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Abstract
Aims To assess the short-term effect of herbivory exclu-
sion on vegetation and soil and to relate differences in
floristic composition to changes in soil properties in a
reclaimed coal mine in northern Spain.
Methods Two adjacent main plots of 50 × 50 m, one
fenced to prevent ungulates grazing and the other not,
were established in a north-facing slope to analyze dif-
ferences in the soil and plant community in the short
time.
Results A clear influence of grazing exclusion on soil
properties and plant community composition and struc-
ture was found but no influence on species diversity.
However, only three soil parameters (organic matter, K,
andMg, with higher values in the ungrazed community)
were related to the differences in floristic composition.
Species responses to the soil gradient from ungrazed to

grazed areas were also related to their particular life-
history traits. No trend in the dispersal-mode replace-
ment was found.
Conclussion Herbivores could be a key factor
preventing revegetation at early stages of succession in
the study area, although they could play a key role as
efficient seed dispersers, particularly of endozoochorous
legume species, and controlling the expansion of dom-
inant introduced species.

Keywords Grasslands . Post-mining land use .

Ungulates . Soil properties . Northern Spain

Introduction

Although land surface disturbed by mining remains
relatively low in terms of the global inventory of degra-
dation, figures can be substantial when performing an
analysis by country (Cooke and Johnson 2002) or at a
more local scale. In northern Spain, particularly in the
north of the provinces of León and Palencia, open-cast
coal mining has affected approximately 5000 ha of land
and generated severe environmental impacts (Alday
et al. 2011a, 2014). Moreover, mining scale is rising
and its impacts are generally more severe than those
from most other kinds of human disturbances (Cooke
and Johnson 2002); mining often leaves the landscape
with no vegetation and very poor soil-forming material
for subsequent ecosystem development (Alday et al.
2014). Consequently, the restoration of areas affected
by open-cast mining is an urgent need, but also a marked
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shift in the restoration goals is needed. With regards to
post-mining restoration practice, we should seek solu-
tions that respond to the specific needs of each site, not
only in terms of the type of mining operation but also of
climate, topography, sensitivity for the environment and
social demands (Maczkowiack et al. 2012). It is expect-
ed that emergent restoration approaches allow us
to achieve results consistent with the principles
and objectives of sustainable development
(Laurence 2001; Prach and Hobbs 2008).

Grazing is a commonly suggested post-mining land
use worldwide (Maczkowiack et al. 2012), and particu-
larly in the study area (northern Spain) where open-cast
coal mining occurs on lands previously grazed by sheep
or cattle. Grazing is also seen as a use suited to rehabil-
itated mined lands because of the lower land productiv-
ity required compared to cropping (Maczkowiack et al.
2012). However, the early vegetation developing on
post-mining restored lands can be particularly vulnera-
ble to herbivory (Bakker 2003; Grigg et al. 2000). The
selective pressure of herbivores, due to their preference
for certain plant species (Parson et al. 2006), may exert a
stronger effect than competition for light on structuring
plant communities (Huhta et al. 2003), and thus grazing
plays a key role in regulating the structure and function
of ecosystems (Cebrián 2004; Huntly 1991; Muñoz
et al. 2014). Control on plant community mediated by
herbivores can expand or reduce plant dominance hier-
archies, increase or decrease species richness (Bakker
and Berendse 1999; Olff and Ritchie 1998), modify
plant biomass (Bigger and Marvier 1998; Huntly
1991) and influence ecosystem functioning (Pallavicini
et al. 2015; Parsons et al. 2007; Peters et al. 2006).

Despite grazing effects on plant communities has
been repeatedly studied (Ford et al. 2012; Huntly
1991; Milchunas 2006; Shang et al. 2013), most results
are conflicting because studies have been conducted in
different habitats, at different spatial and temporal
scales, with different amounts and types of herbivores,
and using different experimental approaches (Bigger
and Marvier 1998; Olff and Ritchie 1998). Considering
these constraints is essential, not only for the correct
understanding of plant-herbivore interactions, but also
for the assesement of grazing implications in land con-
servation and rehabilitation where herbivory could be a
key factor preventing revegetation (Bakker 2003;
Muñoz et al. 2014). In the particular case of ecosystems
degraded by mining, few studies assessing the influence
of herbivory on vegetation and soil at the community

level have been carried out (Grigg et al. 2000; Grigg
2001). These facts make difficult to discern clear pat-
terns of when and where herbivores might have impor-
tant effects (Gurevitch et al. 2000; Olff and Ritchie
1998). Thus, in a recently reclaimed coal mine in north-
ern Spain, we assess how different plant community and
soil are in the absence of larger herbivores for a short
time. We hypothesized that grazing exclusion has,
in general, a great influence on vegetation and
soil, while its effect on diversity is expected to
be weak or nonexistent because of the short time
elapsed from the large herbivores exclusion to
sampling (Milchunas et al. 1988).

