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A B S T R A C T

Shrub encroachment is a frequently observed phenomenon in the arid and semi-arid biomes. In the dry forests of
the Argentine Chaco ecoregion that are affected by shrub encroachment, the growing demand for grazing areas
has led to the creation of a silvopastoral system. Under the Chaco silvopastoral system, a commonly used
treatment to disrupt the excessive shrub layer and promote the growth of grasses is roller-chopping by a tractor-
pulled iron drum. While previous studies evaluating the effects of roller-chopping on diversity have focused
mostly on the herbaceous stratum as the primary source of forage, much less is known about the effects of roller-
chopping on woody plants. To fill this gap, we measured woody plants of the shrub layer in a low-intensity
roller-chopping experiment in northern Argentina after applying different frequencies of roller-chopping in a
semi-arid Chaco forest area with a well-developed shrub layer. Data were collected in an experiment in which 3
different roller-chopping treatments were applied: a single two-pass roller-chopping in the summer of 2006/
2007 (RCh1); a one-pass roller-chopping in the summer of 2006/2007, repeated in the summer of 2014/2015
(RCh2); and no treatment (Control). In each treatment, 16 circular, randomly placed plots with a radius of 9 m
were sampled, and all woody plants in the shrub layer with a diameter ≥10 mm at the base were recorded. The
diversity was analysed using profiles of alpha and beta diversity and by calculating the average distance from an
individual circular plot to the treatment group centroid defined in the principal coordinate space. In total, 26
species of woody plants were recorded, of which 24 were found in Control, 22 in RCh1, and 23 in RCh2.
Although the alpha diversity differed only slightly among the treatments, the beta diversity of the roller-chopped
treatment areas was generally higher than that of the untreated plots. The species composition of the roller-
chopped plots differed little from that of the control plots. Our study revealed little overall effect of roller-
chopping on the species diversity and composition of woody plants. The transformation of the Chaco forest
degraded by shrub encroachment to a silvopastoral system by roller-chopping is changing the structure of the
forest but to a large extent has retained the presence and the relative abundance of woody plant species. We
conclude that roller-chopping is a good management tool to reduce woody plant encroachment and create a
silvopastoral system while preserving ecosystem functions.

1. Introduction

Dry forests compose nearly half of the world’s tropical and sub-
tropical forests (Murphy and Lugo, 1986). Unfortunately, the majority
of these forests is currently threatened, largely by human activities
(Miles et al., 2006), and their habitat loss has been the greatest among
the world’s terrestrial biomes (Hoekstra et al., 2005; Hansen et al.,
2013).

In regions, where most dry forests have been converted into

pastures, a conservative approach to obtaining new areas for cattle
production is the adoption of a silvopastoral system, which represents a
trade-off between keeping most ecosystem functions of the former
forest and allowing for grazing (Dagang and Nair, 2003; Perfecto and
Vandermeer, 2008). Silvopastoral systems, which are combinations of
livestock grazing and timber operations occurring in the same place
(Kunst et al., 2016), are used around the world (Dagang and Nair, 2003;
Bergmeier et al., 2010) and can be based either on planted trees or on
an already existing native tree layer (Kunst et al., 2016).
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Another phenomenon frequently reported in arid and semi-arid
biomes (though not restricted to them) is the encroachment of woody
plants, mainly shrubs (van Auken, 2000; Eldridge et al., 2011). This
process affects mostly open habitats such as grasslands or open wood-
lands (van Auken, 2000; Eldridge et al., 2011) but also occurs in dry
forests (Adámoli et al., 1990). Shrub encroachment can be caused by
several mechanisms, including climate warming, an increase in the
atmospheric CO2 concentration, and changes in fire and grazing man-
agement (D’Odorico et al., 2012) and can be accelerated by positive
feedback between these mechanisms and the vegetation response
(D’Odorico et al., 2012), resulting in changes in ecosystem structure
and functioning (Eldridge et al., 2011). From the perspective of ran-
geland management, shrub encroachment is regarded as a degradation
process that decreases the amount of available forage for livestock
(Zarovali et al., 2007). Given the non-linear nature of the vegetation
response following a disturbance, the changes in vegetation can be
described by state-and-transition models (Briske et al., 2005): the ve-
getation dominated by woody plants following shrub encroachment
represents an alternative stable state, and the transition back to a state
where the herbaceous component dominates is not possible without an
external driver (Briske et al., 2005; D’Odorico et al., 2012).

