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Herbivory and fire promote changes in vegetation patches of arid environments, and recruitment plays a key role
in their maintenance. We studied seedling dynamics in seven sites with different land use histories related to
grazing and fire in north-eastern Patagonian Monte, Argentina. We selected shrub patches in grazed/burned
areas. On each shrub patch, we established seven microsites along an under-canopy windward/leeward transect.
Seedling recruitment of perennial grasses (PGR) and annual species (ASR) were registered on each microsite.
PGR was higher in sites with low-intensity disturbances, and lower in those severely disturbed or not disturbed.
PGR was similar on the leeward side, suggesting that shrubs generate similar microsites for their establishment
on that side whatever the surrounding disturbance. Severe disturbances promoted non-native ASR. PGR overall
was low and apparently, conditions that enhanced ASR also decreased PGR. This situation leads to the
replacement of a native-dominated community to one dominated by non-native AS. Our findings suggest that
vegetation cover in heavily grazed sites in this semiarid region are sustained mainly by grass re-sprouting ca-
pacity, as recruitment is scarce. In contrast, sites that have a fire background and/or are ungrazed show higher

PGR, especially in under-canopy microsites.

1. Introduction

Grazing and fire promote changes in ecosystem structure and func-
tion by means of an increase in the heterogeneity of plant community
and a modification in resource release (Pickett and White, 1985). These
are the main disturbances in semiarid grasslands (Oesterheld et al.,
1999) and, particularly, in Argentinean Patagonia (Gittins et al., 2011).
There, during the last 100 years, introduced cattle have changed grazing
intensity and also altered fire regimes (Kitzberger et al., 2005; Peter
et al., 2013). The occurrence of summer wildfires is common in this
system (Kropfl et al., 2007), but the use of prescript fires as a tool to
reduce shrubs and enhance perennial grass cover prevents severe acci-
dental fires (Bran et al., 2007; Pelaez et al., 2010). Despite this, only a
few studies have been focused on the effects of grazing and fire on
seedling recruitment in these semiarid shrublands (Bisigato and Bertil-
ler, 2004a; Franzese and Ghermandi, 2012; Gonzalez and Ghermandi,
2012).

Seedling recruitment is affected by a combination of processes and its
limitation might be the consequence of a poor soil seed bank caused by
low seed production or dispersal, restrictions in seed germination caused

by high seed senescence and mortality or restrictions in seedling
establishment per se as a result of an elevated seedling mortality (Fenner,
2000; Fenner and Thompson, 2005). In the Monte desert, cattle are
known to induce cascading effects on perennial grass fitness, through
processes such as changing the pollinator assembly (Tadey, 2008;
Vazquez and Simberloff, 2004), removing inflorescences before seeds
set, and reducing spike production following grazing (Kropfl et al., 2007;
Pol et al., 2014). Meanwhile, annual species tend to maintain their
elevated seed production under disturbances and might take advantage
in grazed sites (Grime, 1977).

In the Monte desert, vegetation is distributed in patches (‘islands’)
surrounded by a bare soil matrix (or interpatches) (Aguiar and Sala,
1999). These patches are dominated by shrub species, with other func-
tional groups growing under their canopy (Funk et al., 2018). Shrubs
enhance local growth conditions through the accumulation of nutrients
(Fuentes et al., 1986; Soriano and Sala, 1986) and provide protection
against wind erosion, desiccation, and defoliation (Acosta and Agiiero,
2001; Aguiar and Sala, 1994; Fuls, 1992). This protection enhances seed
rain produced by species growing under the canopy (Soriano and Sala,
1986). Furthermore, patches act as seed traps collecting propagules
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transported by animals and wind (Acosta and Agiiero, 2001; Aguiar and
Sala, 1994; Fuentes et al., 1986). On the other hand, as most shrub
species have a dense and unpalatable canopy, grazing pressure is higher
in interpatch areas, and this suggests that patch formation could be a
result of grazing (Allington and Valone, 2013).