The specific objectives of this study were: (1) to
assess the short-term effect of grazing exclusion on
some physical and chemical soil properties; (2) to assess
the short-term effect of grazing exclusion on plant com-
munity in terms of diversity, plant cover and above-
ground biomass (total and of different functional
groups); (3) to relate differences in floristic composition
to differences in soil properties between grazed and
ungrazed communities; and (4) to model the response
of individual species through soil gradient from
ungrazed to grazed areas, searching for general patterns
of species traits. These results are of great importance to
know how important hervibory is at early stages of
succession as a factor preventing or stimulating the
restoration of grassland communities in mined lands.

Material and methods

Site description and restoration procedure

This study was conducted in a 17 ha reclaimed open-
cast coal mine in Muñeca, Palencia, northern Spain, in
the ‘Montaña Palentina’ area (lat 42°47′-42°50’ N, long
4°48′-4°53’W, 1214 m a.s.l.). The climate is Subhumid
Mediterranean, with an annual mean temperature of
9.3 °C and average annual precipitation of 977 mm,
which is not regularly distributed throughout the year,
with a pronounced dry season in July and August
(Milder et al. 2013). The natural vegetation surrounding
the mine is composed of Quercus pyrenaica Willd.
woodlands, remnants of natural shrubland (Genista flor-
ida L., Cytisus scoparius (L.) Link) and different types
of annual grasslands dominated by Bromus mollis L.
and Vulpia myuros (L.) C.C. Gmel., with other distinc-
tive plants as Agrostis castellana Boiss. & Reut.,
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Arenaria erinacea Boiss. and Arenaria montana L.
(Alday et al. 2011b).

The open-cast mine was reclaimed in November
2006, adding a topsoil layer (ca. 30 cm), which
contained a very poor seed bank (González-Alday
et al. 2009), amended with cattle manure (30 t/ha) and
fertilizer N:P:K (8:15:15; 150 kg/ha). Afterwards, the
area was hydroseeded by the mining company
(UMINSA) with a commercial seed mixture of grasses
and legume herbs (210 kg/ha) composed by: Festuca L.
spp., Lolium perenne L., Phleum pratense L., Poa
pratensis L., Trifolium pratense L., Lotus corniculatus
L. and T. repens L. in a 9:2:2: 2:1:1:1 proportion.

Vegetation and soil sampling and laboratory analysis

A 0.5 ha north-facing slope with a steepness of 22–25°
and dominated by grassland communities was selected
for study. The slope shows signs of laminar erosion and
livestock use with light stocking rate (<2 sheep/ha). Two
adjacent main plots of 50 × 50 m, one fenced in Febru-
ary 2008 and the other no fenced were established. The
enclosure consisted of wire mesh (2 m high, mesh hole:
5 cmwidth × 15 cm length) fixed through poles and was
constructed to prevent ungulates grazing (sheep, deer
and roe deer mostly).

Within each main plot, five rectangular sub-plots of
5x40m were laid out parallel to the topographic gradient
of the reclaimed slope avoiding border effect and sepa-
rated 5 m from each other. In June 2010, 10 quadrats of
50 × 50 cm were located randomly inside each sub-plot
and the cover (%) of each vascular plant species present
was estimated visually by the same observer. Also, the
cover percentages of bryophytes, rocks and bare soil
were registered for each vegetation sampling quadrats
(n = 100). Next, in each 50 × 50 cm quadrat, the herba-
ceous above-ground biomass was collected within a
randomly located 20 × 20 cm sub-quadrat. Biomass
was packed into a hermetic plastic bag all together. In
the laboratory, biomass was split in four taxonomical
groups: Asteraceae, Fabaceae, Poaceae and ‘others’ for
the remainder families and dried by forced air oven at
80 °C for 24 h, until constant weight, and weighted
separately in a precision balance. Previous studies
in the ‘Guardo-Cervera’ coal basin showed that
Asteraceae, Fabaceae and Poaceae were the most
frequent and abundant taxonomical groups inte-
grating the plant communities on coal-mining
wastes (Pallavicini et al. 2015).

Afterwards, for each sub-plot, one composite soil
sample was taken. It consisted of 10 randomly selected
soil sub-samples, each one taken from each 50 × 50 cm
vegetation sampling quadrat using a soil auger (8 cm
diameter, 10 cm depth). The soil sub-samples per sub-
plot were homogenised to obtain a uniform sample of
the soil characteristics of each sub-plot. Soil samples
were air-dried, sieved (≤2 mm mesh) and analysed for
texture (sand, silt and lime contents), soil pH and elec-
trical conductivity (EC), total nitrogen (N), avail-
able P (POlsen), exchangeable K, Ca, Na and Mg,
and total organic matter (OM) and oxidable organ-
ic matter (OxOM), using the methods described in
Alday et al. (2011a).

