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separately at two different spatial scales: the sampling unit 
scale and the site scale. Land-use intensity effects on TD 
and FD were quite different and highly varied among the 
four biotic groups, with no single clear pattern emerging 
that could be considered general for all organisms. Additive 
partitioning of species diversity revealed clear contrasting 
patterns between TD and FD in the percentage of variabil-
ity observed at each spatial scale. While most variability in 
TD was found at the larger scales, irregardless of organ-
ism group and land-use type, most variability in FD was 
found at the smallest scale, indicating that species turnover 
among communities is much greater than functional trait 
turnover. Finally, we found that TD and FD did not vary 
consistently, but rather followed different trajectories that 
largely depended on the biotic group and the intensity of 
land-use transformation. Our results highlight that the rela-
tionship of land use with TD and FD is highly complex and 
context-dependent.

Keywords Biodiversity · Diversity partitioning · 
Functional traits · Land-use intensity · Spatial scale

Abstract Land-use change is the major driver of biodi-
versity loss. However, taxonomic diversity (TD) and func-
tional diversity (FD) might respond differently to land-use 
change, and this response might also vary depending on 
the biotic group being analysed. In this study, we compare 
the TD and FD of four biotic groups (ants, birds, herba-
ceous, woody vegetation) among four land-use types that 
represent a gradient of land-use intensity in a Mediter-
ranean landscape (Mediterranean shrublands, dehesas, 
mixed-pine forests, olive groves). Analyses were performed 
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Understanding how land use affects biodiversity and ecosystem 
functioning in different organisms and at different spatial scales 
in the current context of global change is of critical importance, 
particularly in the Mediterranean region where biodiversity is 
threatened by multiple drivers. Our study, which was part of 
the PhD dissertation of the first author, shows that taxonomic 
diversity and functional diversity respond differently to land-use 
intensity and that this response varies among taxonomic groups. 
Specifically, we found that changes in land use do not necessarily 
lead to the loss of functional diversity mediated by the loss of 
species and/or functional traits, with this effect being dependent 
on the biotic group analysed.
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Introduction

Land-use change is the most important direct driver of bio-
diversity loss at a global scale (Pereira et al. 2012) and has 
the additional large capacity to modify ecosystem func-
tioning (Hector et al. 2001) and the provision of ecosys-
tem services (Díaz et al. 2007; Nagendra et al. 2013; Allan 
et al. 2015). Most of the literature exploring the relation-
ship between land-use change and biodiversity loss has 
focused on taxonomic diversity (TD) (Milder et al. 2008), 
with other components of biodiversity, such as functional 
diversity (FD), receiving less attention (Feld et al. 2009). 
FD is the value and range of functional traits of organisms 
present in a given ecosystem (Díaz and Cabido 2001), and 
a thorough understanding of FD is critical for addressing 
ecological questions (Mouillot et al. 2005; Mason and de 
Bello 2013).

Although researchers are showing an increasing inter-
est in the study of FD and its dependence on environmen-
tal conditions (Mayfield et al. 2010), relatively few studies 
have linked FD responses with changes in land use. It has 
been shown that intensification processes tend to reduce 
FD, but the results of such studies are highly dependent on 
the site and the taxonomic group being studied (Flynn et al. 
2009). Otherwise, it is highly uncertain whether changes 
in TD associated with land use are mirrored by changes in 
FD (Mayfield et al. 2010; Carmona et al. 2012). As TD and 
FD responses might differ, exploring their relationship will 
provide a more complete picture of the potential conse-
quences of land-use change (Mayfield et al. 2010).

Scientific literature exploring FD has been historically 
biased towards certain taxonomic groups. Most of the 
studies published to date have focused on vegetation and 
invertebrates (i.e., insects) at local scales, with vertebrates 
being the least studied group (Hevia et al., under review). 
The response of functional traits to land-use change or 
other drivers of change may vary across different organ-
ism groups, depending, for example, on their home range, 
degree of mobility and size. Consequently, site-based 
studies applying the trait-based approach simultaneously 
to several taxonomic groups and trophic levels might be 
one approach to properly address the effects of drivers of 
change on FD. Recent research has begun to use this multi-
trophic approach (Moretti et al. 2013), seeking to combine 
taxonomic and functional indicators across trophic levels to 
develop more comprehensive biodiversity monitoring (Van-
dewalle et al. 2010).

In addition, a multi-scale perspective is necessary to 
improve our understanding of the effect of land-use change 

on species diversity and traits (Gilroy et al. 2015). The spa-
tial scale of analysis can highly influence the form of the 
relationship between diversity and ecosystem processes 
(Gross et al. 2000; Symstad et al. 2003). Consequently, 
there is a need to address the scale effects of land-use activ-
ities on biotic communities and to explore potential differ-
ences among groups of organisms (de Lima et al. 2013).

