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. . Richness and diversity of perennial plant species were evaluated in 17 Stipa tenacis-
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sima steppes along a degradation gradient in semiarid SE Spain. The main objective
of the study was to evaluate the relative importance of historical human impacts,
small-scale patch attributes and environmental factors as determinants of perennial
plant species richness and diversity in S. tenacissima steppes, where vegetation is
arranged as discrete plant patches inserted on a bare ground matrix. Partial least
squares regression was used to determine the amount of variation in species richness
and diversity that could be significantly explained by historical human impacts,
patch attributes, and environmental factors together and separately. They explained
up to 89% and 69% of the variation in species richness and diversity, respectively. In
both cases, the predictive power of patch attributes models was higher than that of
models consisting of abiotic characteristics and variables related to human impact,
suggesting that patch attributes are the major determinants of species richness and
diversity in semiarid S. fenacissima steppes. However, patch attributes alone are not
enough to explain the observed variation in species richness and diversity. The area
covered by late-successional sprouting shrubs and the distance between consecutive
patches were the most influencing individual variables on species richness and diver-
sity, respectively. The implications of these results for the management of S. tenacis-
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INTRODUCTION involving two or more environmental Var.iables are not very
common (Austin ef al., 1996; Pausas & Austin, 2001; Le Brocque

Recent research has emphasized the prevalent role that biodiver-
sity has for the proper functioning of Earth’s ecosystems, as well
as its intrinsic value (Ghilarov, 2000; Loreau et al., 2001). Thus,
understanding those factors affecting plant species richness
and diversity is a crucial issue in current ecology and conserva-
tion biology. Efforts to determine the relationships between
species richness and environmental attributes have substantially
increased over the past decade, and nowadays there is a growing
body of knowledge on the topic (e.g. Heikkinen, 1996; Pausas &
Austin, 2001; Schaffers, 2002). Due to the multiple set of factors
involved, it is important to follow a multivariate approach to
understand patterns of plant species richness and diversity for a
given ecosystem (Waide et al., 1999). However, studies evaluating
the dynamics of species richness and diversity over gradients
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& Buckney, 2003).

Environmental factors such as soil nutrient content, slope,
aspect, and altitude have been shown to exert an important con-
trol on species richness and diversity on a great variety of eco-
systems (El Ghani Monier, 1998; Schaffers, 2002; Le Brocque &
Buckney, 2003). In addition to these factors, disturbances due to
human activities may exert a strong influence on species richness
and diversity patterns (Petraitis et al., 1989). Incorporation of
human impacts when assessing the determinants of species rich-
ness and diversity, despite its difficulty, is necessary (Waide et al.,
1999). The impact of human activities on ecosystem structure
and processes may last for centuries and even millennia (Bruun
et al., 2001; Dupouey et al., 2002). Thus, the evaluation of past
human impacts may be especially important in areas where
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human populations have been controlling ecosystem trajectories
for centuries. Despite the importance of arid and semiarid eco-
systems in global terms, and the relatively high levels of plant
species richness and diversity that contain (Le Houérou, 2001),
there is a lack of studies dealing with the relative importance of
historical human impacts as determinants of species richness
and diversity in these areas.

In the last decade we have assisted to an impressive develop-
ment of biodiversity research (Loreau et al., 2001). However, the
relative importance of variables such as environmental factors,
disturbance, and patch attributes as determinants of species
richness and diversity, all of them affecting these ecosystem
properties by separate (Bascompte & Rodriguez, 2001; Cardinale
& Palmer, 2002; Le Brocque & Buckney, 2003), is still poorly
known. With the aim of contributing to fill this gap, this study
evaluates the importance of human impacts, patch attributes,
and environmental factors as determinants of perennial plant
species richness and diversity in semiarid steppes dominated by
the perennial tussock grass Stipa tenacissima L. These steppes
constitute one of the most representative vegetation types in the
driest areas of the Mediterranean Basin, where they cover over
2.8 million ha (Le Houérou, 2001). Stipa tenacissima steppes
result from the degradation of Mediterranean open forests
and shrublands in N Africa and SW Europe, respectively (Rivas
Martinez, 1987; Le Houérou, 2001), by human activities like
grazing, harvesting, and repeated burning, which have been
occurring in these steppes since millennia (Barber et al., 1997).
Thus, they can serve as a useful model to evaluate the effect of
historical human impacts on current plant species richness and
diversity, and to evaluate their relative importance against patch
attributes and environmental factors, two major determinants of

ecosystem functioning and biodiversity in semiarid environ-
ments (Aguiar & Sala, 1999). Previous studies have described the
floristic composition of S. tenacissima steppes (Aidoud, 1990;
Aidoud & Touffet, 1996; Hensen, 1999), and related it to soil
properties and bioclimatic characteristics (Costa et al., 1988;
Hanifi-Halima & Loisel, 1997). However, none of them has eval-
uated the importance of past human impacts, patch attributes
and environmental factors as determinants of present-day species
richness and diversity in these ecosystems.

