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Abstract 

The effect of grazing by large herbivores on grassland communities has been extensively studied, however less is known about changes 
associated with sites of high-intensity activity, such as dust bowls, tracks, urine patches and dung piles, that might induce disproportionate 
impacts to the directly affected areas and the surrounding vegetation. This paper explores the changes associated with exotic feral horse dung 
piles in relicts of natural grasslands in Argentine Pampas. We expected greater changes in the composition of plant communities and a 
greater facilitation effect on the establishment of invasive alien plants adjacent to the dung piles. Characteristics of the vegetation 
surrounding dung piles were recorded in 10025 cm plots located 0–1.5 m from the edge of the piles. We compared the immediate 
surroundings with reference plots at 5 m. The diversity of plant species increased as distance from the edge increased from 0–1.5 m; 
however, species richness was significantly higher in the first meter next to dung piles than 5 m away. Percentage cover of bare ground 
decreased further from the dung piles at both scales. Percentage cover of woody plants was greater at greater distances from the manure, 
whereas percentage cover of exotic plants was significantly higher next to the dung piles. The reported changes could be related to 
concentration gradients of nutrients liberated from the manure and/or to behaviour patterns of the horses, which may avoid grazing in the 
immediate surroundings of dung piles. These changes result in invasion windows facilitating the establishment and subsequent dispersal of 
exotic plant species in grasslands. 
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Introduction 

The occurrence of disturbances caused by animals 
on a small scale could be an important process in 
determining the floristic diversity of a region as 
they provide temporary windows for the 
establishment of uncommon species (Branch et 
al. 1999; Fields et al. 1999; Farji-Brener and 
Ghermandi 2000). The effect of large herbivores, 
whether domestic, feral or wild, has been mainly 
focused on the consequences of grazing and 
trampling on the composition and diversity of 
plant communities (Vázquez 2002; Rook et al. 
2004), but very little is known about the impact 
of intense disturbances at smaller scales, such as 
dust bowls, tracks, urine and dung patches, on 
the vegetation (Day and Detling 1990; Steinauer 
and Collins 1995; Loydi and Zalba 2009). 

Dust bowls and tracks open up areas of bare 
ground, which favours species adapted to frequent 
disturbances by providing microsites that are 
free of vegetation (Grime 2001; Bakker and Olff 
2003; Renne and Tracy 2007), and increases the 
risk of erosion at the same time (Cole and Spildie 
1998). Latrine areas are intensely supplied with 
urine resulting in a local increase in nutrients, 
which gives rise to variability in productivity 
and species diversity (Semmartin and Oesterheld 
2001; Zhi-You et al. 2004; Renne et al. 2006). 
Herbivores, on the other hand, help to disperse 
whole groups of species frequently found in 
association with dung piles (Campbell and Gibson 
2001; Cosyns and Hoffmann 2005; Wells and 
Lauenroth 2007). The dung piles also provide sites 
appropriate for seedling establishment (Malo and 
Suárez 1995; Dai 2000), increasing recruitment 
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of plant species exotic to the biome growing 
directly on the dung (Loydi and Zalba 2009). 

These disturbances are expected to be 
particularly intense in habitats that have not shared 
an evolutionary history with the herbivores 
responsible for these selective pressures (Mack 
1989). The presence of large introduced ungulates 
might favour the establishment of opportunist 
exotic plant species in these “naive” ecosystems 
(Grime 2001).  

In a previous study in this area, species 
richness and percentage cover of exotic species 
growing directly on dung piles were shown to be 
significantly higher than in control areas with 
natural vegetation (Loydi and Zalba 2009). 
Considering this, dung piles were proposed as 
“nursery areas”, allowing the introduction and 
initial survival of invasive species that could 
eventually spread into more pristine habitats. 
The effect of dung piles is not restricted to sites 
directly affected by the dung but extends to the 
surroundings, creating environmental gradients 
that result in changes in the dynamics of species 
recruitment and survival, eventually leading to 
changes in the floristic diversity of a whole area 
(Olff and Ritchie 1998). These changes may 
include the spread of unwanted species including 
non-palatable and invasive alien plants. In this 
paper we propose that dung piles of feral horses 
result in changes in the composition of the 
surrounding plant communities, including the 
facilitation of the establishment of invasive alien 
plants. To test this hypothesis we described the 
composition and diversity of plant species 
communities at different distances from feral 
horse dung piles, and compared the abundance of 
exotic species in the immediate vicinity of the 
piles with plots located away from them. 