In the study reported here, we compared the TD and 
FD of four different biotic groups (ants, birds, herbaceous 
vegetation, woody vegetation) among four land-use types 
(Mediterranean shrublands, dehesas, mixed-pine forests, 
olive groves) that represent a gradient of land-use intensity 
in the Mediterranean landscape. We tested: (1) how dif-
ferent biotic groups respond to land-use type, (2) how the 
spatial scale of analysis (sampling unit vs. sampling site) 
provides different information about the potential effects of 
land-use change on biodiversity and (3) whether changes 
in TD and FD follow similar patterns of change along the 
intensity gradient.

Materials and methods

Study area

The study site is the upper watershed of the Guarrizas River 
(tributary of the Guadalquivir River), which is located in 
Eastern Sierra Morena (Jaén, Spain) [see Electronic Sup-
plementary Material (ESM) 1]. The area covers 28,123 ha 
and includes five municipalities: Aldeaquemada, Santa 
Elena, Vilches, Navas de San Juan and Santisteban del 
Puerto. The area is characterised by a continental Mediter-
ranean climate, with mean annual precipitation of 700 mm 
and mean annual temperature of 15 °C. The study year was 
slightly wet, with rainfall exceeding the long-term mean 
precipitation for Jaén province by approximately 25 %, 
although it was within the typical variability range for this 
climate (AEMET 2012). The elevation of the study site 
ranges from 700 to 950 m a.s.l., and the lithology is mainly 
quartzite, slate and sandstone.

Four dominant land-use types occupy over 60 % of the 
study area: Mediterranean shrublands, dehesas, mixed-
pine forests and olive groves (see ESM 2). Mediterranean 
shrublands represent the natural vegetation of the study 
area, which mainly consists of holm oaks (Quercus ilex) 
and shrub and bush formations. These areas are usually 
managed for conservation purposes combined, in a num-
ber of privately owned lands, with tourism or game hunt-
ing. Dehesas are Mediterranean agrosilvopastoral ecosys-
tems and represent the first—and least intense–degree of 
land-use transformation. These systems consist of pasture-
lands with scattered trees (primarily holm oaks), which 
are mostly managed for extensive pastoralism with cattle, 
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sheep and goats. Rearing of fighting bulls is also com-
mon in the dehesas of the study area. Mixed-pine forests 
(mainly Pinus pinaster, but with several other species of 
coniferous trees also present) represent a more intense 
degree of land-use transformation, primarily due to planta-
tion programmes developed in the 1960s. Current manage-
ment practices in these areas have the combined aim to thin 
the pine forests, extracting pine wood, and to promote re-
colonisation of native Mediterranean woody species (e.g., 
Q. ilex, Q. faginea, Q. coccifera, Arbutus unedo). Finally, 
olive groves are intensively managed for olive oil produc-
tion and represent the most intense land-use transformation 
in the study area. Management practices in olive groves 
include periodic fumigation and, occasionally, soil tilling.

Sampling design and data collection

We selected 20 sampling sites (5 in each land-use type) for 
birds, herbaceous and woody vegetation, and 40 sampling 

sites (10 per land-use type) for ants. All sampling sites 
shared the same slope and orientation. We used different 
transects to sample the studied organisms, with the starting 
point of each transect randomly placed in each site. Sam-
pling was conducted in May 2012.

Herbaceous vegetation

A 100-m-long transect was placed in each of the sampling 
sites, and ten 20 × 20-cm sampling units were regularly 
distributed along this transect. We identified all of the spe-
cies present within the quadrat and estimated their coverage 
using the following categories: (1) <12.5 %; (2) 12.5–25 %; 
(3) 26–50 %; (4) 51–75 %; (5) >75 %. Based on a full list 
of species present at the site, we subsequently added a sixth 
category: (0) absent. Each species was then characterised 
according to three quantitative traits and six qualitative 
traits (Table 1) which have been reported to be relevant for 
dispersion, establishment and persistence (Weiher et al. 

