
1 

 

Title: Conservation zones promote oak regeneration and shrub diversity in certified 1 

Mediterranean oak woodlands 2 

 3 

Authors: Filipe S. Diasa (fsdias@isa.ulisboa.pt), David L. Millerb 4 

(dave@ninepointeightone.net), Tiago A. Marquesb (tam2@st-andrews.ac.uk), Joana 5 

Marcelinoa (joana.l.marcelino@gmail.com), Maria C. Caldeirac 6 

(mcaldeira@isa.ulisboa.pt), J. Orestes Cerdeirad (jo.cerdeira@fct.unl.pt), Miguel N. 7 

Bugalhoa (migbugalho@isa.ulisboa.pt) 8 

 9 

a Centro de Ecologia Aplicada ‘‘Prof. Baeta Neves’’ - InBio, Instituto Superior de Agronomia, 10 

Universidade de Lisboa 11 

b Centre for Research into Ecological and Environmental Modelling and School of 12 

Mathematics and Statistics, The Observatory, University of St Andrews, St Andrews KY16 13 

9LZ, UK 14 

c Centro de Estudos Florestais, Instituto Superior de Agronomia, Universidade de Lisboa 15 

d Departamento de Matemática e Centro de Matemática e Aplicações, Faculdade de 16 

Ciências e Tecnologia, Universidade Nova de Lisboa 17 

 18 

 19 

Corresponding author 20 

Filipe S. Dias 21 

fsdias@isa.ulisboa.pt / Telephone: (+351) 21 365 33 33 22 

Centro de Ecologia Aplicada ‘‘Prof. Baeta Neves’’ 23 

Instituto Superior de Agronomia 24 

Tapada da Ajuda 25 

1349-017 Lisboa, Portugal 26 

*Manuscript
Click here to view linked References



2 

 

 27 

Abstract 28 

 29 

Mediterranean oak woodlands are ecosystems of high conservation and socio-30 

economic value that occur in Southwestern Europe, North Africa and California. Oak 31 

regeneration failure is occurring in these ecosystems and may be endangering their 32 

long-term conservation. Most studies suggest that inadequate management 33 

practices may be contributing to oak regeneration failure. Forest certification is a 34 

voluntary type of certification, based on third-party auditing of compliance with 35 

performance-based sustainable management standards that has been expanding in 36 

forest ecosystems worldwide, including in Mediterranean oak woodlands. The Forest 37 

Stewardship Council (FSC) certification is the dominant certification scheme in 38 

Mediterranean oak woodlands and requires landowners to establish conservation 39 

zones in their estates. Conservation zones usually correspond to a tenth of the 40 

estate and are primarily managed for biodiversity conservation. In spite of recent 41 

studies reporting positive effects of FSC certification and conservation zones on 42 

biodiversity and forest structure in tropical regions, its effects on tree regeneration in 43 

Mediterranean oak woodlands are unknown. In this study, conducted in South-44 

western Europe, we compared the abundance of cork oak (Quercus suber) 45 

regeneration and the cover, richness and diversity of Mediterranean shrublands 46 

between conservation and non-conservation zones in FSC certified cork oak 47 

woodlands. We found that in conservation zones oak regeneration was more 48 

abundant and that species richness and diversity of shrubs were significantly higher. 49 

Our results suggest the creation of set-aside areas in cork oak woodlands, such as 50 
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conservation zones, may help avert the tree regeneration crisis this ecosystem is 51 

facing. 52 

Keywords: cork oak, distance sampling, Forest Stewardship Council, Mediterranean 53 

shrublands, Quercus suber, tree regeneration 54 

 55 

1) Introduction 56 

 57 

Mediterranean oak woodlands are integrated in the World Biodiversity Hotspots of 58 

the Mediterranean Basin and the California Floristic Province (Myers et al., 2000). 59 

They occur in the Mediterranean regions of California, Southwest Europe and North 60 

Africa (Huntsinger et al., 2013) harbouring significant concentrations of endemic and 61 

threatened species (Díaz et al., 2013). These ecosystems are characterized by a 62 

savanna type structure with a diverse understory of shrublands intermixed with 63 

grasslands with high heterogeneity (Miguel Nuno Bugalho et al., 2011; Díaz et al., 64 

2013). These ecosystems are also socio-economically important, generating a 65 

variety of services such as livestock production, long-term carbon storage, hunting or 66 

recreation (Caparrós et al., 2013). 67 

 68 

Oak regeneration failure has been reported in Mediterranean oak woodlands globally 69 

and associated with inadequate management practices (e.g. overgrazing and 70 

intensive shrub clearing to reduce risk of wildfires), which may be endangering the 71 

conservation of these ecosystems. For example, in California overgrazing and shrub 72 

encroachment, combined with the introduction of annual exotic grasses are 73 

negatively affecting oak regeneration (Tyler et al., 2006). In Southwest Europe, there 74 

are two main groups of factors causing regeneration failure: 1) localized overgrazing 75 
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and excessive shrub clearing in some regions and 2) lack of management, which 76 

causes shrub encroachment and increases wildfire risk in others (Acácio et al., 2007; 77 