Methods 

Study area 

The study was carried out at Ernesto Tornquist 
Provincial Park (ETPP), in Ventania mountains, 
Argentina, which covers an area of approximately 
6700 ha, including elevations of over 1000 m, 
between 38°00' and 38°10'S, and 61°45' and 62° 
08'W. Climate is temperate, with a mean annual 
temperature of 14ºC. Mean annual precipitation is 
800 mm, with occasional snow in winter (Burgos 
1968). The main vegetation is grassland, 
dominated by Stipa, Piptochaetium, Festuca, and 
Briza (Cuevas and Zalba 2010). The shrubs 
Discaria americana and Eupatorium buniifolium 

are the dominant woody species (de Villalobos et 
al. 2011). Native trees are absent in the system 
(Zalba and Villamil 2002). The study area consists 
of valleys with slopes of 5 to 11 %, shallow soils 
and occasional rocky outcrops. In the absence of 
intensive grazing, habitats in the foothills are 
characterised by grassland of 50–60 cm in height 
(de Villalobos and Zalba 2010). 

ETPP is one of the last relicts of pampas 
grassland in Argentina and possibly the most 
valuable for its concentration of endemic species 
and of populations of plants and animals that are 
seriously threatened in the rest of the region 
(Kristensen and Frangi 1992; Bilenca and Miñarro 
2004). 

In 1942 a small group of horses was introduced 
into the park, growing until being the largest 
known feral horse population in Argentina. Adult 
density doubled from 1995 (10.9 animals km-2) 
to 2002 (21.0 animals km-2, Scorolli and Lopez 
Cazorla 2010). At the time of this work, total 
horse density in the park was ca. 23 animals km-2 
(A.L. Scorolli, Universidad Nacional del Sur, 
pers. com.). Their impact on the vegetation is 
notable, reducing vegetation biomass, replacing 
species (de Villalobos and Zalba 2010; Loydi et 
al. 2012) and promoting the advance of invasive 
plants (Loydi et al. 2010; de Villalobos et al. 
2011), and their presence is also associated with 
changes in avian communities and reductions in the 
reproductive success of grassland birds (Zalba 
and Cozzani 2004). 

Experimental design and statistical analysis 

Sampling was carried during the austral summer 
(January and February), in an 86.31 ha valley 
used by feral horses. In a previous study the 
percentage of ground covered by horse manure in 
this area was estimated at 2.5% (Loydi and Zalba 
2009). 

Fifteen dung piles of more than one metre in 
diameter and separated by at least 100 m were 
selected and four sets of six adjacent 0.25 m2 

plots (100cm  25cm) each were placed from 0–
1.5 m from the dung pile edge (Figure 1). These 
were oriented according to the major and minor 
lengths of the dung piles assuming an oval shape 
(see Loydi and Zalba 2009 for details). Where 
the terrain made it difficult to place the plots, the 
number of sets of plots was reduced from four to 
three. Four 1 m2 plots were also placed five 
metres away from the dung pile edge, in line 
with the smaller plots. The vegetation of these 
plots  was  compared  to that  of the four contiguous 
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Figure 1. Plan of the plots associated with each dung pile. The 
discontinuous line shows a combination of the four 4 0.25 m2 
plots nearest to the dung pile. 1 to 6: plots of 0.25 m2; DP: Dung 
Pile; DPE: Dung Pile Edge; P: plot of 1 m2 at 5 metres from the 
DPE. 

 

Figure 2. Mean percentage of bare ground in plots in the smaller 
gradient. Vertical bars represent standard error. Different letters 
indicate significant differences between the means (Tukey test 
p<0.05). 

plots nearest the dung piles pooled together. In 
this way we analyzed a small gradient of six 
plots covering 1.5 m next to each dung pile and a 
larger gradient for comparing the vegetation next 
to the dung piles with that at a distance of 5 m. 