Table 1  List of the functional 
traits for each organism group 
included in the analyses

SLA, Specific leaf area
a Several other traits (tibia length and head width for ants; bill type, wing, tarsus and tail length relative to 
weight for birds) were also measured but were not included in the analyses as they showed significant cor-
relations with a number of the selected traits
b Ant functional groups were cold-climate specialists and/or shade habitats (CCS/SH); cryptic (C); gener-
alists and/or opportunistic (GO); hot climate specialists and/or open habitats (HCS/OH)

Groups Traitsa Range/categories

Herbaceous plants SLA 7.66–56.34 mm2/mg

Seed mass 0.016–83.7 mg

Canopy height 4–250 cm

Start of flowering Months 1–9 (January–September)

Growth form Graminoid, prostrate, erect, rosette

Defensive structures Yes, no

Dispersive structures Yes, no

Clonality Yes, no

Legume Yes, no

Woody plants SLA 2.40–28.62 mm2/mg

Seed mass 0.047–718.0 mg

Canopy height 0.1–4.5 m

Dispersal Autochory, animals, wind

Defensive structures Yes, no

Life form Phanerophyte, chamaephyte, terophyte

Ants Eye length 0.027–0.4786 mm

Femur length 0.060–3.041 mm

Diet Aphids, predator, grains, nectar, carrion

Functional groupb HCS/OH, C, CCS/SH, GO

Birds Bill length 0.037–2.157 mm/g

Clutch size (mean) 2–13

Nest location Ground, tree holes, buildings, trees, parasite

Foraging location Foliage, canopy, ground, litter, trunk, bark, flying

Diet Insects, seeds, leaves, small vertebrates, fruits, omnivorous
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1999). Canopy height (defined as the distance between 
the highest photosynthetic leaf and the plant’s base) was 
measured following the guidelines provided by Cornelissen 
et al. (2003), specific leaf area (SLA) measurements were 
obtained from the TRY database (Kattge et al. 2011), and 
seed mass measurements were obtained from the SID data-
base (Royal Botanic Gardens Kew 2015). Data on qualita-
tive traits were obtained from Blanca et al. (2009) and Cas-
troviejo (2009).

Woody vegetation

Each of the sampling sites consisted of a 1 km-long tran-
sect. Ten 10 × 10-m sampling units were regularly dis-
tributed along this transect. We identified all of the woody 
species present within the plot and estimated their cover-
age using the same scale used for herbaceous vegetation. 
Each species was then characterised according to three 
quantitative traits and three qualitative traits (Table 1) that 
have been reported to be relevant for dispersion, establish-
ment and persistence (McIntyre et al. 2007). Life form was 
characterised according to the Raunkiaer system for clas-
sification of life form. Canopy height was measured in situ, 
SLA measurements were obtained from the TRY database 
(Kattge et al. 2011), and seed mass measurement were 
obtained from the SID database (Royal Botanic Gardens 
Kew 2015). Data on the remaining traits were obtained 
from Blanca et al. (2009), Castroviejo (2009) and Ruiz de 
la Torre (2006).

Ants

Each sampling site consisted of a 50-m-long transect where 
one pitfall trap was placed systematically every 10 m, 
accounting for a total of five pitfall traps per sampling site. 
Traps were 2 cm in diameter and 5 cm deep and contained 
a mixture of 70 % ethanol and 30 % monoethylene glycol. 
Pitfall traps were left in the field for 7 days. Despite some 
limitations to this capture approach, pitfall traps are consid-
ered to be the most objective and fastest method to sample 
ground-dwelling ants (Nash et al. 2004).

Ants were identified to the species level with a binocular 
microscope and were then characterised according to four 
quantitative and two qualitative functional traits (Table 1). 
The selection of these traits was based on important char-
acteristics recognised in ant ecology (Azcárate et al. 2013). 
We measured eye length, head width, tibia length and 
femur length in a sample size of ten individuals per species 
randomly selected from the whole sample. Qualitative traits 
were obtained from Azcárate and Peco (2012) and Hevia 
et al. (2013). Specifically, to classify species into functional 
groups (i.e. groups of species that respond to disturbance in 
a similar manner), we followed the classification of Roig 

and Espadaler (2010), who delineated eight categories: 
invasive and/or exotic, generalists and/or opportunistic, 
social parasites, specialist predators, coarse woody debris 
specialists, cold-climate specialists and/or shade habitats, 
hot climate specialists and/or open habitats and cryptic.

Birds

In each sampling unit, the bird community was surveyed by 
means of five point counts separated by 200 m and located 
along a randomly selected 1-km linear transect. All counts 
were performed in the early morning (2 h after sunrise) or 
late afternoon (2 h before sunset), avoiding rainy or windy 
days. We spent 5 min on each point count, recording every 
bird heard or seen within a 50-m radius (birds overflying 
the plot were not included).

We selected five quantitative and four qualitative func-
tional traits (Table 1), based on bird traits linked to ecosys-
tem response to disturbance (Petchey and Gaston 2006). 
Quantitative traits were obtained from the National Ring-
ing Database of the Spanish Ornithological Society and 
only birds ringed in the Eastern Sierra Morena area were 
selected for the analysis. Qualitative traits were obtained 
from the published literature (Cramp and Perrins 1994).

