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Abstract

Mediterranean wood pastures are seminatural savannahlike agroecosystems that result from traditional silvopastoral practices, which shaped these
systems into a mosaic of trees and open grassland. However, traditional silvo-pastoral uses are declining with the implications that this may have on the
herbaceous layer, which is a very diverse and valuable resource. Here, we aim at assessing the influence of the tree — open grassland mosaic on the
structure, diversity, and composition of the herbaceous layer. Specifically, assessing the canopy effect (a) under representative Iberian canopy types,
considering traditional Quercus species stands and Pinus pinea plantations at different locations; and (b) along seasonality. For that purpose, we carried
out vegetation surveys in Mediterranean wood pastures of the south SouthWest of the Iberian Peninsula. Our results show that the different components
of the herbaceous layer performed differential responses to the presence/absence of tree canopies, as for instance shows the dominance of grasses
under the canopy, while legumes and forbs were favoured in the open grassland. Also, the study plots differed in their composition of species and species
richness, with a certain a reduction in the species richness in the plot dominated by P, pinea compared to plots dominated by Quercus species. The
canopy effect was more pronounced at the more environmentally constrained location. Such canopy effects were generally more pronounced in spring
than in autumn. In conclusion, it is highly advisable preserve the tree — open grassland mosaic and traditional Quercus species stands to maximize and
preserve plant specific and functional diversity and ecosystem functionality.

1. Introduction

Mediterranean wood pastures, also called dehesas in Spain and montados in Portugal, are semi-natural savannah-like agroecosystems that result from
silvo-pastoral practices, in which an herbaceous and an arboreal layer — mostly Quercus species — coexist (Ibafiez et al. 2021). They are one of the
largest agroforestry systems in Europe (Eichhorn et al. 2006), and are particularly abundant in the South-West of the Iberian Peninsula (Olea et al. 2005).

Mediterranean wood pastures have traditionally provided pasture and acorns for livestock, timber, and cork, and those traditional silvo-pastoral uses
shaped these systems into a mosaic of trees and open grassland creating diverse ecological niches (Sankaran et al. 2004). In particular, wood

pastures are extraordinarily rich in plant diversity (Marafion 1985; Moreno et al. 2016), and have been typified as habitat of community interest by the EU
Habitats directive (6310 Dehesas with evergreen Quercus spp) for their singularity and potential to preserve biodiversity.

However, those traditional silvo-pastoral uses are nowadays changing. Mediterranean wood pastures are suffering simultaneously processes of
intensification and abandonment (Peco et al. 2000). Traditional grazing practices are replaced by intensive farming and plantations of fast-growing trees,
mostly Eucalyptus and Pinus species (Costa Pérez et al. 2006; Costa et al. 2011); while less productive pastures are abandoned, which results in shrub
encroachment and loss of diversity (Peco et al. 2000).

All these land use changes drive important modifications in the tree-open grassland mosaic. The tree-open grassland mosaic which is the predominant
intrinsic structure of Mediterranean wood grasslands, and in turn directly influences on all the other ecosystem compartments, including the herbaceous
vegetation at the intra-ecosystem scale. To this regard, it is known that once plant species have passed the filters from the regional to the ecosystem
scales, they still need to establish inside the ecosystem, and this establishment is the result of assembly, competition, and facilitation process, in
interaction with the ecosystem intrinsic dynamics and structure (Sebastia et al.; Rodriguez et al. 2018). In wood grasslands the tree-open grassland
structure has already been described as a relevant intra-ecosystem driver of the herbaceous productivity (Moreno et al. 2007; Gea-lzquierdo et al. 2009;
Hussain et al. 2009) and plant diversity (Peco et al. 2006; Marafion et al. 2009; Lopez-Carrasco et al. 2015; Rossetti et al. 2015; Lépez-Sanchez et al.
2016a; Lépez-Sanchez et al. 2016b), for instance. Yet, how that canopy effect influences over all the herbaceous layer compartments (above and
belowground biomass, and litter) as well as whose specific and functional diversity and composition has been less explored. Even less explored is the
canopy effect under representative Iberian canopy types, considering traditional Quercus species stands and Pinus pinea plantations, a common tree
plantation replacing traditional canopies (Costa Pérez et al. 2006); and how those canopy effects evolve along seasonality.

For that, we raise the following questions (i) are the different components of the herbaceous layer structure, composition and diversity affected in the
same way by the tree - open grassland mosaic? (ii) is the canopy effect similar between representative Iberian canopy types? and (iii) how does the
canopy effect evolve along seasonality? To answer these questions, we considered insightfully all the herbaceous layer compartments, and addressed
the canopy effect under Quercus species stands and Pinus pinea plantations and along seasonality.

2. Methodology
2.1 Study sites and sampling design

Study sites were the same as described in Ibafiez et al. (2021), distributed in two locations in the South-West of the Iberian Peninsula (Fig. 1): Sierra
Morena mountains (SM, 37° 39’ 50” N, 5° 56’ 20" W, 296 m a. s. |.), and Dofiana Natural Park (DN, 37° 15' 34" N, 6° 19’ 55" W, 30 m a. s. |.). Both locations
have Mediterranean climate regime (Peel et al. 2007) with warm, dry summers, and mild winters. However, SM is slightly cooler and wetter than DN, with
mean annual temperature in SM of 16.8 °C and in DN of 18.1 °C, and mean annual precipitation in SM of 648 mm and in DN of 543 mm.

SM soils have a texture between sandy clay loam and clay. DN soils are sandier than SM, with a sandy loam texture. Total soil N (0-30 cm depth) is quite
low in both locations, but lower in DN (0.06 — 0.20% N) than in SM (0.85% N Ibafiez et al., 2021). Grasslands in both locations are dominated by
herbaceous annual species, including grasses (i. e. Bromus hordeaceus), non-legume forbs (i. e. Erodium moschatum), and legume forbs (. e.
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Trifolium subterraneumn). Both locations are extensively grazed at similar stocking rates: SM grazed by cattle and Iberian pigs (0.36 LSU ha™"), and DN
grazed by cattle and goat (0.40 livestock units (LSU) ha™"), both typical stocking rates in Mediterranean grazing systems.

Study plots were selected according to their tree composition, representing typical canopy types of Iberian wood pastures. One pure Quercus ilex stand, in
the SM location (SM-ilex), and one pure Quercus suber stand in the DN location (DN-suber), both the most abundant stands in the Iberian Peninsula
(Costa Pérez et al. 2006); one Q. ilex and Q. suber mixed stand (DN-mixed), the next most abundant; and a pure P, pinea stand (DN-pinea. Fig. 1.c), a
common tree plantation replacing traditional Quercus canopies (Costa Pérez et al. 2006). Plot tree densities (trees ha ~') are on the average for the region
(Costa Pérez et al. 2006): 34 + 1 in SM-ilex, 26 + 1 in DN-mixed, 26 + 4 in DN-suber, and 48 + 6 in DN-pinea. In the DN-mixed plot, we discriminated
between both Quercus species (Q. suberand Q. ilex) to establish sampling points. However, preliminary comparative analysis in the DN-mixed plot on
microenvironmental conditions and vegetation characteristics under the canopy of both Quercus species indicated no relevant differences. DN-mixed plot
results are then always presented, combining both tree species.

