10
11
12

13

14

Assessing the effects of seasonal grazing on holm oak regeneration: implications

for the conservation of Mediterranean dehesas

Carlos P. Carmonal*, Francisco M. Azcarate', Elisa Oteros-Rozas®, José A. Gonzalez?,
Begoiia Peco'
! Terrestrial Ecology Group (TEG). Department of Ecology. Universidad Auténoma

de Madrid. Madrid, Spain.
* Social-Ecological Systems Laboratory. Department of Ecology. Universidad

Autonoma de Madrid. Madrid, Spain

"Corresponding author:

Terrestrial Ecology Group (TEG). Department of Ecology. Universidad Autonoma de
Madrid. C/ Darwin, 2. E-28049. Madrid. Spain. Tel.: (+34) 914972780, Fax: (+34) 497

8001; E-mail: carlos.perezi@uam.es



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

ABSTRACT

Scattered trees in agricultural landscapes are globally declining due to the
intensification of agricultural practices. Dehesas, highly species-diverse Mediterranean
open woodlands, are seriously affected by this decline, because of a generalized
regeneration failure of oaks, which compromise their long-term stability. Traditionally,
dehesas were the wintering areas for transhumant herds, but transhumance is
disappearing in the Mediterranean, due to multiple causes. Reductions in grazing
intensity or grazing abandonment have been proposed to improve oaks regeneration in
dehesas, but the effect of the recovery of non-continuous grazing practices such as
transhumance has not been tested to date. We measured different indicators of holm
oaks regeneration and condition in dehesas under transhumant grazing and in dehesas
under permanent grazing in southern Spain. Oak juveniles were remarkably less
browsed and their canopies covered a much higher surface in transhumant estates. As a
consequence, the median density of saplings was more than four times higher in
transhumant than in permanently-grazed estates. Although transhumant grazing is
necessarily associated with a reduction in the stock capacity, the timing of grazing was
always included as a predictor in the best models to explain the condition and density of
the holm oaks. Our results suggest that the lack of oak regeneration in dehesas can be
caused not only by the increases in stocking rates, but also by the recent abandonment
of traditional grazing practices like transhumance. We propose the recovery of seasonal
grazing regimes based on transhumant pastoralism as a measure to improve the

conservation status of dehesas.

Key-words: Agricultural intensification; Agroforestry; Browsing; Quercus ilex;

Transhumance
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1. INTRODUCTION

Scattered trees in agricultural landscapes are widely recognized as keystone structures
because of the large number of ecological functions that depend upon their presence
(Fischer et al., 2010; Manning et al., 2006), but they are globally declining due to the
intensification of agricultural practices (Gibbons et al., 2008). Among these landscapes,
dehesas, Mediterranean open woodlands resulting from the clearing of original
evergreen oak woodland and shrubland areas (Plieninger, 2007), also known as
montados in Portugal, constitute an example of agrosilvopastoral ecosystems with a
high biodiversity. Dehesas, when adequately managed, are considered as the paradigm
of a sustainable land-use (eg. Pinto-Correia et al., 2011). These systems occupy a large
surface in the Iberian Peninsula and its conservation is considered very important for
both environmental and socio-economic reasons (Moreno and Pulido, 2008). Many
production activities take place in dehesas, being livestock production the most
important in those dominated by holm oaks (Quercus ilex subsp. ballota; Pinto-Correia
and Mascarenhas, 1999; Pinto-Correia et al., 2011). Traditionally, dehesas have been
grazed by sheep, the most suited species for most dehesas, at low stocking rates, with
cattle restricted to the most humid ones (Peco et al., 2006; Moreno and Pulido, 2009).
Besides, pigs are introduced to many dehesas between October and January to take
advantage of the abundant acorns production that takes place in autumn. Livestock feed
on the acorns and grass under the tree canopy, which also provides firewood. Trees are
therefore viewed as an integrated part of the system, and as a result are managed and
regularly pruned (Blondel, 2006).

Mediterranean climate is characterized by marked differences between wet winters and

dry summers and great inter-annual variability in rainfall. These temporal changes in
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water availability generate remarkable variations in the productivity of Mediterranean
grasslands. This, along with the high variability in topographic conditions, makes
transhumance a successful grazing management practice in these environments
(Manzano and Casas, 2010; Niamir-Fuller and Turner, 1999; Weber and Horst, 2011).
Transhumance practices consist in a regular and periodic movement of livestock from
winter pastures (valley bottoms and/or southern latitudes) to summer pastures
(mountains and/or northern latitudes; Weber and Horst, 2011). These practices optimize
the use of the existing resources by matching the presence of animals in a given zone
with the annual peak in productivity (Ruiz and Ruiz, 1986). Because of its size, climate,
topography and anthropological characteristics, transhumance systems have historically
had a great importance in the Iberian Peninsula. In Spain, transhumance reached its
peak in the Middle Ages, when up to four million sheep were involved in transhumant
practices and an extensive network of protected drove roads was created (Manzano and
Casas, 2010; Oteros-Rozas et al., 2012a; Ruiz and Ruiz, 1986). However, the
breakdown of the Merino breed monopoly during the 19th century originated a
continuous decline of transhumance in Spain, aggravated in the 20th century by the use
of rail and truck transport as alternatives to the movement of herds along drove roads
(Oteros-Rozas et al., 2012a). As a consequence, the number of transhumant sheep has
been reduced to ca. 250,000, of which only a 10% are moved by foot (MARM, 2011,
Oteros-Rozas et al. 2012a). Simultaneously, the intensification of agricultural practices
that European agricultural systems have been facing for more than a century
(Ostermann, 1998, Stoate et al., 2009), have caused a drastic decline of traditional
extensive grazing management practices. Extensive practices, which are characterized