TD and FD calculation

Quantitative traits were log-transformed as needed to attain 
a normal distribution of trait values. Qualitative traits were 
split into binary traits which allowed a species to be classi-
fied into more than one group. The month in which flower-
ing started was considered to be a circular trait (e.g., the 
correct dissimilarity between one species flowering in Jan-
uary and one flowering in December is 1 month; Leps et al. 
2006). For each trait of each biotic group, we calculated a 
matrix of dissimilarities among species using Gower dis-
tances. We subsequently performed Mantel tests (9999 
permutations) between the respective matrices of trait dis-
tances between species and discarded traits that yielded 
significant correlations with other traits to avoid redundant 
information. With the final set of traits for each biotic group 
(Table 1), we calculated a matrix of pairwise functional dis-
similarities (using Gower distances) between species con-
sidering multiple traits. In this calculation, the functional 
dissimilarity between any two species varies between 0 
(when the traits of two species are identical) and 1 (when 
two species are completely dissimilar).

For each biotic group, we considered two different spa-
tial scales: (1) the sampling unit scale, which represented 
the smallest unit of collected information for that biotic 
group (e.g. 20 × 20-cm quadrats for herbaceous plants, or 
pitfall traps for ants) and (2) the site scale, which was com-
posed of a number of sampling units placed at the same 
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spatial location (e.g. the 10 quadrats or the 5 pitfall traps 
placed on a given dehesa grassland). To calculate the rela-
tive abundance of documented species at the site scale, we 
averaged their coverage in the sampling units (in the case 
of plants) or calculated the proportion of sampling units 
in which each species was present (in the case of ants and 
birds).

We calculated the FD of each biotic group using the Rao 
index:

where dij is the dissimilarity in trait values between each 
pair of coexisting species i and j, while pi and pj indicate 
the relative abundances of species i and j, respectively, in 
the community under consideration(Ricotta and Moretti 
2011). In addition, we calculated the Simpson index of 
diversity:

The Simpson index of diversity is equivalent to the Rao 
index when all the dissimilarities between species are equal 
to 1 (Leps et al. 2006). Finally, we expressed both TD and 
FD in terms of equivalent numbers (de Bello et al. 2010). 
The hierarchical nature of our sampling design (sampling 
units within sites), along with the combined use of the 
Rao and Simpson indices, provided a common framework 
to study the partitioning of both TD and FD across spatial 
scales (de Bello et al. 2010; Carmona et al. 2012).

We studied the changes in diversity across spatial scales 
and land-use types using two complementary analyses. 
First, we calculated FD and TD at the two spatial scales 
considered (diversity within sampling units and diversity 
within sites) using the relative abundance of each species 
at each scale to calculate the Rao index and the Simpson 
index of diversity. In addition, for each of the considered 
land-use types and biotic groups, we performed a parti-
tion of diversity at different spatial scales. Following de 
Bello et al. (2010), we first calculated α-diversity (within 
sampling units) and γ-diversity (total diversity, calculated 
by pooling all of the sampling units of all the sites). This 
information allowed us to calculate β-diversity, which is 
the difference between γ-diversity and the average of the 
α-diversity of the sampling units and expresses the pro-
portion of diversity that occurs due to differences between 
sampling units.

Subsequently, we repeated this process, but considered 
site as the level at which α-diversity is calculated (de Bello 
et al. 2010). In this second case, β-diversity represents 
the proportion of diversity that is found between the sites 

Rao =

S∑

i=1

S∑

j=1

dijpipj,

Simpson index = 1−

S∑

i=1

p2i .

considered in the whole study area. Therefore, for each 
land-use type and biotic group, we partitioned TD and FD 
at three hierarchical levels: within sampling units, within 
sites and between sites (Carmona et al. 2012).

Data analysis

The differences in TD and FD between land-use types 
were examined at the two considered spatial scales (sam-
pling unit and site) for all of the biotic groups under con-
sideration. Using linear mixed models, we first examined 
the effect of land-use type on diversity at the sampling unit 
scale, with site as a random-effects factor to account for 
the lack of independence of sampling units within sites and 
the type of land use as a fixed-effects factor. Whenever we 
found a significant (P < 0.05) effect of land-use type on the 
considered diversity index, we used the R add-on package 
multcomp to perform a Tukey post hoc test to detect any 
differences between individual land-use types.

We also analysed the differences in diversity between 
land-use types at the site scale by performing analyses of 
variance, in which we used land use as the explanatory 
variable. Similarly, we performed a Tukey HSD post hoc 
test for cases where land use had a significant effect. All 
of these analyses, as well as the partitioning of diversity 
described in this section, were performed using the R data 
analysis software (v.3.1.1.; Team R Core 2014).