The establishment of a silvopastoral system in a forest degraded by
shrub encroachment must be preceded by an anthropogenic dis-
turbance that reduces the shrub layer and increases the amount of grass
forage without endangering the sustainability of the forest. A com-
monly used method for shrub layer destruction in rangelands is roller-
chopping, a mechanical treatment that reduces the shrub cover and
promotes herbaceous vegetation (Bozzo et al., 1992; Throop and
Archer, 2007; Willcox and Giuliano, 2010; Kunst et al., 2016) by
crushing shrubs and small trees with a tractor-pulled iron drum
equipped with blades.

Concordantly with the aforementioned loss of dry forests, the area
of seasonally dry subtropical forests of the Chaco ecoregion in northern
Argentina is gradually decreasing due to agricultural expansion (Zak
et al., 2004; Grau et al., 2008; Gasparri and Grau, 2009; Volante et al.,
2016). Economic globalization in recent decades (Lambin and
Meyfroidt, 2011) has further accelerated the deforestation of Argen-
tina’s Chaco region mainly because the growing demand for soybean
products in China and Europe has created a need for new croplands
(Grau et al., 2008; Garrett et al., 2013; Gasparri et al., 2013). Another
cause of deforestation in Chaco is cattle production, which is partially
coupled with soybean cultivation because as pastures are turned into
soybean fields, a need for new pastures emerges (Gasparri et al., 2013;
Gasparri and le Polain de Waroux, 2015). As a result, among the South
American regions, the dry forests of Chaco are experiencing the second-
highest rate of deforestation after the Amazonian moist forests (Aide
et al., 2013).

The adoption of a silvopastoral system based on maintaining the
native tree layer in the Chaco forests is an approach to obtaining new
areas for livestock grazing while retaining the ecosystem functions and
biodiversity of the former forest. These forests, however, are among the
ecosystems affected by shrub encroachment (Adámoli et al., 1990), due
mainly to mismanagement in the past (such as overgrazing, indis-
criminate felling, and fire suppression; Adámoli et al., 1990). The dense
shrub layer not only eliminates herbaceous forage plants but also pre-
vents livestock movement because it is impenetrable (Bregaglio et al.,
1999). Therefore, the reduction of this layer is crucial for the facilita-
tion or maintenance of cattle grazing operations in the Chaco forest,
and roller-chopping is the main method used for this purpose in the
Chaco region (Kunst et al., 2008, 2016). However, although the shrub
layer is an obstacle for management, in terms of plant diversity, it is the
richest layer, hosting the greatest number of plant species, of all the
Chaco forest layers (de Casenave et al., 1995). Therefore, roller-chop-
ping or similar shrub-destroying management methods may have a
negative impact on the plant diversity and composition of the Chaco
forest by suppressing or eliminating species that are not well adapted to

frequent disturbances. In addition, the destruction of the shrub layer
may hamper the natural regeneration of valuable tree species, as young
trees form part of this layer. However, although the elimination of
encroaching shrubs in arid areas has received much attention in the
literature, comprehensive information on the impacts of anthropogenic
shrub-destroying methods on the woody plant community is lacking.

To fill this gap, we measured the woody plants of the shrub layer in
a randomized roller-chopping experiment in northern Argentina in
which different frequencies of so-called ‘low-intensity roller-chopping’
(Kunst et al., 2015, 2016) were applied to the semi-arid Chaco forest
with a well-developed shrub layer. Low-intensity roller-chopping uses
the disturbance theory to plan the intensity, severity and frequency of
treatment to retain viable populations of woody species in the treated
areas (Kunst et al., 2015). Unlike the conventional roller-chopping,
which removes all or majority of woody vegetation in the treated area,
the low-intensity roller-chopping aims to preserve valuable trees (Kunst
et al., 2008). By analysing the differences between treated and un-
treated plots in woody species abundances, diversity and composition,
we aimed to address the following questions:

(1) Does roller-chopping decrease the alpha and beta diversity of
woody plants?

(2) Does roller-chopping change woody plant species composition?