Data analysis

Shannon diversity (H’γ; with logs to base 2) and its
components (total richness and evenness) were calculat-
ed at the sub-plot level. The effect of grazing exclusion
on the physical and chemical soil properties and on
variables of vegetation structure was analyzed by means
of t-Student test. Only in the case of assumptions of
normality (Shapiro-Wilk’s test) and homocedasticity
(Levene’s test) were not met (p < 0.05) differences were
tested using Mann–Whitney U test. Both tests were
performed with STATISTICA 6.0 (StatSoft, Inc., Tulsa,
OK, USA).

The matrix of species abundance used in the ordina-
tion analyses considered the mean value of cover per-
centage of all species present in every sub-plot of veg-
etation sampling. Gradient length of the first axis from
preliminary Detrended Correspondence Analysis
(DCA) was 1.536. This fact, together with the high
number of zeros in the matrix suggested that the
unimodal approach to the data was acceptable (Ter
Braak and Šmilauer 2002). Therefore, the influence of
constrained explanatory variables (soil parameters) on
floristic composition was then assessed using a forward
selection procedure in Canonical Correspondence Anal-
ysis (CCA). Forward selection was used to select sig-
nificant variables and the Monte Carlo test to assess
significance, with 9999 permutations (Legendre and
Legendre 2003). In all permutation tests, an unrestricted
permutation structure was used. This process was com-
bined with an examination of inflation values, to
r emove those va r i ab l e s tha t were h igh ly
multicollinear (i.e. clay, silt, oxOM, N, P). Ordina-
tion analyses were performed with CANOCO 4.5
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(Ter Braak and Šmilauer 2002), with standard op-
tions and no downweighting of rare species.

The response pattern of individual species along the
gradient associated with CCA1 was then examined
using Huisman-Olff-Fresco (HOF) models (Huisman
et al. 1993). They are a hierarchical set of five response
models, ranked by their increasing complexity (Model I,
no species trend; Model II, increasing or decreasing
trend; Model III, increasing or decreasing trend below
maximum attainable response; Model IV, symmetrical
response curve; Model V, skewed response curve. The
AIC statistics (Akaike Information Criterion) was used
to select the most appropriate response model for each
species (Johnson and Omland 2004), taking into ac-
count that smaller values of AIC indicate better models.
HOF response curves were computed for nine species
present in the 100% of sub-plots to illustrate the broad
trends of compositional change from ungrazed to
grazed areas. HOF models were carried out using
the GRAVY package (version 0.0–21; Oksanen
2004) in the R software environment (version
2.15.3; R Development Core Team 2013).

Results

Differences in soil and vegetation properties

All soil variables, except for silt content, pH and Na+,
differed between grazed and ungrazed communities
(Table 1). Their values were always higher in the
ungrazed community, except for sand content that was
higher in the grazed one.

Sixteen out of forty-one variables of vegetation struc-
ture differed between grazed and ungrazed communities
(Table 2). Bare soil percentage and richness of
endozoochorous species were higher in the grazed com-
munity, whereas maximun height of vegetation,
total plant cover and biomass, cover and biomass
of Poaceae, Fabaceae and Asteraceae, cover of peren-
nials, cover and richness of hemicryptophytes and cover
of anemochorous and authocores species were higher in
the ungrazed community. No significant differences
were found in diversity and its components (richness
and evenness), or in the cover of bryophytes and rocks,
between grazed and ungrazed communities.

Poaceae and Fabaceae represent, as a whole, 90
and 91% of the total plant cover and 98 and 94%
of the total biomass in grazed and ungrazed

communities, respectively. In terms of total plant
richness both families represent, as a whole, a litle
more than 50%. These results suggest that Poaceae
and Fabaceae are the most abundant families in
the study area. However, while the relative plant
cover of both grasses (52.75 and 51.41%; with and
without grazing respectively) and legumes (42.32
and 39.35%; with and without grazing respective-
ly) rised similar values in grazed and ungrazed
communities, the relative biomass of grasses seems
to be higher in the ungrazed community (57.17 vs
64.28%) and the relative biomass of legumes in
the grazed one (40.66 vs 29.72%), although differ-
ences were not statistically significant.

Relationships between floristic composition and soil
properties

The first two axes of the CCA explained 64% of
the variation. The eigenvalues (λ) for the first two
CCA axes were: 0.293 and 0.137 (Fig. 1), and the
model was significant according to the Monte
Carlo test, for both the first axis (F = 0.714, p =
0.006) and all canonical axes (F = 2.763, p =
0.016). Axis 1 separated the sub-plots on the
grazed community, on the right half area of the

Table 1 Mean value ± standar error (SE) of each soil parameter
analyzed in grazed and ungrazed communities, and statistical
significance (** p < 0.01; * p < 0.05; n.s. = no significant)

Variable Grazed (mean ± SE) Ungrazed (mean ± SE)

Sand (%) 59.9 ± 0.9 53.3 ± 1.4 **

Clay (%) 25.0 ± 0.2 31.2 ± 1.5 **

Silt (%) 15.1 ± 0.8 16.3 ± 0.6 n.s.

pH 7.1 ± 0.02 7.1 ± 0.04 n.s.