Results

Effects on taxonomic and functional diversity 
across scales and biotic groups

Herbaceous plant diversity

A total of 117 herbaceous species were recorded during 
sampling, of which 50 species were recorded in Mediterra-
nean shrublands, 83 in dehesas, nine in mixed-pine forests 
and five in olive groves (see ESM 3, Table 1).

At the sampling unit scale, TD differed among the four 
land-use types (F = 38.56; P < 0.0001), being significantly 
higher in dehesas than in the other three land-use types 
which in turn did not significantly differ from each other 
(Fig. 1). We also found significant differences among land-
use types for FD (F = 37.73; P < 0.0001), with the high-
est and lowest values being obtained in dehesas and olive 
groves, respectively (Fig. 1). The TD and FD values of 
Mediterranean shrublands and mixed-pine forests did not 
differ significantly.

At the site scale, TD differed among land-use types 
(F = 10.93; P = 0.0009). Specifically, TD was signifi-
cantly higher in dehesas than in all other land-use types, 
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which in turn did not significantly differ from each other 
(Fig. 1). This result contrasted with that obtained for FD, 
where only olive groves (with extremely low FD values) 
differed from the other land-use types (Fig. 1).

Woody plant diversity

A total of 41 woody species were recorded during sam-
pling, of which 30 species were recorded in Mediterranean 
shrublands, 15 in dehesas, 22 in mixed-pine forests and 
five in olive groves (see ESM 3, Table 2).

At the sampling unit scale, the TD and FD of woody 
vegetation differed among land-use types (F = 62.85, 
P < 0.0001 and F = 68.07, P < 0.0001, respectively). Med-
iterranean shrublands had the highest TD values, followed 
by mixed-pine forests, with dehesas and olive groves hav-
ing the lowest TD values (Fig. 1). By contrast, FD was sig-
nificantly higher in mixed-pine forests than in Mediterra-
nean shrublands, with dehesas and olive groves having yet 
lower FD values (Fig. 1).

At the site scale, TD and FD also differed among stud-
ied land-use types, following similar patterns to those 
observed at the sampling unit scale (F = 14.66, P < 0.0001 

and F = 10.36, P = 0.0005, respectively). However, the 
differences in TD between Mediterranean shrublands and 
mixed-pine forests, as well as those between mixed-pine 
forests and dehesas, were not significant. With respect to 
FD, while at the sampling unit scale there were differences 
between Mediterranean shrublands and dehesas, at the site 
scale this difference disappeared (Fig. 1).

Ant diversity

Six sampling units (three in Mediterranean shrublands, 
two in dehesas and one in mixed-pine forests) were elimi-
nated because some pitfall traps were lost or damaged. Of 
the remaining 34 sampling units, a total of 33 species were 
captured, with 25 species recorded in Mediterranean shrub-
lands, 23 in dehesas, 20 in mixed-pine forests and 22 in 
olive groves (see ESM 3, Table 3).

At the sampling unit scale, TD was significantly lower 
in mixed-pine forests and olive groves than in the other 
land-use types (F = 15.28; P < 0.0001; Fig. 1). Signifi-
cantly higher FD was detected in Mediterranean shrublands 
than in mixed-pine forests and olive groves (F = 8.62; 
P < 0.0001; Fig. 1). By contrast, at the site scale, we found 

Fig. 1  Boxplots showing the effect of land-use type on taxonomic 
diversity (TD; Simpson’s index) (a, b) and functional diversity (FD; 
Rao index) (c, d) for the four biotic groups at the sampling unit (a, 
b) and sampling site (c, d) scale. Bars mean ± standard error of the 

mean (SEM). Different lowercase letters indicate significant differ-
ences for the effect of land-use type (Tukey’s test, P < 0.05) in each 
biotic group
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no difference in TD or FD among any of the land-use types 
(F = 1.75, P = 0.175 and F = 0.533, P = 0.662, respec-
tively; Fig. 1).

Bird diversity

A total of 38 bird species were recorded during sampling, 
with 23 species recorded in Mediterranean shrublands, 26 
in dehesas, 14 in mixed-pine forests and 23 in olive groves 
(see ESM 3, Table 4).

At the sampling unit scale, land use had a significant 
effect on bird TD (F = 11.19; P < 0.0001), which was sig-
nificantly higher in dehesas than in the other land-use types 
(Fig. 1), with mixed-pine forests having the lowest values. 
However, FD exhibited no significant differences among 
land-use types (F = 0.561; P = 0.641). At the site scale, 
TD showed a similar pattern, with higher diversity in dehe-
sas, followed by Mediterranean shrublands, while mixed-
pine forests had the lowest values. In contrast, FD was 

significantly higher in mixed-pine forests than in the other 
land-use types (Fig. 1).