2. Methods

2.1. Study area

The study was carried out at the ‘La María’ Experimental Ranch
within the Santiago del Estero Experimental Station of the Instituto
Nacional de Tecnología Agropecuaria (INTA), Argentina (28°02′25″S,
64°17′37″W, Fig. 1). The area belongs to the Chaco Seco (dry Chaco)
ecoregion (Burkart et al., 1999). The altitude is approximately 200 m
a.s.l., and the soils are Eutric Regosols (Lorenz, 1995). The climate is
subtropical semi-arid, with hot, rainy summers and cold, dry winters
(Boletta et al., 2006). The mean total annual precipitation is 574 mm
(Anriquez et al., 2005), and the mean annual temperature is 19.8 °C,
with January being the warmest month (mean monthly temperature
26.1 °C) and July the coldest (10.6 °C) (Bravo et al., 2010).

The vegetation of the study area represents the forest of upland sites
(Kunst et al., 2006). The upper layer is formed by the tall tree species
Aspidosperma quebracho-blanco Schltdl. and Schinopsis lorentzii (Griseb.)
Engl., while Cercidium praecox (Ruiz & Pav. ex Hook.) Harms, Prosopis
nigra (Griseb.) Hieron. and Ziziphus mistol Griseb. are common trees in
the middle layer. The shrub layer is rich in species and is dominated by
Acacia gilliesii Steud., Capparis atamisquea Kuntze and Celtis ehren-
bergiana (Klotzsch) Liebm.

2.2. Data collection

Data on woody vegetation were collected in a roller-chopping ex-
periment run by INTA beginning in 2006 in which 3 different roller-
chopping treatments were applied to 24 randomized blocks (8 blocks
for each treatment) with a total area of approximately 60 ha. The
treatments were single roller-chopping with two passes of the roller-
chopper in the summer of 2006/2007 (RCh1); roller-chopping with one
pass of the roller-chopper in the summer of 2006/2007, repeated in the
summer of 2014/2015 (RCh2); and no treatment (Control). The roller-
chopping was applied using an iron drum roller-chopper 2.5 m in width
and 1.4 m in diameter, equipped with blades and pulled by a tractor
(Kunst et al., 2016). Unlike in conventional roller-chopping, the iron
drum was not filled with water (otherwise commonly used to increase
drum weight) and the tractor driver avoided not only large main ca-
nopy trees but also larger understory trees (with a diameter ≥ 15 cm),
which serve as basis for regeneration of the main canopy layer. Cattle
grazing is regularly applied in the whole area. Due to little abundance
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of herbaceous forage in Chaco stands affected by shrub encroachment,
the roller-chopping in our experiment was accompanied by seeding of
Panicum maximum Jacq. to support the herbaceous stratum and create
valuable forage. After the treatment, the area was kept ungrazed until
next May–July, when the growing season of the Panicum ends. Cows
were then allowed to enter the treated areas and stay until the forage
was consumed to 5 cm in height and this grazing treatment was sub-
sequently repeated every year. Although the grazing intensity is high, it
allows the herbaceous stratum fully recover before the next grazing.

The area of the experiment is flat with the same soil type; therefore,
the effects of roller-chopping could not be significantly confounded by
environmental factors. Within the blocks for each treatment, 16 ran-
domly placed circular plots with a radius of 9 m were sampled (2 plots
per block, 48 plots in total). The criterion for plot location was a dis-
tance > 100 m from the border of the nearest plot. Within the plots,
species identity, height and number of stems were recorded for all
woody plants (including trees, shrubs, subshrubs, and woody-based
cactus species) with a diameter ≥ 10 mm at the base. For woody plants
with a diameter at breast height, i.e., 1.3 m above the ground (DBH),
≥100 mm, we also measured the DBH. The data were collected in the
second half of May 2016. The taxonomy and nomenclature of species
followed Instituto de Botánica Darwinion (2016).

2.3. Data analysis

2.3.1. Species diversity
Diversity was analysed for the shrub layer consisting of species with

shrub growth form and juvenile trees (DBH < 100 mm).
Because the results of a diversity analysis may be influenced by the

diversity metric used (Morris et al., 2014), we employed the approach
advocated by Leinster and Cobbold (2012) and constructed diversity
profiles for each treatment. Diversity profiles show how the perceived
diversity changes with the shift of the metric emphasis from rare to