by low grazing intensities with traditional livestock races like the merino sheep, are
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being substituted by more intensive regimes that include the preference for large-scale
free range grazing over traditional shepherding, increases in stocking rates and the use
of heavier breeds of cattle (Pinto-Correia and Mascarenhas, 1999; Peco et al., 2001).
Dehesas, that have traditionally been the wintering areas for transhumant herds, are
currently facing deterioration partly because of the overgrazing of estates, which is
somewhat related with the sedentarization of previously transhumant herds. Similarly to
other landscapes composed by scattered trees, the last decades have seen a remarkable
decrease in the total area covered by dehesas as well as in the tree densities of the
remaining ones (Moreno and Pulido, 2008). Studies on the tree size structure of dehesas
have shown that these systems are characterized by over-aged oak stands, because of a
disruption in the forest cycle characterized by an extensive lack of regeneration
(Montoya, 1998; Plieninger et al., 2003; Plieninger, 2007). Whether the lack of
regeneration of trees in dehesas is caused by the aforementioned shifts towards more
intensive regimes or is an inherent feature of grazed dehesas independent of grazing
intensity is a question that has not been definitely answered to date (Moreno and Pulido,
2008; Plieninger et al., 2011). Regardless of its causes, lack of regeneration of the tree
layer is threatening the long-term stability of dehesas, because of the capital importance
that oaks have on these systems (Joffre et al., 1999; Plieninger et al., 2003).
Consequently, there is an urgent need to develop measures that would improve the
regeneration of oaks in dehesas (Gibbons et al., 2008; Pinto-Correia et al., 2011).
Several options have been proposed to achieve this objective, such as reductions in
grazing intensity, afforestation or temporary grazing abandonment (e.g. Plieninger et al.,
2003; Ramirez and Diaz, 2008). However, the implementation of these options is not

possible without severe ecological and socio-economic costs. For example, the drastic
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reductions in the stock capacity that would be necessary to achieve a carrying capacity
compatible with the regeneration of holm oak would be associated with very high socio-
economic costs for farmers (Plieninger, 2007). Furthermore, a total abandonment of
grazing would reduce the soils nutrient availability, and, more importantly, lead to shrub
encroachment, with the subsequent accumulation of vegetation fuel on the ground that
would increase the risk of severe wildfires compromising the sustainability of these

systems (Joffre et al., 1999; Peco et al. 2006).

Among the proposed management options for the tree regeneration of dehesas, a
spatially and temporally limited set-aside of grazing and cultivation by means of
rotating fences is the one that has more often been preferred in both management and
scientific literature (Gibbons et al., 2008; Montoya, 1998; Plieninger et al., 2003). In
Mediterranean systems there is a very marked drought during summer, which results in
reduction in the availability and quality of herbaceous vegetation. This is associated
with a great increase in both the amount of supplementary feed needed by livestock
during the summer (Gutman et al., 2000) and in the intensity of browsing in this season
compared to spring, when there is a much higher availability of fodder (de Miguel et al.,
1997). This fact has led to the proposal of the recovery of transhumance practices as a
measure to solve the problem of the lack of regeneration of the tree layer in dehesas
(Garzén-Heydt, 2004). In fact, the adoption of non-continuous grazing management
schemes has been recently proposed as a measure to ensure the regeneration of scattered
trees in Australian landscapes (Dorrough, 2005; Fischer et al., 2010). Nevertheless, to
date no study has tested the effects of seasonal grazing regimes on tree regeneration in

dehesas.
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In the present paper we analyze the effects of transhumant pastoralism on the
regeneration of holm oaks, by comparing several indicators of tree regeneration and
condition in different dehesas with contrasting management regimes (transhumant
seasonal grazing vs. permanent grazing). We hypothesize that the conservation and
regeneration status of holm oak saplings and trees will be better in estates managed

under transhumance regimes than in estates with permanent grazing regimes.
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2. MATERIAL & METHODS

2.1.Study area and sampling design

The study area is located in the municipalities of La Carolina, Vilches and Santa Elena
(38°20° N, 3°30° W; 400-600 m.a.s.l.) in South-Central Spain (Fig. 1). The climate is
typical Mediterranean, with very dry summers and annual rainfalls concentrated in
spring and autumn. Annual rainfall is ca. 600 mm, and mean annual temperature ca. 17
°C. These dehesas are located in one of the wintering areas for transhumant livestock of
the Conquense Drove Road, one of the major drove roads still in use on foot

transhumance by sheep and cattle in Spain.