Partitioning of TD and FD at different levels of the 
sampling hierarchy

The overall partitioning of TD (Fig. 2) revealed that the TD 
of ants and birds was quite evenly distributed among the 
three observation levels of the sampling hierarchy, except 
for mixed-pine forests. In mixed-pine forests, most of the 
TD of ants was attributed to differences between sites 
(60.6 %), in contrast to that of birds (only 10.6 %). For 
herbaceous plants, most of the TD was observed between 
sites, ranging from 46.9 % in mixed-pine forests to 53 % 
in dehesas and Mediterranean shrublands and 62.3 % in 
olive groves. The partitioning of woody vegetation TD 
showed no consistent pattern among land-use types, with 
the three levels being evenly distributed in Mediterranean 
shrublands. Variability within sampling units of woody 
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Fig. 2  Partitioning of the effective number of species (TD) and 
extent of index dissimilarity within communities (FD) at the differ-
ent levels of the sampling hierarchy for each of the considered biotic 
groups and land-use types (S Mediterranean shrublands, D dehesas, 
O olive groves, P mixed-pine forests). Within sampling units diversity 
is the amount of diversity that is contained at the sampling unit scale, 
within sampling sites diversity is the amount of diversity that is attrib-

uted to differences among sampling units, between sampling sites 
diversity is the amount of diversity attributable to variability among 
sites. Given that the minimum number of equivalent species that can 
be partitioned is 1 and because these first species must be contained 
in the “Within sampling units” level, the minimum value of the y-axis 
is 1, which allows an easier comparison of the differences in the par-
titioning of FD between levels
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vegetation explained most of the diversity in mixed-pine 
forests, dehesas and olive groves.

The partitioning pattern of FD differed greatly from that 
of TD. For all four biotic groups, most of the variability 
in FD occurred within the sampling unit scale (with per-
centages of mostly >90 %), irregardless of land-use type 
(Fig. 2).

Relationship of FD and TD

The vectors of change for TD and FD along the studied 
gradient of land-use intensity (i.e. from Mediterranean 
shrublands to the other three land uses) showed clearly dif-
ferent patterns in the four biotic groups (Fig. 3). In the case 
of herbaceous and woody vegetation, vectors of change 
towards olive groves showed a decline for both TD and FD. 
In contrast, for land-use change to mixed-pine forests, we 
found no significant differences except for FD of woody 
vegetation. Regarding the transformation to dehesas, the 
results showed an increase in TD for herbaceous plants and 
a decrease for woody plants, with FD remaining quite simi-
lar in both biotic groups (Fig. 3).

In the case of ants, changes along the land use gradient 
were less noticeable and non-significant (Fig. 3). A clear 

contrasting pattern was visible for birds. Land use change 
to mixed-pine forests showed that FD increased, whereas 
TD decreased, similar to the pattern observed for woody 
vegetation (Fig. 3).

Discussion

Our results show that land-use transformation exerts impor-
tant effects on biodiversity. However, in our study, these 
effects differed significantly among the various biotic 
groups and spatial scales studied. Moreover, we found that 
the two components of diversity analysed here (TD and 
FD) did not consistently vary with land-use change.

How do different biotic groups respond to changes 
in land‑use intensity?

Several studies have documented declines in the diversity 
of birds, mammals, plants and insects due to agricultural 
intensification at several spatial scales (Benton et al. 2002; 
Flynn et al. 2009; Breitbach et al. 2010). However, most 
of these studies have addressed their research questions 
by exploring a single taxonomic group or a single aspect 
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Fig. 3  The relationships of FD to TD in different land-use types for 
herbaceous plants (a), woody plants (b), ants (c) and birds (d) at the 
sampling site scale. Arrows indicate the vectors for changes in TD 
and FD from Mediterranean shrublands (considered as the natural 

vegetation in the study area) to the other land-use types. Solid lines 
Significant changes in both TD and FD, dash-dot lines significant 
changes in TD, dashed line significant changes in FD. Values are 
given as the mean ± SEM
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of diversity. The few studies that have explored taxonomic 
and functional aspects of diversity simultaneously for sev-
eral organism groups suggest that land-use effects on diver-
sity are group-dependent (Flynn et al. 2009).

We found that herbaceous vegetation diversity declined 
after changes towards more intense land-use types, with the 
exception of dehesas, which showed the highest herbaceous 
TD (at both spatial scales analysed) and FD (at the sam-
pling unit scale) values. These results may be due to (1) the 
elimination of competition with woody vegetation, result-
ing in more available resources for herbaceous vegetation, 
or (2) the effects of increased grazing, which reduces the 
abundance of dominant species, facilitating the presence of 
subordinate ones. Furthermore, livestock in dehesas plays 
a relevant role in seed dispersion, with potential positive 
effects on species diversity (Malo and Suárez 1995).