common species (Leinster and Cobbold, 2012). The diversity profiles
were calculated using the series of so-called ‘Hill numbers’ (Hill, 1973)
or ‘true diversities’ (Jost, 2007). The Hill number of the order q (qD)
represents the effective number of species, i.e., the number of equally
common species required to obtain a particular value for a diversity
index of order q (Jost, 2006). The order of the Hill number indicates its
susceptibility to rare or common species: q < 1 favours rare species,
while q > 1 emphasizes common species (Jost, 2006). The values for
q = 0, 1, or 2 could be regarded as prominent values: q= 0 does not
account for species frequencies and equals species richness, q = 1
weights species precisely by their frequencies and represents the ef-
fective number of Shannon entropy, and q = 2 is the effective number
of Simpson’s entropy (Hill, 1973; Jost, 2006). For each treatment (set of
plots), the profiles of true diversities were calculated on the level of the
individual circular sampling plots (alpha diversity qDα). The multi-
plicative relationship between the alpha, beta and gamma components
of diversity (α× β = γ) in the case of true diversities allows for com-
puting the beta diversity profile as qDβ = qDγ/qDα (where qDγ denotes
the gamma diversity per treatment) and is interpreted as the effective
number of distinct communities in the dataset (Jost, 2007; Tuomisto,
2010). Diversity profiles were calculated for values of q ranging from 0
to 4 using the ‘DivProfile’ function of the ‘entropart’ package (Marcon
and Hérault, 2015) in R 3.3.1 (R Core Team, 2016). The significance of
between-treatment differences was tested by calculating bootstrap
confidence intervals for each profile based on 1000 simulations of
communities from a multinomial distribution following the observed
species frequencies (Marcon et al., 2012, 2014).

Given the array of methods available to analyse beta diversity
(Anderson et al., 2011), we analysed the beta diversity for each treat-
ment by calculating the average distance from an individual circular
plot to the group (treatment) centroid (ADTC) defined in the principal
coordinate space of the dissimilarity measure, a method proposed by
Anderson et al. (2006) and Anderson (2006). The calculation was

Fig. 1. Location of the study area (marked by a star) within the Chaco Seco ecoregion (gray area; Burkart et al., 1999) near Santiago del Estero (black circle) in northern Argentina.
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performed with the Bray-Curtis index as the measure of dissimilarity
using the ‘betadisper’ function of the ‘vegan’ package (Oksanen et al.,
2016). To test for differences in group (treatment) dispersions, a per-
mutation test provided by ‘betadisper’ was performed.

2.3.2. Species composition
To test for differences between treatments, in species composition,

we employed non-metric multidimensional scaling ordination (NMDS)
with the Bray-Curtis index as the measure of dissimilarity using the
‘vegan’ package (Oksanen et al., 2016). Furthermore, the differences in
community composition were tested with a model-based analysis of
multivariate abundance data using the ‘manyglm’ function of the
‘mvabund’ package for R (Wang et al., 2012), which, apart from testing
for the overall difference between treatments, identifies the species that
most strongly express between-treatment differences (Warton et al.,
2012). The models were constructed with negative binomial error dis-
tribution, and diagnostic plots in ‘mvabund’ were checked to ensure
that the analysed data met the model assumptions. The significance of
the models was tested by the ANOVA function in ‘mvabund’ with the
likelihood ratio as the test statistic, and adjusted p-values were calcu-
lated using 999 resampling iterations via PIT-trap resampling (for fur-
ther details of the method, see Wang et al., 2012; Warton et al., 2012).

To test for differences in the numbers of individuals of each species
between treatments, the number of individuals in each plot was re-
calculated to 1 ha for each species, and their means per treatment were
compared using the Mann-Whitney test, with α = 0.05. The non-
parametric test was used because the numbers of individuals of some
species did not meet the assumption of normal distribution (Shapiro-
Wilk test, α = 0.05).

3. Results

3.1. Diversity

In total, 26 species of woody plants were found, of which 22 were in
the RCh1 plots, 23 in RCh2, and 24 in Control (Table 1).