We selected 18 estates of two different types according to grazing seasonality: nine of
them were grazed throughout the year (“Permanent’), while the other nine were
managed by transhumant livestock raisers and grazed only for six months each year
(between December and May; “Transhumant”). The estates were holm oak-dominated
dehesas, which were selected in order to cover a large range of adult trees densities (20
to ca. 400 adult holm oaks-ha™), always ensuring that this density was similar in
Transhumant (99.43 trees-ha™' £23.44) and Permanent (98.64 +22.28) estates. We also
made sure that we sampled a diversity of grazing alternatives: among the studied
estates, some were grazed by sheep (9 estates), some by cattle (6) and some by both (3),
with a balanced distribution of these alternatives between Transhumant and Permanent
estates. Interviews with landowners and shepherds revealed that all the selected estates
have maintained their current grazing seasonality and grazing pressure for at least the
last 10 years and that, besides grazing, small game hunting is the only noteworthy
practice that takes place both in Transhumant and Permanent estates. Interviews also

showed that the estates, including the transhumant ones, are leased by herders
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throughout the year, independently of the time of permanence of livestock on the
estates. The area of the states ranged between 20 and 480 ha, with no significant
differences between Transhumant (210.15 ha +25.82; mean +SE) and Permanent

(193.91 £19.56) states.

In each estate we randomly selected between 2 and 6 points, always in North-facing
slopes, the most common orientation in the study area, in order to reduce as much as
possible the ecological variability among observations. Minimal distance between
points belonging to the same estate was set to 100 m. After interviewing shepherds and
landowners about the number of grazers, we calculated for each estate the grazing
pressure expressed in Livestock Units (LU) * day * ha (1 cattle=1 LU, 1 sheep=0.15
LU), in order to have a comparable measure between estates. Grazing pressure can also
vary within farms according to different factors such as topography, livestock
preferences or the location of grazing management infrastructures (Carmona et al.,
unpublished). To have an estimation of the local grazing pressure, we performed
livestock excrements counts in four 10x1 m transects (starting in the selected point
towards the N, S, E and W directions). On each meter along the axis of each transect we
registered the presence or absence of excrements bigger than 3 cm and recorded the

number of presences, finally obtaining a value between 0 and 10 for this parameter.

In the surroundings of each point (referred to as "site" from here onwards), we
measured three groups of variables (browsing indicators, regeneration indicators and
woodland structure indicators) to characterize the condition of the holm oaks. The
browsing indicators included two variables: the intricacy index and the percentage of
eaten shoots. These variables were measured in the four holm oaks nearest to the

selected point that presented branches accessible to livestock at a height less than 1 m.
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In each of these oaks we randomly selected a branch with no visible damage and with a
basal diameter of 0.5 to 1 cm and a length greater than 10 cm. The intricacy index was
calculated as the ratio between the number of times that the selected branch ramifies and
its total length, and it is expected to increase with the intensity of browsing (Orueta et
al., 1998). In the same oaks, we determined the percentage of eaten shoots. For this
purpose, we randomly selected 10 branches of the outer part of the tree to a height of

less than 1 m and counted how many of them were eaten (absent terminal bud).

We selected four 3x3 m plots associated to each site (distant 7 m from the selected point
in the N, S, E and W directions) in which we measured the regeneration indicators. In
each plot we counted the number of isolated juvenile holm oaks (<1 cm DBH or less
than 1.3 m height) and recorded their base diameter and height. Whenever we found a
group of very aggregated stems with a similar height and leaf morphology, we classified
that aggregation as a group of juveniles, and assigned for the whole group the height
and diameter of the highest juvenile in the group (Pulido et al., 2001; Plieninger et al.,
2004). We considered two groups as different when their external borders were more
than 25 cm apart (Plieninger et al., 2004). To estimate the cover of each juvenile or
group of juveniles, we measured the longest length of the crown and the length of the
perpendicular axis. For each plot we calculated the average base diameter and height of

juveniles and the proportion of the surface covered by them.

Since livestock (especially cattle) can break and consequently kill holm oaks of up to 7-
9 cm of DBH (Pérez-Fernandez and Gomez-Gutiérrez, 1995), the woodland structure
indicators were chosen in order to detect the effects of grazing on the density of three
different size classes: young saplings (DBH between 1 and 5 cm), old saplings (DBH

between 5 and 10 cm) and adult holm oaks (DBH > 10 cm). We first measured the
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distance from the selected point to the closest holm oak of each of the three size classes.
After that, from each of those trees we measured the distance to its restricted second
neighbor and applied a T-square sampling to determine the density (trees*ha™") of each
size class (Besag and Gleaves, 1973). We calculated a site-averaged value for all the
indicators that were measured more than once in each site and used that average in the

subsequent analyses.
2.2.Statistical analysis

We analyzed the relationships between grazing variables or factors and each of the
browsing, regeneration and tree size structure indicators with mixed linear models.
Grazing regime (GR; categorical with 2 levels: Permanent and Transhumant grazing),
number of excrements (E; continuous), grazing pressure at the farm level (GP;
continuous) and the type of grazer (TG; categorical with 3 levels: Sheep, Cattle and
Both), were included in the models as fixed effects and farm was included as a random
factor in order to account for variability among the farms due to other non-measured
variables. The relationship between the grazing variables and factors was previously
analyzed with t-test and chi-square in order to discard multicollinearity in the models.
These tests revealed that the only variables that were significantly correlated were
grazing regime and grazing pressure (t;6=5.60, p<0.001), with higher values of grazing
pressure in permanently grazed than in transhumant estates (185.98 + 14.99 and 94.20 +