METHODS

Study area

Our study was conducted at 17 experimental sites located in the
provinces of Alicante and Murcia, in SE Spain (Table 1). Site
selection was performed according to three criteria: (i) to capture
a wide range in degradation status (ii) to capture the rainfall
variability, and (iii) to reduce between-site variability associated
with vegetation type, slope aspect and soil type. All the sites were
located in South-facing slopes, with slopes varying between 4°
and 29°. They share soil type (Lithic Calciorthid; Soil Survey
Staff, 1990) and climate (Mediterranean semiarid; FAO, 1989),
with average annual precipitation and temperature values
ranging from 212 to 388 mm, and from 16 to 18 °C, respectively.
Vegetation in the study system is arranged as a two-phase mosaic
of discrete plant patches inserted on a bare ground matrix (see
Appendix S1 in Supplementary Material). It is dominated by
S. tenacissima, with late-successional shrubs, such as Quercus
coccifera L., Rhamnus lycioides L. and Pistacia lentiscus L., present
at the less degraded sites. At the more degraded sites these shrubs

Table 1 Environmental factors, species richness and diversity of the experimental sites. ELE = elevation (m above sea level), RAI = Mean
annual rainfall (1960-90; Pérez, 1994), ASP = Aspect (°), SLO = Slope (°), UTM = UTM co-ordinates, SPE = Species richness, DIV = Species

diversity (Shannon’s H index, bits)

Site* ELE RAI ASP SLOT UTM SPE DIVT
Aguas (Ag) 441 387.7 168 13.6+0.4 731431 E 4267459 N 31 1.7+0.2
Albatera (Al) 355 277 228 24.8%0.6 683000 E 4235820 N 34 2.0%+0.1
Campello (Ca) 349 220.2 140 14.8+0.8 728411 E 4264059 N 28 0.9%0.1
Colominas (Co) 726 315.4 198 9.81+0.3 692176 E 4273892 N 35 1.1+0.2
Etasa (Et) 205 385.7 290 23.5%+09 720469 E 4261970 N 22 0.8£0.1
Finestrat (Fi) 212 317.7 160 22.8£0.6 745052 E 4271046 N 27 1.5£0.1
Foncalentl (Fn) 80 301.5 220 44102 712879 E 4245495 N 24 0.8+0.1
Foncalent2 (Ft) 63 301.5 100 235103 713572 E 4246605 N 23 0.8+0.1
Fortuna (Fo) 99 294 220 14.1+£0.7 666166 E 4215166 N 16 1.2+0.1
Jijona (Ji) 240 385.7 180 248103 720312 E 4263831 N 23 1.0+0.1
La Nuza (Ln) 102 220.2 160 27.8£0.6 730961 E 4260414 N 23 0.9+£0.2
Marquesa (Ma) 85 220.2 178 23.8+£0.3 727972 E 4259533 N 22 0.7£0.04
Palomaret (Pa) 540 302.2 190 235+1.8 703116 E 4261639 N 28 1.6+0.1
Penarrubia (Pe) 769 369.1 180 225103 690160 E 4273578 N 36 1.3+0.1
Relleu (Re) 395 387.7 125 10.8 £ 0.3 735591 E 4269506 N 33 1.4+0.1
Ventdsl (Ve) 468 302.2 270 26.3%£0.6 707768 E 4259748 N 28 1.3+0.1
Ventds2 (Vn) 550 302.2 240 245103 707506 E 4260684 N 29 1.1£0.2

*The code in brackets is the name given to the experimental site in Fig. 1. Mean * SE (n = 4).
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are replaced by others like Artemisia herba-alba L. and Salsola
genistoides L. Both species composition and vegetation structure
of the experimental sites is representative of semiarid S. tenacis-
sima steppes (Costa et al., 1988).

Field survey

Within each site, a 30 m x 30 m plot starting on the upper edge
of the hillslope was located. All perennial species within this
plot were counted, and it was used as my estimator of species
richness. Only perennial species were considered because the
occurrence of annual plants in S. tenacissima steppes is generally
very variable both seasonally and annually. At each site a 24-m
transect starting in the upper left corner of the plot was estab-
lished along the contour. Four 30-m parallel transects, separated
by 8 m, were run perpendicular to and down slope from the 24-
m transect for the estimation of perennial plant species diversity
using Shannon’s diversity index (H, Greig-Smith, 1983). It was
estimated by using the point sampling method, with a sampling
frequency of 50 cm along each 30-m transect. These transects
were also used to sample patch attributes. According to Tongway
& Hindley (1995), I considered as a patch those long-lived fea-
tures that are able to retain water, sediments, and seeds coming
from runoff fluxes, and that are surrounded by bare ground soil.
In the study area, patches include S. tenacissima tussocks, other
herbaceous species, shrubs, and dead shrub branches resting in
the soil surface. In each transect a continuous record of patch and
interpatch zones was collected; when a patch was located, its
width at right angles to the transect line was measured. Clumps
of grasses, or of grasses and small shrubs growing closely
together or connected with litter bridges were considered as a
single patch (Tongway & Hindley, 1995). The variables used to
describe patch attributes were: patch width density (m/10 m of
transect), number of patches (n/10 m of transect), cover of patches
(%) and average distance between consecutive patches (m). The
area occupied by sprouting shrubs (P. lentiscus, Q. coccifera, R.
lycioides, Ephedra fragilis Desf., Erica multiflora L., and Juniperus
oxycedrus L.), which are expected to be remnants of mature
shrubland vegetation (Rivas Martinez, 1987), was also included
as another patch attribute. The maximum crown diameter in the
horizontal direction, and the diameter orthogonal to this, were
measured in each individual shrub; with these data shrub size
was estimated as the volume of an ellipsoid. Individual areas were
summed to obtain the total cover of sprouting shrubs at each
30 m X 30 m plot.