The profiles of alpha diversity showed higher diversity in the
Control plots than in the RCh1 plots for q between 0 and 1.1 (Fig. 2A).
The low values of q indicated that the difference was apparent only
when considering rare species; the difference diminished with greater
emphasis on common species. Though statistically significant, the dif-
ference was small, and the respective confidence intervals nearly
overlapped (Fig. 2A). There was no difference in alpha diversity be-
tween Control and RCh2 or between RCh1 and RCh2. The beta diversity
profiles of the shrub layer showed a higher beta diversity in RCh2 than
in either Control (for q ranging from 0.4 to 2.8) or RCh1 (for q between
0.6 and 1.3) (Fig. 2B). The differences were highest for values of q near
1, i.e., when the species were weighted precisely by their frequencies.
There was higher beta diversity in RCh1 than in Control for q between
0.9 and 2 (Fig. 2B). The analysis of beta diversity based on the average
distance to the plot groups’ centroid revealed higher beta diversity in
RCh1 and RCh2 (ADTC: 0.3152 and 0.3295, respectively) than in
Control (ADTC: 0.2432; betadisper: p≤ 0.007), while there was no
difference in beta diversity between RCh1 and RCh2 (betadisper:
p = 0.670) (Fig. 2C).

3.2. Species composition

The NMDS did not show pronounced differences in the species
composition of shrub layer among treatments, as the groups of points
representing each treatment strongly overlapped (Fig. 3).

The model-based analysis of multivariate abundance, however, re-
vealed that the species composition of the roller-chopped plots differed
significantly from that of the control plots (manyglm: RCh1 vs. Control:
p = 0.014, RCh2 vs. Control: p = 0.001). The difference between RCh1
and Control was expressed by Capparis atamisquea (manyglm:

p = 0.005), which was less abundant in RCh1 (Table 1). For RCh2 vs.
Control, the difference was expressed by Aspidosperma (manyglm:
p = 0.038) and Capparis (manyglm: p = 0.001), as both species were
less abundant in RCh2 than in Control (Table 1). The overall compo-
sition did not differ between the roller-chopped treatments, but the
dissimilarity was nearly significant (manyglm: p = 0.07) and was most
strongly expressed by Capparis (manyglm: p = 0.007), as its abundance
was significantly lower in the RCh2 than in the RCh1 plots (Table 1).

Differences between treatments in the number of individuals were
also apparent in several other species (Table 1), but these species were
not identified by ‘manyglm’ as contributing significantly to overall
between-treatment differences in community composition.

The overall number of individuals in the shrub layer was higher in
the control plots than in the roller-chopped plots (Table 1). The RCh1
and RCh2 plots did not differ in total number of individuals (Table 1).

4. Discussion

The continuity of an ecosystem in a given stable state depends on
the ecosystem resilience, which can be expressed as the maximal
magnitude of disturbance that the ecosystem can absorb without
shifting into another stable state (Holling, 1973; Gunderson, 2000). Dry
forests were previously regarded as more resilient than wet forests
(Murphy and Lugo, 1986); however, recent studies have shown that the
assessment of recovery rate as a resilience measure in dry forests de-
pends on observed ecosystem attributes (Lebrija-Trejos et al., 2008). In
our study, in accordance with our expectation, the complete destruction
of the shrub layer resulted in a desired (in terms of cattle grazing re-
storation) decrease in shrub density, but, contrary to our expectation, it
had little effect on woody plant diversity and composition, indicating
the high resilience of the Chaco forests in response to mechanical dis-
turbances. The slightness of the differences was even more surprising in
the roller-chopped plots only 1.5 years after treatment, as they and the
unaffected plots shared virtually all the same woody species and had
similar levels of diversity, which implies a great ability of the resident
woody plants to recover quickly from disturbances. Furthermore, be-
cause the structure of the forests in the Chaco region was changed by
mismanagement in the past, which resulted in the expansion of shrubs
(Adámoli et al., 1990), the vegetation physiognomy of the new silvo-
pastoral system produced by roller-chopping may be closer to the nat-
ural semi-arid Chaco forests than the current forest, with its im-
penetrable layer of shrubs and sparse herbaceous vegetation (Bucher
and Huszar, 1999).

The structure of the stands, in terms of their physical appearance,
plays an important role in ecosystem functioning; however, the func-
tions of the ecosystem are also significantly affected by species com-
position and diversity (Lavorel and Garnier, 2002). Our finding that the
abundances of only a few species changed following roller-chopping
suggests that this treatment, on a plot level, does not impoverish the
woody species community and in general has only a weak effect on
alpha diversity. Therefore, our study provides empirical proof of only
weak effects of roller-chopping on the species composition and diversity
of woody plants, as was previously suggested by Bozzo et al. (1992) and
Kunst et al. (2012, 2016). Little or no effect of roller-chopping on
woody species diversity has also been found in the vegetation of other
dry ecoregions, such as the arid Chaco region (Blanco et al., 2005;
Bogino and Bravo, 2014) or the Monte desert (Allegretti et al., 1997);
these findings generally support roller-chopping as a good tool to re-
duce woody plant encroachment and preserve ecosystem functions at
the same time.