Field work was carried out in spring (05/04/2016 —10/04/2016) and autumn (13/12/2016-17/12/2016), coinciding with the most productive moments
of the system, to capture vegetation seasonal variability and canopy effects that may be season dependent. Study treatments were, therefore, established
according to plot (SM-ilex, DN-mixed, DN-suber, and DN-pinea), season (spring and autumn), and canopy (open grassland, OG, and under the canopy, UC).
Sampling points of the UC treatment were always placed at 1 m distance from the selected tree trunk, and sampling points of the OG treatment were
placed at a minimal distance of 3 m from the selected tree, clearly outside the canopy. Sampling points were systematically placed following the north
orientation with respect to the tree trunks (Ibafiez et al. 2021). For each treatment level, we selected 3—4 samples, totalling 73 sampling points.

2.2 Vegetation sampling and calculation of diversity indexes

At each sampling point, we hammered a metal collar that defined the sampling area (diameter = 25 cm), and we harvested the herbaceous vegetation at
ground level rooted within each metal collar. Thereafter in the laboratory, we separated aboveground biomass (AGB) from litter (dead plant material
detached from the herbaceous vegetation and tree leaves on soil surface). Also, we separated the AGB into plant species. Species were then attributed to
the given plant functional type (PFT): grasses, non-legume forbs (hereafter “forbs”), and legume forbs (hereafter “legumes”). Both levels of analysis
(species and PFT) provided complementary information (Zhou et al. 2017), providing the first information about the species distribution per se, while the
latter provided a mechanistic link between vegetation and a given ecosystem function (Petchey and Gaston 2006).

On the other hand, we determined the belowground biomass (BGB) by extracting a soil core of 9 cm? surface and 0 — 10 cm depth at each sampling
point. Soil cores were afterwards washed and filtered with a 0.2 mm pore size in the laboratory. All vegetation samples were oven dried at 60 °C until
constant weight. Dry weight of all vegetation samples was converted to grams of dry weight per square meter (g DW m2).

Finally, we considered diversity indexes, including species richness (SR) and species evenness. SR was defined as the number of species per sample.
Species evenness (Equation 1) is defined as a measure of the distribution of the relative abundance of species, and lies between 0 for monospecific plots
to 1 for a plot in which all species are equally represented (Kirwan et al., 2007):

Evenness = %Em} P;P;
(Equation 1)

Where Sis the number of species in the community matrix, and P;P; the pairwise interactions between species, meaning the product of the relative
abundance of the ith and jth species (Equation 1).

2.3 Data analysis: structure, composition, and diversity of the herbaceous layer

All data analyses were performed using R software (R Core Team 2020). We performed generalized linear models (GLMs) on our response variables —
herbaceous structural components (AGB, litter and BGB), PFT composition (forbs, grasses, and legumes), and diversity indexes (SR and evenness) — as
function of plot, season, and canopy, and the corresponding interactions. For that, we considered the nature of our data (absolute abundances, counts,
bounded data, etc.), and we transformed the data to fit a normal distribution (when it was possible) or selected the best distribution to fit the data (Table

1.

Note that legumes tend to have a patchy distribution (Schwinning and Parsons 1996), which results in a sever negatively skewed data distribution that
resembles a Pearson distribution, frequently taking a value of 0, in combination with comparatively lower values of presence than absence (Figure S1).
However, note that we want to model legumes absolute abundance (not counts), and this makes their modelling a challenge, since the data do not easily
fitinto a given distribution. For that reason, we performed the modelling of legumes in two steps. First, we modelled the presence/absence of legumes
using a binomial distribution; and then we modelled legumes absolute abundance according to a gamma distribution only when they appear.

Final models were selected by a stepwise procedure based on the Akaike information criterion (AIC) using the stepAIC function, MASS package (Venables
and Ripley 2002). Also, we calculated the proportion of deviance explained by each GLM (Dgqyareq, €quivalent to RZAdj for GLMs) using the Dsquared
function, modEVvA package (Guisan and Zimmermann 2000). Finally, we calculated the proportion of variance explained by each explanatory variable
using the dominanceAnalysis function of the dominanceanalysis package (Bustos Navarrete and Coutinho Soares 2020).
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On the other hand, we described the influence of plot, season, and canopy on species composition by canonical correspondence analysis (CCA) to
represent the community on a given number of dimensions (Sandau et al. 2014). We performed the CCA on species absolute abundance using the cca
function of the vegan package (Oksanen et al. 2018). Significance of the CCA terms (plot, season, and canopy) and significance of the CCA axes were
both tested using the anova.cca function, also of the vegan package. Afterwards, means and standard errors of the first three significant (p < 0.001) axes
were calculated and plotted for each level of the terms included as predictors (plot, season, and canopy). Also, we selected the species with the highest
CCA scores within each axis (CCA1-CCA3, top five negative and top five positive), and the four species closest to the axes (0, 0) for representation
purposes, and to unravel specific similarities and dissimilarities in the species composition between treatments.

3. Results
3.1 General structure of the herbaceous layer

The structure of the herbaceous layer was dependent on the particular plot, season, and the presence/absence of the tree canopy (Fig. 2). The AGB was
mainly driven by season and plot (Fig. 3), being lower in all DN plots compared to the SM-ilex plot (plot effects, Table 2); and lower in autumn compared
to spring (season effect, Table 2). Also, there was a tendency to lower AGB under the canopy than in the open grassland in all DN plots (canopy effect,
Table 2), but not in the SM-ilex plot (Fig. 2).

Litter was markedly higher under the canopy than in the open grassland in spring, but this difference between the canopy and the open grassland almost
disappeared in autumn (season x canopy effect, Table 2 and Fig. 2), being this season x canopy interaction a strong driver of litter's variability (Fig. 3).
BGB was quite variable among treatments, and it was only significant the interaction between plot and canopy with a slightly lower BGB in the DN-mixed
plot under the canopy than in the open grassland (plot x canopy, Table 2).