Pulido et al., 2010). In North Africa overharvesting of wood, overgrazing and 78 

overcollection of acorns for human and animal consumption are causing oak 79 

regeneration failure (Campos et al., 2007). 80 

 81 

Some authors suggest that setting aside areas with low or no management, initiating 82 

secondary succession processes where shrub cover increases, can protect and 83 

enhance oak regeneration (e.g. Ramírez and Díaz, 2008; Rey Benayas et al., 2008). 84 

Decreasing herbivory and trampling by cattle may promote oak regeneration 85 

(Plieninger et al., 2010) but may also increase shrub cover, where acorn predation 86 

by mice is high (Acácio et al., 2007). Also, there are species-specific effects that can 87 

affect oak regeneration. For instance, shrubs such as Retama spp. and Ulex spp. 88 

can ameliorate the effects of harsh temperatures and light conditions, improving 89 

seedling survival, while others such as Cistus ladanifer L. have been reported to 90 

compete with oak seedlings and decrease seedling survival (Acácio et al., 2007). In 91 

this context, it is important to understand the relative importance of competing or 92 

facilitating effects of shrubs on cork oak regeneration and to assess how such effects 93 

will balance with, for example, effects of predation by small rodents in these set-94 

aside areas.  95 

 96 

Forest certification is a voluntary conservation mechanism, based on third-party 97 

auditing of compliance with performance-based sustainable management standards 98 

(Auld et al., 2008). Under Forest certification landowners and managers have to 99 

comply with a set of sustainable management standards that include environmental 100 
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and socio-economic criteria (Auld et al., 2008). Products generated in areas under 101 

forest certification are labelled for consumer recognition and have higher market 102 

value (Gulbrandsen, 2010). Certification has been expanding worldwide with the two 103 

largest certification schemes, the Program for the Endorsement of Forest 104 

Certification (PEFC) and the Forest Stewardship Council (FSC), covering currently 105 

251 and 186 million hectares, corresponding to 6.27 and 4.65% of the world's 106 

forests, respectively (FSC, 2014; PEFC, 2014). 107 

 108 

The dominant certification scheme in Mediterranean oak woodlands is FSC 109 

certification, which requires landowners and managers to establish conservation 110 

zones in their estates. These zones usually correspond to a tenth of the estate area 111 

and are primarily managed for biodiversity conservation (Tollefson et al., 2009). 112 

Studies on the impacts of FSC certification and conservation zones are mostly 113 

limited to tropical regions (e.g. Bennett, 2001; Gullison, 2003) and generally 114 

conclude that FSC certification has positive effects on forest conservation (Putz et al 115 

2012). There are very few studies on the impacts of FSC certification on temperate 116 

forests and Mediterranean oak woodlands. For instance, Dias et al. (2015) found that 117 

FSC certification benefited the ecological condition of Mediterranean streams 118 

crossing certified cork oak woodlands.  119 

 120 

Cork oak woodlands are typical of the Western Mediterranean Basin and cover 1.5 121 

million hectares in Southwest Europe and 1 million hectares in North Africa (J. 122 

Pausas et al., 2009). These ecosystems harbour high levels of biodiversity (Díaz et 123 

al., 1997) and provide cork, a non-timber forest product harvested every 9 to 12 124 

years which is mainly used for bottle stoppers (over 70% of the production) but also 125 
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in other uses such as insulation, flooring or decoration (Aronson et al., 2009). As in 126 

other Mediterranean oak woodlands, low cork oak regeneration is threatening this 127 

ecosystem (Pausas et al., 2009). The largest cover by cork oak occurs in Portugal 128 

(approximately 736 000 ha corresponding to 40% of its distribution) where c. 100 129 

000 ha are under FSC certification. In FSC certified conservation zones landowners 130 

are allowed to harvest cork but livestock grazing and shrub clearing, for example, are 131 

halted or significantly reduced. Outside conservation zones these activities are  132 

allowed, but must be conducted according to environmental standards that include, 133 

for example, not using heavy machinery (e.g. disc harrows)  when clearing shrubs. 134 

 135 

The main purpose of the present study was to assess whether the creation of 136 

conservation zones in FSC certified areas in Mediterranean oak woodlands can 137 

promote oak regeneration. We compared 1) the abundance of seedlings, saplings 138 

and young cork oak trees and 2) the cover and diversity of Mediterranean 139 

shrublands, in conservation zones and adjacent non-conservation zones in FSC 140 

certified cork oak woodlands.  141 

 142 

2. Methods 143 

 144 

Study area 145 

 146 

The study area is located in Southern Portugal, in the Alentejo region. The terrain is 147 

relatively hilly with a mean altitude of 54 metres above sea level. The climate is sub-148 

humid Mediterranean, with a mean annual temperature of 16ºC and an average 149 
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rainfall of 730 mm/year (AEM and IM, 2011). The dominant soil types are litholic 150 

humic and non-humic soils and podzols (Cardoso, 1974). 151 

 152 

Cork oak woodlands are the dominant forest type in this region (42% of the study 153 

area) (Fig. 1) and are characterized by a sparse tree cover of cork oak, mixed with 154 

holm oaks Quercus ilex rotundifolia Lam. or pine trees and a diverse understory of 155 

shrublands (e.g. rockroses Cistus spp., gorse Ulex spp., basil-leaved rock rose 156 