All vascular plant species present in the plots, 
including native and exotic species, were recorded 
and percentage cover was visually estimated for 
each one, as well as percentage of bare ground. 
Species richness and Shannon diversity index 
were calculated with these data (Krebs 1998). 
Changes in species richness, Shannon diversity 
index and percentage of bare ground in plots at 
different distances from the dung pile edges were 
evaluated using a one-way analysis of variance 
(ANOVA) with a block design (Steel and Torrie 

1985; Zar 1996). Each dung pile was considered 
a block as it was already known that the associated 
vegetation would vary with the time since 
abandonment of the pile by horses (Loydi and 
Zalba 2009). All sampled plots in each dung pile 
were averaged to obtain one value per distance 
per block. All evaluated data were transformed 
using Box-Cox transformations (Zar 1996) to meet 
ANOVA assumptions. Multiple comparisons were 
then carried out within the distance treatment 
using Tukey test with an alpha critical value of 
0.05. Beta diversity (Whittaker 1972) and species 
complementarity (Colwell and Coddington 1994) 
were calculated for both sets of plots (by the 
dung piles and 5m away). 

Percentage cover was estimated for the following 
plant groups defined a priori: trees and shrubs 
(woody species), graminoids (grasses and sedges), 
broad-leaved (dicotyledonous herbs) and exotic 
species. Percentage cover for each of these 
groups and percentage cover of bare ground were 
compared along the two measured gradients 
using a non-parametric ANOVA in blocks 
(Friedman test, T2, Zar 1996) as the data did not 
show a normal distribution. Here we also calculated 
mean values for plots at the same distance from 
each dung pile, so that a distance value was 
obtained for each block. Multiple comparisons 
by pairs were carried out following Conover 
(1999) to complement the results. 

Results 

A total of 98 plant species were recorded during 
the sampling. Thirty-five of them were present in 
at least 19 (5%) sampling plots (Table 1). All 
these more frequent species were recorded at all 
the measured distances from the dung piles. 
Some rare plants, like Rhynchosida physocalyx, 
Cynodon dactylon, and Heliotropium amplexicaule 
were present only in the immediate vicinity of 
the piles, while no species were recorded 
exclusively at 5m.  

Percentage of bare ground was significantly 
reduced with increasing distance from the dung 
pile edge (F5, 70= 22.41; p<0.01). Percentage 
cover of bare soil at the small scale ranged from 
23.8% near to the dung piles to 7% 1.5 metres 
away (F5, 70= 38.44, p<0.001) (Figure 2). Species 
richness fluctuated along the smaller gradient 
and the difference was significant (F5, 70= 2.42; 
p<0.05), but Tukey’s test only showed significant 
differences between the second and last plots 
(7.46 vs 8.56 species per plot respectively),  with   no 
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Table 1. List of the most frequent species (frequency ≥5%) and their percentage of appearance at different distances from the dung pile 
edge. Abbreviations: BL: broad-leaved species, E: exotic species, GR: graminoids, N: native species; SH: shrubs. 