7.58 LU*day*ha™', respectively).

The response variables used (Intricacy index, percentage of eaten shoots, % of surface
covered by young oaks, diameter and height of young oaks, and density of young
saplings, old saplings and mature oaks) were log-transformed in order to attain

normality and homoscedasticity of residuals. Since GR and GP were correlated, we
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never used them simultaneously in the same model; thus, for each response variable we
fitted two sets of linear mixed models. One set included GR, E, TG and all the first
order interactions as fixed effects and the other set included GP, E, TG and all the first
order interactions as fixed effects. These saturated models were simplified via
backwards stepwise selection in order to attain two final candidate models. Among
these final models, we selected the one with the lowest AIC value (Burnham and
Anderson, 2002) as the one that better explained the observed data. All the analyses
were performed using the program R version 2.14.1 (R Development Core Team,

2011).
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3. RESULTS
3.1. Browsing indicators.

Differences between estates accounted for more than 40% of the variability in browsing
indicators. GR was found to be a much better predictor of these variables than GP, as
indicated by the great differences in the AIC values between the models including each
predictor (Table 1). The selected model for the intricacy index of oak saplings contained
only grazing regime as a statistically significant predictor, accounting for a 15.11% of
the total variability and revealed that this index was much higher in sites under
permanent grazing regimes than in those used by transhumant livestock (Fig. 2A). As
expected, the direction and magnitude of the effect of grazing regime on the percentage
of eaten shoots were similar than the effect on the Intricacy index. Nevertheless, the
selected model for the percentage of eaten shoots revealed a positive correlation
between this variable and the amount of excrements in the site, indicating the significant

effect of within-estate variability in grazing pressure.
3.2. Stand regeneration indicators.

Again, grazing regime, instead of grazing pressure, was generally included in the most
parsimonious models for these variables (Table 1). The estate factor accounted for a
40% of the variability in the proportion of surface covered by oak juveniles, but it was
less important for the diameter and height of the juveniles (Fig. 2B). The selected model
for the proportion of the surface covered by oaks in the regeneration stage included only
grazing regime as a predictor. As expected, this proportion of surface was higher in
transhumant than in permanent grazing sites. None of the studied predictors showed any

effect on the diameter of the juveniles, but we observed an important effect of grazing
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regime on the height of these juveniles (80.79 cm + 7.22 in transhumant estates vs.

43.86 + 4.19 in permanently grazed estates; Fig. 2B).
3.3. Tree size structure indicators.

Inter-estate variability was not important for explaining the density of young saplings,
but in contrast it accounted for higher proportions of the variability of the density of old
saplings and especially of mature oak trees (Fig. 2C). Once more, the AIC values
indicated that the models that included GR were more parsimonious than those
including GP. Despite the fact that the average values of the density of the three size
classes was higher in transhumant than in permanent grazed sites, grazing regime did
not present a significant effect on the density of mature trees. We found a weak effect of
grazing regime on the density of young saplings, while this variable had a more
important effect in the model for the density of old saplings (DBH between 5 and 10

cm; Fig. 2C).



282

283

284

285

286

287

288

289

290

2901

292

293

294

295

296

297

298

299

300

301

302

303

4. DISCUSSION

The present study provides evidence for the important effect that the early cessation of
grazing and the reduction in grazing pressure associated with transhumance practices
have on the regeneration of the tree layer in dehesas. There is an obvious association
between grazing regime and grazing pressure, caused by the increased amount of time
that animals spend in the permanently grazed estates rather than by differences in the
number of animals per surface unit. Nevertheless, the most parsimonious models to
predict the different indicators of the tree layer status generally included grazing regime
rather than just grazing pressure. This result indicates that, not only the number of
animals that graze in an estate, but also the timing of grazing determines the condition

and density of the holm oaks.
4.1. EFFECTS OF GRAZING REGIME ON TREE REGENERATION

In Mediterranean dehesas, herbaceous vegetation gets completely consumed or dried
during the summer. This reduction in the availability and quality of the herbaceous
vegetation (Papachristou, 2005) increases the use of browse as a food resource for
ungulates during summer, with the subsequent effects on saplings and juveniles
(Bugalho and Milne, 2003; Zamora et al., 2001). As shown by the browsing indicators,
juvenile oaks in sites under transhumant practices clearly suffered much smaller levels
of herbivory than those situated in permanently grazed sites. This reduction in browsing
by herbivores was probably caused by the earlier cessation of grazing in transhumant
estates in which herds are moved to summer pasturelands as soon as primary

productivity, and hence pasture availability, declines.
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The differences in the rate of consumption of woody vegetation by livestock between
estates with different grazing regimes resulted in significant differences between their
populations of holm oak juveniles. First, the smaller height of the juveniles in
permanently grazed estates compared to those in transhumant sites, along with the lack
of any significant effect on the diameter of juveniles (Fig 2B), suggest a reduction in the
net growth rate of oak juveniles. Slower growth in juveniles suffering high levels of
herbivory can have important consequences at the stand level because it can greatly
increase the age required to reach the height threshold that allows the young trees to
avoid being browsed (Pérez-Fernandez and Gomez-Gutiérrez, 1995; Zamora et al.,
2001). However, specific studies comparing the growth rates of trees in permanent and
transhumant estates should be made to further clarify this point. Second, permanent
grazing also reduced the proportion of the total surface covered by juveniles. We did not
find significant differences between estates with different grazing regimes in their
number of groups of juveniles, which indicates that the reduced cover in permanent
grazing sites is more likely to be related with a significant reduction in the
photosynthetic tissue of the juveniles, rather than with an increase in their mortality rate.
These observations suggest that the development of oak juveniles is seriously reduced
under continuous grazing conditions, probably because of a great reduction in their leaf

area (Putman, 1996).