The following abiotic variables were also measured at each
plot: altitude, slope, aspect, soil organic matter at 0—10 cm depth,
mean annual rainfall, and UTM co-ordinates. The altitude and
UTM co-ordinates were obtained in situ with a Global Position-
ing System device. The slope and aspect were obtained with a
clinometer and a compass, respectively. The mean annual rainfall
and temperature (1960-90 period) were obtained from the near-
est meteorological station according to the database provided by
Pérez (1994). Soil organic matter was estimated with the loss-on-
ignition method after burning in a furnace for two hours at
550 °C.
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Determinants of species richness and diversity in semiarid steppes

Assessment of human impacts

The fibre from S. tenacissima has great strength and flexibility,
and for this reason has been used for making ropes, sandals, bas-
kets, mats, and other durable articles (Barber et al., 1997). It has
also been widely used to produce high quality paper, especially
in the United Kingdom (American Paper & Pulp Association,
1965). In Spain there are historical records on the use of S. tena-
cissima by humans as early as 3500 Bc. The intensification started
during the occupation of the Iberian Peninsula by the Carthagin-
ians (480 Bc) and, with differences in the intensity of this use
over different historical periods, lasted until the 1960s. At this
time, the rapid industrialization of the country promoted a dras-
tically cessation of human activities in S. tenacissima steppes
(Barber et al., 1997).

I used the following variables as surrogates of past human
impacts on the experimental sites: human population in the
nearest town at several historical periods (1787, 1887 and 1950),
distance to the nearest town, and distance to the nearest tradi-
tional road. Population dates were selected because they repre-
sent the first modern census available in Spain (1787), and two
moments of special human pressure on S. tenacissima steppes in
the study area, due to the lack of woody fuel (1887) and to the
socio-economic situation following the Spanish Civil War (1950)
(Servicio del Esparto, 1950; Lopez et al., 1992). Both the dis-
tances to the nearest town and to the nearest traditional road
(pathways used to drive the livestock and to have access to rural
areas with century-long use; Pérez & Terés, 1991) were used as
indices of the likelihood of local population having access to the
study sites.

Population data for each of the three periods were obtained
from official statistics (Anonymous, 1889; Instituto Nacional de
Estadistica, 1987, 2003). The distances to the nearest town and to
the nearest traditional road were obtained using digitized maps
at scale 1:50,000 available from the Regional Government
(Anonymous, 1998). The UTM co-ordinates of the nearest city
and traditional road were obtained for each site using the digit-
ized cartography. From these, and the UTM co-ordinates of the
experimental plots obtained with the GPS, the Euclidean dis-
tance between each experimental site and both the nearest city
and traditional road was calculated.

Statistical analyses

To evaluate the importance of patch attributes, environmental
factors, and human impacts as determinants of present-day spe-
cies richness and diversity, I used partial least squares regression
(PLS). PLS is a regression calibration technique that is useful
when there are few replicates, many predictors or when predic-
tors show high collinearity (Naes & Martens, 1989). PLS reduces
a set of explanatory variables into a few components that have
maximum covariance with the dependent variable. To determine
the number of PLS components to be included in the model, a
cross-validation procedure is performed. PLS is run as many
times as there are observations in the data set (1), leaving out one
observation in turn. The regression model based on the n—1
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observations is used to predict the value of the response variable
in the excluded observation. The sum of squares of differences
between these ‘leave-one-out predictions’ and the observed
values of the dependent variable produce the root mean square
error (RMSE). The lower the RMSE, the higher the predictive
power of the PLS model. To select the number of significant
components to be included in the model, I followed the cross-
validation test described in Umetrics (2002).

I performed separate PLS analyses for species richness and
diversity as dependent variables, but using in both cases three
matrices: patch attributes, environmental factors and human
impacts. With the aim to evaluate how the predictive power of
each matrix was modified by the presence of the other matrices,
additional analyses were performed with pairs of matrices and
with the sum of the three matrices. The latter analysis was also
used to evaluate the relative importance of individual variables as
predictors of species richness and diversity. In this analysis, the
variable influence (VIP) is computed as described in Umetrics
(2002). Explanatory variables with VIP values larger than one are
the most relevant for explaining the variation observed in the
dependent variable.