Species 
Plant 

Group 
Status 

Distance (cm) n=52 for each distance  

0–25 25–50 50–75 75–100 
100–
125 

125–
150 

500–
600 

Adesmia incana GR N 9.6 9.6 5.8 11.5 9.6 11.5 9.6 
Aristida pallens GR N 25.0 28.8 32.7 26.9 44.2 48.1 53.8 
Berroa gnaphalioides BL N 30.8 28.8 19.2 26.9 30.8 28.8 38.5 
Botriochloa laguroides GR N 19.2 17.3 15.4 23.1 19.2 11.5 42.3 
Carex rupicola GR N 19.2 19.2 21.2 28.8 23.1 21.2 32.7 
Centaurea calcitrapa BL E 13.5 7.7 5.8 3.8 3.8 5.8 1.9 
Chaptalia piloselloides BL N 26.9 21.2 13.5 26.9 17.3 23.1 46.2 
Chevreulia samentosa BL N 25.0 28.8 38.5 42.3 36.5 32.7 61.5 
Daucus pusillus BL N 5.8 5.8 5.8 7.7 5.8 11.5 15.4 
Dichondra repens GR N 9.6 5.8 15.4 5.8 11.5 11.5 19.2 
Dichondra sericea BL N 11.5 5.8 7.7 5.8 3.8 5.8 15.4 
Echium plantagineum BL E 1.9 5.8 7.7 7.7 1.9 7.7 1.9 
Eleusine tristachya GR N 17.3 11.5 15.4 19.2 13.5 7.7 28.8 
Eragrostis lugens GR N 36.5 34.6 38.5 36.5 40.4 38.5 50.0 
Eryngium nudicaule BL N 48.1 48.1 51.9 46.2 40.4 46.2 84.6 
Eryngium paniculatum GR N 9.6 15.4 9.6 17.3 13.5 11.5 23.1 
Evolvulus sericeus BL N 21.2 7.7 19.2 23.1 15.4 19.2 38.5 
Glandularia spp BL N 3.8 3.8 9.6 5.8 9.6 7.7 9.6 
Helenium radianum SH N 15.4 15.4 25.0 21.2 11.5 23.1 36.5 
Juncus microcephalus GR N 7.7 7.7 9.6 9.6 11.5 5.8 21.2 
Lolium multiflorum GR E 7.7 3.8 7.7 5.8 7.7 3.8 3.8 
Margyricarpus pinnatus SH N 34.6 32.7 30.8 36.5 44.2 40.4 53.8 
Mimosa rocae SH N 3.8 5.8 7.7 5.8 7.7 7.7 5.8 
Paronychia brasiliana BL N 13.5 13.5 11.5 11.5 15.4 15.4 30.8 
Pavonia cymbalaria SH N 42.3 44.2 36.5 48.1 48.1 40.4 61.5 
Petrorhagia nanteuilii  BL E 15.4 11.5 17.3 17.3 21.2 17.3 5.8 
Pfaffia gnaphaloides BL N 25.0 19.2 30.8 25.0 25.0 26.9 32.7 
Piptochaetium haeckelii GR N 11.5 13.5 13.5 13.5 13.5 13.5 9.6 
Piptochaetium medium GR N 26.9 26.9 25.0 28.8 23.1 28.8 32.7 
Piptochaetium stipoides GR N 90.4 90.4 90.4 86.5 86.5 88.5 86.5 
Plantago  patagonica GR N 15.4 7.7 13.5 17.3 9.6 9.6 17.3 
Plantago lanceolata BL E 5.8 5.8 1.9 7.7 5.8 3.8 1.9 
Plantago myosurus BL N 11.5 15.4 11.5 15.4 15.4 23.1 36.5 
Sporobolus indicus GR N 13.5 9.6 15.4 9.6 5.8 3.8 17.3 
Stipa papposa GR N 17.3 11.5 15.4 15.4 13.5 15.4 17.3 

 
differences among the others. Diversity (i.e. 
Shannon Index) was low in the plot nearest the 
dung pile and increased with distance from the 
pile (F5, 70= 6.54; p<0.01) (Figure 3).  

Shrubs was the only plant group that showed 
differences in cover at the small scale, increasing 
in abundance further away from the dung piles 
(T2= 5.43, p<0.001; df 14) (Figure 4). 

In the case of the comparison between plots 
on the larger scale, percentage of bare ground 
was higher in the plots near the dung piles 
reaching ca. 17.7%, while those placed 5 meters 
only averaged 3.5% of bare ground (F1,14= 
110.87; p<0.01). Mean species richness of the 
square metre next to the dung pile was 15.83 
species/m2, significantly greater than for the 
plots placed further away (12.19 species/m2) 

(F1,14= 12.13; p<0.01). However, the Shannon 
diversity index did not show any differences at 
this scale (F1,14= 0.04; p>0.90). Beta diversity 
was lower by the dung piles than in the control 
plots 5 m away (3.73 and 4.25, respectively), and 
species complementarity between both sampling 
sets was 41%.  

Cover of exotic species was greater in plots 
near the dung piles, where it reached 1.6%, 
whereas it was less than 0.4% at five metres 
from the dung pile edge (T2=91; p<0.001; df 14). 
The rest of the plant groups showed no 
differences in cover over the larger gradient. 
Some exotic species, like Centaurea calcitrapa, 
Lolium multiflorum and Petrorhagia nanteuilii 
reduced their frequency at greater distances to 
the dung pile (Table 1). 
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Figure 3. Mean Shannon diversity index (H’) at different 
distances from the dung pile edge along the smaller gradient. 
Vertical bars represent standard error. Different letters indicate 
significant differences between the means (Tukey test p<0.05). 