It has to be noted that the reduced browsing indicators and the higher cover of juveniles
in transhumant estates does not necessarily secure long-term regeneration in those
estates because grazers can significantly damage or even remove saplings before they
reach maturity, as found in previous studies (Pérez-Fernandez and Gomez-Gutiérrez,

1995; Tiver and Andrew, 1997). In relation with this, although we only found a weak
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effect of grazing regime on the density of young saplings, transhumant sites presented
on average a much higher density of old saplings (DBH between 5 and 10 cm) than
permanently grazed sites. Important reductions in the density of saplings have
previously been observed in grazed areas compared to abandoned ones (Dufour-Dror,
2007). Our findings suggest that the likelihood of young holm oak individuals to reach
the next class size is significantly reduced in estates in which grazers spend the summer
and confirm that oaks of more than 5 cm DBH are sensible to livestock action. Thus,
our results suggest that not only the seedling stage (Plieninger et al., 2004), but also the
transition from the sapling to the adult phase can be considered as a critical stage

determining the lack of success of holm oak recruitment in dehesas.

Holm oak juveniles in grazed dehesas are generally assumed to come from asexual
reproduction, because true seedlings do not persist even under low grazing pressures
(Plieninger et al., 2004). Complementary, seedling recruitment have been observed in
grazing abandoned dehesas, an observation that have led some authors to propose a
temporal cessation of grazing in dehesas in order to promote the maintenance of the tree
layer (e.g. Ramirez and Diaz, 2008). Although we did not recorded the sexual or asexual
origin of the sampled juveniles, we observed the existence of isolated juveniles in some
of the sites in transhumant estates. These juveniles grew away from any other holm oak,
either sapling or adult, a fact that suggests that they came from true seedlings. These
observations indicate that transhumance practices could favor seedling recruitment in

holm oak dehesas, but this aspect requires specific research.

The great importance of the difference among estates suggests that environmental
attributes such as rock cover, slope or shrub cover, that we have not included in our

analyses, are important determinants of the regeneration stage of holm oaks (Plieninger
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et al., 2004). At the same time, among the grazing variables, only grazing regime
presented a consistent effect on the studied holm oak status indicators. In general,
grazing regime was a much better predictor than only grazing pressure at the estate level
(Table 1). Similarly, grazing pressure at the site level (indicated by the number of
excrements) usually presented a non-significant effect, in accordance with the lack of
effects of grazing impact indicators on holm oak regeneration indicators observed in
other studies in dehesas (Plieninger et al., 2003, 2004; Plieninger, 2007). To explain
these observations, Plieninger (2007) proposed a model assuming that current stocking
rates in dehesas are above the threshold for safe regeneration of holm oaks. We propose
the timing of grazing and whether it is or not coupled with seasonal changes in the
availability of herbaceous vegetation as a factor that should be taken into account, along
with stocking rates, in order to study the failure of the tree layer regeneration in dehesas.
Our results suggest that the lack of regeneration of the tree layer in dehesas can be
caused not only by the increases in stocking rates experienced by these systems, but also
by the recent abandonment of traditional grazing practices like transhumance, and
probably by a combination of both processes. Complementary to this observation,
previous studies in Mediterranean grasslands have described that seasonal grazing
allows for higher stocking rates than continuous grazing with supplementary feed
(Gutman et al., 1999). However, further research on the conditions that would ensure
tree regeneration in dehesas is needed in order to determine realistic thresholds of
grazing density both for continuous and non-continuous grazing regimes. Although we
expected cattle to have a bigger impact than sheep on the studied parameters, among the
most parsimonious models, only the one for the intricacy index retained this predictor.

Nevertheless, we want to stress that this aspect was secondary in our design, and that
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more specific research should be carried on before any conclusion can be reached

regarding this issue.

4.2 IMPLICATIONS FOR THE CONSERVATION OF MEDITERRANEAN

DEHESAS

Scattered trees are a keystone feature of agricultural landscapes, which makes
the problem of its lack of regeneration an issue that has to be faced urgently (Fischer
et al.,, 2009; Manning et al., 2006). Our study shows that grazing cessation during
summer and autumn can be applied to improve the regeneration of scattered trees,
while substantially reducing the high opportunity costs of permanent livestock
exclusion (Dufour-Dror, 2007; Fischer et al., 2009, 2010; Gutman et al., 1999).
However, this result could probably be achieved through some management options
other than traditional transhumance. For example, at the whole-state level,
summertime indoor breeding or motorized transhumance could be feasible options in
the current socio-economical context. An alternative option is the designation of farm
sectors in which tree regeneration is promoted by the prevention of summer grazing,
until oak saplings reach a DBH threshold of 10 cm. Nevertheless, we clearly advocate
for the recovery of seasonal grazing regimes based on transhumant pastoralism.
Besides the improvement in the regeneration of the tree layer of dehesas, there is a
great number of ecosystem services linked to transhumance practices, not only in the
winter and summer pastures, but also in the drove roads where flocks spend about two
months per year. These include regulating services such as fire prevention, soil
fertility, seed dispersal or biodiversity conservation as well as provisioning and

cultural services, such as provision of high quality meat, cultural identity related with
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the nomadic way of life and traditional ecological knowledge associated to

transhumance (Bunce et al., 2004; Oteros-Rozas et al., 2012b).