3.2 Herbaceous plant functional types

PFT composition also changed among plots, season, and canopy (Fig. 4). Forb biomass was lower in all DN plots than in the SM-ilex plot (DN plots
effects, Table 3). Forb biomass decreased in autumn compared to spring, specially in the DN-pinea plot (plot x season effect, Table 3), being this
interaction a strong driver (Fig. 3). Forbs biomass also decreased under the canopy compared to the open grassland (canopy effect, Table 3). Grass
biomass was also lower in all DN plots compared to the SM-ilex plot (significant DN plots effects, Table 3 and Fig. 4), being plot as a strong driver of
grasses variability (Fig.3). Unlike forbs, grasses increased under the canopy compared to the open grassland, but such diffrence between the under the
canopy and the open grassland was lower in autumn than in spring (season x canopy effect, Table 3), when the biomass of grasses equalized between
both microenvironments (Fig. 4). Legumes presence/absence was stonlgy driven by the canopy (Fig. 3 and Table 3), with a lower presence of legumes
under the canopy than in the open grassland (Fig. 4). Legumes absolute abundance was stronlgy driven by season and canopy (Figs. 3-4), which was
much lower in autumn than in spring (season effect, Table 3), and lower under the canopy than in the open grassland (canopy effect, Table 3).

3.3 Herbaceous species diversity and composition

Species evenness (Fig. 5.a) was only dependent on season, being lower in autumn than in spring (season effect, Table 4). Species richness (SR) was
driven by plot, season and canopy (Fig. 3). SR decreased in the DN-pinea plot compared to the other plots (plot DN-pinea effect, Table 4), specially in
autumn (Fig. 5.b). SR was also lower in autumn than in spring (season effect, Table 4); and lower under the canopy than in the open grassland (canopy
effect, Table 4).

CCA on species absolute abundance had a constrained inertia of 1.87 over a total of 10.50, representing a 17.8% of explained variance, with plot, season,
canopy, and season x canopy as explanatory terms. The anova.cca by terms showed that all the terms included in the CCA were significant (p < 0.001),
and the anova.cca by axes showed that the first four axes out of six were also significant (CCAT — CCA3, p < 0.001, and CCA4, p = 0.04).

The first CCA axis (CCA1, 30% of total explained variance) captured mainly differences in species composition between spring and autumn (CCA1, Fig.
6). In spring, species as Hordeum leporinum, Trifolium cherleri, Trifolium glomeratum, and Medicago doliata (positive side of the CCA1, Fig. 7.a) were
much more abundant than in autumn. On the contrary, species as Myosotis ramosissima, Genista hirsuta, Hypochaeris glabra, Cerastium glomeratum,
and Silene gallica (negative side of the CCA1, Fig. 7.a) were only found in autumn. Species as Vulpia membranacea, Carex divulsa, Ornithopus pinnatus,
Lathyrus cicera, and Galium aparine (close to the axis CCA1, Fig. 7.a) were not especially abundant, but could be found in both seasons.

The second axis (CCA2, 24% of total explained variance) explained mainly differences in species composition between plots: on one side SM-ilex and
DN-suber, and on the other side DN-mixed and DN-pinea plots (Fig. 6.a). SM-ilex and DN-suber being especially abundant in Lolium perenne (negative
side of the CCA2, Fig. 7.b), and DN-pinea being especially abundant in Stachys arvensis (positive side of the CCA2, Fig. 7.b).

Finally, the third axis (CCA3, 15% of total explained variance), captured differences in species composition between under the canopy and the open
grassland dependent on season (CCA3, Fig. 6.b). In the open grassland legumes as M. doliata and T. glomeratum (Fig. 7.c) were highly abundant in
spring (negative side of the CCA3 and positive side of the CCA1, Fig. 7.c); while in autumn there was presence of a group of forbs, including

Taraxacum officinale, Leontodon longirrostris, and Crepis capillaris (negative side of the CCA3 and negative side of the CCA1, Fig. 7.c). Conversely, under
the canopy and in spring Carex divulsa was specially abundant, and some other species as Urtica urens, L. cicera, Brassica barrelieri, G. aparine, were
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also present, but in low proportion (positive side of the CCA3, Fig. 7.c). Under the canopy and in autumn, Geranium molle was specially abundant,
together with many other species in lower proportion.

4. Discussion
4.1 The tree — open grassland mosaic as driver of the herbaceous layer composition

Tree canopies were important spatial drivers of the herbaceous layer at the intra-ecosystem scale, both in terms of structure (specially increasing the litter
under the canopy, Fig.2), diversity and composition (Figs. 4-7). However, in line with our first question, the different herbaceous components were

not affected in the same way by the tree - open grassland mosaic (Fig. 3), differences that were especially notable on the PFT (Fig. 4) and species
distribution (Figs 6-7). The microenvironment created under the canopy favoured the dominance of some species, mainly grasses, while the open
grassland favoured the presence of legume and non-legume forbs. Previous studies have also described dominance of grasses under the canopy (Olsvig-
Whittaker et al. 1992; Gea-lzquierdo et al. 2009), while the presence of forbs and legumes is limited under the canopy (Gea-lzquierdo et al. 2009; Marafién
et al. 2009; Lopez-Carrasco et al. 2015). Species of high light demand — as is the case of legumes, with enhanced photosynthesis (Ibafiez et al. 2020) —
are limited in their growth under the canopy, affected by light constraints, litter accumulation, and competition with species tolerant to these

conditions (Marafidn 1986; Marafién et al. 2009). Hence, the accumulated litter may influence in different ways the growth of the different life forms,
negatively affecting forbs and legumes — dicots — while not having a negative impact on the growth of grasses — monocots — with dense erect

leaves (Barrantes Diaz 1986; Roldén Ruiz 1993; Sebastia 2007).

Also, the higher litter input under the canopy (Fig. 2) increased soil N content (Ibafiez 2019), and that could favour the growth of grasses, at the expense
of forbs and legumes. In agreement, Song et al. (2011) found that grasses increased their biomass at high N availability at the expense of forbs (Song et
al. 2011). Moreover, results reported by Ibafiez (2019) from the same study plots, suggested that grasses could be more efficient than forbs in terms of N
acquisition and use. Grasses usually have fibrous roots (Weaver 1958; Schenk and Jackson 2002; Pirhofer-Walzl et al. 2012), trait that may be facilitating
N absorption from the most superficial soil layers and from symbiotically fixed N sources (Pirhofer-Walzl et al. 2012). Therefore, these differences in the
N uptake could represent an important competitive advantage for grasses, displacing other species under the canopy at higher soil N availability. This
fact also agrees with the lower species richness (SR), and the tendency to a lower evenness observed under the canopy in comparison to the open
grassland (Fig. 5).

Overall, these indicates that some species, mainly legumes, are more vulnerable to changes in the tree coverage than others (Fig. 3), and this could drive
changes in the plant specific and functional composition at the intra-ecosystem scale. Changes that in turn may have several ecosystem functional
implications, as for instance in terms of forage provision (i.e. Dewhurst et al. 2009; Sturludottir et al. 2014; Adams et al. 2016; Barneze et al. 2020), soil
nitrogen (Debouk et al. 2020) and carbon (Rodriguez et al. 2021) cycling among others, which suggests that it is highly advisable preserve the tree -
open grassland mosaic to preserve plant specific and functional diversity and maximize ecosystem’s functionality.