Hallimium ocymoides Willk., topped lavender Lavandula stoechas L. and rosemary 157 

Rosmarinus officinalis L.) interspersed with grasslands (e.g. Agrostis spp., Avena 158 

spp., Bromus spp.), pastures, fallows and cereal crops (Bugalho et al., 2009). Other 159 

landuses include agricultural areas and pastures (27%), blue gum Eucalyptus 160 

globulus Labill plantations (9%) and stone pine (Pinus pinea L.) and maritime pine 161 

(Pinus pinaster L.) plantations (12%). 162 

 163 

Field sampling 164 

 165 

We surveyed eight FSC certified cork oak woodland estates, seven of which with six 166 

years of certification and one with four years (Table 1). Across these estates we 167 

surveyed a total of 14 conservation zones, (Fig. 1) for oak regeneration, shrub cover, 168 

richness and diversity and adult tree cover, using line transects, as described below.  169 

We also surveyed areas adjacent to conservation zones with approximately same 170 

size and similar shape, henceforth referred to as non-conservation zones. Three to 171 

five 50 metre line transects were randomly established in each conservation and 172 

non-conservation zone. Overall we established 86 transects, 41 in conservation 173 

zones and 45 in non-conservation zones (Table 1). 174 
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 175 

To estimate the abundance of cork oak regeneration we used distance sampling 176 

(Buckland et al., 2001). Distance sampling is a method for estimating population 177 

density based on surveying a number of randomly located transects. An observer 178 

travels along these transects and measures the perpendicular distance between 179 

each observation and the line. The method assumes the detection probability of an 180 

individual decreases with distance from the line, objects are stationary, all individuals 181 

located on the line are detected and distances are measured without error (Thomas 182 

et al., 2010). The distribution of the distances is used to estimate a detection 183 

function, expressing the probability of detecting an individual at a given distance. 184 

Numerical and factor covariates (e.g. plant height or habitat type) can be included in 185 

the detection function to improve model fit (Marques et al., 2007). The probability of 186 

detection can be incorporated into a robust (Horvtiz-Thompson-like) density 187 

estimator of abundance (Thomas et al., 2010). We recorded cork oak seedlings, 188 

saplings and young trees as well as the height of each recorded plant. Plants were 189 

classified as seedlings (height ≤ 10 cm), saplings (10 cm < height ≤ 50 cm) and 190 

young trees (50 cm< height ≤ 4 m and diameter at breast height ≤ 20 cm) following 191 

the classification proposed by Pons and Pausas (2006). We used this classification 192 

since it was developed for a region in Spain whose edaphoclimatic characteristics 193 

are similar to those in our study area, where cork oak growth is likely to be similar. 194 

We are aware that distance sampling is not common in vegetation surveys, despite 195 

the fact its assumptions are easily met in these studied, as there are no evasive 196 

movements and distances can be measured accurately (Buckland et al 2001). 197 

Distance sampling can offer some advantages relatively to conventional methods 198 

such as quadrat sampling, which consists in counting all individuals in a given 199 
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sampling unit that can be of rectangular or circular shape (Krebs, 1998). Distance 200 

sampling does not assume that all individuals are counted, regardless of habitat 201 

conditions, which may not be possible for small plants and incorporates this 202 

uncertainty in the estimates.  Also, surveyors can prospect larger areas in shorter 203 

periods, which is particularly important in highly heterogeneous areas such as 204 

Mediterranean oak woodlands.  205 

 206 

We used the line intercept method to measure (relative) shrub cover (Canfield, 1941; 207 

Krebs, 1998). This method consists in recording shrub species intercepted by the 208 

transect and recording lengths of shrub canopy projections along the transect. Shrub 209 

cover is calculated by dividing the intercept lengths of a species by the length of the 210 

transect. The diversity of shrub species was calculated using the Shannon-Weaver 211 

diversity index (Krebs, 1998). 212 

 213 

We used the point-centered quarter method to measure (absolute) tree cover 214 

(Pollard, 1971). This method requires selecting a number of points along the transect 215 

and dividing the area around each point in four 90º quadrants. The distance between 216 

each points to the nearest tree, in each quadrant, is measured. We selected one 217 

point at the beginning, one at the middle (25 metres) and one at the end of each 218 

transect to avoid measuring the same individual at two successive points. Only trees 219 