Prior to PLS analyses, I transformed explanatory variables in
order to achieve normality on their frequency distributions. The
area covered by sprouting shrubs, the distance between consecu-
tive patches, and the distance to the nearest traditional road were
log transformed. For the first variable, a constant (1) was added
to the original value before transformation. The number and
cover of patches were transformed with a power function (x°);
slope was also transformed with a power function (x*). Popula-
tion data could not be fitted to a normal distribution after several
transformations, and were not transformed. The other explana-
tory variables, and the dependent ones, were not transformed
because they were normally distributed (Kolmogorov-Smirnoff
test; P> 0.05). The relationships between the explanatory vari-
ables used in PLS analyses were evaluated with correlation
analysis. Since some variables were not normally distributed, the
Spearman rank correlation coefficient was used. Significance
values were corrected for the number of paired comparisons by
using the procedure described in Hochberg (1988). Due to the
high number of comparisons (136) and to the low number of
replicates (17), I used a significance level of o.=0.10 in these
analyses. All PLS analyses were performed with both dependent
and explanatory variables centred and standardized (Umetrics,
2002) using the software SIMCA-P for Windows, version 10.0.2
(Umetrics AB, Umed, Sweden). Data transformations and cor-
relation analyses were performed with the software SPSS for
Windows 9.0 (SPSS Inc, Chicago, IL, USA).

RESULTS

Perennial species richness and diversity ranged from 16 to 36
species, and from 0.7 to 2 bits per 30 m X 30 m plot (Table 1).
The experimental sites showed important differences in all the
evaluated patch attributes (Fig. 1). Correlation analyses indi-
cated the relationships between the variables defining patch
attributes, environmental factors and human impacts (see
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Table 2 Summary of PLS models fitted to perennial species
richness and diversity. The number of significant PLS components
(N), the mean square error of prediction (RMSE), and the coefficient
of determination (R?) are shown for each model

Dependent variable Matrix of explanatory variables N RMSE R*?

Species richness Environmental factors (EF) 1 3.423 0.634
Patch attributes (PA) 2 2420 0.829
Human impacts (HI) 1 4330 0.415
EF + PA 1 2588 0.791
EF + HI 1 3.432 0.632
PA + HI 2 2237 0.854
EF + PA + HI 2 1961 0.888

Diversity EF = —
PA 2 0.215 0.685
HI o — —
EF + PA 1 0.254 0.530
EF + HI o — —
PA + HI 2 0212 0.694
EF + PA + HI 1 0.260 0.505

*The PLS model was not significant (P > 0.05).

Appendix S2 in Supplementary Material). Significant relation-
ships were found between the number of patches and the average
distance between consecutive patches (—0.74), and between their
cover and width (0.89). The area covered by sprouting shrubs
was related to elevation (0.83), and rainfall showed a positive
correlation with the UTM North co-ordinate (0.70). The popu-
lation at the different periods was highly correlated (correlation
coefficients ranging from 0.79 and 0.92). The population in 1950
was negatively correlated with the cover of patches (—0.75), and
positively correlated with the distance to the nearest town (0.79),
as was the population in 1787 (0.76).

PLS analyses showed how the three evaluated matrices were
able to explain significant amounts of the variation found in
species richness (Table 2). The predictive power of the model
consisting of patch attributes was quite high (R* = 0.83), and was
higher than that of the models consisting of abiotic characteristics
(R*=10.63) and variables related to human impacts (R* = 0.42).
When patch attributes were included, the inclusion of abiotic
characteristics and human impacts slightly reduced and increased
the predictive power of the model, respectively. However, the
most parsimonious PLS model for species richness was that con-
sisting of the three matrices together. Only PLS models consist-
ing of patch attributes were able to explain significant amounts of
the variation observed in species diversity (Table 2). The most
parsimonious PLS model for this variable was that consisting of
patch attributes and human impacts. The addition of environ-
mental factors to this model increased its prediction error and
reduced its predictive power.

The percentage of the total area covered by sprouting shrubs
was the variable that most influenced species richness (Table 3).
This area was positively related to species richness, as was eleva-
tion, the UTM North co-ordinate and the total cover of patches.
Variables related to human population at the different historical
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Figure 1 Patch attributes of the experimental sites. Patches include S. fenacissima tussocks, other herbaceous species, shrubs, and dead shrub
branches resting in the soil surface. In all cases except the area covered by sprouting shrubs, data represents means £ SE (n = 4). Abbreviations of

the experimental sites correspond to those presented in Table 1.

periods evaluated were among the most influencing variables,
and were negatively related to species richness. The distance
between consecutive patches was the variable that most influ-
enced diversity, and was negatively related to it. The number of
patches and the percentage of the total area covered by sprouting
shrubs were the variables following in importance, and were
positively related to diversity. It is interesting to note that envir-
onmental factors such as slope and organic matter were not
included among the most influencing variables by the PLS mod-
els fitted to both species richness and diversity.

Diversity and Distributions, 10, 21-29, © 2004 Blackwell Publishing Ltd

DISCUSSION

The significant correlations found between the explanatory vari-
ables, and the low number of replicates compared to the number
of explanatory variables available in the data set employed, justify
the use of PLS in this study. The high correlation found between
population variables is expected, as well as the correlation
between some patch attributes like the number and the average
distance between two of them. The positive correlation between
rainfall and the UTM North co-ordinate reflects the latitudinal
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Table 3 Influence (VIP) and coefficient