Multifunctional systems in the Mediterranean, and more precisely dehesas and
their typical scattered tree structures, are considered an example of resilient social-
ecological systems (Blondel, 2006; Manning et al., 2006). Transhumance is a
millenary practice that has proved to combine the provision of a wide range of
ecosystem services with the conservation of dehesa cultural landscapes, by allowing a
sustainable regeneration of the tree structure. Several social and economic factors (e.g.
lack of economic profitability due to competition with industrialised production,
social difficulties of the transhumant way of life, scarce generational turnover,
competition with other land uses such as hunting or the development of infrastructures
that interfere with drove roads) lie behind the negative trend experienced by
transhumance practices (Gonzalez et al. 2012). How to realise new functions of
ecosystems and still guarantee the sustainability of qualities of the past is a major
concern in nearly all the old cultural landscapes in Europe (Vos and Meekes, 1999). In
this context, it is essential to develop adequate policies, such as the implementation of
certain schemes of payments for ecosystem services, the facilitation of cooperation
among pastoralists, the improvement of products marketing in order to visualize their
values, the conservation of drove roads’ networks, the empowerment and training of
new generations of shepherds and the improvement of institutional coordination
(Oteros-Rozas et al., 2012b) that would help in the process of recovery of customary

management practices like transhumance.



421

422

423

424

425

426

5. ACKNOWLEDGEMENTS

Financial support was received from the Spanish Ministry of Environment (Project
079/RN08/02.1), the Ministry Economy and Competitiveness (Project CGL2011-
30266) and the Spanish Ministry of Education (FPI grant BES-2008-009821 for CPC
and Salvador de Madariaga mobility grant PR2011-0491 for BP). Special thanks to the

local shepherds, who made this study possible.



427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

6. REFERENCES

Besag, J.E., Gleaves, J.T., 1973. On the detection of spatial pattern in plant

communities. Bull. Int. Stat. Inst. 45,153—-158

Blondel, J., 2006. The ‘Design’ of Mediterranean landscapes: a millennial story of
humans and ecological systems during the historic period. Hum. Ecol. 34,

713-729.

Bugalho, M.N., Milne, J.A., 2003. The composition of the diet of red deer (Cervus
elaphus) in a Mediterranean environment: a case of summer nutritional

constraint? Forest Ecol. Manag. 181, 23-29.

Bunce, R.G.H., de Aranzabal, 1., Schimtz,, M.F., Pineda, F.D., 2006. A review of
the role of Drove Roads (Cafiadas) as ecological corridors. Alterra-rapport

1428, Alterra, Wageningen.

Burnham, K.P., Anderson, D.R., 2002. Model selection and inference: a practical

information—theoretic approach. second ed. Springer—Verlag, New York.

di Castri, F., 1981. Mediterranean-type shrublands of the world. In: Mediterranean-
Type Shrublands. Edited by di Castri, F., D.W. Goodall, R.L. Specht.

Elsevier, Amsterdam. 1-52.

Dorrough, J., Moxham, C., 2005. Eucalypt establishment in agricultural landscapes

and implications for landscape—scale restoration. Biol. Cons. 123, 55-66.

Dufour—Dror, J.M., 2007. Influence of cattle grazing on the density of oak seedlings

and saplings in a Tabor oak forest in Israel. Acta Oecol. 31, 223-228.



448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

Fischer, J., Stott, J., Law, B.S., 2010. The disproportionate value of scattered trees.

Biol. Cons. 143, 1564 —1567.

Fischer, J., Stott, J., Zerger, A., Warren, G., Sherren, K., Forrester, R.I., 2009.
Reversing a tree regeneration crisis in an endangered ecoregion. P. Natl.

Acad. Sci. Usa. 106, 10386-91.

Garzon-Heydet, J., 2004. Recovering transhumance in Spain for long-term nature
conservation, in Transhumance and Biodiversity in European Mountains.
Report from the EU-FP5 project Transhumount (EVK2-CT-2002-80017).
In: Bunce, R.G.H., Pérez-Soba, M., Jongman, R.H.G., Gémez Sal, A.,
Herzog, F. and Austad, I. (eds.), IALE publication series 1: 259-263,

Alterra, Wageningen.

Gibbons, P., Lindenmayer, D.B., Fischer, J., Manning, AD., Weinberg, A., Seddon,
J., Ryan, P., Barret, G., 2008. The future of scattered trees in agricultural

landscapes. Conserv. Biol. 22, 1309-1319.

