change on community composition.
We also found that the relationship between taxonomic
diversity and functional diversity is robust to the diversity
index used, and may allow managers to use either Shan-
non index or Simpson index based on their familiarity to
one or another. Finally, when considering vegetation we
found that the main effect of grazing on decomposition is
through a direct effect (i.e. changes in structure and bio-
mass, which may modify microenvironmental conditions)
rather than an indirect effects (i.e. changes in litter quality
and microhabitat characteristics given by changes func-
tional trait composition). As the effect of grazing distur-
bance on ecosystem structure may dominate degradation
pathways, monitoring structural changes may be a useful
tool to design management strategies.
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