with a diameter at breast height >=20 cm (adult trees) were considered. The 220 

diameter at breast height of each selected tree was recorded to calculate the basal 221 

area of the trees, which is a proxy for tree cover. With this information, using the 222 

point-centered quarter method, we computed the absolute cover of each tree 223 

species. Cork had the highest relative tree cover (> 90%) both on conservation and 224 
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non-conservation zones and the relative cover by other species was negligible. All 225 

field sampling work was conducted by the same 2 observers (FSD and JM). 226 

 227 

 228 

Density surface models 229 

To model the effect of conservation zones on the abundance of cork oak seedlings, 230 

saplings and young trees we used density surface modelling (DSM) (Hedley and 231 

Buckland, 2004; Miller et al., 2013). This is a two-stage approach that involves 1) 232 

fitting a detection function to the distance data and using it to estimate the 233 

abundance of oak regeneration in each transect and 2) building a generalized 234 

additive model (Wood, 2006) to relate oak abundance per transect to environmental 235 

covariates. 236 

 237 

Uniform, half-normal and hazard-rate detection functions were fitted to the data. 238 

Along with the adjustment terms, height of oak plants, shrub cover, tree cover were 239 

included as covariates (one or two variables at a time) as they may affect plant 240 

detectability. “Zone code”, a 27 level categorical variable with levels corresponding to 241 

each surveyed conservation and non-conservation zone, was also added as a 242 

covariate. Observed distances were truncated at six metres based on visual 243 

inspection of the detection function superimposed on the histogram of distances 244 

(Buckland et al., 2001) (Appendix A). The best detection function was selected using 245 

Akaike’s Information Criteria (AIC). All analyses were implemented using the 246 

Distance package version 0.9 for R version 3.0.1 (R Core Team, 2014). Oak 247 

regeneration abundances were estimated per transect from the detection function 248 

using a Horvitz-Thompson-like estimator (Borchers et al., 1998). 249 
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 250 

Models for the abundance of seedlings, saplings and young trees per transect were 251 

implemented using Generalized Additive Models (GAM) (Wood, 2006). Expected 252 

abundances in each transect were assumed to follow a Tweedie or quasi-Poisson 253 

distribution. The Tweedie power parameter was estimated during model fitting. The 254 

explanatory variables included the variable “zone type” which has two levels 255 

corresponding to conservation and non-conservation zones. Variables were divided 256 

in two groups “local” and “topographic”. This division allowed us to analyse the 257 

effects of local and topographic variables on cork oak regeneration, while minimizing 258 

correlation problems. 259 

 260 

Local variables included absolute cover of adult trees and the cover, species 261 

richness and diversity of shrubs. For assessing effects of shrub cover on cork oak 262 

regeneration we only considered the most frequent and dominant shrubs (i.e. 263 

occurring in more than 20% of transects) as those are the most likely to affect 264 

positively (facilitation) or negatively (competition) cork oak regeneration. Species 265 

richness and diversity were calculated using all recorded species. Shrub species that 266 

occurred in more than 20% of transects were: Cistus salviifolius L., C. crispus L., 267 

Ulex spp., Rosmarinus officinalis L., C. monspeliensis L. and Lavandula stoechas L.. 268 

We used individual species shrub cover and not total shrub cover in this analysis as 269 

shrubs may have facilitative or competitive effects on cork oak regeneration 270 

according to species identity. Species richness and species diversity were calculated 271 

using all encountered species. The topographic variables, which include slope, 272 

aspect and soil type were gathered from a Digital Elevation Model (METI and NASA, 273 

2011) and Portugal's Soil Chart (Cardoso, 1974) (Table 2) using QGIS 2.2 (QGIS 274 
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Development Team, 2014). Each group of variables was used to fit the local and 275 

topographic variables. 276 

 277 

GAMs were fitted with the dsm package (Miller, 2014) for R 3.0.1 (R Core Team, 278 

2014). Thin plate regression splines were used as the basis for the model's smooth 279 

terms. Basis complexity was selected by specifying an overly wiggly basis and then 280 

letting the penalty select the correct wigglyness of the term (Wood, 2006). To assess 281 

the degree of correlation and multiple correlation between the covariates, we 282 

calculated variance inflation factors (VIF) (Fox and Weisberg, 2010), all covariates 283 

had a VIF <3. Smoothness selection for the smooth terms was performed via 284 

restricted maximum likelihood (REML), because the REML criteria tends to have a 285 

more pronounced optima (Wood, 2011). The area surveyed in each transect 286 

multiplied by the average detection probability was used as an offset to account for 287 

effort expended. An estate identifier was included as an eight level random effect to 288 

account for non-independence in abundance within the same estate (Wood, 2013). 289 

Smooth terms were selected using approximate p-values (p < 0.05) and an extra 290 

penalty was included in the model that allowed each smooth term to be removed 291 

during model fitting (Marra and Wood, 2011). Deviance residuals were checked for 292 

normal distribution and constant variance (Wood, 2006). Spatial autocorrelation was 293 

assessed by examining a correlogram built with model residuals using function 294 