Gonzilez, J.A., Oteros-Rozas, E., Martin-Lopez, B., Lopez, C.A., Zorrilla, P.,
Montes, C., 2012. La trashumancia en la Cafiada Real Conquense: valores
ecologicos, sociales y econdmicos asociados a una practica ganadera
tradicional. Universidad Auténoma de Madrid, Madrid. URL:
http://www.uam.es/gruposinv/socioeco/documentos/INFORME%20TRASH

UMANCIA_SINTESIS%20TOMADORES%20DECISIONES.pdf

Gutman, M., Henkin, Z., Holzer, Z., Noy—Meir, 1., Seligman, N. G., 2000. A case
study of beef—cattle grazing in a Mediterranean—type woodland. Agroforest.

Syst. 48, 119-140.



471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

Gutman, M., Holzer, Z., Baram, H., Noy—Meir, 1., Seligman, N.G., 1999. Heavy
stocking of beef cattle and early season deferment of grazing on

Mediterranean — type grassland. J. Range. Manage. 52, 590-599.

Joffre, R., Rambal, S., Ratte, J.P., 1999. The dehesa system of southern Spain and

Portugal as a natural ecosystem mimic. Agroforest. Syst. 57-79.

Manning, A.D., Fischer, J., Lindenmayer, D.B., 2006. Scattered trees are keystone

structures — Implications for conservation. Biol. Cons. 132, 311-321.

Manzano, P., Casas, R., 2010. Past , present and future of Trashumancia in Spain :

nomadism in a developed country. Pastoralism 1, 72-90.

MARM, 2011. Libro Blanco de la trashumancia. Direccion de Desarrollo Sostenible

del Medio Rural, Ministerio del Medio Ambiente, y Medio Rural y Marino.

de Miguel, J. M., Rodriguez, M.A., Gomez—Sal, A., 1997. Determination of animal
behavior—environment relationships by Correspondence Analysis. J. Range.

Manage. 50, 85-93.

Montoya J.M., 1998. Método de ordenacion silvopastoral, in: Hernandez CG (Ed.),
La dehesa, aprovechamiento sostenible de los recursos naturales. Editorial

Agricola Espafiola, Madrid.

Moreno, G., Pulido, F.J., 2008. The functioning, management and persistence of
dehesas, in: Rigueiro—Rodriguez, A., McAdam, J., Mosquera—Losada, M.R.
(Eds.), Agroforestry in Europe: current status and future prospects.

Dordrecht: Springer, Netherlands, vol. 6, pp. 127-160.

Niamir—Fuller, M., Turner, M.D., 1999. A review of recent literature on pastoralism

and transhumance in Africa, in: Managing mobility in African rangelands:



494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

the legitimization of transhumance, Niamir—Fuller M. (Ed.). FAO and IT

Publications, Rome, pp.18—46.

Orueta J.F., Aranda Y., Garcia F.J., 1998. Efecto del ramoneo del ciervo (Cervus
elaphus) sobre dos especies del matorral mediterraneo en los Montes de

Toledo (centro de Espana). Galemys 10, 27-36.

Ostermann, O. P., 1998. The need for management of nature conservation sites

designated under Natura 2000. J. Appl. Ecol. 35, 968-973.

Oteros—Rozas, E., Gonzilez, J.A., Martin—Ldpez, B., Lopez, C.A., Montes, C.,
2012a. Ecosystem services and social-ecological resilience in transhumance
cultural landscapes: learning from the past, looking for a future, in:
Plieninger, T., Bieling, C. (Eds.), Resilience and the cultural landscape:
understanding and managing change in human—shaped environments.

Cambridge University Press.

Oteros-Rozas, E. Gonzélez, J.A., Martin-Lopez, B., Lopez, C.A., Zorrilla-Miras, P.,
Montes, C., 2012b.Evaluating Ecosystem Services in Transhumance Cultural
Landscapes. An Interdisciplinary and Participatory Framework. GAIA 21,

185-193.

Papachristou, T. G., Platis, P.D., Nastis, A.S., 2005. Foraging behaviour of cattle
and goats in oak forest stands of varying coppicing age in Northern Greece.

Small Ruminant Res. 59, 181-189.

Peco, B., Sanchez, A. M., Azcérate, F. M., 2006. Abandonment in grazing systems:

Consequences for vegetation and soil. Agr. Ecosyst. Environ. 113, 284-294.



516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

Peco, B., Onate, J.J., Requena, S., 2001. Dehesa grasslands: natural values, threats
and agri- environmental measures in Spain, in: Pienkowski, M. (Ed.)
Recognising European pastoral farming systems and understanding their

Ecology. EFNCP No. 23, ww.efncp.org, pp. 37-44.

Pérez—Fernandez, M.A., Gomez—Gutiérrez, J.M., 1995. Evolution of the tree cover
(Quercus pyrenaica Willd and Quercus ilex subspecies ballota (Desf .
Samp)) in a dehesa over the last 100 years. Cahiers Options

Méditerranéennes 12, 259-266.

Pinto—Correia, T., Mascarenhas, J., 1999. Contribution to the extensification /
intensification debate: new trends in the Portuguese montado. Landscape

Urban Plan. 46, 125-131.

Pinto—Correia, T., Ribeiro, N., S&—Sousa, P., 2011. Introducing the montado, the
cork and holm oak agroforestry system of Southern Portugal. Agroforest.