Regarding the BGB compartment, we did not detect any clear pattern in the BGB distribution either driven by the presence/absence of tree canopies,
season, or plot. This results are contrary to what expected, since some authors have described differences in the root density between the understory and
the open grassland (Moreno et al. 2005); as well as a seasonal pattern in the fine root biomass (L6pez et al. 2001). In our results, one possible reason for
the lack of any observed pattern could be the depth at which we sampled (0-10 cm) that could have been not enough to detect differences. Yet, it is worth
mentioning that our results show the magnitude of the BGB compartment, which is of a magnitude much bigger than the ABG (Figure 2) and deserves
further attention in future studies.

4.2 The canopy effect under representative Iberian canopy types

In line with our second question, the canopy effect differed between canopy types when comparing Quercus species and P, pinea stands. This was
observed on the certain reduction of SR in the plot dominated by P pinea (DN-pinea) in comparison to plots dominated by Quercus species (specilally in
autumn, Table 4 and Fig. 5.b), diffrence that was most likely caused by a lower presence of forbs (Table 3 and Fig 4). This reduction in the SR could be
related with the tree litter characteristics, which may be driving soil properties, and this in turn SR. The litter of P pinea is known for its mulching capacity,
and allelopathic properties, both factors lowering the understory growth (Valera-Burgos et al. 2012). Also, the litter of P pinea has been reported to be
poorer in N content than litter of Quercus species (Fioretto et al. 2008; Sheffer et al. 2015), and this could lower soil N content and availability. Indeed, N
availability for plants in the DN-pinea plot was reported the lowest among the study plots (Ibafiez 2019). Factors that combined could decrease SR in the
DN-pinea, driving this difference in the SR between P, pinea and Quercus species dominated plots.

Our study plots also performed diffrences in their composition of herbaceus species, in addition to the variability associated to seasonality (Figs. 6-

7). The mosaic of trees drove an heterogeneous distribution of the herbaceous species, with some species being dependent on the specific microclimatic
conditions (Figs. 6-7). This combined with the PFT distribution mediated by the presence/absence of tree canopies (discussed in Section 4.1),
interestingly, indicates that although SR decreased under the canopy (Fig. 5.b), the tree — open grassland mosaic allowed the growing of an increased
variety of species, increasing plant specific and functional diversity at the ecosystem scale. Hence, it is worth mentioning that Mediterranean wood
pastures are ecosystems of high conservation value, whose diversity and preservation is dependent on such tree - open grassland mosaic, which in turn
is directly linked to the presence of grazer animals and traditional silvo-pastoral activities.
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On the other hand, there are climatic differences between the two study locations (DN vs. SM), and this climatic-driven variability has also to be
considered as a possible source of variability on the canopy effect when comparing the two locations. Thus, the canopy effect tent to differ between the
two locations (DN vs. SM), as suggests the neutral canopy effect on the AGB in the SM-ilex plot in contrast with the AGB decrease observed under the
canopy in all DN plots (Fig. 2). This suggests that the magnitude of the drivers behind the canopy effect on the AGB production might differ depending
on local conditions, including environmental conditions and competition/facilitation professes.

Several studies have described that although under the canopy there is less light available (Hussain et al. 2009; Seddaiu et al. 2018) and litter mulching
the soil (Marafién et al. 2009), the canopy can create a favourable environment, with increased soil moisture (Holmgren et al. 1997), higher nutrient
availability (Gallardo et al. 2000; Gallardo 2003) and amelioration of extreme summer temperatures (Marafién et al. 2009), which may result in an
enhanced productivity of the herbal layer (Moreno et al. 2007; Gea-lzquierdo et al. 2009).

However, this increase in the productivity under the canopy was not detected in our study plots, which even decreased in the DN plots, even though the
environment under the canopy in our locations presented higher soil water content, lower soil temperature (Ibafiez et al. 2021), and higher soil C and N
content (Ibafiez 2019) than in the open grassland. Accordingly, some authors have reported that competition for water resources between trees and the
herbaceous layer could be limiting the productivity, especially in the most arid Mediterranean wood pastures, or when soil texture does not promote much
water retention (Moreno 2008; Gea-lzquierdo et al. 2009). Plants could only profit from the increase in soil fertility mediated by the canopy without water
stress, the canopy effect being dependent on water availability (Gea-lzquierdo et al. 2009; Lépez-Sanchez et al. 2016a) and this might be the case in our
locations (DN vs. SM). The DN location is drier than SM, with higher temperatures, lower precipitation, and sandier soils (Section 2.1); and competition for
water resources could be here a limiting factor (combined with light availability and litter mulching the soil), especially during dry periods within the
growing season, which are frequent under the irregular Mediterranean climate. Conversely, in the SM location, the reduced environmental constraints
(slightly cooler and wetter than DN) may allow a certain compensation between the drivers that might be reducing the biomass production under the
canopy (i. e. reduced light availability), and the drivers favouring productivity (i. e. increased soil fertility), which results on a neutral canopy effect on the
AGB (Fig. 2).

Also, the presence of grazer animals may be driving the general structure of the herbaceous layer, and some of those differences in the canopy effect
between locations (DN vs. SM). The stocking rate was very similar in both locations (Section 2.1), but the productivity in the DN location was lower than
in SM (Fig. 2), and the livestock impact on the AGB might be higher in DN, wherein livestock visiting the under the canopy microenvironment, looking for
shadow, acorns, and fresh herb, could be more frequent.

These differential canopy effect on the AGB production between locations (DN vs. SM), interestingly links with the results reported on greenhouse gas
exchange (Ibafiez et al. 2021), and C and N dynamics (Ibafiez 2019) from the same study plots. The authors reported that CO, exchange (Ibafiez et al.
2021), and N uptake rates by plants (Ibafiez 2019) under the canopy did not differ so much from the open grassland in SM, in contrast to the strong
differences found in DN. Overall suggesting that SM seemed to be less environmentally constrained than DN, where the canopy effect was more
pronounced. Ultimately, this differential canopy effect between locations (DN vs. SM) becomes relevant in terms of management to estimate the
optimum tree coverage, since it will be dependent not only on the primary ecosystem service (i. e. forage provision) but also on local conditions. Also, this
result illustrates the possible mid-long-term evolution of the fresher Mediterranean wood pastures, which will be warmer and dryer under the future
climate change scenario, and highlights the relevance of trees specially under restrictive environmental conditions.

4.3 The canopy effect along seasonality

In line with our third question, seasonality interacted with the tree — open grassland mosaic to drive the herbaceous layer structure and composition. First,
this was shown by the big amount of litter that was present under the canopy in spring, but no longer present in autumn (season x canopy effect, Table
1). This result shows how the organic matter input evolves along seasonality, driven by tee canopies, and suggests a rapid incorporation of the litter into
the soil along the year, in addition to the relevance of trees as sources of soil fertility in Mediterranean wood pastures (Howlett et al. 2011; Gémez-Rey et
al. 2013; Pulido-Fernéndez et al. 2013; Andivia et al. 2015).