“correlogram” from the R package “spatial” (Venables, 2003). 295 

 296 

Shrub cover, richness and and diversity 297 

 298 
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For comparing the cover and diversity of shrub species between conservation and 299 

non-conservation zones, we applied linear mixed effects models using the R 300 

package “nlme” (Pinheiro and Bates, 2009). Shrub cover, richness and diversity were 301 

used as response variables and “zone type” (categorical variable) as the 302 

independent variable. 303 

We checked the model residuals for violations of normality and homogeneity and for 304 

spatial autocorrelation (Zuur et al., 2009). When homogeneity was violated a 305 

“VarIdent” variance structure was added to the model. To check for spatial 306 

autocorrelation a semivariogram was analysed. When spatial autocorrelation was 307 

detected we added a Gaussian correlation structure to the model. We determined if 308 

the random effects of the models were normally distributed by histogram inspection 309 

(Pinheiro and Bates, 2009). 310 

 311 

3. Results 312 

 313 

We counted 2409 cork oak plants in the 86 line transects. From these, 717 were 314 

seedlings, 1028 were saplings and 332 were young trees. The density of seedlings, 315 

saplings and young trees in conservation and non-conservation zones was (mean ± 316 

standard error of the mean) 1154 ± 144 plants ha-1 and 850 ± 173 plants ha-1, 1639 ± 317 

259 and 770 ± 119 plants ha-1 and 170 ± 33 plants ha-1 and 126 ± 31 plants ha-1, 318 

respectively. 319 

 320 

Detection function 321 

 322 
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The hazard rate detection function with plant height and zone code as covariates 323 

was selected by AIC. The other functions were poorer (ΔAIC > 59 ; Appendix A, 324 

Table A.1). The truncation distance for the detection function was 6 metres and  325 

chosen by analysing how abundance estimates changed with the truncation distance 326 

and by comparing test statistics from the Cramer-von Mises and Kolmogrov-Smirnov 327 

goodness of fit tests (Buckland et al., 2001) (Appendix B). The average detection 328 

probability was 0.338 and its coefficient of variation was 0.03. A more detailed 329 

description of the selection process of candidate detection functions can be found on 330 

Appendix B, where part of this dataset was used to exemplify the use of distance 331 

sampling methods in plant surveys. 332 

 333 

Local density surface models 334 

 335 

DSMs with Tweedie distributions were selected. Seedling abundance was 336 

significantly higher in conservation zones and increased until cork oak cover reached 337 

0.0025 m2 ha-1, lowering afterwards (Figure 2). Sapling abundance was significantly 338 

higher in conservation zones, increasing until the cover of shrub Ulex spp. Reached 339 

11.5% decreasing afterwards (Figure 3), and was negatively affected by R. officinalis 340 

cover (Figure 3). The abundance of young trees was significantly higher in areas of 341 

higher shrub diversity (Table 3 and Figure 4) 342 

 343 

Topographic density surface models 344 

 345 

DSMs with Tweedie distributions were selected for seedlings and saplings. For 346 

young trees a quasi-Poisson distribution was selected. No topographic variables had 347 
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an effect on the abundance of seedlings. The abundance of saplings was higher on 348 

the western part of the study area (Figure 5).  The abundance of young trees was 349 

significantly higher in areas with azimuth values of ~ 220 degrees (Figure 6), that is, 350 

in areas with a Southwest orientation. The abundance of young trees was also 351 

significantly lower in areas with higher percentages of cover of litholic soils and 352 

podzol soils (Figure 6 and Table 3). 353 

 354 

Comparing shrub cover and diversity between conservation and non-355 

conservation zones 356 

 357 

There were no significant differences in shrub cover between conservation (mean ± 358 

standard error of the mean) (12.46 ± 2.04 %) and non-conservation zones (10.05 ± 359 

2.55 %). However, species richness (3.64 ± 0.28 vs 2.66 ± 0.65) and diversity (0.935 360 

± 0.10 vs 0.667 ± 0.13) of shrubs were significantly higher in conservation zones as 361 

compared to non-conservation zones. As for individual species, the cover of Ulex 362 

spp. was significantly higher in conservation zones (3.467 ± 0.273 vs 1.386 ± 0.100), 363 

but no significant differences were found for other species (Table 4). 364 

 365 

4. Discussion 366 

 367 

Our results suggest the implementation of conservation zones on certified cork oak 368 

woodlands had a positive effect on oak regeneration and shrub richness and 369 

diversity. Conservation zones are set-aside areas with less intensive management 370 

where livestock grazing and shrub clearing is halted or reduced. Grazing is important 371 

for maintaining the open structure of woodlands and promotes habitat heterogeneity 372 
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(Miguel N. Bugalho et al., 2011; Veldman et al., 2015), but high grazing pressure, 373 

decreases seedling survival and reduces oak regeneration (Plieninger, 2007). Over 374 