By contrast, our results on woody vegetation show a 
more complex pattern of response to land use. At both 
spatial scales, Mediterranean shrublands and mixed-pine 
forests had the highest TD values for woody vegetation, 
whereas mixed-pine forests had the highest FD values. This 
result may be due to the particular vegetation composition 
of mixed-pine forests in our study area, which present a 
singular mixture of native and introduced species. Conse-
quently, the contrasting trait values of the pines (e.g. higher 
canopy height) with those of other woody species compos-
ing the understory resulted in a greater proportion of the 
functional space being occupied and, therefore, high FD 
values. Indeed, further intensification leading to the disap-
pearance of all woody species other than pines would prob-
ably cause a drastic reduction in FD.

We expected that ants, as semi-sessile organisms (Van-
dermeer and Yitbarek 2012), would exhibit a marked 
response to land use, similar to that recorded for herba-
ceous and woody vegetation. However, we did not detect 
any difference in TD or FD among land uses at the large 
scale. By contrast, at the sampling unit scale we detected 
reduced TD and FD (compared with Mediterranean shrub-
lands) on mixed-pine forests and olive groves. This result 
may be due to the small-scale homogenisation effect 
caused by human practices, such as tillage or fumigation in 
olive groves, or to the continuous needle cover and shadow 
effect from pine plantations.

We found that birds exhibited lower TD with more 
intense land use, supporting previous research (Verhulst 
et al. 2004; Flynn et al. 2009). However, FD values did not 
follow a clear response pattern to land use at either of the 
spatial scales studied, in contrast with previous findings 
in Europe (Gregory et al. 2005). Notably, mixed-pine for-
ests had the highest FD values and the lowest TD values 
for birds. These results indicate that the bird species present 
in mixed-pine forests are more functionally different from 
each other (i.e. fewer redundant species because changes in 

TD had little effect on FD; Petchey et al. 2007) compared 
to bird species identified in other land-use types. This pat-
tern is similar to that observed for woody vegetation; thus, 
these two results may be correlated, whereby more func-
tionally different tree growth forms are associated with 
more functionally distinct bird communities.

Finally, although not a goal of our study itself, future 
research that explores how functional traits between biotic 
groups are related through trophic interactions would be of 
high interest to complete our understanding of the effects 
of land-use intensification. This trait-based multitrophic 
perspective has been proposed as the next step forward for 
advancing biodiversity–ecosystem functioning research 
(Lavorel et al. 2013).

How does the spatial scale of analysis affect biodiversity 
changes?

Land-use change might exert changes in biodiversity at 
multiple spatial scales (Kleijn et al. 2009). We used two 
complementary analyses to assess the effects of spatial 
scale and land-use type on biodiversity. These two analyses 
provided different results. For example, no clear general-
ised pattern was observed when analysing the overall FD 
and TD values at the two spatial scales being considered 
(diversity within sampling units and diversity within sites). 
In the case of ants, differences were found at the smaller 
scale, while no significant differences were detected at 
the larger scale. Ant diversity (both TD and FD) may vary 
across a wide range of spatial scales (Andersen 1997). The 
opposite occurred with the FD of birds, which showed no 
differences at the smaller scale but was significantly differ-
ent at the larger scale, although only in mixed-pine forests. 
Regarding plants, both groups showed differences in TD 
and FD at both spatial scales. These results may be due to 
issues with the spatial scales used in our study, which may 
not have been sufficiently different. The potential differ-
ences in TD and FD might be more evident if compared at 
the regional (landscape) or global scale (Gotelli and Ellison 
2002).

Alternatively, the analysis based on the additive parti-
tioning of diversity (exploring α- and β-diversities) allowed 
us to better clarify the response of TD and FD to land-use 
transformation at different spatial scales. Previous studies 
have demonstrated that the additive partitioning of spe-
cies diversity is particularly relevant and useful for analys-
ing the determinants of species diversity at multiple spatial 
scales and for designing more effective strategies for bio-
diversity monitoring and conservation (Veech et al. 2002; 
Carmona et al. 2012). In our case, we found clear contrast-
ing patterns between TD and FD in the proportion of vari-
ability observed at each spatial scale. While most of the 
variability in TD was found at the larger scales (“within 
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sampling sites” and “between sampling sites”), irregard-
less of organism group and land-use type, the greatest part 
of FD was found at the smallest scale of study (“within 
sampling unit”). This result indicates that species turnover 
among communities is much greater than functional trait 
turnover, which in turn shows that, for the traits selected 
for this research, the studied communities are ecologically 
redundant (de Bello et al. 2009). Although similar patterns 
have been previously described for plant communities (de 
Bello et al. 2009; Carmona et al. 2012), this is, to the best 
of our knowledge, the first time that it has been reported 
simultaneously for different taxonomic groups.