Second, the canopy also interacted with seasonality and drove the distribution of species, mainly of grasses and legumes, with a lower difference
between under the canopy and the open grassland in autumn compared to spring (season x canopy effect, Table 2). Results that underscore the
dynamisms of the herbaceous layer composition along seasonality, and the relevance of recording seasonal dynamics to capture canopy effects that are
season dependent.

Conclusion

Our study shows how the different components of the herbaceous layer perform differential responses to the tree-open grassland mosaic, as for instance
shows the dominancy of grasses under the canopy, while legumes and forbs were favoured in the open grassland. Also, the canopy effect differed
between canopy types when comparing Quercus species and P pinea stands, since P pinea dominated plots presneted a certain reduction in their
herbaceus species richcness compared to plots dominated by Quercus species. These results suggest that it is highly advisable preserve open grassland
spaces and traditional Quercus species stands to maximize and preserve plant specific and functional diversity. Our results also point out that that

the canopy efect might be dependent on local environmental conditions, in addition to the seasonal variabilty, as showed the reduction on the AGB under
the canopy compared to the open grassland at the more environmentally constrained location of DN; while such canopy effect was neural at the cooler
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and wetter location of SM. This suggests that the optimum tree coverage might be dependent, not only on the primary ecosystem service (i. e. forage
provision), but also on local conditions. Facts that may be considered to manage and guarantee ecosystem services provision and conservation of
Mediterranean wood pastures.

Declarations
Acknowledgements

Thanks to all the colleagues who collaborated in laboratory and fieldwork tasks: Antonio Rodriguez, Miquel Sala, Helena Sarri and Gianluca Segalina. Our
special thanks to Dehesa de Gato S.L. state and Dofiana Research Coordination Office for their support and facilities.

Funding

This work was funded by the Spanish Science Foundation FECYT-MINECO: BIOGEI (GL2013-49142-C2-1-R) and IMAGINE (CGL2017-85490-R) projects
and supported by a FPI fellowship to M. I. (BES-2014-069243).

Competing interests

The authors declare that they have no competing interests.

Availability of data and material

The datasets generated during the current study are available from the corresponding author on reasonable request.

Author contributions

MI conceived the ideas, designed methodology, collected, and analysed the data, and wrote the manuscript. CC conceived the ideas, designed
methodology, collected the data, and reviewed the manuscript. MJL designed methodology, executed project administration and funding acquisition, and
reviewed the manuscript. M-TS conceived the ideas, designed methodology, executed project administration and funding acquisition, and reviewed the
manuscript. All authors contributed critically to the drafts and gave final approval for publication.

Ethics approval

Not applicable.

Consent to participate

Not applicable.

Consent for publication

Not applicable.

References

1. Adams MA, Turnbull TL, Sprent JI, Buchmann N (2016) Legumes are different: Leaf nitrogen, photosynthesis, and water use efficiency. Proc Natl
Acad Sci 113:4098-4103. https://doi.org/10.1073/pnas.1523936113

2. Andivia E, Fernandez M, Alejano R, Véazquez-Piqué J (2015) Tree patch distribution drives spatial heterogeneity of soil traits in cork oak woodlands.
Ann For Sci 549-559. https://doi.org/10.1007/s13595-015-0475-8

3. Barneze AS, Whitaker J, McNamara NPR, Ostle NJ (2020) Legumes increase grassland productivity with no effect on nitrous oxide emissions. Plant
Soil 446:163-177. https://doi.org/10.1007/s11104-019-04338-w

4. Barrantes Diaz O (1986) Influencia de la encina sobre el pasto de la Sierra Norte de Sevilla: una aproximacion experimental (Spanish). Ph.D. thesis,
Biology Department, Universidad de Sevilla, Sevilla, Spain, 71 pp.

5. Bustos Navarrete C, Coutinho Soares F (2020) dominanceanalysis: Dominance Analysis. R package version 2.0.0. https://cran.r-
project.org/package=dominanceanalysis

Page 7/18



10.

11.

12.

13.

14.

15.

16.

17.

18

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.
30.

31.

. Costa A, Madeira M, Lima Santos J, Oliveira A (2011) Change and dynamics in Mediterranean evergreen oak woodlands landscapes of

Southwestern Iberian Peninsula. Landsc Urban Plan 102:164-176. https://doi.org/10.1016/j.landurbplan.2011.04.002

. Costa Pérez JC, Martin Vicente A, Fernandez Alés R, Estirado Oliet M, Ingeniera de Montes, Consejeria de Medio Ambiente (2006) Dehesas de

Andalucia. Caracterizacion ambiental. Sevilla

. Debouk H, Emeterio LS, Mari T, Canals RM, Sebastia MT (2020) Plant functional diversity, climate and grazer type regulate soil activity in natural

grasslands. Agronomy 10, 1291:1-20. https://doi.org/10.3390/agronomy10091291

. Dewhurst RJ, Delaby L, Moloney A, Boland T, Lewis E (2009) Nutritive value of forage legumes used for grazing and silage. Irish J Agric Food Res

48:167-187

Eichhorn MP, Paris P, Herzog F, Incoll LD, Liagre F, Mantzanas K, Mayus M, Moreno G, Papanastasis VP, Pilbeam DJ, Pisanelli A, Dupraz C (2006)
Silvoarable systems in Europe — past, present and future prospects. Agrofor Syst 67:29-50. https://doi.org/10.1007/s10457-005-1111-7

Fioretto A, Papa S, Pellegrino A, Fuggi A (2008) Leaf litter decomposition dynamics in Mediteranean area. In: Tian-Xiao L (ed) Soil Ecology Research
Developements. Nova Science Publishers, Inc., New York

Gallardo A (2003) Effect of tree canopy on the spatial distribution of soil nutrients in a Mediterranean Dehesa. Pedobiologia (Jena) 47:117-125.
https://doi.org/10.1078/0031-4056-00175

Gallardo A, Rodr JJ, Covelo F, Fern R (2000) Soil nitrogen heterogeneity in a Dehesa ecosystem. Plant Soil 222:71-82.
https://doi.org/10.1023/A:100472592

Gea-lzquierdo G, Montero G, Cafiellas | (2009) Changes in limiting resources determine spatio-temporal variability in tree-grass interactions. Agrofor
Syst 76:375-387. https://doi.org/10.1007/s10457-009-9211-4

Gomez-Rey MX, Madeira M, Gonzalez-Prieto SJ, Coutinho J (2013) Soil C and N dynamics in a Mediterranean oak woodland with shrub
encroachment. Plant Soil 371:339-354. https://doi.org/10.1007/s11104-013-1695-z