EC (μS/cm) 0.07 ± 0.01 0.14 ± 0.01 **

K+ (meq/100 g) 0.4 ± 0.03 0.5 ± 0.02 **

Mg2+ (meq/100 g) 1.4 ± 0.1 1.8 ± 0.2 *

Na+ (meq/100 g) 0.15 ± 0.01 0.17 ± 0.02 n.s.

Ca2+ (meq/100 g) 9.4 ± 0.2 13.4 ± 1.3 **

OM (%) 1.9 ± 0.1 4.6 ± 0.8 **

OxOM (%) 1.6 ± 0.1 3.9 ± 0.8 **

N (%) 0.1 ± 0.01 0.3 ± 0.05 **

POlsen (mg/kg) 13.9 ± 0.8 34.0 ± 7.5 **

EC electrical conductivity, OM total organic matter, OxOM
Oxidable organic matter, N total nitrogen, POlsen available
phosphorous
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diagram, from those on the ungrazed community
on the left hand area, suggesting clear differences

in floristic composition between grazed and
ungrazed communities. In fact, both plant

Table 2 Mean value ± standar
error (SE) of each variable of
vegetation structure estimated in
grazed and ungrazed communi-
ties, and statistical significance
(** p < 0.01; * p < 0.05; n.s. = no
significant)

Cover and biomass, total and
from different functional groups,
are provided in absolute values.
H’γ = Shannon Diversity

Variable Grazed (mean ± SE) Ungrazed (mean ± SE)

H’γ 3.0 ± 0.2 3.3 ± 0.1 n.s.

Richness 24.8 ± 1.6 25.0 ± 1.6 n.s.

Evenness 0.6 ± 0.03 0.7 ± 0.01 n.s.

Total aerial biomass (g/m2) 147.1 ± 25.7 357.5 ± 33.1 **

Total plant cover (%) 48.3 ± 8.8 92.7 ± 3.0 **

Bare soil (%) 58.3 ± 4.1 8.8 ± 2.0 **

Rocks cover (%) 0.02 ± 0.02 0.2 ± 0.1 n.s.

Briophytes cover (%) 1.0 ± 0.6 1.5 ± 0.5 n.s.

Vegetation height (cm) 35. 6 ± 1.0 87.3 ± 2.7 **

Poaceae cover (%) 25.5 ± 5.0 47.7 ± 2.5 **

Fabaceae cover (%) 20.4 ± 4.0 36.5 ± 3.5 **

Asteraceae cover (%) 0.6 ± 0.2 5.2 ± 2.1 **

Others’ cover (%) 1.7 ± 0.5 3.3 ± 0.7 n.s.

Poaceae biomass (g/m2) 84.1 ± 15.2 229.8 ± 23.8 **

Fabaceae biomass (g/m2) 59.8 ± 12.5 106.2 ± 13.3 **

Asteraceae biomass (g/m2) 1.0 ± 0.8 17.0 ± 11.7 *

Others’ biomass (g/m2) 2.2 ± 0.7 4.4 ± 0.7 n.s.

Poaceae richness 8.6 ± 0.2 8.0 ± 0.3 n.s.

Fabaceae richness 5.0 ± 0.5 5.0 ± 0.3 n.s.

Asteraceae richness 3.6 ± 1.1 4.2 ± 0.4 n.s.

Others’ richness 7.6 ± 1.4 7.8 ± 1.0 n.s.

Perennials cover (%) 39.2 ± 8.8 80.9 ± 4.2 **

Annuals cover (%) 9.1 ± 1.6 11.8 ± 2.0 n.s.

Perennials richness 9.8 ± 0.5 11.4 ± 0.4 n.s.

Annuals richness 14.4 ± 1.9 13.6 ± 1.4 n.s.

Hemicriptophytes cover (%) 39.3 ± 8.6 82.1 ± 3.8 **

Therophytes cover (%) 8.8 ± 1.5 10.5 ± 1.6 n.s.

Chamaephytes cover (%) 0.1 ± 0.1 0.2 ± 0.2 n.s.

Hemicriptophytes richness 10.2 ± 0.6 13.4 ± 0.7 **

Therophytes richness 13.4 ± 1.7 11.4 ± 1.1 n.s.

Chamaephytes richness 0.4 ± 0.2 0.2 ± 0.2 n.s.

Anemochorous cover (%) 13.9 ± 2.1 28.6 ± 2.2 **

Authochores cover (%) 0.1 ± 0.03 1.0 ± 0.4 *

Barochorous cover (%) 0.3 ± 0.1 0.4 ± 0.1 n.s.

Endozoochorous cove (%) 20.1 ± 0.6 24.1 ± 0.9 n.s.