Syst. 82, 99-104.

Plieninger, T., 2007. Compatibility of livestock grazing with stand regeneration in
Mediterranean holm oak parklands. Journal for Nature Conservation. 15, 1—

9.

Plieninger, T., Pulido, F.J., Konold, W., 2003. Effects of land—use history on size
structure of holm oak stands in Spanish dehesas: implications for

conservation and restoration. Environ. Cons. 30, 61-70.

Plieninger, T., Pulido, F.J., Schaich, H., 2004. Effects of land—use and landscape
structure on holm oak recruitment and regeneration at estate level in Quercus

ilex L. dehesas. J. Arid Environ. 57, 345-364.



539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

Plieninger, T., Schaich, H., Kizos, T., 2011. Land—use legacies in the forest structure
of silvopastoral oak woodlands in the Eastern Mediterranean. Reg. Environ.

Change 11, 603-615.

Pulido, F. J., Diaz, M., Hidalgo de Trucios, S. J., 2001. Size structure and
regeneration of Spanish holm oak Quercus ilex forests and dehesas: effects
of agroforestry use on their long-term sustainability. Forest Ecol. Manag.

146, 1-13.

Putman, R. J., 1996. Ungulates in temperate forest ecosystems : perspectives and

recommendations for future research. Forest Ecol. Manag. 88, 205-214.

Ramirez, J. A., Diaz, M., 2008. The role of temporal shrub encroachment for the
maintenance of Spanish holm oak Quercus ilex dehesas. Forest Ecol. Manag.

255, 1976-1983.

R Development Core Team., 2011. R: A language and environment for statistical

computing. R Foundation for Statistical Computing, Vienna, Austria.

Ruiz, M., Ruiz, J. P., 1986. Ecological History of transhumance in Spain. Biol.

Cons. 37, 73-86.

Stoate, C., Baldi, A., Beja, P., Boatman, N.D., Herzon, 1., van Doorn, A, de Snoo,
G.R., Rakosy, L., Ramwell, C., 2009. Ecological impacts of early 21st
century agricultural change in Europe - a review. J. Environ. Manag. 91, 22—

46.

Tiver, F., Andrew, M.H., 1997. Relative effects of herbivory by sheep, rabbits, goats
and kangaroos on recruitment and regeneration of shrubs and trees in eastern

South Australia. J. Appl. Ecol. 34, 903-914.



562

563

564

565

566

567

568

569

570

Vos, W., Meekes, H., 1999. Trends in European cultural landscape development:

perspectives for a sustainable future. Landscape Urban Plan. 46: 3—14.

Weber, K.T., Horst, S., 2011. Desertification and livestock grazing: the roles of

sedentarization, mobility and rest. Pastoralism 1, 19.

Zamora, R., Gomez, J. M., Hodar, J. A., Castro, J., Garcia, D., 2001. Effect of
browsing by ungulates on sapling growth of Scots pine in a Mediterranean
environment: consequences for forest regeneration. Forest Ecol. Manag. 144,

33-42.



571 Table 1. Predictors included in the most parsimonious linear mixed-effects models for
572 the set of models that included grazing regime (GR) and the set of models that

573 included grazing pressure (GP). The other predictors were the proportion of

574 excrements (E) and the type of grazer (TG). For each model, we show its AIC value as
575 well as the proportion of the total variance explained by the fixed effects (% VE). In
576 bold, the lowest AIC value for each response variable is shown.

Response Variable Set of models Most parsimonious model AIC %VE

Intricacy
Grazing regime ~GR+E+ TG+ S:E -4.48 17.54
Grazing pressure ~ GP +E + GP:E 322  8.59
Eaten shoots
Grazing regime ~GR +E 172.24 19.32
Grazing pressure ~ GP + E + GP:E 180.66 12.41
Regeneration surface
Grazing regime ~ GR 175.06 7.86
Grazing pressure ~ GP 177.00 5.73
Regeneration diameter
Grazing regime ~ 67.67 ~
Grazing pressure ~ 67.67 ~
Regeneration height
Grazing regime ~ GR 85.48 13.99
Grazing pressure ~ GP 90.36 5.86
Density young saplings
Grazing regime ~ GR 240.54 8.25
Grazing pressure ~ GP + TG 24486  7.65
Density old saplings
Grazing regime ~ GR 218.23 8.64
Grazing pressure ~E + TG 220.52  7.59
Density mature trees
Grazing regime ~ 170.56 ~
Grazing pressure ~ 170.56 ~

577



578 FIGURE CAPTIONS

579 Fig. 1. Overview of Spain and the location of the three municipalities in which the

580 study area was situated, in northern Jaén province.

581 Fig. 2. Boxplots showing the effect of grazing regime (P: Permanent grazing; T:

582 Transhumant grazing) on the different indicators of holm oak browsing (A),

583 regeneration (B) and forest size structure (C). For each predictor we show the p-values
584 and the proportion of variance explained (VE) by each of the independent variables
585 retained in the most parsimonious model (see text; GR: Grazing regime; E: Proportion
586 of excrements: TG: Type of grazer). The proportion of the total variance due to

587 differences among different estates is shown in the upper-right side of each plot.
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