The main reason for the high resilience of Chaco forest species is
probably good resprouting ability (Casenave et al., 1998; Kunst et al.,
2000; Bravo et al., 2014), which is a typical plant adaptation in dis-
turbance-prone ecosystems (Bond and Midgley, 2001; Vesk and
Westoby, 2004). Indeed, during our field measurements, we observed
that most plants in the shrub layer were clearly resprouts from roots or
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remnants of previously roller-chopped plants. Because resprouting is an
evolutionary trait that developed in plants as a response to frequent
disturbances (Bond and Midgley, 2003; Pausas and Keeley, 2014), the
good resprouting ability of practically all the woody species found in
our study also indicates a long-term history of recurrent disturbances in
the Chaco forest.

Although the alpha diversity differed only slightly among the
treatments, the beta diversity of the roller-chopped plots was generally
higher than that of the untreated plots (Fig. 2B), suggesting that roller-
chopping disturbance may have a positive effect on diversity on a larger
spatial scale by increasing the heterogeneity of the plant community.
This positive effect of roller-chopping on beta diversity could be ex-
plained by the uneven intensity of roller-chopping, differences in the
recovery rate among the destroyed species and variability in the

microsite conditions. The differences in recovery rate are probably due
to the variable resprouting success of damaged woody plants, as some
resprouting failure always occurs among disturbance-destroyed plants,
even when they are good resprouters (Moreira et al., 2012). The failure
to resprout following roller-chopping may be due to root damage
caused by the blades of the roller-chopper, which not only chop
aboveground organs but may also penetrate the soil surface and thus
chop shallow roots. The depth of the blade penetration into the soil, and
therefore the magnitude of the root destruction, depends on the soil
surface penetrability, which, due to homogeneous environmental con-
ditions across the whole experimental area, is likely to vary with ve-
getation. In addition, we speculate that the soil surface penetrability
may be strongly altered by ant or termite soil disturbances, which are
common both in frequency and spatial extent in the studied forest

Table 1
Mean number of individuals of each species found in the shrub layer for each treatment. The numbers are given for one hectare.

Mean number of individuals ± SE * ha−1

Control RCh1 RCh2

Acacia aroma 34.39 ± 14.29 a 27.02 ± 12.28 a 9.82 ± 5.67 a
Acacia caven 2.46 ± 2.46 a 4.91 ± 4.91 a 0.00 ± 0.00 a
Acacia gilliesii 704.90 ± 146.58 a 520.69 ± 124.45 a 660.69 ± 100.97 a
Aspidosperma quebracho-blanco 304.56 ± 36.67 a 169.47 ± 29.95 b 125.26 ± 33.50 b
Baccharis sp. 0.00 ± 0.00 a 2.46 ± 2.46 a 2.46 ± 2.46 a
Capparis atamisquea 960.33 ± 67.78 a 528.06 ± 61.40 b 233.33 ± 36.31 c
Castela coccinea 184.21 ± 35.10 a 93.33 ± 24.56 b 71.23 ± 16.91 b
Celtis ehrenbergiana 1083.14 ± 105.20 a 997.17 ± 171.40 ab 562.45 ± 128.03 b
Cercidium praecox 36.84 ± 13.65 a 51.58 ± 19.56 a 68.77 ± 33.36 a
Cereus aethiops 12.28 ± 5.92 a 4.91 ± 3.36 a 14.74 ± 6.08 a
Condalia microphylla 7.37 ± 3.96 a 22.10 ± 8.76 a 19.65 ± 5.07 a
Jodina rhombifolia 7.37 ± 7.37 a 0.00 ± 0.00 a 0.00 ± 0.00 a
Justicia xylosteoides 108.07 ± 51.55 a 49.12 ± 31.78 a 71.23 ± 51.01 a
Larrea divaricata 22.10 ± 17.19 a 0.00 ± 0.00 a 4.91 ± 4.91 a
Lippia turbinata 4.91 ± 4.91 a 12.28 ± 4.70 a 19.65 ± 8.79 a
Lycium chilense 90.88 ± 20.83 a 54.03 ± 16.39 a 54.03 ± 26.33 a
Mimosa detinens 39.30 ± 16.83 a 68.77 ± 22.26 a 22.10 ± 14.78 a
Maytenus spinosa 93.33 ± 26.57 a 76.14 ± 24.72 a 61.40 ± 20.28 a
Opuntia salmiana 2.46 ± 2.46 a 2.46 ± 2.46 a 19.65 ± 6.21 b
Prosopis nigra 34.39 ± 13.84 a 27.02 ± 7.79 a 17.19 ± 6.18 a
Senna aphylla 2.46 ± 2.46 a 0.00 ± 0.00 a 0.00 ± 0.00 a
Schinopsis lorentzii 491.22 ± 87.43 a 589.46 ± 130.53 a 392.98 ± 85.27 a
Schinus johnstonii 31.93 ± 13.04 a 7.37 ± 5.34 a 36.84 ± 29.25 a
Wissadula densiflora 0.00 ± 0.00 a 0.00 ± 0.00 a 2.46 ± 2.46 a
Ximenia americana 14.74 ± 8.70 a 7.37 ± 3.96 a 9.82 ± 5.67 a
Ziziphus mistol 140.00 ± 29.14 a 105.61 ± 17.47 a 159.65 ± 64.42 a
Total 4413.60 ± 234.74 a 3421.34 ± 415.58 b 2640.30 ± 295.52 b