Ectozoochorous cover (%) 0.19 ± 0.1 0.5 ± 0.2 n.s.

Anemochorous richness 10.6 ± 1.4 11.2 ± 1.1 n.s.

Authochores richness 1.4 ± 0.2 1.6 ± 0.4 n.s.

Barochorous richness 1.4 ± 0.2 1.6 ± 0.2 n.s.

Endozoochorous richness 3.0 ± 0.0 1.6 ± 0.4 **

Ectozoochorous richness 1.6 ± 0.5 1.4 ± 0.5 n.s.
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communities have a high proportion of exclusive
species: 25.45 and 21.82% for grazed and
ungrazed communities, respectively, although all
exclusive species of the grazed community rise
cover values below 0.5%, except for Vulpia
bromoides with cover of 3.2%.

The forward selection procedure applied to CCA
identified, in this order, total organic matter (F =
3.96, p = 0.002, 23% of variance explained), ex-
changeable K (F = 1.98, p = 0.038, 11%) and ex-
changeable Mg (F = 2.15, p = 0.034, 9%), as the
main soil parameters related to differences in flo-
ristic composition, being all higher in the ungrazed
community (Fig. 1).

Compositional change along the edaphic gradient

The individual response of species along the edaphic
gradient associated with CCA1 (Fig. 2) separated the
species into four groups. Group 1 (HOF model I) in-
cluded three annual species (Aphanes microcarpa
(Boiss & Reuter) Rothm., Bromus mollis and Trifolium
campestre Schreb.) showing no response to edaphic
gradient, i.e. they showed similar cover on grazed and
ungrazed communities, and they are not shown on Fig.
2. Group 2 (HOF model II, decreasing trend) contained
three perennial herbs (Festuca spp., Dactylis glomerata
L. and Poa pratensis) with cover decreasing towards the
grazed community (right end of CCA1). Group 3 (HOF
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Fig. 1 First two axes of CCA triplot, with subplots (G: grazed and
UG: ungrazed), species (listed by first three letters of genus and
species name) and soil parameters included in the model (vectors
with dashed lines correspond to non-significant explanatory soil
parameters in the forward selection procedure; soil parameters
abbreviations in Table 1). Species codes: Aegtri (Aegilops
triuncialis L.), Amasp (Amaranthaceae), Andint (Andryala
integrifolia L.), Antarv (Anthemis arvensis L.), Aphmic (Aphanes
microcarpa (Boiss & Reuter) Rothm.), Api (Apiaceae), Brohor
(Bromus mollis L.), Bromax (Bromus maximus Desf.), Capbur
(Capsella bursa-pastoris (L.) Medik.), Dipful (Dipsacus fullonum
(L.) S.G.Gmel.), Censp (Centaurea L. sp.), Cersp (Cerastium L.
sp.), Cerfon (Cerastium fontanum Baumg.), Cerglo (Cerastium
glomeratum Thuill.), Conspp (Conyza Less. sp.), Conarv (Con-
volvulus arvensis L.), Cynech (Cynosurus echinatus L.), Cytesc
(Cytisus scoparius (L.) Link), Dacglo (Dactylis glomerata L.),
Daucar (Daucus carota L.), Erocic (Erodium cicutarium (L.)
L’Hér.), Fesspp (Festuca L. spp.), Agrocas (Agrostis castellana

Boiss. & Reut.), Filpyr (Filago pyramidata L.), Fraves (Fragaria
vesca L.), Galpar (Galium parisiense L.), Germol (Geranium
molle L.), Gerrob (Geranium robertianum L.), Hiepil (Hieracium
pilosela L.), Hormur (Hordeum murinum L.), Hyprad
(Hypochoeris radicata L.), Lacvir (Lactuca virosa L.), Leohis
(Leontodon hispidus L.), Lephet (Lepidium heterophyllum
Benth.), Lolper (Lolium perenne L.), Lotcor (Lotus corniculatus
L.), Paprho (Papaver rhoeas L.), Petnan (Petrorhagia nanteuilli
(Burnat) P. W. Ball & Heywood), Phlpra Phleum pratense L.),
Plalan (Plantago lanceolata L.), Poapra (Poa pratensis L.),
Rumace (Rumex acetosella L.), Sonole (Sonchus oleraceous L.),
Teecor (Teesdalia coronopifolia (J. P. Bergeret) Thell.), Tricam
(Trifolium campestre Schreb.), Triglo (Trifolium glomeratum L.),
Tripra (Trifolium pratense L.), Trirep (Trifolium repens L.), Tristr
(Trifolium striatum L.), Verarv (Veronica arvensis L.), Viccra
(Vicia cracca L.), Vulbro (Vulpia bromoides (L.) Gray), Vulmyu
(Vulpia myuros (L.) C. C. Gmel.)
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model II, increasing trend) included two perennial herbs
(Trifolium repens and Lolium perenne) with cover in-
creasing towards the grazed community. Group 4 (HOF
model IV) contained only one perennial herb (Lotus
corniculatus) that exhibited symmetrical response with
higher cover at the middle part of the edaphic gradient.