 
Figure 4. Percentage cover of woody species along the smaller 
gradient. Vertical bars represent standard error. Different letters 
indicate significant differences between the means, with a 
probability of global error p<0.05. 

Discussion 

Our results evidenced the occurrence of a 
gradient of vegetation change around dung piles. 
The percentage of bare ground decreased from 
the plots next to the dung piles (the first 25 cm) 
to the greatest distance (at five metres from the 
dung pile edge). This effect might be due to the 
intensive use of these areas by the animals 
(Bouman 1986), causing a considerable loss of 
plant cover by trampling, or alternatively as an 
effect of the elevated concentration of solutes in 
urine and manure. 

Shannon diversity increased with distance 
from the dung piles at the small scale; however, 
species richness did not vary significantly along 
the gradient. These changes in diversity could be 
explained by changes in the relative abundance 
of the species present, resulting in an increase in 
plant evenness at greater distances. It is possible 
that the immediate surroundings of the dung 
piles contain high levels of nutrients resulting in 

the dominance of a small group of tolerant species. 
However, at the larger scale a greater number of 
species grew adjacent to the dung piles (1 m2 

plots) than in the grassland plots five metres 
away from their edges. The gradient of concen-
tration of nutrients and humidity associated with 
the immediate surroundings of the dung piles 
could result in greater species richness as 
compared to the areas that are further away from 
the direct influence of the manure as was found 
by Omaliko (1981) and Dai (2000). 

From the point of view of biodiversity 
conservation in the area, the increase in the 
frequency and percentage cover of exotic plant 
species close to the manure heaps is especially 
interesting. Exotic species often behave as 
opportunists, taking advantage of increments in 
the availability of nutrients associated with 
disturbances (Davis et al. 2000; Lake and Leishman 
2004). According to Grime (2001) an increase in 
the availability of resources may occur in two 
ways: by a reduction of plant biomass, and so of 
consumption, or by directly increasing the 
supply. Both processes might be occurring in the 
area next to the dung piles, mainly due to the 
reduction in the abundance of vegetation (high 
percentages of bare ground) and to the liberation 
of nutrients from the manure. In this way, the 
vicinity of dung piles would have resources 
available for the invaders, making the immediate 
environment particularly susceptible to invasion 
(Davis et al. 2000). Some of the exotic species 
that were recorded in this work also have been 
cited as growing directly on the dung piles, like 
in the case of Centaurea calcitrapa (Loydi and 
Zalba 2009). Others, like Petrorhagia nanteulii, 
Echium platagineum and Lolium multiflorum, 
which were present in low abundances in our 
sampling plots, are highly abundant in the soil 
seed bank of the study area (Loydi et al. 2012), 
representing a group of r-selected, ruderal 
species. All these plants behave as invasives in 
different regions of Argentina (InBiAr 2013) and 
in the whole Pampas biome (Fonseca et al. 2013). 

The increase observed in the percentage cover 
of woody plants as the distance from the dung 
pile edge increases might be due to a behaviour 
factor of the feral horses that might choose areas 
without shrubs for depositing their dung. Beever 
and Brussard (2000) showed that males usually 
select areas where vegetation is scarce or absent 
for depositing manure as a function of territory 
or attraction. Alternatively, a generalized pattern 
of increase in the cover of shrub species in direct 
relation with grazing has been shown for the 
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study area (Barrera 1997; de Villalobos and 
Zalba 2010) and so the lower abundance of 
woody plants next to the dung piles might be 
explained by a lower intensity of grazing in their 
immediate surroundings. This situation is consistent 
with the tendency of feral horses to avoid 
grazing in latrine areas (Shiyomi et al. 1998; 
Laucougaray et al. 2004; but see also Lamoot et 
al. 2004). A complementary experiment placing 
dung heaps in plots with different amounts of 
vegetation will greatly help to elucidate if the 
correlation between dung, bare soil and exotic 
plants is spurious (horses defecate where vegetation 
is sparse and non-native more easily establish in 
bare batches) or if there is a real effect among 
the studied factors. 

The results of this study demonstrate that feral 
horses dung piles are associated with changes in 
surrounding plant communities, and could result 
in facilitation effects for the establishment of 
alien plants, many of them being also probably 
transported in the manure (Loydi and Zalba 
2009). In this way, dung piles should be considered 
as areas of high priority in strategies of 
prevention and control of alien plants invasions 
in natural grasslands. 