All those processes induced by shrubs combined with the effects of
different land use histories result in a heterogeneous soil seed bank
spatial distribution (Edwards and Crawley, 1999; Caballero et al., 2008;
Leder et al., 2017) and may promote uneven seedling recruitment. Other
forces, as predominant wind direction, may affect the protective func-
tion of the shrub, so in addition to the general patch-interpatch het-
erogeneity of arid land vegetation, differences between microsites under
shrub canopy must be considered (Bisigato et al., 2009; Busso et al.,
2012; Caballero et al., 2008; Soliveres et al., 2015). In this sense,
Whitford (2002) proposed a process promoted by the wind in which soil
particles, leaves, and small stems, are deposited on the leeward side of
vegetation patches. This process may promote differences in seed bank
abundance and microenvironmental conditions among microsites and
affect seedling recruitment, especially in grazed sites in which inter-
patches have a low plant cover and are prone to wind erosion (Chartier
and Rostagno, 2006; Parizek et al., 2002; Funk et al., 2018). But on the
other hand, after fire occurrence, wind promotes the redistribution of
nutrients, organic matter and seeds from patches to interpatches (Boo
et al., 1996; Ravi and D’Odorico, 2009; Rostagno et al., 2006). This
process might homogenize patch-interpatch conditions and reverse the
grazing effect, reducing differences among microsites regarding seedling
recruitment.

Our main objective was to understand seedling recruitment dy-
namics and shrub patch effects on this process in a complex system as the
Monte desert. We designed a study that included different disturbance
intensities and contrasting microsites in each patch along a transect
defined by the predominant wind direction. We tested three hypotheses:

Hypothesis 1. Predominant wind effect combined with grazing by
domestic livestock, a disturbance that promotes vegetation and soil seed
bank loss in interpatches, deteriorates safe microsites for seedling
recruitment at the windward side of shrubs, reinforcing the patch-
interpatch structure in the Monte system.

Hypothesis 2. Post-fire wind erosion, a disturbance that redistributes
nutrients and propagules from patches to interpatches, homogenizes the
distribution of safe microsites for seedling recruitment.

Hypothesis 3. Grazing decreases perennial plants reproductive per-
formance and has a negative effect on perennial grass seedling recruit-
ment. Fire promotes propagules and nutrients redistribution, which
causes the opposite effects.

2. Materials and methods
2.1. Study area

The study area was located in the Adolfo Alsina Department (40° 40’
S, 64° 10’ W), Rio Negro province, Argentina. The climate is subtem-
perate dry, with warm summers (mean temperature 24 °C) and mild
winters (mean temperature 7 °C). Mean annual precipitation ranges
from 300 to 350 mm, with high variability within and between years
(Godagnone and Bran, 2009). The annual precipitation for the sampling
period was 357 mm, slightly higher than the mean value. A moderate
north-westerly wind occurs throughout the year (Godagnone and Bran,
2009). The topography is uniformly flat and soils are classified as Ari-
disols (Godagnone and Bran, 2009). Natural vegetation in the area is
characterized by a shrubland steppe, corresponding to the Monte
Phytogeographical Province, South District, North Patagonia
Sub-district (Roig et al., 2009); with a herbaceous layer of predomi-
nantly winter-growing grasses. This community is dominated by Larrea
divaricata Cav., Chuquiraga erinacea D. Don and Condalia microphylla
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Table 1
Land use histories included in the study. The distance to the watering point was
used as a proxy of grazing intensity.

Land use Acronym  Post-fire Distance Grazing Disturbance
history recovery to the history intensity
years watering

point
Ungrazed UG 50 years null
exclosure

Long LU 40 years low
ungrazed exclosure,
with overgrazed
grazing for one year
event in 2008