Dependent variable Explanatory variable VIP Coefficient ¢ 1« variables used in the PLS model with
species richness and diversity as dependent
Species richness Area covered by sprouting shrubs 1.724 0.245 variables and all the variables from the three
Elevation 1.561 0.221 matrices (abiotic characteristics, patch
Population in 1887 L171 —0.100 attributes and human impacts) as explanatory
Population in 1950 1155 —0.087 ones. Only the most influencing variables
Population in 1787 1.130 —0.109 (VIP > 1) are shown
UTM North co-ordinate 1.067 0.069
Diversity Distance between consecutive patches 2.087 —-0.187
Number of patches 1.948 0.174
Area covered by sprouting shrubs 1.873 0.168
Elevation 1.197 0.107

variation of rainfall in the study area (Pérez, 1994). Among the
correlations that were significant, that between elevation and the
area covered by sprouting shrubs is the most noticeable, since
the altitudinal range evaluated does not limit the distribution of
any of the sprouting shrubs measured in the study area (Rivas
Martinez, 1987). The underlying causes of this relationship can
not be elucidated from this study; it may be the consequence of
complex interactions between small-scale differences in climate,
land-use history, vegetation structure, and composition of faunal
communities, which play a prevalent role on the dispersion of
these species (Herrera, 2002).

Determinants of species richness and diversity

The results obtained suggest that patch attributes are the most
important determinant of species richness and diversity in semi-
arid S. tenacissima steppes. The prevalence of these attributes
agrees with previous studies showing a positive relationship
between patch attributes like number, size and size heterogeneity
and woody species richness in prairie ecosystems (Bascompte &
Rodriguez, 2001). In semiarid environments, discrete plant
patches modify the availability of resources as compared to the
surrounding bare ground matrix. Plant patches have high soil
nutrient contents and microbial activity, ameliorate harsh
climatic conditions, improve soil moisture conditions, and may
also provide shelter against herbivores (Callaway, 1995). In
addition, they trap seeds transported during runoff events,
blown by wind, or deposited by birds, and provide ‘safe sites’ for
seed germination and seedling establishment (Aguiar & Sala,
1999; Montana et al., 2001). All these processes lead to the pre-
valence of positive interactions between plant species within the
patches (Callaway, 1995), which are of great importance in the
establishment and maintenance of species diversity at higher
spatial scales (Naeem et al., 2002). The results presented here
suggest that facilitation could be an important force driving
species richness in semiarid steppes, but can not provide direct
evidence for this.

Within variables defining patch attributes, the area covered
by late-successional sprouting shrubs showed a positive relation-
ship with both species richness and diversity, and was the most
important explanatory variable for the former. These findings
suggest that sprouting shrubs are playing a key role in maintain-
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ing plant species richness in S. tenacissima steppes at the plot
scale, despite their low cover in absolute terms (Fig. 1). They also
complement previous studies showing a significant and positive
relationship between individual shrub size and perennial under-
storey species richness in semiarid areas (Pugnaire & Lazaro,
2000). As discussed above, facilitative mechanisms may mediate
the relationship found between species richness and the area
covered by sprouting shrubs. Particular features of shrubs that
could foster such facilitative interactions include their role as
frugivorous birds feeders, the high levels of soil resources usually
found under its canopy, and the improvement of harsh environ-
mental conditions trough shrub canopy shading (Moro et al., 1997;
Herrera, 2002). The distance between consecutive patches was
the most important explanatory variable for species diversity,
followed in importance by the number of patches. It has been
already mentioned the role of plant patches as ‘safe sites’ for seed
germination and seedling establishment, as well as the prevalence
of facilitative interactions within them. In addition, seed disper-
sal and establishment in semiarid areas with sparse plant cover,
and in S. tenacissima steppes, decrease with the distance to seed
sources, which are also concentrated in plant patches (Gasque,
1999; Montana et al., 2001). The negative effect of increasing the
distance between consecutive patches on species diversity may be
mediated by local seed dispersal limitations. They are likely to
occur in S. tenacissima steppes given the dispersal characteristics
of the species that contain (Hensen, 1999), and to the short
runoff lengths typically found in these steppes (Puigdefabregas
et al., 1999). Similar negative effects on species diversity may be
achieved by reducing the number of patches, which reduces both
the amount of seed sources and of suitable sites for seed germina-
tion and seedling establishment.

PLS analyses suggest that environmental factors alone explain
a substantial amount of the variation observed in species
richness. Among the variables included in this group, elevation
was the most important and showed a positive relationship with
species richness. The results obtained here agree with previous
studies showing the importance of altitude as a predictor of plant
species richness over a wide variety of ecosystems at higher spa-
tial scales (Srutek & Kolbek, 1994; Heikkinen, 1996). However,
and given the relatively small altitudinal gradient evaluated
(~700 m), it is likely that the relationship found may be pro-
moted by small-scale changes in climate associated to elevation.
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It is also interesting to note that elevation showed a high correla-
tion with the area covered by sprouting shrubs, the most
influencing variable explanatory variable. Despite the wide dif-
ferences in slope among the study sites (4-29°), this variable was
not selected among the most important predictors of species
richness and diversity. This was initially unexpected due to the
prevailing role of slope as a controlling factor of soil moisture
content in semiarid areas (Gomez-Plaza et al., 2001), which ulti-
mately affects species richness (El Ghani Monier, 1998; Pausas &
Austin, 2001). The results obtained suggest that soil moisture is
not an important driver of species richness in the study area or,
most likely, that other site features like patch attributes may over-
ride gravity effects in controlling soil moisture and their possible
effects on species richness (Puigdefabregas et al., 1999). The lack
of importance of rainfall is also noticeable, and may be due to the
fact that our climatic database failed to reflect accurately the
variation in rainfall at local scale.