Except for species with the same cover along the
edaphic gradient, which were native therophytes, the
rest were hemicriptophytes mostly introduced by
hydroseeding (only Dactylis glomerata was not
hydroseeded). Species with higher cover in the ungrazed
community were all grasses (Festuca spp., Dactylis
glomerata, Poa pratensis), whereas among those
with higher cover in the grazed communities
prevailed two legumes: Lotus corniculatus in the
middle part of the gradient and Trifolium repens
towards the grazed communities.

Discussion

Effects of grazing exclusion on soil properties

As expected, twenty-seven months of fencing enclosure
had a great effect on the soil properties of the grasslands
under study (Chen et al. 2012; Martinsen et al. 2011;
McIntosh and Allen 1998; Medina-Roldán et al. 2012;
Milchunas 2006; Sedigheh et al. 2012). In particular, the
short time of grazing exclusion meant a decrease in the
sand content and an increase in the clay content of the
soils, assuming that both plots did not initially show
differences in the texture of the topsoil used in restora-
tion (González-Alday et al. 2008); indeed, both grazed

and ungrazed sites have the same soil texture: sandy clay
loam. Chen et al. (2012) found similar results for grass-
lands on sandy soils in Mongolia after 12 years of cattle
exclusion. It could be due to the sheet-wash erosion of
fine particle in the grazed areas (Blanco 2004; García-
Ruiz et al. 2017; Poesen and Ingelmo 1992); as it was
observed during the field sampling.

Short-term grazing exclusion also meant an increase
in several chemical soil properties such as electrical
conductivity, exchangeable K, available P, total
nitrogen, and total and oxidable organic matter. Similar
results were found by Chen et al. (2012) for total
nitrogen, and available P and K, and by McIntosh and
Allen (1998) for exchangeable N, Mg2+, Ca2+, K+ and P.
Moreover, the higher values of total N and available P
found in the soil of the ungrazed community were
positively correlated with the higher values of both total
and oxidable organic matter in it. The highest organic
matter content of the ungrazed community soil can be
attributed to the accumulation of above-ground biomass
and leaf litter, which are periodically removed by herbi-
vores in the grazed community, while lower nutrients
content (N, K, P) in the grazed grassland soil could
mainly arise from the contribution of below-ground
biomass decomposition (Osem et al. 2004). Conversely,
Zarekia et al. (2012) found higher K values in grazed
areas and explain it by the positive effect of livestock on
the accumulation of potassium via trampling and from
droppings. Also, Kohandel et al. (2006) found a positive
effect of intense grazing in the nitrogen, phosphorus and
potassium levels in grassland of Savojbolagh, Iran.

Other chemical soil properties such as pH, sodium
and magnesium did not significantly differ in this study
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between grazed and ungrazed communities, while
Denyer et al. (2010) found a significant effect of the
exclusion of large herbivores in pH and magnesium.
These conflicting results emphasised the importance of
considering, among other things, the intensity (Bagheri
et al. 2009; Kohandel et al. 2006; Martinsen et al. 2011)
and time of grazing (Hosseinzadeh et al. 2010;
Kumbasli et al. 2010), as well as the type of environ-
ment (Al-Seekh et al. 2009), in order to correctly asses
the effect of grazing exclusion on the soil properties.

Effects of grazing exclusion on grassland community
structure

Grazing exclusion clearly influenced many traits of
plant community structure (Table 2) but did not affect
global species diversity as hyphotesised. The absence of
significant diferences in Shannon diversity and its com-
ponents (richness and eveness) can be attributed to the
short time elapsed between the exclusion of large herbi-
vores and sampling (Milchunas et al. 1988). In addition,
the process of change can be difficult to detect in grass-
land communities when they are subjected to light
stocking rates, which may have weak or even null
effects on plant species (Milchunas and Lauenroth
1993), either grazing effects may be less evident in areas
with productions below 200 g m−2 (Osem et al. 2004).
However, some studies suggest that herbivores control
plant diversity through mechanisms that influence local
plant colonization and extinction dynamics, in contrast
to the general thought that herbivores enhance plant
diversity by their direct consumption of competitively
dominant plant species and indirect effects on plant
competition (Olff and Ritchie 1998). Moreover, the
herbivore effects on plant diversity can vary across
environmental gradients of soil fertility and precipitation
(Olff and Ritchie 1998). In the study area, on infertile
mine-soils with low water holding capacity (Torroba-
Balmori et al. 2015), grazing might exert a long-term
negative effect on plant diversity according with Olff
and Ritchie (1998) predictions; longer-term monitoring
would be needed to confirm it.