Acknowledgements 

This work was funded by CONICET (Consejo Nacional de 
Investigaciones Científicas y Técnicas, Argentina) and 
Departamento de Biología, Bioquímica y Farmacia, Universidad 
Nacional del Sur. The authors also wish to thank Parque 
Provincial Ernesto Tornquist and Dolores Rodríguez Rey and 
José Luis Vidal for field assistance and the journal reviewers for 
their valuable suggestions.  

References 

Bakker ES, Olff H (2003) Impact of different-sized herbivores on 
recruitment opportunities for subordinate herbs in grasslands. 
Journal of Vegetation Science 14: 465–474, http://dx.doi.org/ 
10.1111/j.1654-1103.2003.tb02173.x 

Barrera MD, Frangi JL (1997) Modelo de estados y transiciones 
de la arbustificación de pastizales de Sierra de la Ventana, 
Argentina. Ecotropicos 10: 161–166 

Beever EA, Brussard PF (2000) Examinig ecological 
consequences of feral horse grazing using exclosures. 
Western North American Naturalist 60: 236–254 

Bilenca D, Miñaro F (2004) Identificación de Áreas Valiosas de 
Pastizal (AVPs) en las Pampas y campos de Argentina, 
Uruguay y sur del Brasil. Fundación Vida Silvestre 
Argentina. Buenos Aires, 322 pp 

Bouman J (1986) Particulars about the Przewalski Horse. 
Foundation for the Preservation and Protection of the 
Przewalski horse. Available at: http://www.treemail.nl/takh/ 
downloads/booklet.pdf (Accessed 15 September 2013) 

Branch LC, Hierro JL, Villareal D (1999) Patterns of plant 
species diversity following local extinction of the plains 

vizcacha in semi-arid scrub. Journal of Arid Environments 
41: 173–182, http://dx.doi.org/10.1006/jare.1998.0480 

Burgos J (1968) El clima de la provincia de Buenos Aires en 
relación con la vegetación natural y el suelo. In: Cabrera AL 
(ed), Flora de la provincia de Buenos Aires. Colección 
Científica del INTA, Buenos Aires, Argentina, pp 33–100 

Campbell JE, Gibson DJ (2001) The effect of seeds of exotic 
species transported via horse dung on vegetation along trail 
corridors. Plant Ecology 157: 23–35, http://dx.doi.org/10.10 
23/A:1013751615636 

Cole DN, Spildie DR (1998) Hiker, horse and llama trampling 
effects on native vegetation in Montana, USA. Journal of 
Environment Management 53: 61–71, http://dx.doi.org/10.1006/ 
jema.1998.0192 

Colwell RK, Coddington JA (1994) Estimating terrestrial bio-
diversity through extrapolation. Philosophical Transactions 
of the Royal Society of London Series B 345: 101–118, 
http://dx.doi.org/10.1098/rstb.1994.0091 

Conover WJ (1999) Practical Nonparametric Statistics. John 
Wiley and Sons, Inc., New York, 462 pp 

Cosyns E, Hoffmann M (2005) Horse dung germinable seed 
content in relation to plant species abundance, diet 
composition and seed characteristics. Basic and Applied 
Ecology 6: 11–24, http://dx.doi.org/10.1016/j.baae.2004.09.012 

Cuevas YA, Zalba SM (2010) Recovery of native grasslands after 
removing invasive pines. Restoration Ecology, 18(5): 711–
719, http://dx.doi.org/10.1111/j.1526-100X.2008.00506.x 

Dai X (2000) Impact of cattle dung deposition on the distribution 
pattern of plant species in an alvar limestone grassland. 
Journal of Vegetation Science 11: 715–724, http://dx.doi.org/ 
10.2307/3236578 

Davis MA, Grime J, Thompson K (2000) Fluctuating resources in 
plant communities: a general theory of invasibility. Journal 
of Ecology 88: 528–534, http://dx.doi.org/10.1046/j.1365-
2745.2000.00473.x 