Past human impacts explained a significant amount of the
variation observed in species richness, although its importance
was lower than that of patch attributes and environmental fac-
tors. The lack of significant correlations between surrogates of
these impacts and the most influencing variables defining patch
attributes, and the increase in the predictive power of PLS
models already containing patch attributes and environmental
factors when adding past human impacts, suggest that such im-
pacts are constraining present-day species richness and diversity
in semiarid S. tenacissima steppes. As far as I know, the results
presented here provide the first evidence of the importance of
historical human influence as a determinant of current species
richness and diversity in semiarid ecosystems. They also agree
with previous studies showing the importance of such influence
as a determinant of current plant species richness in temperate
steppes and woodlands (Peterken & Game, 1984; Honnay et al.,
1999; Bruun et al., 2001). Historical human influence on present
ecosystem structure and function may have been largely under-
estimated, given the large areas influenced by human activities in
the past that support now unmanaged seminatural ecosystems.
The results presented here and those from previous studies suggest
that past human impacts are relevant to current species richness
and diversity, and should be considered when evaluating deter-
minants of biodiversity in ecosystems located in areas supporting
human populations for centuries. However, in practice is often
difficult to obtain accurate estimators of past human impacts due
to the lack of detailed and quantitative historical information,
especially at scales such as employed in this study. The approach
followed has several drawbacks that merit some discussion. It is
very difficult, if not impossible, to know if all the important vari-
ables related to human impacts are available for analysis (Bruun
et al.,2001). It is also very difficult to obtain reliable information
on punctual impacts (e.g. a human-induced fire or an episode of
illegal fibre cropping) that may affect ecosystem structure and
function for centuries, and which are not usually registered in the
available written sources. The direct causes underlying the effects
of past human impacts on current species richness and diversity
in S. tenacissima steppes can not be elucidated from the results
obtained in this study. However, I hypothesize that a major influ-
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ence of such impacts in current species richness and diversity
has been the progressive elimination of late-successional shrubs
by activities like wood harvesting for fuel and repeated burning
to avoid shrub competition with S. tenacissima and to encourage
its growth (Barber et al., 1997). As discussed above, sprouting
shrubs may be acting as keystone species (sensu Naeem et al.,
2002) regarding the maintenance of species richness in semiarid
S. tenacissima steppes, and their elimination in ancient times
may still be constraining current species richness and diversity.

Implications for the management of semiarid Stipa
tenacissima steppes

Results show that the area covered by late-successional shrubs is
a key determinant of species richness in degraded S. tenacissima
steppes. Thus, the conservation of remaining shrub patches,
and the increase of their area, should gain priority in manage-
ment to maintain and enhance plant biodiversity in these eco-
systems. Among the actions that could be taken to increase
late-successional shrub cover, planting of seedlings of species like
P. lentiscus, R. lycioides and Q. coccifera seem the most efficient
(Maestre et al., 2003). These plantings should take advantage of
shrub seedling establishment facilitation by S. tenacissima tus-
socks (Maestre et al., 2001), and thus seedlings should be introduced
in the microsite provided by S. tenacissima. An increase in the cover
of late-successional shrubs would not only be a useful management
tool to maintain and increase plant biodiversity in S. tenacissima
steppes. It would also help to increase overall ecosystem resili-
ence against disturbances such as grazing and fire (Lloret & Vila,
1997), to improve soil nutrient status (Caravaca et al., 2003), and
to provide suitable habitat and food for a great number of wild
and game animals, especially birds (L6pez & Moro, 1997).

ACKNOWLEDGEMENTS

I thank Maria Dolores Puche, José Huesca, and Carolina
Espinosa for help during the fieldwork. Financial support was
provided by a FPU fellowship of the Ministry of Education,
Culture and Sports, and by the Spanish Ministry of Science and
Technology REN2001-0424-C02-01/GLO project.

SUPPLEMENTARY MATERIAL

The following material is available from http://
www.blackwellpublishing.com/products/journals/suppmat/
DDI/DDI057/DDI057sm.htm

Appendix S1. View of two experimental sites.

Appendix S2. Matrix of Spearman rank correlation coefficients
between the explanatory variables.

REFERENCES

Aidoud, F. (1990) Syntaxonomic analysis of steppe groupings of
the Lygeum spartum, Artemisia herba-alba, and Stipa tenacissima

27


http://

F. T. Maestre

complex in southwest Algeria. Documents Phytosociologiques,
12,103-122.

Aidoud, A. & Touffet, J. (1996) Decline of esparto grass (Stipa
tenacissima L.), perennial graminaceae, a desertification indi-
cator for Algerian steppes. Secheresse Montrouge, 7, 187—193.

American Paper and Pulp Association (1965) The dictionary of
paper, including pulp, paperboard, paper properties and related
papermaking terms, 3rd ed. American Paper and Pulp Associa-
tion, New York.

Anonymous (1889) Resultados provisionales del censo de la pob-
lacién de Espafia. Direccién General del Instituto Geogréfico y
Estadistico, Madrid.