Guisan A, Zimmermann NE (2000) Predictive habitat distribution models in ecology. Ecol Modell 135:147-186. https://doi.org/10.1016/S0304-
3800(00)00354-9

Holmgren M, Scheffer M, Huston MA (1997) The Interplay of Facilitation and Competition in Plant Communities. Ecology 78:1966-1975.
https://doi.org/10.1890/0012-9658(1997)078[1966:TIOFAC]2.0.CO;2

. Howlett DS, Moreno G, Mosquera Losada MR, Nair PKR, Nair VD (2011) Soil carbon storage as influenced by tree cover in the Dehesa cork oak

silvopasture of central-western Spain. J Environ Monit 13:1897-1904. https://doi.org/10.1039/c1em10059a

Hussain MZ, Otieno DO, Mirzae H, Li YL, Schmidt MWT, Siebke L, Foken T, Ribeiro NA, Pereira JS, Tenhunen JD (2009) CO, exchange and biomass
development of the herbaceous vegetation in the Portuguese montado ecosystem during spring. Agric Ecosyst Environ 132:143-152.
https://doi.org/10.1016/j.agee.2009.03.008

Ibafiez M (2019) Vegetation drives greenhouse gas exchange, and carbon and nitrogen cycling in grassland ecosystems. Ph.D. thesis, HBJ
Department, Universitat de Lleida, Lleida, Spain, 226 pp.

Ibafiez M, Altimir N, Ribas A, Eugster W, Sebastia M-T (2020) Phenology and plant functional type dominance drive CO, exchange in seminatural
grasslands in the Pyrenees. J Agric Sci 1-12. https://doi.org/10.1017/S0021859620000179

Ibafiez M, Leiva MJ, Chocarro C, Aljazairi S, Ribas A, Sebastia M-T (2021) Tree—Open Grassland Structure and Composition Drive Greenhouse Gas
Exchange in Holm Oak Meadows of the Iberian Peninsula. Agronomy 11, 50:1-16. https://doi.org/10.3390/agronomy11010050

Kirwan L, Liischer A, Sebastia MT, Finn JA, Collins RR, Porqueddu C, Helgadottir A, Baadshaug OH, Brophy C, Coran C, Dalmannsdéttir S, Delgado |,
Elgersma A, Fothergill M, Frankow-Lindberg BE, Golinski P, Grieu P, Gustavsson AM, Hoglind M, Huguenin-Elie O, lliadis C, Jérgensen M, Kadziuliene Z,
Karyotis T, Lunnan T, Malengier M, Maltoni S, Meyer V, Nyfeler D, Nykanen-Kurki P, Parente J, Smit HJ, Humm UT, Connolly J (2007) Evenness drives
consistent diversity effects in intensive grassland systems across 28 European sites. J Ecol 95:530-539. https://doi.org/10.1111/j.1365-
2745.2007.01225.x

Lopez-Carrasco C, Lopez-Sanchez A, San Miguel A, Roig S (2015) The effect of tree cover on the biomass and diversity of the herbaceous layer in a
Mediterranean dehesa. Grass Forage Sci 70:639-650. https://doi.org/10.1111/gfs.12161

Lépez-Sénchez A, San Miguel A, Dirzo R, Roig S (2016a) Scattered trees and livestock grazing as keystones organisms for sustainable use and
conservation of Mediterranean dehesas. J Nat Conserv 33:58-67. https://doi.org/10.1016/j.jnc.2016.07.003

Lopez-Sanchez A, San Miguel A, Lopez-Carrasco C, Huntsinger L, Roig S (2016b) The important role of scattered trees on the herbaceous diversity of
a grazed Mediterranean dehesa. Acta Oecologica 76:31-38. https://doi.org/10.1016/j.actao.2016.08.003

Lopez B, Sabaté S, Garcia CA (2001) Annual and seasonal changes in fine root biomass of Quercus ilex L. forest. Plant Soil 230:125-134.
https://doi.org/10.1023/A

Marafion A (1985) Diversidad floristica y heterogenidad ambiental en una dehesa de Sierra Morena. An Edafol Agro- biol 44:1183-1197

Marafién T (1986) Plant species richness and canopy effect in the savanna-like “dehesa” of S.W. Spain. Ecol Mediterr 12:131-141

Marafién T, Pugnaire Fl, Callaway RM (2009) Mediterranean-climate oak savannas: The interplay between abiotic environment and species
interactions. Web Ecol 9:30—43. https://doi.org/10.5194/we-9-30-2009

Moreno G (2008) Response of understorey forage to multiple tree effects in Iberian dehesas. Agric Ecosyst Environ 123:239-244.
https://doi.org/10.1016/j.agee.2007.04.006

Page 8/18



32.

33.

34.

35.

36.

37

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

Moreno G, Gonzalez-Bornay G, Pulido F, Lopez-Diaz ML, Bertomeu M, Judrez E, Diaz M (2016) Exploring the causes of high biodiversity of Iberian
dehesas: the importance of wood pastures and marginal habitats. Agrofor Syst 90:87—-105. https://doi.org/10.1007/s10457-015-9817-7

Moreno G, Obrador JJ, Cubera E, Dupraz C (2005) Fine root distribution in Dehesas of Central-Western Spain. 153-162.
https://doi.org/10.1007/s11104-005-6805-0

Moreno G, Obrador JJ, Garcia A (2007) Impact of evergreen oaks on soil fertility and crop production in intercropped dehesas. Agric Ecosyst Environ
119:270-280. https://doi.org/10.1016/j.agee.2006.07.013

Oksanen J, Blanchet FG, Friendly M, Kindt R, Legendre P, McGlinn D, Minchin PR, O’Hara RB, Simpson GL, Solymos B, Stevens MHH, Szoecs E, Wagner
H (2018) vegan: Community Ecology Package. R Packag version 25 — 1 https//CRANR-project.org Packag

Olea L, Lépez-Bellido RJ, Poblaciones M (2005) Europe types of silvopastoral systems in the Mediterranean area: Dehesa. In: Mosquera-Losada MR,
Rigueiro-Rodriguez A, McAdam J (eds) Silvopastoralism and sustainable land management. Proceedings of an international congress on
silvopastoralism and sustainable management held in Lugo, Spain, April 2004. pp 30-35

. Olsvig-Whittaker LS, Naveh Z, Giskin M, Nevo E (1992) Microsite differentiation in a Mediterranean oak savanna. J Veg Sci 3:209-216.

https://doi.org/10.2307/3235681

Peco B, Ofate JJ, Requena S (2000) Dehesa grasslands: natural values, threats and agri-environmental measures in Spain. In: Recognising European
pastoral farming systems and understanding their ecology: a necessity for appropriate conservation and rural development policies. Proceedings of
the 7th European Forum on Nature Conservation and Pastoralism 17-21 June 2000, Ennisty. European Forum on Nature Conservation and
Pastoralism, pp 37-43