Day TA, Detling JK (1990) Grassland Patch Dynamics and 
Herbivore Grazing Preference Following Urine Deposition. 
Ecology 71: 180–188, http://dx.doi.org/10.2307/1940258 

de Villalobos AE, Zalba SM (2010) Continuous feral horses 
grazing and grazing exclusion in mountain pampean 
grasslands in Argentina. Acta Oecologica 36: 514–519, 
http://dx.doi.org/10.1016/j.actao.2010.07.004 

de Villalobos AE, Zalba SM, Peláez D (2011) Pinus halepensis 
invasion in mountain pampean grassland: effects of feral 
horses grazing on seedling establishment. Environmental 
Research 111: 953–959, http://dx.doi.org/10.1016/j.envres.2011. 
03.011 

Farji-Brener AG, Ghermandi L (2000) Influence of Nests of Leaf-
Cutting Ants on Plant Species Diversity in Road Verges of 
Northern Patagonia. Journal of Vegetation Science 11: 453–
460, http://dx.doi.org/10.2307/3236638 

Fields MJ, Coffin DP, Gosz JR (1999) Burrowing activities of 
kangaroo rats and patterns in plant species dominance at a 
shortgrass steppe-desert grassland ecotone. Journal of 
Vegetation Science 10: 123–130, http://dx.doi.org/10.2307/ 
3237167 

Fonseca C, Guadagnin DL, Emer C, Masciadri S, Germain P, 
Zalba SM (2013) Invasive alien plants in the Pampas 
grasslands: a tri-national cooperation challenge. Biological 
Invasions 15(8): 1751–1763, http://dx.doi.org/10.1007/s10530-
013-0406-2 

Grime JP (2001) Plant strategies, vegetation processes, and 
ecosystem properties. 2nd ed. John Wiley and Sons, 
Chichester, U.K., 417 pp 

InBiAr (2013) National Database on Invasive Alien Species. 
Interamerican Invasives Information Network (I3N). 
http://www.inbiar.org.ar (Accessed November 2013) 

Krebs CJ (1998) Ecological Methodology. 2 ed. Addison-Wesley 
Longman, Inc. Menlo Park, CA, USA, 624 pp 



The influence of feral horses on vegetation 

79 

Kristensen MJ, Frangi JL (1992) La Sierra de la Ventana: una Isla 
de Biodiversidad. Ciencia Hoy 5: 25–34 

Lake JC, Leishman MR (2004) Invasion success of exotic plants 
in natural ecosystems: the role of disturbance, plant attributes 
and freedom from herbivores. Biological Conservation 117: 
215–226, http://dx.doi.org/10.1016/S0006-3207(03)00294-5 

Lamoot I, Callebaut J, Degezelle T, Demeulenaere E, Laquière J, 
Vandenberghe C, Hoffmann M (2004) Eliminative behaviour 
of free-ranging horses: do they show latrine behaviour or do 
they defecate where they graze? Applied Animal Behaviour 
Science 86(1–2): 105–121, http://dx.doi.org/10.1016/j.applanim. 
2003.12.008 

Laucougaray G, Bonis A, Bouzillé JB (2004) Effects of grazing 
by horses and/or cattle on the diversity of coastal grassland in 
western France. Biological Conservation 116: 59–71, 
http://dx.doi.org/10.1016/S0006-3207(03)00177-0 

Loydi A, Distel RA, Zalba SM (2010) Large herbivore grazing 
and non-native plant invasions in montane grasslands of 
central Argentina. Natural Areas Journal 30(2): 148–155, 
http://dx.doi.org/10.3375/043.030.0203 

Loydi A, Zalba SM (2009) Feral horses dung piles as invasion 
windows in natural grasslands. Plant Ecology 201(2): 471–
480, http://dx.doi.org/10.1007/s11258-008-9468-0 

Loydi A, Zalba SM, Distel RA (2012) Vegetation change in 
response to grazing exclusion in montane grasslands, 
Argentina. Plant Ecology and Evolution 145(3): 313–322, 
http://dx.doi.org/10.5091/plecevo.2012.730 

Mack RN (1989) Temperate grassland vulnerable to plant 
invasions: characteristics and consequences. In: Drake JA, 
Mooney HA, di Castri F, Groves RH, Kruger FJ, Rejmànek 
M, Williamson M (eds), Biological Invasions: a global pers-
pective, John Wiley and Sons, Chichester, U.K., pp 155–179 