Burned BU 11 years 11 years low/
ungrazed exclosure medium

Burned BG 11 years <600 m grazed by medium
grazed sheep

Recently B7 six years >2500m  grazed by medium/
burned sheep high
grazed

Moderately- MG >2500m  grazed by high
grazed sheep

Heavily- HG <600 m grazed by very high
grazed sheep

Cav. in the shrub layer, and Nassella tenuis (Phil.) Barkworth in the
herbaceous layer. Perennial grasses Poa ligularis Nees ex Steud., Pap-
postipa speciosa (Trin. and Rupr.) Romasch., Nassella longiglumis (Phil.)
Barkworth, and annual species Schismus barbatus (L.) Thell (non-native),
Erodium cicutarium (L.). L’Her. ex Ait. (non-native), and Daucus pusillus
Michx. are also commonly found in the herbaceous layer (Cabrera,
1971). Adolfo Alsina Department has almost 100 years of extensive
grazing history, with an average stocking rate of ~0.18 sheep ha!
(Peter et al., 2013).

2.2. Sampling design

The study area was a 30 x 10 km vegetation unit and comprised
several ranches. Grazing intensities were selected using the piosphere
criteria (Bisigato et al., 2005). Piospheres are the radial grazing intensity
gradients developed in arid lands by cattle concentration in some places,
as water points (Chillo et al., 2015). Grazing impact is higher as the
distance to the water point decreases (D’Odorico et al., 2013). With this
in mind, seven areas with different land use histories related to grazing
intensity and summer wildfire occurrence were selected using the same
classification employed by Peter et al. (2013) (Table 1).

Grazed treatments were located in 600 ha paddocks. Heavily grazed
(HG) and moderately grazed (MG) sites were in the same paddock, but
2000 m apart from each other. Burned grazed (BG) and burned ungrazed
(BU) sites were separated by a wire fence. The recently burned grazed
(B7) was moderately grazed and was affected by a wildfire in the sum-
mer of 2007 (six years before sampling). Sites HG, MG, and UG were
located in a farm separated by less than 30 km from another farm that
contained the other four treatments. The LU site was a 40 years exclo-
sure that was heavily grazed in 2008 (five years before sampling), and
has been excluded from grazing again since then. Three years after the
summer wildfire occurrence in 2002, a five-year drought event took
place, and the mean annual rain ranged from 35% to 75% of the annual
average (Funk et al., 2012).

Previous studies in the same land use histories and area showed a
decrease in grass cover and richness associated with intense grazing and
a compensation of these negative effects related to post-fire recovery
(Peter et al., 2013). Studies in similar systems also suggested that after
fire occurrence wind contributes to the redistribution of propagules and
nutrients that were accumulated under shrub canopy (Boo et al., 1996;
Ravi and D’Odorico, 2009; Rostagno et al., 2006), homogenising vege-
tation cover. Considering the previous information provided by Peter
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et al. (2013) and our general knowledge of the study site, a gradient
according to the disturbance intensity was established (Table 1).

To estimate seedling recruitment, five shrub patches with a radius
greater than one meter were randomly chosen as experimental units on
each land use history area. Patches were nonspecific and consisted of
different shrub species. Following the pattern used to sample soil seed
bank in the area (Leder et al., 2017), seven microsites were located on
each patch along an east-to-west (leeward-windward) transect. One
microsite was located at the shrub trunk side, two on the shrub edges,
two at middle distances between the edges and the trunk, and two in
interpatch areas at the same distance from the edge as the middle
microsites (n = 35). Each patch was separated from another patch by at
least one meter and was carefully chosen in order to assure that the
microsites located outside the canopy did not overlap with those from
other patches.

Once the microsites were selected, a grid with 10 x 10 4 cm? squares
was placed on each one and was permanently marked with metal spikes.
At that time, grasses with more than three tillers, shrubs, and sub-shrubs
with secondary growth and/or plants that had fructified (with rests of
the inflorescence) were identified and tagged as ‘adults’, to avoid
registering them as recruiters on the following visits (Bisigato and Ber-
tiller, 2004b). Microsites were sampled on the first two weeks of each
month, starting after the autumn rains, from April 2013 to March 2014.
In each visit, all seedlings were identified to species level when possible
and were classified by functional group and by native/non-native spe-
cies. In this way, data consisted of the number of squares in which each
species (group or taxa) was present in that sampling date and this was
used as a proxy of seedling abundance.