Peco B, Sanchez AM, Azcarate FM (2006) Abandonment in grazing systems: Consequences for vegetation and soil. Agric Ecosyst Environ 113:284~
294. https://doi.org/10.1016/j.agee.2005.09.017

Peel MC, Finlayson BL, McMahon TA (2007) Updated world map of the Koppen-Geiger climate classification. Hydrol Earth Syst Sci 11:1633-1644.
https://doi.org/10.5194/hess-11-1633-2007

Petchey OL, Gaston KJ (2006) Functional diversity: Back to basics and looking forward. Ecol Lett 9:741-758. https://doi.org/10.1111/j.1461-
0248.2006.00924.x

Pirhofer-Walzl K, Rasmussen J, Hggh-Jensen H, Eriksen J, Sgegaard K, Rasmussen J (2012) Nitrogen transfer from forage legumes to nine
neighbouring plants in a multi-species grassland. Plant Soil 350:71-84. https://doi.org/10.1007/s11104-011-0882-z

Pulido-Fernédndez M, Schnabel S, Lavado-Contador JF, Miralles Mellado |, Ortega Pérez R (2013) Soil organic matter of Iberian open woodland
rangelands as influenced by vegetation cover and land management. Catena 109:13-24. https://doi.org/10.1016/j.catena.2013.05.002

R Core Team (2020) A language and environment for statistical computing. R Foundation for Statistical Computing. https://www.r-project.org/

Rodriguez A, Canals RM, Sebastia M-T (2021) Positive effects of legumes on soil organic carbon storage disappear at high legume proportion across
a wide range of environmental conditions in grasslands in the Pyrenees. Ecosystems. https://doi.org/https://doi.org/10.1007/s10021-021-00695-9

Rodriguez A, de Lamo X, Sebastia MT (2018) Interactions between global change components drive plant species richness patterns within
communities in mountain grasslands independently of topography. J Veg Sci 29:1-11. https://doi.org/10.1111/jvs.12683

Roldén Ruiz | (1993) Estudio de la organizacion espacial en los pastos mediterraneos. Ph.D. thesis, Departamento de Biologia Vegetal y Ecologia,
Universidad de Sevilla, Sevilla, Spain, 235 pp.

Rossetti I, Bagella S, Cappai C, Caria MC, Lai R, Roggero PP, Martins P, Sousa JP, Querner P, Seddaiu G (2015) Isolated cork oak trees affect soil
properties and biodiversity in a Mediterranean wooded grassland. Agric Ecosyst Environ 202:203-216. https://doi.org/10.1016/j.agee.2015.01.008

Sandau N, Rohr RP, Naisbit RE, Fabian Y, Bruggisser OT, Kehrli P, Aebi A, Bersier LF (2014) Including community composition in biodiversity-
productivity models. Methods Ecol Evol 5:815-823. https://doi.org/10.1111/2041-210X.12215

Sankaran M, Ratnam J, Hanan NP (2004) Tree-grass coexistence in savannas revisited - Insights from an examination of assumptions and
mechanisms invoked in existing models. Ecol Lett 7:480-490. https://doi.org/10.1111/j.1461-0248.2004.00596.x

Schenk HJ, Jackson RB (2002) Rooting depths, lateral root spreads and below-ground / allometries of plants in water-limited ecosystems. J Ecol
90:480—-494. https://doi.org/10.1046/j.1365-2745.2002.00682.x

Schwinning S, Parsons AJ (1996) Analysis of the coexistence mechanisms for grasses and legumes in grazing systems. J Ecol 84:799-813

Sebastia M-T (2007) Plant guilds drive biomass response to global warming and water availability in subalpine grassland. J Appl Ecol 44:158-167.
https://doi.org/10.1111/j.1365-2664.2006.01232.x

Sebastia M-T, Debouk H, Canals RM, Chocarro C, Bello F de, Ibafiez M, Plaixats J, Lamo X de, Rodriguez A Grassland biodiversity and ecosystem
services: the pastus database as a monitoring tool in global change studies. Environ Monit Assess

Seddaiu G, Bagella S, Pulina A, Cappai C, Salis L, Rossetti |, Lai R, Roggero PP (2018) Mediterranean cork oak wooded grasslands: synergies and
trade-offs between plant diversity, pasture production and soil carbon. Agrofor Syst 92:893-908. https://doi.org/10.1007/s10457-018-0225-7

Sheffer E, Canham CD, Kigel J, Perevolotsky A (2015) Countervailing effects on pine and oak leaf litter decomposition in human-altered
Mediterranean ecosystems. Oecologia 177:1039-1051. https://doi.org/10.1007/s00442-015-3228-3

Song L, Bao X, Liu X, Zhang Y, Christie B Fangmeier A, Zhang F (2011) Nitrogen enrichment enhances the dominance of grasses over forbs in a
temperate steppe ecosystem. Biogeosciences 8:2341-2350. https://doi.org/10.5194/bg-8-2341-2011

Page 9/18



58. Sturludottir E, Brophy C, Helgadottir A (2014) Benefits of mixing grasses and legumes for herbage yield and nutritive value in Northern Europe and
Canada. Grass forage Sci 69:229-240. https://doi.org/10.1111/gfs.12037

59. Valera-Burgos J, Diaz-Barradas MC, Zunzunegui M (2012) Effects of Pinus pinea litter on seed germination and seedling performance of three
Mediterranean shrub species. Plant Growth Regul 66:285-292. https://doi.org/10.1007/s10725-011-9652-4

60. Venables WN, Ripley BD (2002) Modern Applied Statistics with S, 4th edn. Springer-Verlag New York, New York

61. Weaver JE (1958) Classification of Root Systems of Forbs of Grassland and a Consideration of Their Significance. Ecology 39:393-401.
https://doi.org/10.2307/1931749

62. Zhou X, Guo Z, Zhang P, Li H, Chu C, Li X, Du G (2017) Different categories of biodiversity explain productivity variation after fertilization in a Tibetan
alpine meadow community. Ecol Evol 7:3464—-3474. https://doi.org/10.1002/ece3.2723