Malo JE, Suárez F (1995) Establishment of pasture species on 
cattle dung: the role of endozoochorous seeds. Journal of 
Vegetation Science 6: 169–174, http://dx.doi.org/10.2307/323 
6211 

Olff H, Ritchie ME (1998) Effects of herbivores on grassland 
plant diversity. TREE 13: 261–265, http://dx.doi.org/10.1016/ 
S0169-5347(98)01364-0 

Omaliko CPE (1981) Dung Deposition, Breakdown and Grazing 
Behavior of Beef Cattle at Two Seasons in a Tropical 
Grassland Ecosystem. Journal of Range Management 34: 
360–362, http://dx.doi.org/10.2307/3897903 

Renne IJ, Tracy BF, Colonna IA (2006) Shifts in grassland 
invasibility: effects of soil resources, disturbance, 
composition, and invader size. Ecology 87: 2264–2277, 
http://dx.doi.org/10.1890/0012-9658(2006)87[2264:SIGIEO]2.0.CO;2 

Renne IJ, Tracy BF (2007) Disturbance persistence in managed 
grasslands: shifts in aboveground community structure and 
the weed seed bank. Plant Ecology 190: 71–80, 
http://dx.doi.org/10.1007/s11258-006-9191-7 

Rook AJ, Dumont B, Isselstein J, Osoro K, WallisDeVries MF, 
Parente G, Mills J (2004) Matching type of livestock to 
desired biodiversity outcomes in pastures - a review. 
Biological Conservation 119: 137–150, http://dx.doi.org/ 
10.1016/j.biocon.2003.11.010 

Scorolli AL, Lopez Cazorla AC (2010) Demography of feral 
horses (Equus caballus): a long-term study in Tornquist 
Park, Argentina. Wildlife Research 37: 207–214, 
http://dx.doi.org/10.1071/WR09059 

Semmartin M, Oesterheld M (2001) Effects of grazing pattern and 
nitrogen availability on primary productivity. Oecologia 126: 
225–230, http://dx.doi.org/10.1007/s004420000508 

Shiyomi M, Okada M, Takahashi S, Tang YH (1998) Spatial 
pattern changes in aboveground plant biomass in a grazing 
pasture. Ecological Research 13: 313–322, http://dx.doi.org/ 
10.1046/j.1440-1703.1998.00266.x 

Steel RGD, Torrie JH (1986) Bioestadística. Principios y 
procedimientos. 2nd ed. McGraw Hill, Bogotá, Colombia, 
523 pp 

Steinauer ME, Collins SL (1995) Effects of urine deposition on 
small-scale patch structure in prairie vegetation. Ecology 
76(4): 1195–1205, http://dx.doi.org/10.2307/1940926 

Vázquez DP (2002) Multiple effects of introduced mammalian 
herbivores in a temperate forest. Biological Invasions 4: 175–
191, http://dx.doi.org/10.1023/A:1020522923905 

Wells FH, Lauenroth WK (2007) The potential for horses to 
disperse alien plants along recreational trails. Rangeland 
Ecology and Management 60: 574–577, http://dx.doi.org/10. 
2111/06-102R1.1 

Whittaker RH (1972) Evolution and measurement of species 
diversity. Taxon 21(2/3): 213–251, http://dx.doi.org/10.2307/ 
1218190 

Zalba SM, Cozzani NC (2004) The impact of feral horses on 
grassland bird communities. Animal Conservation 7(1): 35–
44, http://dx.doi.org/10.1017/S1367943003001094 

Zalba SM, Villamil CB (2002) Invasion of woody plants in 
relictual native grasslands. Biological Invasions 4(1–2): 
55–72, http://dx.doi.org/10.1023/A:1020532609792 

Zar JH (1996) Biostatistical Analisis. 3rd ed. Prentice Hall. New 
Jersey, USA, 662 pp 

Zhi-You Y, Ling-Hao L, Xing-Guo H, Feng-He J, Guo-Hui J, 
Ming-Xu Z, Li-Yun R (2004) Effects of Simulated Grazing 
Pattern and Nitrogen Supply on Plant Growth in a Semiarid 
Region of Northern China. Acta Botanica Sinica 46: 1032–
1039 

 
 
 

 
 
 