On the other hand, grazing exclusion supposed a
significant increase of total plant cover and aerial bio-
mass as expected (Bigger and Marvier 1998), and thus a
decrease in bare soil (%). Several studies suggest that in
arid and semi-arid environments leaf litter can trap
seeds, and small quantities of sediments that can relieve
the stressful environmental conditions (e.g. low levels of

soil moisture), and contribute to increased primary pro-
duction (Willms et al. 1986). This explanation may be
worth for our mining substrates because they have ex-
tremely low water holding capacity compared to nearby
natural soils (Torroba-Balmori et al. 2015). Additional-
ly, in poor environments, such as restored mines, litter
might reduce soil erosion by reducing runoff and im-
prove soil structure and fertility by the addition of or-
ganic matter (Naeth 1988), and thus contribute to in-
crease plant biomass (Grigg et al. 2000). It is interesting
to mention that, globally, large herbivores consume an
average of 30–40% of total aerial plant biomass (Detling
1988), even getting around 49% in semi-arid Mediter-
ranean grasses (Rossiter 1966), although it often
exceeds 50% (Abaturov 1979; Andrzejemaska
1979). Simultaneously, the action of sheep hooves,
concentrated in a limited space, mechanically de-
stroys the grass and originates Bpatches^ of base
soil more extensive (Blanco 2004), explaining the
significant increase of bare soil found in our
grazed community (Pulido et al. 2016).

Regarding the effect of grazing exclusion on vegeta-
tion height, our results are also consistent with those
from Bigger and Marvier (1998), who found a signifi-
cant reduction in the height of the vegetation of 68%
with grazing. In general, intense grazing reduces cover
and height of the taller plant species, both annuals and
perennials, favoring small annual grasses (Noy-Meir
et al. 1989). In particular, sheep tend to select palatable
and small grasses and reject hard-leaf and tall clump-
forming grasses and woody species (Aldezabal et al.
2002). This particular way of selecting different types
of grasses by large herbivores can explain why grazing
did not suppose an increase in the total cover and
biomass of grasses, in contrast to general predictions
(Hellström et al. 2003), but according to Bigger and
Marvier (1998) the generalist herbivores significantly
reduce the biomass of grasses. In this study, the lower
total plant cover and biomass values found with grazing
were due to the lower values of the cover and biomass of
all major taxonomical groups (i.e. Poaceae, Fabaceae,
Asteraceae). However, the higher relative biomass of
legumes found with grazing (non significant effect)
could suggest a positive effect of herbivores on legumes
selection in the long term. On the other hand, herbivores
could exert an indirect postive effect on legumes,
in the long term, by reducing the total biomass
and vegetation height and allowing a greater light
input; it is known that legumes are favoured by
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open spaces with higher insolation in nearby
reclaimed coal mines (Pallavicini et al. 2015).

Regarding the effect of grazing on other plant func-
tional groups, Díaz et al. (2007) found that, in general,
grazing favored annual over perennial plants, short
plants over tall plants, prostrate over erect plants, and
stoloniferous and based on rosette plants over clump-
forming plants.We only find a reduction in the perennial
plant cover, and cover and richness of hemicriptophytes
with grazing, in accordance with Díaz et al. (2007)
findings. Also Grime (1977) argued that grazing select
plants with a ruderal strategy (short-lived, small-sized
and fast-growing). Finally, we found a significant in-
crease in the cover of both anemochorous and
authocorous species without grazing, while grazing sup-
posed an increase in the endozoochorous species rich-
ne s s . Anemocho ry and zoocho ry (ma in ly
endozoochory) have been previously identified as the
most important dispersal strategies in the early succes-
sional stages of primary succession on mined areas
(Kirmer et al. 2008), and particularly in the north of
Palencia (Alday et al. 2011b). Although in the study area
anemochory was the main dispersal strategy both with
and without grazing, the significant increase of
endozoochous richness with grazing suggests that large
herbovires can act as efficient seed dispersers (Olff and
Ritchie 1998) and thus increasing colonization rates
where their density is not too high (Milchunas et al.
1988). Moreover, taking into acount that many of
endozoochorous species are herbaceous legumes, this
result is consistent with a potential positive effect
of grazing on the relative biomass of legumes in
the long term.

Relating differences in floristic composition to changes
in soil properties

As expected, we found significant differences in floristic
composition between grazed and ungrazed communities
with a high proportion of species only present in each of
the grazing treatments. However, these differences in
floristic composition were significantly related to differ-
ences in just three soil parameters (OM, K and Mg),
whose values increased without grazing. Successional
studies in restored mines have shown that changes in
floristic composition are conditioned by changes in soil
properties (Prach et al. 2007; Moreno-de las Heras et al.
2008), either than small differences in the initial quality
of the substrate can have a great influence on vegetation

dynamics (Martínez-Ruiz and Marrs 2007). However,
studies carried out near the study site (Alday et al.
2011a, b, 2012) have found scarce relationship between
changes in floristic composition and soil, being the soil
organic matter the most influential factor. The further
development of vegetation without grazing increases the
accumulation of carbon and nutrients in the soil (Chen
et al. 2012; Medina-Roldán et al. 2012), thus improving
soil conditions for the subsequent species colonization
and ecosystem development (Frouz et al. 2008).