long periods, livestock grazing may reduce soil organic matter and cause soil 375 

compaction (Belsky et al., 1999), making it harder for young cork oak roots to grow 376 

and obtain water (Serrasolses et al., 2009). Shrub clearing is conducted in cork oak 377 

woodlands to reduce the risk of wildfires (Bugalho et al., 2009). However, it should 378 

be conducted over long rotation periods (e.g. 4 to 7 years) to allow for oak 379 

regeneration and recruitment (Aronson et al., 2009). Higher abundance of seedlings 380 

and saplings in conservation zones may be associated with low or no livestock 381 

grazing and less frequent shrub clearing. The period during which the surveyed 382 

estates were under forest certification (maximum of 6 years), however, did not allow 383 

for significant differences to be detected in the abundance of young trees. This is 384 

unsurprising as cork oaks are slow growing trees (Pausas et al., 2009). It may also 385 

suggest that conservation zones were not created in areas of particularly high cork 386 

oak regeneration. 387 

 388 

Both grazing and shrub clearing reduction may explain the higher species richness 389 

and diversity of shrubs in conservation zones. It has been shown that long-term high 390 

grazing pressure reduces the species richness of the seed bank and the species 391 

richness of the above ground vegetation (e.g. Chaideftou et al., 2009). Shrub cover 392 

was similar in conservation and non-conservation areas, which may suggest grazing 393 

pressure differences and/or certification time may not have been enough to induce 394 

significant differences. The only shrub species whose cover increased in 395 

conservation zones were Ulex spp., which are very palatable species for livestock 396 
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during its early stages of development when its spines have not hardened (Rodwell, 397 

1998). 398 

 399 

The abundance of seedlings increased with higher cork oak cover, which may be 400 

explained by a higher concentration of acorns beneath the tree canopy (Weltzin and 401 

McPherson, 1999). Positive effects on the microclimate under tree canopy may have 402 

also occurred. Drought is a key factor determining seedling survival in Mediterranean 403 

climates (e.g. (Gómez-Aparicio et al., 2005)). Tree canopy may facilitate seedling 404 

survival by protecting seedlings from high temperatures (Caldeira et al., 2014; 405 

Puerta-Piñero et al., 2007) thus decreasing the need of water to transpire. Other 406 

indirect interactions include higher water availability through hydraulic lift (Brooker et 407 

al. 2008) or decreased competition with herbs whose biomass tend to be lower 408 

under oak canopies (Caldeira et al., 2014). Interestingly, seedling abundance did not 409 

respond to increased tree cover after a threshold of 0.0025 m2ha-1 was reached. This 410 

may indicate that at such a tree cover competitive interactions between adult oak 411 

trees and seedlings may be prevalent (Plieninger et al., 2010). 412 

 413 

Sapling abundance was higher in areas with intermediate levels of Ulex spp. cover 414 

but decreased with increasing cover by Rosmarinus officinalis. Ulex spp. are spiny, 415 

perennial, evergreen shrubs that can fix nitrogen and provide physical protection 416 

against livestock and shade to seedlings (Gómez-Aparicio et al. 2004). R. officinalis 417 

is an obligate seeder which is very competitive for water and soil nutrients, due to its 418 

high ratio of root length to total plant biomass (Hernández et al., 2010). These traits 419 

may explain the negative effect of R. officinalis cover on the abundance of saplings. 420 

 421 
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The abundance of young trees seems to be positively associated with higher shrub 422 

diversity. Similar results were found for other oaks in the Mediterranean region 423 

(Plieninger et al., 2011). It has been shown that areas with a history of agriculture 424 

combined with intensive grazing in Mediterranean regions tend to present low shrub 425 

diversity due to seed bank depletion (Chaideftou et al. 2009). Some of these areas 426 

may also show low levels of oak regeneration due to habitat degradation (Navarro-427 

González et al., 2013). Therefore, this result may suggest there is a higher 428 

abundance of young trees in areas where grazing and agriculture have been 429 

historically less intensive. This result may also indicate that shrub diversity increases 430 

in areas with a higher abundance of young cork oaks, possibly because of lower 431 

competitive interactions. 432 

 433 

We did not find meaningful relations between the abundance of cork oak seedlings 434 

and saplings and topographic variables. Seedling survival is highly dependent on 435 

micro-environmental conditions (Plieninger et al., 2010) and probably the large scale 436 

nature of the topographic variables we used in this study does not translate into the 437 

finer regeneration niche scale of seedlings and saplings. The abundance of young 438 

trees was higher in areas with a Southwest orientation. Cork oak growth is 439 

particularly sensitive to water but also to light availability and older trees need 440 

enough light to be able to photosynthesise and produce photo-assimilates that 441 

exceed their respiratory needs (Caldeira et al., 2014). Also, cork oaks are particularly 442 

sensitive to frost and areas with a Southwest orientation are warmer and frost is less 443 

frequent (Pausas et al., 2009). Young trees are also less abundant in areas with 444 

higher cover by litholic non humic soils and podzols, which may be due to the fact 445 

these soil types have low organic matter content and are chemically poor 446 
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(Serrasolses et al., 2009) and therefore less suitable for cork oaks. Cork oaks also 447 

develop better in soils not compacted or flooded with a structure that permits good 448 

aeration (Serrasolses et al., 2009). 449 

 450 

Due to different sizes of conservation zones it was not possible to fully account for 451 

potential edge and dispersal effects and results could have been affected by this. 452 