2.3. Statistical analyses

Few species were consistent in their appearance between and within
sites, so statistical analyses were carried out over species data summed
up into two functional groups: perennial grasses (all native species), and
annual herbs + grasses (annuals, with three non-native and nine native
species). Shrubs + subshrubs as a functional group were not statistically
analysed because data was scarce.

We analysed recruitment dynamics searching for overall changes in
seedling emergence between consecutive months. Given that we were
interested in describing a general tendency, we used mean values from
all the microsites and all the land use histories. When data met the
normality requirement consecutive months were compared with Stu-
dent’s t tests (t), and when the requirement was not reached (even if data
were transformed), Wilcoxon’s test (W) was used.

Differences in seedling recruitment between sites and microsites
were tested using data of the month with the highest seedling recruit-
ment for annuals and with data of the end of the sampling period for
perennial grasses (because those seedlings were considered to be
‘recruited’). To test our third hypothesis about the opposite effects be-
tween grazing and fire we performed a factorial analysis using data from
sites UG and BU (burned and unburned ungrazed sites), and BG and HG
(burned and unburned grazed sites). Homoscedasticity was tested with
Levene’s test. Data were transformed when needed in order to meet
ANOVA (F) requirements, when these requirements were not met data
were analysed using Kruskal-Wallis nonparametric test (H).

Given that we could not identify the species of all the perennial grass
seedlings, we did not include an analysis of the dominant species of this
group. To identify which annual species dominated seedling recruit-
ment, Student’s t tests were performed comparing the two species with
the highest number of seedlings on each land use history. When data did
not meet the normality requirement, Wilcoxon’s test was used.

All the statistical analyses were carried out using InfoStat software
(Di Rienzo et al., 2011).
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Fig. 1. Seedling emergence dynamics, mean values were calculated with data
from all the microsites and all the land use histories (seedling/m2 + SE). Stars

indicate significant differences between consecutive months (p < 0.05).

Table 2

Seedling recruitment dynamics of perennial grasses and annual plants. Statisti-
cal values of comparisons between consecutive months. t = Student’s t-test, W=
Wilcoxon test.

Perennial grasses Annual plants

Statistic P Statistic P
Apr-May t=-1.085 0.279 W = 60361.5 0.8914
May-Jun t = 0.644 0.52 t=—1.446 0.149
Jun-Jul W = 66949 <0.0001 t=0.201 0.841
Jul-Aug t=1.799 0.073 t = 0.606 0.545
Aug-Sep t=0.15 0.881 t=0.981 0.327
Sep-Oct t=2.301 0.021 t=0.033 0.974
Oct-Nov t=1.67 0.096 t =4.594 <0.0001
Nov-Dec W = 55035.5 0.0008 W = 35410 <0.0001
Dec-Jan t=—0.558 0.577 W = 67420 <0.0001
Jan-Feb t=2.752 0.006 t=—-0.347 0.729
Feb-Mar t = 0.306 0.759 t = 0.455 0.649
3. Results

According to the first and second hypotheses, which postulate
changes related to grazing and fire respectively, results are shown with
both disturbances mixed in the gradient of land use histories presented
in Table 1.

3.1. Recruitment dynamics

Perennial grass recruitment started at the end of the autumn (June
2013). It showed a significant increase in June and July, and this ten-
dency remained until the middle of the spring (October 2013) when
recruitment reached its maximum (Fig. 1a, Table 2). Starting in October,
a mortality increase was observed, especially in December 2013, at the
end of the spring. A second and smaller perennial grass recruitment
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Fig. 2. Mean perennial grass seedling abundance (seedling/m? + SE) between sites with different land use histories. Different letters indicate significant differences
between land use histories for each microsite (p < 0.05). UG: ungrazed site, LU: long ungrazed with grazing event, BU: burned ungrazed site, BG: burned grazed site,
B7: burned in 2007 and grazed site, MG: moderately grazed site, HG: heavily grazed site. A: windward interpatch, B: windward border microsite, C: windward middle
microsite, D: trunk, E: leeward middle microsite, F: leeward border microsite, G: leeward interpatch.
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event took place at the end of the summer (March 2014).

