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ABSTRACT 

Context Excessive recruitment in post-fire regeneration of Pinus halepensis can require 

pre-commercial thinning. The 1994 Moratalla fire (Spain) and the thinning applied there 

since 2004 provided good conditions for testing pre-commercial thinning effectiveness. 

Aims To analyse pre-commercial thinning effects on tree size, reproductive potential, stem 

biomass and annual growth in 15-year-old saplings. 

Methods Twenty nine circular plots (5 m radius) were established based on 1) years since 

thinning and 2) aspect. Non-thinned plots were included as controls. Sapling variables were 

measured and pine cones were counted and classified according to maturity. Three saplings 

per plot were felled, five sample disks were extracted from each and tree rings were 

analysed with Windendro ® software. 

Results Sapling size, annual growth and stem biomass were higher in thinned plots than in 

control plots 2-4 years after thinning. Annual growth declined five years after thinning. 

Cone counts were higher 2-5 years after thinning, depending on the cone type. Aspect 

influenced some variables.  

Conclusion Thinning accelerated stand maturity but positive effects were indiscernible 

until 2-5 years later. Serotinous cones, which are fundamental to regeneration after fire, 

increased in number after five years. The effects of aspect were inconclusive due to 

interactions with years since thinning. 
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1 INTRODUCTION 

Although fire is considered a perturbation inherent to Mediterranean basin forests 

because of its high frequency and the adaptation of some species to fire, global changes in 

climate and land use are directly affecting fire dynamics (Moriondo et al. 2006). Climate 

forecasts for the Mediterranean region in the next decades indicate higher temperatures and 

lower precipitation irregularly distributed between and within years (IPCC 2007). In such a 

scenario, relative humidity will be lower, forest fuel drier and fire risk higher; burned areas 

and the intensity and frequency of fires are expected to increase (Moriondo et al. 2006). 

Mediterranean forests could be at risk if fires become more frequent than the mature age of 

the species.  

Resprouting or serotinity are adaptations to ensure regeneration after a fire. Pinus 

halepensis and Pinus brutia Ten., two of the most important species in the Mediterranean 

ecosystems, have serotinous cones that retain mature seeds for dispersal after fire 

(Daskalakou and Thanos 1996, Boydak 2004). The presence of serotinous cones and the 

number of seeds they carry are key factors for good post-fire regeneration of the entire 

Pinus genus (Vega 2003), and especially Aleppo Pine –Pinus halepensis– (Ne’eman et al. 

2004). Post-fire regeneration of Pinus halepensis is usually more than adequate, because it 

is adapted to xeric conditions and its serotinous cones open after fire to regenerate the stand 

(Daskalakou and Thanos 1996). When Aleppo Pine seedling density is excessive, pre-

commercial thinning interventions become necessary (Vega 2003). These treatments also 

reduce fire risk by controlling fuel continuity. 

Pinus halepensis can grow in difficult environmental conditions and is a main species for 

restoring arid and semi-arid Mediterranean areas. However, mono-specific P. halepensis 

plantations could have negative effects: in large plantations soil humidity is lower than in 

other floristic communities, successional processes are slower and wildlife biodiversity is 

reduced due to the homogenization of the landscape and the reduction of habitat diversity 

(Maestre and Cortina 2004). P. halepensis plantations in Mediterranean areas are a 

common recourse for establishing tree cover and conserving soil in degraded areas. In the 

first phases, this species improves the vertical structure of the forest, but the richness and 

diversity of undergrowth species is diminished (Chirino et al. 2006). However, timely 

treatments such as thinning or pruning could improve conditions for understory plant 
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species in mono-specific plantations (Navarro et al. 2010a). However, the benefits and risks 

of thinning to reduce sapling density after a fire are not well-defined. Positive effects of 

thinning in post-fire regeneration of P. halepensis have been observed for cone production, 

structural pattern and plant diversity (González-Ochoa et al. 2004; De las Heras et al. 2007; 

Moya et al. 2009); but negative effects have also been observed after treatment, such as 

higher levels of defoliation from Pachyrhinus squamosus Kiesenwetter (González-Ochoa et 

al. 2002). Moreover pre-commercial thinning influenced also allometric equations and 

carbon partitioning in P. halepensis regenerated after fire (De las Heras et al. 2012). 

The objective of this study was to analyse the effect of pre-commercial thinning on post-

fire regeneration of P. halepensis in the Mediterranean area. To accomplish this objective 

post-fire regeneration saplings were analysed considering two factors: 1) years since the 

thinning (2, 3, 4 or 5) and 2) aspect (north or south). The pre-commercial thinning was 

carried out by the Murcia Regional Forest Service from 2004 to 2007 so the data obtained 

is directly related with forest management strategy and will serve to define the most 

appropriate strategy for this type of situations.  

2 MATERIAL AND METHODS 

P. halepensis regeneration was analyzed in the area burned in the 1994 Moratalla 

fire, which destroyed 24 817 ha of forest in south-eastern Spain. Most of the area affected 

was populated by natural P. halepensis stands. Regeneration was so excessive that pre-

commercial thinning was carried out from 2004 to 2011 to reduce tree density.  

2.1 Study area and description of pre-commercial thinning  

The study area is located in P. halepensis stands affected by the 1994 fire in the 

Sierra del Cerezo mountain range, near the village of Moratalla, in the province of Murcia 

(Spain) (Figure 1). This mountain range, with an elevation of 1140 m, is located mainly in 

SW-NE aspect and formed by limestone and dolomitic materials.  