Tables
Table 1. Study variables, data characteristics, transformation applied to fit a normal distribution (if applicable) and distribution, p-value of the distribution
test.
Study variable Data characteristics, transformation, and p-value
distribution
Aboveground Absolute abundance, square root Shapiro-Wilk normality test, p = 0.06237
biomass (AGB) transformation, normal distribution
Litter Absolute abundance, In+1 transformation, Shapiro-Wilk normality test, p = 0.1366
normal distribution
Below ground Absolute abundance, square root Shapiro-Wilk normality test, p = 0.7975
biomass (BGB) transformation, normal distribution
Forbs Absolute abundance, exponential Kolmogorov-Smirnov test p = 0.2163
distribution
Grasses Absolute abundance, log10 transformation, Shapiro-Wilk normality test, p = 0.1084
normal distribution
Legumes Presence / absence, binomial distribution Binomial test p > 0.05
Absolute abundance, gamma distribution Gamma test, p = 0.8471
Evenness Bounded between 0 to 1, Weibull distribution ~ Weibull p = 0.012,
This is the distribution with lowest AIC
(Spe)cies richness Counts, normal distribution Shapiro-Wilk normality test, p = 0.05623,
SR
but Shapiro-Wilk normality test on the model residuals p-value = 0.1514

Table 2. Modelling of the herbaceous layer structure in dry weight (DW), including aboveground (AGB) and litter biomass, as function of plot, season, and
canopy. Season with spring as reference level, plot with SM-ilex as reference level, and canopy with open grassland (OG) as reference level. Parameter
estimates (Par.), standard error (SE), t and p-value.
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(Intercept)

Plot DN-mixed
Plot DN-suber
Plot DN-pinea

Season

Canopy

Season x canopy

Plot DN-mixed x canopy
Plot DN-suber x canopy
Plot DN-pinea x canopy

I:)squared

Degrees of freedom

AGB

Par. SE
18.8 0.6
-47 0.6
-45 0.7
-5.0 07
-59 0.5
-1.1 0.5
0.76

69

30.79
-7.39
-6.02
-6.68
-12.47
-2.33

p-value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Litter
Par.

2.8

0.4
24
-2.0

0.42

71

SE
0.2

0.4
0.3
0.5

11.75

1.08
6.82
-3.85

p-value

<0.001

0.3
<0.001
<0.001

BGB

Par.

SE t

2 7.73
3 1.67
3 0.81
3 -0.72
3 0.92
4 -2.71
5 -0.68
5 -0.98

p-value
<0.001
0.10
0.4

0.5

0.4

0.008

0.5
0.3

Table 3. Modelling of plant functional type (PFT) composition in dry weight (DW), including forbs, grasses, and legumes, as function of plot, season, and
canopy. Plot with SM-ilex as reference level, season with spring as reference level, and canopy with open grassland (OG) as reference level. Parameter
estimates (Par.), standard error (SE), t and p-value.

Forbs absolute abundance

Par. SE t p-value Par
(Intercept) 5.7 0.4 1521 <0.001 1.6
Plot -06 04 -149 0.1 -0.4
DN-mixed
Plot -11 05 -214 0.03 -0.3
DN-suber
Plot -05 05 -1.03 03 -0.4
DN-pinea
Season -1.4 05 -283 0.005 0.2
Canopy -04 02 -172 0.09 04
Plot -02 06 -031 08
DN-mixed
X season
Plot 0.6 0.7 084 0.4
DN-suber
X season
Plot -1.3 07 -1.79 0.07
DN-pinea
X season
Season x canopy -0.3
Dsquared 0.54 0.32
Degrees 66 68
of
freedom

SE
0.1
0.1

0.1

0.1

0.1
0.1

0.2

t
14.54
-3.96

-2.18

-3.06

1.72
3.59

-2.00

Grasses absolute abundance

p-value
<0.001
<0.001

0.03

0.003

0.09
<0.001

0.05

Legumes presence absence

Par.
1.6
0.1

0.8

-0.2

1.3
-2.4

0.23

69

SE
0.8
0.8

1.0

0.9

0.6
0.7

t
2.04
0.15

0.79

-0.20

2.10
-3.57

p-value
0.04
0.9

0.4

0.8

0.04
<0.001

Legumes absolute abundance

Par. SE
4.3 0.3
-06 03
0.2 0.4
-1.3 04
-1.8 03
-1.2 03
0.48

47

t p-value
13.39  <0.001
-1.68 0.10
0.43 0.7
-3.26  0.002
-7.08 <0.001
-4.43 <0.001

Table 4. Modelling of species evenness and species richness (SR), as function of plot, season, and canopy. Season with spring as reference level, plot
with SM-ilex as reference level, and canopy with open grassland (OG) as reference level. Parameter estimates (Par.), standard error (SE), t and p-value.
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Evenness SR

Par. SE t pvalue Par SE t p-value
(Intercept) -0.25 0.03 -9.04 <0.001 106 0.6 1712 <0.001
Plot DN-mixed -1.3 06 -197 0.05
Plot DN-suber -06 08 -079 04
Plot DN-pinea -1.7 08 -229 0.02
Season -0.08 0.04 -196 0.05 -1.6 05 -3.28 0.002
Canopy -1.6 0.5 -3.26 0.002
Dsquared 0.05 0.28
Degrees of freedom 72 69

Figures

Google Earth

SV

Google Earth

#DN-pinea
DN-mixed#

Figure 1

(a) Study sites geographical location in the Iberian Peninsula; and study plots aerial view: (b) SM-ilex; and (c) DN-mixed, DN-suber, and DN-pinea. Source:
Google Earth, earth.google.com/web/
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Figure 2

Dry weight (DW) mean + 1 standard error of aboveground biomass (AGB), litter and belowground biomass (BGB) per plot, season, and canopy: open

grassland (OG) and under the canopy (UC).
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. Plot Season . Canopy

Plot x Season . Plot x Canopy . Season x Canopy
AGB Litter Forbs

0O«

Grasses Legumes pres/abs Legumes abs. abun.

Proportion of variance explained by the explanatory terms included in the models of each response variable: Aboveground biomass (AGB), litter and
belowground biomass (BGB, Table 2); forbs, grasses, and legumes presence/absence, and absolute abundance (Table 3); and species richness (SR, Table
4).

Figure 3
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Figure 4

Dry weight (DW) mean + 1 standard error of plant functional types (PFT: forbs, grasses, and legumes) per plot, season, and canopy: open grassland (OG)
and under the canopy (UC).
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Figure 5

(a) Species evenness; and (b) species richness (SR) per plot, season, and canopy: open grassland (OG) and under the canopy (UC). Boxplot's midline
indicates the median; upper and lower limits of the box indicate the third and first quartile; whiskers extend up to 1.5 times the interquartile range from the
top/bottom of the respective box, and dots represent data beyond the whiskers.
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Canonical correspondence analysis (CCA): (a) axis 1 (CCA1) vs. axis 2 (CCA2) per season (black: spring, grey: autumn) and plot (@ @ SM-ilex, Il DN-
mixed, ¥ ¥ DN-suber, A ADN-pinea); and (b) CCA1 vs. axis 3 (CCA3) per season and canopy (OG: open grassland, UC: under the canopy). Sites mean
scores * 1 standard error.
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Figure 7

Species CCA scores. Species selected according to (a) axis 1 (CCA1); (b) axis 2 (CCA2); and (c) axis 3 (CCA3).
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