Annual plant recruitment showed a maximum at the beginning of the
autumn (April 2013), when the sampling period started (Fig. 1b,
Table 2). This maximum value was sustained until the middle of the
spring (November 2013) when the senescence period of annual plants
began and continued until the middle of the summer (January 2014).

According to the objective of this study, comparisons between land
use histories and microsites were carried out based on seedling data of
March 2014 for perennial grasses (considering that seedlings were
established) and of October 2013 for annual plants (when recruitment
reached the maximum value).
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3.2. Effects of the predominant wind and land use histories on seedling
recruitment

Regarding perennial grasses in different land use histories, compar-
isons between microsites in each land use history did not show any
significant differences between them. Nevertheless, seedling recruit-
ment between land use histories showed different results depending on
the microsite from which each comparison was made. On the under-
canopy windward microsites, recruitment was lower in the heavily
grazed (HG) and ungrazed (UG) sites, and higher in the ungrazed sites
that had a disturbance background (LU and BU) (Fig. 2). On the other
hand, exposed microsites (interpatches) and wind-protected microsites
(T, ML, and BL) did not show significant differences in perennial grass
seedling recruitment between land use histories (Fig. 2). All perennial
grass species recruited were native.

Addressing our third hypothesis, we detected a positive effect of fire
on perennial grass recruitment (Fig. 3), as seedlings number was higher
in burned sites regarding their grazing treatment.

Annual plant recruitment only showed significant differences be-
tween microsites in BG and MG. The highest annual plant recruitment in
BG occurred in the leeward interpatch and the lowest in the windward
border, the trunk, and the leeward middle microsite (Fig. 4a, F = 4.282,
p = 0.003). In MG annual plant seedlings abundance was maximum in
the leeward middle microsite and minimum in the windward middle and
border (Fig. 4b, F = 3.848, p = 0.006).

As a general tendency, annual plant recruitment was higher in grazed
sites (Fig. 5), where non-native species dominated seedling recruitment
(Table 3). Meanwhile, less disturbed sites (e. g. ungrazed) showed lower
annual plant recruitment (Fig. 5) and were dominated by native species
(with non-native as co-dominant species in sites that presented low or
moderate disturbances) (Table 3).

4. Discussion
4.1. Recruitment dynamics

Perennial grass seedlings suffered high mortality at the end of spring
and beginning of summer probably related to temperature increases.
Seedlings that survived through this period reached establishment. A
second perennial grass recruitment peak may be related to the occur-
rence of summer rains and to an increase in seed availability as a result
of seed dispersal in the same period (Leder et al., 2015).

Annuals seedling recruitment remained high for several months, and
this can be explained by low seedling mortality and/or a high seedling
replacement rate. This promotes the persistence of a high annual seed-
ling number until the fructification and senescence season towards the
spring.

4.2. Effects of the predominant wind combined with land use histories on
seedling recruitment

In relation to perennial grass seedling recruitment, our results do not
support our first hypothesis, as we did not find evidence of differences
promoted by the combination of grazing and the predominant wind
direction on the distribution of safe microsites. Differences founded in
perennial grass soil seed bank between microsites in unburned grazed
sites (Caballero et al., 2008; Leder et al., 2017; Marone et al., 2004) are
not reflected in seedling recruitment. Leeward middle-canopy microsites
have higher perennial grass seed bank than borders and interpatches
(Leder et al., 2017), but their recruitment is equal.