Anonymous (1998) Afecciones que inciden en la planificacion
urbanistica y territorial en la Comunidad Valenciana. Consel-
leria de Obras Publicas, Urbanismo y Transporte, Valencia.

Aguiar, M.R. & Sala, O.E. (1999) Patch structure, dynamics and
implications for the functioning of arid ecosystems. Trends in
Ecology and Evolution, 14, 273-277.

Austin M.P,, Pausas J.G. & Nicholls A.O. (1996) Patterns in tree
species richness in relation to environment in south-eastern
New South Wales, Australia. Australian Journal of Ecology, 21,
154-64.

Barber, A., Cabrera, M.R. & Guardiola, I. (1997) Sobre la cultura
de l'espart al territori valencida. Bancaja, Valencia.

Bascompte, J. & Rodriguez, M.A. (2001) Habitat patchiness and
plant species richness. Ecology Letters, 4, 417—420.

Bruun, H.L., Fritzborger, B., Rindel, P.O. & Hansen, U.L. (2001)
Plant species richness in grasslands: the relative importance
of contemporary environment and land-use history since the
Iron Age. Ecography, 24, 569-578.

Callaway, R.M. (1995) Positive interactions among plants. The
Botanical Review, 61, 306—349.

Caravaca, E, Figueroa, D., Barea, ].M., Azcén-Aguilar, C., Palen-
zuela, J. & Rolddn, A. (2003) The role of relict vegetation in
maintaining physical, chemical, and biological properties in an
abandoned Stipa-grass agroecosystem. Arid Land Research and
Management, 17, 103-111.

Cardinale, B.J. & Palmer, M.A. (2002) Disturbance moderates
biodiversity-ecosystem function relationships: experimental
evidence from caddisflies in stream mesocosms. Ecology, 83,
1915-1927.

Costa, M., Bautista, P.J. & Stubing, G. (1988) Data on the fields of
esparto grass of the Iberian peninsula (Stipion tenacissimae
Rivas-Martinez 1977). Documents Phytosociologiques, 11, 401—
416.

Dupouey, J.L., Dambrine, E., Laffite, D. & Moares, C. (2002)
Irreversible impact of past land use on forest soils and bio-
diversity. Ecology, 83, 2978-2894.

El Ghani Monier, M.A. (1998) Environmental correlates of spe-
cies distribution in arid desert ecosystems of eastern Egypt.
Journal of Arid Environments, 38,297-313.

FAO (1989) Arid zone forestry. a guide for field technicians. FAO,
Rome.

Gasque, M. (1999) Colonizacién del esparto (Stipa tenacissima
L.) en zonas degradadas de clima semidrido. PhD Thesis,
Universidad Politécnica de Valencia.

28

Ghilarov, A. (2000) Ecosystem functioning and intrinsic value of
biodiversity. Oikos, 90, 408—412.

Go6mez-Plaza, A., Martinez-Mena, M., Albaladejo, J. & Castillo,
V.M. (2001) Factors regulating spatial distribution of soil
water content in small semiarid catchments. Journal of
Hydrology, 253, 211-226.

Greig-Smith, P. (1983) Quantitative plant ecology. Blackwell
Scientific Publications, Oxford.

Hanifi-Halima, A.K. & Loisel, R. (1997) Edaphic characteristics
of Stipa tenacissima L. formations of Algeria in relation to the
vegetation dynamics. Ecologia Mediterranea, 23, 33—43.

Heikkinen, R.K. (1996) Predicting patterns of vascular plant spe-
cies richness with composite variables: a meso-scale study in
Finnish Lapland. Vegetatio, 126, 151-165.

Hensen, I. (1999) Life strategies in a semi-arid grassland
community-mechanisms of dispersal and reproduction within
Lapiedro  martinezii-Stipetum  tenacissimae (southeastern
Spain). Feddes Repertorium, 110, 265-285.

Herrera, C.M. (2002) Correlated evolution of fruit and leaf size
in bird-dispersed plants: species-level variance in fruit traits
explained a bit further?. Oikos, 97, 426-432.

Hochberg, Y. (1988) A sharper Bonferroni procedure for multiple
tests of significance. Biometrika, 75, 800-802.

Honnay, O., Hermy, M. & Coppin, P. (1999) Effects of area, age
and diversity of forest patches in Belgium on plant species
richness, and implications for conservation and re-forestation.
Biological Conservation, 87, 73-84.

Instituto Nacional de Estadistica (1987) Censo de Floridablanca
1787, volumenes 1 ¢ 6. Instituto Nacional de Estadistica,
Madrid.

Instituto Nacional de Estadistica (2003) Cifras de poblacién de
hecho desde 1900 hasta 1991. Data obtained from the web
(URL: www.ine.es/inebase/menul.htm#5).

Le Brocque, A.F. & Buckney, R.T. (2003) Species richness—
environment relationships within coastal sclerophyll and
mesophyll vegetation in Ku-ring-gai Chase National Park,
New South Wales, Australia. Austral Ecology, 28, 404—412.

Le Houérou, H.N. (2001) Biogeography of the arid steppeland
north of the Sahara. Journal of Arid Environments, 48, 103—128.

Lloret, F. & Vila, M. (1997) Clearing of vegetation in Mediter-
ranean garrigue: Response after a wildfire. Forest Ecology and
Management, 93, 227-234.