Do FD and TD follow similar patterns of change?

Human-induced land-use change usually causes species 
losses, and it is frequently assumed that this results in a loss 
of functional trait diversity. This is the most likely response 
because FD (calculated using the Rao index or other indi-
ces) and TD are not completely independent of each other, 
but rather display a positive correlation (Laliberté and Leg-
endre 2010). Mayfield et al. (2010) used the term “sampling 
effect” to refer to this positive relationship between species 
richness and FD observed in communities (Tilman et al. 
1997). Accordingly, new traits will accumulate with the ran-
dom addition of new species to a community or, similarly, 
traits will be lost when species are lost in a random fashion.

However, the responses of TD and FD could follow dif-
ferent patterns if the addition or loss of species is not ran-
dom with respect to their functional traits. Particularly, if 
many species exhibit similar traits (i.e., they are redundant), 
the strength of the TD–FD relationship would be reduced 
(Naeem and Wright 2003). A concomitant loss of species and 
functional trait diversity would be, in these cases, just one of 
a range of potential responses to land-use change. Mayfield 
et al. (2010) proposed eight theoretical response trajectories 
(vectors of change) that might appear in natural communi-
ties affected by human-induced land-use change, with their 
occurrence being mostly determined by changes in processes 
of competitive exclusion and/or environmental filtering.

Our results are consistent with Mayfield’s proposal, 
showing that the vectors of change in FD and TD exhibit 
very different response trajectories along a land-use inten-
sity gradient and that the pattern of response is highly 
dependent on the biotic group under analysis. In the most 
extreme example of land-use transformation consid-
ered in our study (i.e., from Mediterranean shrublands to 
olive groves), the observed vectors of change in all biotic 
groups revealed a concurrent decrease in both TD and 
FD (although only significant for herbaceous and woody 
plants). However, our results are more heterogeneous when 
analysing land-use transformation to dehesas or mixed-
pine forests.

Transformation to dehesas produced completely differ-
ent results in all four studied biotic groups. Ant and bird 
diversity did not show significant patterns of change. In 
the case of herbaceous vegetation, there was a significant 
increase in species diversity, which was not matched by a 
similar change in functional trait diversity, resulting in an 
herbaceous community with high functional redundancy 
(i.e. the number of species possessing similar traits). This 
type of land-use transformation implies that the clearing of 
dense tree coverage relaxes competitive interactions and/
or increases the availability of resources for herbaceous 
plants, allowing more functionally similar species from the 
regional pool to coexist. Dehesas, as pastoral systems that 
were originally forested, might still support high levels of 
TD, associated with the replacement of a larger variety of 
growth forms for numerous species with the same herba-
ceous growth form. In dehesas, the functional redundancy 
of herbaceous vegetation illustrates how functional trait 
diversity and TD may be decoupled.

In the case of woody vegetation, the opposite was 
observed in the trajectory of change from Mediterranean 
shrublands to dehesas, with the noticeable decrease in 
TD not being matched by a decrease in functional trait 
diversity. In this case, woody species richness might have 
declined due to the increased importance of environmen-
tal filters, such as livestock grazing pressure on sprouting 
plants. If these species losses are evenly distributed across 
functional trait groups, then no corresponding loss of func-
tional trait diversity would be expected.

Land-use transformation from Mediterranean shrublands 
to mixed-pine forests has induced changes in FD and TD 
that are more difficult to interpret. The reduction in species 
diversity was accompanied by an increase in functional trait 
diversity of birds and woody plants. According to Mayfield 
et al. (2010), this vector of change seems relatively unlikely 
and is only expected to occur when major species losses 
under land-use change are mitigated by the colonisation of 
species with diverse functional types. This phenomenon is 
probably the case in our study area, as pines are currently 
being logged for wood, while forests are managed to allow 
the gradual process of natural vegetation recovery, result-
ing in a mixture of pure coniferous forest plantations with 
typical Mediterranean forests (dominated by Quercus spp.) 
at different states of regeneration, with a wide range of 
heights and growth forms.

In conclusion, our results support the argument that the 
relationship of land use with TD and FD is highly complex 
and context-dependent (Naeem and Wright 2003). Impor-
tantly, we demonstrate that changes in land use do not nec-
essarily lead to the loss of FD mediated by the loss of spe-
cies and/or functional traits, this effect being dependent on 
the biotic group analysed and the type and intensity of land 
transformation. Thus, conservation studies on the effects of 
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land-use change should consider the particularities of each 
study site, the effect of spatial scale and biotic group when 
analysing the possible trajectories of change in both TD 
and FD.
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