Regarding the other land use histories, the lack of differences in
seedling recruitment between microsites may be explained by (i) the
absence of recruitment per se in some sites, probably as a result of a very
scarce soil seed bank, as is the case of heavily grazed sites (Leder et al.,
2017), or (ii) a high seed supply from patches to interpatches directly
through the seed rain combined with similar micro-environments that



C. Leder et al.

A 1000 g B 1200
L 900 5 B
Z% 800 BC &6 1000
2 % 700 33
2.2 BC 2 2 800
2= 600 25
=3 £ 3
£& 500 =2 600 AB o
£% 400 2%
8.5 200 AR EE 40 o I
53 ABC 52 A
o o
= g 200 AB  /J =3 200 L A
00 | A 7 A 1
I X
0 0
UG LU BU BG B7 MG HG UG LU BU BG B7 MG HG
C 1600 D 2000
D
a0 . 1400 D .. 1800
25 : 51400
Z = 1000 i
g ?3 ki '§ 1200 cD
=2 800 = 2 1000 s
[ [
25 600 E € g5 %00 I I
55 5
g'g 400 BC ABC I I § jgg
2 2 AB
== 20 | AB g S B G o B
I A T 3
0 = 0 1
UG LU BU BG B7 MG HG UG LU BU BG B7 MG HG
E F
1200 . 1400 B
c o0 —~ 1200 B 2
241000 BC ] 2%
= = D %
2% s00 I i e
25 E73 s00
=2 600 oo
E = AB g ':‘~; 600
g3 g E
3§ 400 2 400
g5 A 8 A
=220 | A A A0 |V g T ek
I I I D = %
0 0
U6 LU BU BG B7 MG HG UG LU BU BG B7 MG HG
G 1200
B
26 1000 B a
o & B
D
2 % 300 I
ET
=2 600
=z
£ 2 400
52
=820 A a A
= I
0
UG LU BU BG B7 MG HG

Journal of Arid Environments 189 (2021) 104479

Fig. 5. Mean annual species seedling abundance (seedling/m? + SE) between sites with different land use histories. Different letters indicate significant differences
between land use histories for each microsite (p < 0.05). UG: ungrazed site, LU: long ungrazed with grazing event, BU: burned ungrazed site, BG: burned grazed site,
B7: burned in 2007 and grazed site, MG: moderately grazed site, HG: heavily grazed site. Different letters indicate significant differences. A: windward interpatch, B:
windward border microsite, C: windward middle microsite, D: trunk, E: leeward middle microsite, F: leeward border microsite, G: leeward interpatch.
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Table 3

Journal of Arid Environments 189 (2021) 104479

Annual species seedling percentage by land use history. The percentage was estimated using the total number of recruiting seedlings of a particular species (all
microsites + all patches) and dividing by the total number of seedlings registered during the highest recruitment month. Below: comparisons between the two most
abundant species on each land use history. Bold numbers indicate the dominant species on each site (p < 0.05, t = Student’s t-test, W=Wilcoxon’s test). Stars indicate
non-native species. UG: ungrazed site, LU: long ungrazed with grazing event, BU: burned ungrazed site, BG: burned grazed site, B7: burned in 2007 and grazed site, MG:

moderately grazed site, HG: heavily grazed site.

Annual species UG LU BU BG B7 MG HG
Dicotyledonous
Daucus pusillus 9,6 0,4
Non identified Dyco 0,8 0,7
Gamochaeta spp. 10 3,3 10,1 1 0,3 12,3 6,8
Micropsis australis Cabrera/Facelis retusa (Lam.) Sch. Bip. 0,4 2,2 3 16,6 7,5 11,3 32,4
Pelletiera verna A. St.-Hill. Phil. 21,8 18,1 31,9 10,1
Plantago patagonica 46,7 33,8 24,2 12,2 23,2 0,8
Erodium cicutarium * 5,4 3,6 5,5 4,6 0,7 0,8
Herniaria cinerea DC.* 1,7 8,4 9,8 25,5 0,1 19,6 2
Monocotyledonous
Hordeum spp. 6,3 0,7 14,6 2,4 0,5 6,8
Schismus barbatus* 19,2 25,1 14,8 5,7 58,3 48,6 57,8
P 0.028 0.486 0.533 0.094 <0.0001 <0.0001 0.001
Statistic W = 1422.0 t=0.701 t=-0.627 W =1378.0 t=-5.026 t=—-4.964 t=-3.458

allow a significant and even recruitment. The second explanation is
sustained by the lack of differences in seed rain between patches and
interpatches found by Leder et al. (2015) and the capacity of the
dominant grass species, Nassella tenuis, to anchor, germinate and
establish in unprotected microsites (Distel et al., 1992). On the other
hand, the results found in the burned sites seem to agree with our second
hypothesis, as we do not find differences among microsites after ten
years of post-fire recovery.