Nevertheless, the overall results mirrored closely the results obtained for each   453 

estate, i.e., the abundance of seedlings and saplings, as well as shrub richness and 454 

diversity were higher on conservation zones across the estates. Only a few 455 

exceptions were observed, as there were more seedlings on the non-conservation 456 

zones of the Arrão and Caniceira estates. In the same estates, shrub richness and 457 

diversity were also higher on the non-conservation zone. 458 

 459 

The results of this study suggest the creation of conservation zones may help avert 460 

the tree regeneration crisis cork oak woodlands are facing. Increasing the area 461 

allocated to conservation zones could promote cork oak regeneration in cork oak 462 

landscapes but this would imply reducing livestock grazing areas, which could have 463 

significant negative economic effects. In such cases, compensations to landowners 464 

such as payments for ecosystem services (e.g. Bugalho et al., 2015; Wendland et 465 

al., 2010) could help balance the loss of financial returns from livestock grazing. 466 

Alternatively, rotating the location of conservation zones over periods of time 467 

allowing juvenile oaks to be established could be an alternative. Ramírez et al. 468 

(2008) showed that in Central Spain setting aside areas in cork oak and holm oak 469 

woodlands for periods of 20-25 years promoted oak regeneration and balanced 470 
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numbers of old and young trees. Given that cork oaks have high longevity (>200 471 

years), this could be a viable option for promoting cork oak regeneration. 472 

 473 

Conclusions 474 

 475 

We show that conservation zones in certified Mediterranean oak woodlands promote 476 

oak regeneration and understory diversity and that increasing the area allocated to 477 

conservation zones may contribute to increase oak regeneration at the landscape 478 

scale. This suggests that conservation zones can play an important role in ensuring 479 

the long-term persistence of cork oak woodlands and promote their characteristic 480 

habitat heterogeneity on which several endemic and threatened species depend 481 

(Berrahmouni et al., 2009). We point out that these findings are likely to be highly 482 

conservative as we surveyed conservation zones in certified areas where 483 

management (even outside conservation zones) is already conducted according to 484 

environmental standards, which include the prohibition of using heavy machinery to  485 

conduct shrub clearings, even outside conservation zones. FSC certification is 486 

expanding rapidly in forest ecosystems, therefore assessing how conservation zones 487 

are contributing to forest conservation is crucial to inform the present and future 488 

implementation of certification standards. 489 

 490 
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Table 1 – Number and area of the surveyed conservation zones (CZ) and non-763 

conservation zones (NCZ) 764 

 765 

Estate Years of 

certification 

# CZ Mean area 

of CZ (ha) 

# Transects 

on CZ 

# NCZ Mean area 

of NCZ 

(ha) 

# Transects 

on NCZ 

Arrão de 

Baixo 

6 1 44.78 3 1 44.78 3 

Caniceira 6 1 19.81 3 1 19.81 3 

Cascavel 6 1 20.64 3 1 20.64 3 

Cavaleiros 4 2 19.48 6 1 19.48 3 

Fidalgos 6 5 7.72 15 5 7.72 15 
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Machoqueira 

do Grou 

6 2 100.54 9 2 100.54 8 

Onzenas de 

cima 

6 1 5.60 3 1 5.60 3 

Pereira 6 1 8.49 3 1 8.49 3 

TOTAL  14  45 13  41 

 766 

 767 

 768 

 769 

 770 

 771 

Table 2 – List of the variables included in the local and topographic density surface 772 

models 773 

Variables Name Description and units 

Seedlings abundance   Plants/transect 

Saplings abundance   Plants/transect  

Young trees abundance   Plants/transect  

Local variables 

Zone type Categorical variable with two levels, that 

distinguishes between “conservation zones” 

and “non-conservation zones”. 