Lépez, G. & Moro, M.J. (1997) Birds of Aleppo pine plantations
in south-east Spain in relation to vegetation composition and
structure. Journal of Applied Ecology, 34, 1257-1272.

Lépez, G., Rico, L. & Martin, C. (1992) Els vertebrats terrestres de
la Comarca d’Alacant. Caja de Ahorros Provincial de Alicante,
Alicante.

Loreau, M., Naeem, S., Inchausti, P, Bengtsson, J., Grime, J.P,
Hector, A., Hooper, D.U., Huston, M.A., Raffaelli, D., Schmid,
B., Tilman, D. & Wardle, D.A. (2001) Biodiversity and eco-
system functioning: current knowledge and future challenges.
Science, 294, 804—808.

Maestre, E.T., Bautista, S., Cortina, J. & Bellot, J. (2001) Potential
for using facilitation by grasses to establish shrubs on a semi-
arid degraded steppe. Ecological Applications, 11, 1641-1655.

Diversity and Distributions, 10, 21-29, © 2004 Blackwell Publishing Ltd



Maestre, ET., Cortina, J., Bautista, S., Bladé, C., Bellot, J. &
Vallejo, V.R. (2003) Bases ecoldgicas para la restauracion de los
espartales semidridos degradados. Ecosisternas, 2003/1. (URL:
www.aeet.org/ ecosistemas/031/investigacion5.htm).

Montana, C., Seghieri, J. & Cornet, A. (2001) Vegetation dynam-
ics: recruitment and regeneration in two-phase mosaics.
Banded vegetation patterning in arid and semiarid environ-
ments (eds D.J. Tongway, C. Valentin and J. Seghieri), pp. 132—
145. Springer, New York.

Moro, M.J., Pugnaire, F, Haase, P. & Puigdefébregas, J. (1997)
Mechanism of interaction between a leguminous shrub and its
understorey in a semi-arid environment. Ecography, 20, 175—
184.

Naeem, S., Loreau, M. & Inchausti, P. (2002) Biodiversity and
ecosystem functioning: the emergence of a synthetic ecologi-
cal framework. Biodiversity and ecosystem functioning (eds
M. Loreau, S. Naeem and P. Inchausti), pp. 3—11. Oxford
University Press, New York.

Nes, T. & Martens, H. (1989) Multivariate Calibrarion. John
Wiley, Chichester.

Pausas, ].G. & Austin, M.P. (2001) Patterns of plant species rich-
ness in relation to different environments: an appraisal. Jour-
nal of Vegetation Science, 12, 153—166.

Pérez, J.A. (1994) Atlas climdtico de la comunidad Valenciana.
Conselleria de Obras Publicas, Urbanismo y Transportes,
Valencia.

Pérez, C. & Terés, J. (1991) La red de vias pecuarias en Espana.
Quercus, 68,31-41.

Peterken, G.F. & Game, M. (1984) Historical factors affecting
the number and distribution of vascular plants species in the
woodlands of central Lincolnshire. Journal of Ecology, 72, 155—
182.

Diversity and Distributions, 10, 21-29, © 2004 Blackwell Publishing Ltd

Determinants of species richness and diversity in semiarid steppes

Petraitis, P., Latham, R. & Niesenbaum, R. (1989) The mainten-
ance of species diversity by disturbance. Quarterly Reviews in
Biology, 64, 393—418.

Pugnaire, F. & Ldzaro, R. (2000) Seed bank and understorey
species composition in a semi-arid environment: The effect of
shrub age and rainfall. Annals of Botany, 86, 807—813.

Puigdefébregas, J., Solé-Benet, A., Gutiérrez, L., Del Barrio, G. &
Boer, M. (1999) Scales and processes of water and sediment
redistribution in drylands: results from the Rambla Honda
field site in Southeast Spain. Earth-Science Reviews, 48, 39-70.

Rivas Martinez, S. (1987) Memoria del mapa de series de
vegetacién de Espafia. Instituto para la Conservacién de la
Naturaleza, Madrid.

Schaffers, A.P. (2002) Soil, biomass, and management of semi-
natural vegetation. Part II. Factors controlling species diver-
sity. Plant Ecology, 158, 247-268.

Servicio del Esparto (1950) El esparto y su economia. Ministerio
de Industria, Comercio y Agricultura, Madrid.

Soil Survey Staff (1990) Keys to soil taxonomy, 4th edn. Soil
Management Support Services technical monograph no. 6,
Blacksburg.

Srutek, M. & Kolbek, J. (1994) Vegetation structure along the
altitudinal gradient at the treeline of Mount Paektu, North
Korea. Ecological Research, 9, 303-310.

Tongway, D.J. & Hindley, N. (1995) Assessment of soil condition of
tropical grasslands. CSIRO Ecology and Wildlife, Canberra.

Umetrics (2002) User’s guide to Simca-P, Simca-P+, Version 10.0.
Umetrics AB, Umea.

Waide, R.B., Willig, M.R,, Steiner, C.E, Mittelbach, G., Gough, L.,
Dodson, S.I., Juday, G.P. & Parmenter, R.R. (1999) The rela-
tionship between productivity and species richness. Annual
Review of Ecology and Systematics, 30, 257-300.

29