Different letters next to the numbers of individuals indicate significant differences between treatments (Mann-Whitney test, α = 0.05). Bold text denotes the species with significant
between-treatment differences. SE – standard error. Control – control (untreated) plots, RCh1 – plots subjected to a single roller-chopping, RCh2 – plots subjected to two bouts of roller-
chopping.

Fig. 2. Comparison of the shrub-layer diversity among treatments: (A) The profiles of alpha diversity. (B) The profiles of beta diversity. (C) The analysis based on the average distance to
the plot groups’ centroid. Control – control (untreated) plots, RCh1 – plots subjected to a single roller-chopping, RCh2 – plots subjected to two bouts of roller-chopping. The different
letters above the average values in (C) indicate significant differences.
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(R.M., personal observation). However, these processes are still largely
unexplored.

Surprisingly, our results demonstrated that the natural regeneration
of tree species was not or was only slightly (depending on the species)
affected by roller-chopping. Evidently, the maintenance of tall trees in
silvopastoral systems assures seed production for successful tree re-
generation, but we expected that the repeated complete destruction of
the aboveground biomass would result in decreased densities of the
regenerating trees. The slightness of the impact of roller-chopping on
young trees indicates a good resprouting ability of Chaco tree species,
similar to that possessed by the co-occurring shrubs. In many woody
species, this ability is best developed in the earliest stages of plant
development (Del Tredici, 2001; Vesk, 2006), which may also be a
reason for the high recovery rate of young tree saplings and seedlings
following roller-chopping. In addition, the reduction of the shrub ve-
getation by roller-chopping supports the germination of tree seeds
(Kunst et al., 2012); therefore, increased regeneration from seeds is
likely to compensate for the failure in resprouting.

In addition, the patterns of recovery of woody species observed in
our study may have been influenced by variation in the yearly pre-
cipitation as demonstrated in other studies (Ratajczak et al., 2012;
Kulmatiski and Beard, 2013). A dry year in combination with roller-
chopping may result in slow recovery and increased plant mortality and
vice versa. Based on the precipitation data from the nearest Santiago del
Estero airport climatic station (World Meteorological Organization
station 87129), the years following the first roller-chopping received
below-average precipitations, likely causing slower woody plants re-
covery, while the precipitations in years following the second roller-
chopping were above average, probably boosting the speed and success
of the recovery of the woody layer. This mechanism may therefore
partially contribute to the small differences in diversity and composi-
tion between plots roller-chopped 10.5 (in 2006/2007) and 1.5 (in
2014/2015) years before our sampling, however we do not expect the
influence of precipitation to be large because the deviations in the
yearly precipitation amount from long-term average were not pro-
nounced.

Another factor which could potentially influence the pattern of

woody species recovery is the cattle grazing applied regularly in the
study area. However, this effect of grazing on woody species re-
generation is likely to be negligible because Panicum seeded during the
roller-chopping forms abundant forage layer and has very high palat-
ability, thus the cows forage preferably on this species and avoid woody
plants. In addition, cows are allowed to enter the roller-chopped areas
when the stratum of Panicum is fully developed but are excluded before
this stratum is fully consumed which means that there is never a lack of
Panicum forage during the grazing.