Absolute cover of adult 

cork oaks m2/ha 

Shrub richness Number of species 
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Shrub diversity Shannon-Weaver diversity index 

Lavandula stoechas cover  % of cover 

Rosmarinus officinalis 

cover  % of cover 

Cistus salvifolius cover  % of cover 

Ulex spp. cover  % of cover by Ulex minor and Ulex 

australis 

Cistus crispus cover  % of cover 

Cistus monspeliensis cover  % of cover 

Altitude Metres 

Topographic variables 

 

Slope Percentage 

Aspect Azimuth 

Topographic ruggedness 

index  

Topographic position index  

Latitude  

Longitude  

Litholic soils Percentage of cover 

Clayey soils with low 

saturation Percentage of cover 

Podzol soils Percentage of cover 

  

 774 
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 775 

 776 

 777 

 778 

 779 

 780 

 781 

 782 

 783 

 784 

 785 

 786 

Table 3 – Density surface models built using local and topographic variables, 787 

selected covariates and deviance explained. Smooth functions denoted by s( ). Zone 788 

type: conservation zone (+) denotes the abundance of seedlings, saplings or young 789 

trees was significantly higher on conservation zones. 790 

 791 

Scale DSM Distribution Covariates Deviance 

explained 

Local 

Seedlings Tweedie Zone type:conservation zone (+), 

Cork oak cover, s(Estate) 

 

35.7% 

Saplings Tweedie Zone type:conservation zone (+), 

Ulex sp cover, R. officinalis cover, 

59.4% 
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s(Estate) 

Young 

trees 

Tweedie s(Shrub diversity), s(Estate) 48.9% 

Topographic 

Seedlings Tweedie Zone type:conservation zone (+), 

s(Estate) 

24.4% 

Saplings Tweedie Zone type:conservation zone (+), 

s(x and y coordinates) 

44.7% 

Young 

trees 

Poisson s(Aspect), s(Area of litholitic non 

humic soil), s(Area of podzol soils), 

s(Estate) 

63.1% 

 792 

 793 

 794 

Table 4 – Results from linear mixed effects models. The last column indicates the 795 

type (if any) of the added spatial correlation structure. P-values < 0.05 are printed in 796 

bold. “+” mean the metric had significantly higher values on conservation zones and 797 

“-” the opposite. Estimated regression parameters, standard errors and t-values can 798 

be found on Appendix B. 799 

 800 

Variable p-value Spatial correlation structure 

Species richness 

  

0.004 (+) Gaussian 

  

Shannon- 
-Weaver diversity index  

  

0.008 (+) Gaussian 
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Shrub 

cover 

Overall 0.448  

   

Rosmarinus officinalis 0.790  

   

Cistus salvifolius 0.318  

   

Ulex sp 0.010 (+) Gaussian 

   

Cistus crispus 0.919  

   

Lavandula stoechas 0.645  

   

Cistuas monspelliensis 0.161  

   

Hallimium lasianthum 0.299  

   

Cistus ladanifer 0.101  

   

Daphne gnidium 0.628  

   

Quercus lusitanica 0.455  

   

Pterospartum tridentatum 0.180  

   

Rubia peregrina 0.125  
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Hallimium ocymoides 0.317  

   

Erica australis 0.363  

   

Pistacia lentiscus 0.298  

   

Myrtus communis 0.312  

 801 

 802 

 803 

 804 

 805 

 806 

Figure 1 – Location of the estates and of the surveyed conservation zones (purple) 807 

and non-conservation zones (grey). Land use inside and outside of the surveyed 808 

estates is also shown. All estates have Forest Stewardship Council Certification 809 

(FSC). Smaller pairs of conservation and non-conservation zones are highlighted 810 

with a circle.  Note that on inset “2” two estates are represented, “Machoqueira do 811 

Grou” and “Arrão”. 812 

 813 

 814 

 815 

 816 

 817 
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 819 

 820 

 821 

 822 

 823 

 824 

 825 

 826 

 827 

 828 

 829 

 830 

Figure 2 - Local seedlings model - smooth function of the variable Cork oak cover 831 

(m2/ha). 832 

 833 

 834 

 835 

 836 

 837 
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 839 

 840 
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 844 

 845 

 846 

 847 

 848 

 849 

 850 

 851 

 852 

 853 

 854 

 855 

Figure 3 – Local saplings model - smooth functions for the variables Ulex sp cover 856 

(%) and Rosmarinus offinalis cover (%) included in the local saplings model. 857 

 858 

 859 

 860 

 861 

 862 
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 865 

 866 

 867 
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 870 

 871 

 872 

 873 

 874 

 875 

 876 

 877 

 878 

 879 

 880 

Figure 4 – Local young trees model - smooth functions for the variable shrub 881 

diversity. 882 

 883 

 884 

 885 

 886 

 887 

 888 

 889 

 890 

 891 

 892 
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 894 

 895 

 896 

 897 

 898 

 899 

 900 

 901 

 902 

 903 

 904 

Figure 5 – Topographic saplings models – this image shows how the abundance of 905 

saplings changes with the x,y coordinates. Saplings abundance is shown in a colour 906 

gradient ranging from light grey (lower) to dark grey (higher).  907 

 908 

 909 

 910 

 911 

 912 

 913 

 914 

 915 

 916 

 917 
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 918 

 919 

 920 

 921 

 922 

 923 

 924 

 925 

 926 

 927 

 928 

 929 

Figure 6 – Topographic young trees model - smooth functions aspect (expressed as 930 

azimuth value), cover of litholic soils (%) and cover of podzol soils (%). 931 
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