It is well known that changes in soil properties in
anthropogenic substrates, as mine wastes, are relatively
slow (De Kovel et al. 2000), and thus more than 2 years
of herbivores exclusion could be needed to find, in the
study area, greater relationship between soil and plant
species composition changes. Additionally, differences
in floristic composition at the short-term could be due to
differences in the species colonization dynamics from
the surroundings (Alday et al. 2011b), and/or to a com-
bination of abiotic and stochastic factors (Alday et al.
2012), rather than to changes in soil properties. In any
case, it is clear that soil properties condition the perfor-
mance of plant species and the community composition
(Grime 2001; Pywell et al. 2003), as well as vegetation
can affect almost all aspects of soil structure and func-
tion (Eviner and Chapin 2003; Wardle 2002). The bi-
directional feedback between vegetation and soil has,
therefore, the potential to become an important tool for
restoration (e.g. colonization by atmospheric nitrogen
fixing pioneers plants improves the poor initial soil
conditions of mine substrates; Palmborg et al. 2005),
as well as a serious obstacle to biodiversity conservation
(e.g. invasive introduced species can modify soil condi-
tions in their own benefit or simply occupy the
space preventing the establishment of native spe-
cies; Krueger-Mangold et al. 2006; Levine et al.
2006; Vinton and Goergen 2006).

Species composition trajectories

Despite abundance and distribution of individual plant
species can respond to gradients of nutrients availability
(Tilman 1982), also the life-history traits of species
should be taken into account (Dodd et al. 1995) to
explain the observed trends. In the study area, Trifolium
repens cover was higher in the grazed community where
levels of OM and K+ in the soil are lower. Nevertheless,
its greater cover with grazing could be attributed to the
phenological traits of this species rather than to the
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scarce soil fertility. T. repens benefits from grazing,
since it is stoloniferous and with creeping stems, and
thus herbivores only harvest the leaves and tender pet-
ioles. Intense grazing makes it competitive against more
aggressive species such as grasses, and contributes to its
expansion by using light efficiently and withstands the
trampling. Conversely, its lower cover in the ungrazed
community could be attributed to its lack of tolerance to
competition, especially for light, since it does not estab-
lish well due to its phenology delayed in relation to the
grasses (Pallavicini et al. 2015). Similar to T. repens,
Lolium perenne resists grazing very well, to such an
extent that it is favored by it, getting to disappear if the
livestock pressure is not high (Sigcha 2013). In addition,
L. perenne resists soil compaction, clayey textures,
trampling and excess of nitrogen, although in this study
its presence relates rather with lower values of potassi-
um in the soil (Sigcha 2013).

On the other hand, our results suggest a taxonomical
group replacement, from legumes with grazing to
grasses without grazing, which would be assesed in
the long-term, i.e. after more time of exclusion of large
herbivores. Nevertheless, no clear trend in the dispersal
mode of plant species in relation to grazing was found,
although grazing supposed an increase in the
endozoochorous species richness, emphasizing the role
of large herbovires as efficient seed dispersers in the
study area.

Conclusions

The short time of grazing exclusion meant a decrease in
the relative proportion of coarse particles in the soil and
bare soil surface, and an increase in the soil fertility.
Grazing exclusion also implied an increase in the
maximun height of vegetation, total plant cover and
biomass, cover and biomass of Poaceae, Fabaceae and
Asteraceae, cover of perennials, cover and richness of
hemicryptophytes and cover of anemochorous and
authocorous species, whereas grazing favoured the rich-
ness of endozoochorous species. These results suggest
that herbivores could be a key factor preventing reveg-
etation at early stages of succession, although they could
play a key role as efficient seed dispersers, particularly
of endozoochorous legume species, favouring in the
long-term the relative biomass of legumes, and control-
ling the expansion of dominant introduced species. Tri-
folium repens and Lolium perenne were the species

better adapted and, therefore, favoured by grazing in
the study area.

Although no influence of grazing on species diversity
was found, great differences in the composition of the
plant community were noticeable, even when the time
elapsed from the large-herbivores exclusion to sampling
was relatively short (27 months). However, despite the
significant differences found in many of the soil param-
eters analyzed, differences in floristic composition were
related only to changes in three soil parameters (total
organic matter, K+ and Mg2+), which raised higher
values in the ungrazed community. Taking into account
the slowness of changes in soil properties in mine sub-
strates, longer-term monitoring would be needed to find
a stronger relationship between changes in soil proper-
ties and plant community composition and to clarify the
influence of grazing on plant diversity.

We conclude that more efforts should be made to
clarify the short-term effect of the exclusion of herbi-
vores in relation with the goals of restoration, which is
of great interest particularly from a sustainability
perspective.
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