The differences in species composition among the roller-chopped
and control plots were expressed by the Aspidosperma quebracho-blanco
and Capparis atamisquea densities. The decrease of Aspidosperma in-
dividuals implies that this species is the only tree species susceptible to
roller-chopping damage, but its high abundance in the roller-chopped
plots indicates that the negative effect of roller-chopping on this species
is not large and may not endanger its populations. The increased
mortality of young Aspidosperma trees following roller-chopping may
also be related to the sudden removal of neighbouring shading plants,
because this species is known to benefit from the presence of shade-
providing nurse plants (Barchuk et al., 1998, 2005, 2008). The decrease
in the number of Aspidosperma seedlings together with the elimination
of potential nurse shrubs could become even more pronounced when
the newly created silvopastoral system is subjected to intensive live-
stock grazing, because spiny nurse shrubs have been shown not only to
facilitate Aspidosperma development but also to protect the seedlings
from grazing (Tálamo et al., 2015). The association with spiny shrubs
has also been documented for Schinopsis lorentzii (Tálamo et al., 2015),
a tree that together with Aspidosperma forms the upper layer of the
studied forests; therefore, the successful regeneration and maintenance
of these two species is key to securing the sustainability of the forest
physiognomy of the stands and their functions. However, in contrast to
Aspidosperma, we found no differences in Schinopsis densities among the
treatments (Table 1), suggesting that this species is not susceptible to
roller-chopping. Unlike other species, the decrease in abundance of
Capparis atamisquea was apparent not only between the control and
roller-chopped plots but also between the two roller-chopped treat-
ments (Table 1). This species is a good resprouter (Casenave et al.,
1998), which indicates rather good persistence through roller-chopping
disturbances, but, as with Aspidosperma regeneration, it has been found
to grow preferentially beneath the canopy of nurse plants (Páez and
Marco, 2000; Rossi and Villagra, 2003). This fact may explain the re-
markable decrease in Capparis in the roller-chopped plots, because the
opening of habitat connected with the loss of potential nurse plants
could negatively affect not only its generative reproduction but also its
sprout growth and mortality.

5. Conclusions

Our study revealed that despite achieving the desired decrease in
shrub layer density, low-intensity roller-chopping preserves the species
diversity and composition of woody plants of the semi-arid Chaco
forest. The transformation of the degraded Chaco forest afflicted by
shrub encroachment to a silvopastoral system by the low-intensity
roller-chopping process changes the structure of forest stands (Kunst
et al., 2008, 2016) but to a large extent preserves the presence and the
relative abundances of woody plant species. Preservation of these spe-
cies is important not only from the perspective of ecosystem function-
ality (Lyons et al., 2005; Mouillot et al., 2013) but also because some
woody species evaluated in our study may be beneficial for livestock, as
they provide forage (Bregaglio et al., 1999). Silvopastoral systems could
provide a habitat that, unlike lands undergoing intensive agricultural
use, represents a high-quality matrix that permits the movement of
forest organisms between patches of natural forests (Perfecto and
Vandermeer, 2008). The slight changes in the diversity and composi-
tion of woody plants found in this study, together with the confirmation
that the silvopastoral system is suitable for wildlife (Coria et al., 2015,

Fig. 3. The NMDS ordination of plots based on Bray-Curtis dissimilarity. The analysis
revealed no pronounced differences in the species composition of the shrub layer among
the treatments, as the groups of points representing the plots in each treatment strongly
overlapped. The lines denote the boundaries of clusters of plots belonging to the same
treatment. Control – control (untreated) plots, RCh1 – plots subjected to a single roller-
chopping, RCh2 – plots subjected to two bouts of roller-chopping.
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2017), suggest that the low-intensity roller-chopping system creates a
high-quality habitat that is suitable for accommodating a large pool of
species and can also serve as a passageway for others. The latter fact is
important given the ongoing fragmentation of the dry forests of the
Chaco ecoregion (Piquer-Rodríguez et al., 2015; Vallejos et al., 2015).
Based on the aforementioned findings, we conclude that low-intensity
roller-chopping is a good management tool to reduce woody plant en-
croachment and create a silvopastoral system while preserving eco-
system functions. Therefore, our answer to the question presented in
the title, ‘To chop or not to chop?’, is positive.
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