Considering a different approach, only under-canopy windward
microsite showed differences between land use histories, showing a
differential effect of the wind direction related to the microsite. And on
the other hand, the lack of differences between land use histories at the
leeward microsites might represent evidence of shrub protective effects.
These effects might promote a similar aptitude for seedling recruitment
among land use histories on the leeward micro-environments. In this
sense, it is important to highlight that the differences in perennial grass
seedling recruitment between sites were found only at the windward
under-canopy microsites.

On the other hand, our results partially agree with our third hy-
pothesis. Because even though fire enhanced perennial grass recruit-
ment, the undisturbed site had also extremely low recruitment, contrary
as we expected. In this sense, three different situations could be pro-
posed to explain the case for each site: (i) Land use histories with a
continuous disturbance and a low soil seed bank (e.g. MG and HG) may
be unable to have a high recruitment rate (Leder et al., 2017; Setterfield,
2002); (ii) Land use histories without disturbances and with an abun-
dant soil seed bank (e.g. UG) may fail to provide soil disturbances that
enhance ‘gaps’ availability and stimulate seed germination (Franzese
et al.,, 2009; Leder et al., 2017). Additionally, the absence of grazing
might promote litter accumulation and induce seeds into a dormancy
state (through light interception and a decrease in temperature varia-
tions) (Acosta and Agiiero, 2001; Fenner and Thompson, 2005; Jutila
and Grace, 2002; Setterfield, 2002). Furthermore, if seeds could get
germination stimulus, the litter accumulated may also increase seedling
mortality (Loydi et al., 2013); (iii) Land use histories with a disturbance
background and an abundant soil seed bank (Leder et al., 2017) may
provide gaps for seedling recruitment (as a product of moderate dis-
turbances, like sporadic grazing events and fires, that promote gaps
regeneration). But, on the other hand, this could also increase seedling
mortality leading to intermediate-to-high recruitment, as is the case for
the recently burned grazed site (B7), BG, BU, and LU (long ungrazed site
with a grazing event) (Distel et al., 1992; Keeley et al., 2005; Leder et al.,
2017; Setterfield, 2002).

Therefore, three simultaneous situations must probably exist for
‘successful’ recruitment in this semiarid shrubland: there must be high

seeds availability in the soil seed bank, a disturbance that provides gap
creation, and safe microsites for seedling establishment. In other semi-
arid shrublands, seedling recruitment is low when communities are
composed of resprouting species (Keeley et al., 2005; Milton, 1995).
Nevertheless, scarce recruitment in sites with continuous grazing may be
a concern.

With respect to annuals recruitment, in sites with high disturbances
(e.g. MG) the middle leeward microsite represented a safer microsite for
annuals recruitment, in agreement with our first hypothesis. In this way,
even though disturbances promote annual species recruitment (Busso
et al., 2016; Franzese et al., 2009), severe environmental conditions
promoted by wind occurring in unprotected microsites seem to increase
seedling mortality meanwhile more protected under-canopy microsites
decrease it (Busso et al., 2012). According to our second hypothesis,
differences between microsites in the grazed site with post-fire recovery
(considered to have a medium disturbance) might indicate that condi-
tions in the leeward interpatch enhance higher annuals recruitment than
those in microsites underneath shrub canopy.

The greatest challenge to maintaining forage grass species in the
Monte desert is recruiting new perennial grass seedlings. A better un-
derstanding of complex microsite conditions that enhance seedling
recruitment can lead to the adoption of management practices that
promote favorable microsites and lead to a greater cover of desired
species.

On a more promising note, our study also highlights that low-to-
medium disturbances (like sites with a long post-fire recovery or graz-
ing events with resting periods) enhance perennial grass seedling
recruitment in this semiarid shrubland, especially at under-canopy
microsites that might provide some kind of shrub protection over the
recruiters.
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