The climate is Mediterranean with strong summer drought (low precipitation and very high 

temperatures in summer mean drought when precipitation is minor than two times mean 

temperature. Figure 1) and important rainfalls during winter. Annual mean air temperature 

is 12.1 ºC and mean annual precipitation is 416 mm (Rivas-Martínez and Rivas-Sáenz 

1996-2009). Accompanying vegetation includes Juniperus oxycedrus L., Daphne gnidium 
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L., Rosmarinus officinalis L., Thymus vulgaris L., Cistus clussi Dunal and tree species such 

as Quercus ilex subsp. ballota (Desf.) Samp. in xeric areas and Quercus faginea Lam. in 

more humid areas.  

After the Moratalla fire, P. halepensis stands regenerated profusely in most areas, with 

more than 80000 seedlings/ha in some places (density estimated in control plots). From 

2004 to 2011, the Murcia Regional Forest Service carried out a pre-commercial thinning 

intervention project in areas where initial density was higher than 2000 saplings/ha. Semi-

systematic pre-commercial thinning was implemented mechanically by de-brushing strips 

of land 3 meters wide and complemented by manual pre-commercial thinning between 

strips, to obtain a final density of 1600 trees/ha. All remaining saplings were pruned and 

woody coarse debris was triturated. To improve stand biodiversity, shrubs and Quercus 

species were not eliminated. This treatment was applied yearly from 2004 to 2007 in the 

area of the study and the sampling took place in 2009. 

2.2 Sampling design and data 

This analysis of the effects of thinning on the post-fire regeneration was based on 

two factors: 1) years since the thinning (2, 3, 4 or 5) and 2) aspect (north or south). Control 

areas where thinning had not yet been applied were included. In June of 2009, twenty-nine 

circular plots (5 m radius) were established to represent all factor combinations except ‘2 

years after thinning, north aspect’, which was not found in the study area. Three replicate 

plots for each year and aspect were sampled, and four control plots (non-thinned stand) for 

each aspect were established. The plots were divided into three sectors, with the first 

division line always indicating north for uniform referencing in the sampling process 

(Figure 1a). 

In the south-aspect plots and controls, total height (accuracy ± 1 cm) and basal 

diameter (accuracy ± 1 mm) of all saplings were measured. Diameter at breast height was 

not measured because most of the saplings were of insufficient height. Three types of cones 

were also counted for each sapling following the methodology proposed by De las Heras et 

al. (2007): new (small, green cones less than two years old), mature brown (closed mature 

brown cones between two and three years old) and serotinous (closed grey cones over three 
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years old). Open cones were not counted. Finally, three saplings were selected and felled 

for dendroecological analysis of annual growth. 

 
 

Figure 1 Location of the burned zone and the study area with a climodiagram of Moratalla (Murcia) and 

outlines of plot designs. Climodiagram from Rivas-Martínez and Rivas-Sáenz (1996-2009). 

 

Since post-fire density is usually higher in north-aspect P. halepensis stands than in 

south-aspect stands (Pausas et al. 2004), sampling in north-aspect control plots was 

adjusted accordingly. Three 1 m x 1 m sub-plots were marked 2 meters from the center of 

the plot on each of the division lines (Figure 1b). All saplings and cones in the sub-plots 

were counted and the total height and basal diameter were measured for three selected 

saplings per sub-plot. One sapling per sub-plot was then selected and felled for 

dendroecological analysis of annual growth.  

2.3 Dendroecological analysis 

Dendroecological methods were implemented to analyze annual growth (accuracy ± 

1 mm). Along the division lines of the plots, the sapling nearest to the point 2 meters from 

the centre was selected (Figure 1c). However, in north aspect control plots, the sapling was 

selected from the centre of the sub-plot and felled. Five disks were extracted: the first from 

the base and the remaining four from points distributed uniformly along the stem. The disks 
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were sanded for ring identification with Windendro® software (Regent Instruments Inc., 

2002). 

Annual growth data were obtained from the basal disk and stem biomass data were 

obtained from all the disks of each sapling. Moreover rings were counted to know the age 

of the saplings. Most of them were 14 years old (date of first ring 1995). Sapling volume 

estimates were based on truncated cones between disks and a cone from the last disk to the 

apex. Basic density was calculated with Kollmann’s formula (1959), using 0.610 as the 

normal density of Pinus halepensis (Centre de la Propietat Forestal 2004). Sapling stem 

biomass was then calculated by multiplying estimated sapling volume and basic density.  

2.4 Variables 

The variables were divided into four groups (Table 1): size (basal diameter and height), 

reproductive potential (number of cones), biomass and annual growth. All plot saplings 

were included in the analysis of reproductive potential; saplings selected for 

dendroecological analysis were used to analyse stem biomass and annual growth. Size was 

analysed first by including all saplings in the plot and then using only the selected saplings.  

 
Table 1. Characteristics of the variables analysed: sampling size (n), mean, maximum, minimum and standard 

deviation (sampling size of height is minor than basal diameter due to a failure in data sampling). Annual 

growths were calculated considering the date of the thinning. 

 n Mean Max Min 
Standard 

deviation 

Basal diameter (cm) 266 5.23 16.40 0.35 3.06 
Size 

Height (m) 265 1.95 5.50 0.30 0.91 

New cones 29 5540.35 16552.11 0.00 4592.53 

Mature cones 29 5120.79 30000.00 0.00 7077.09 

S
ap

li
n

g
s 

o
f 

th
e 

p
lo

t 

Reproductive 

potential 
(cones/ha) Serotinous cones 29 1011.39 6666.667 0.00 1567.86 

Basal diameter (cm) 79 5.17 12.55 0.50 2.63 
Size 

Height (m) 79 1.95 5.50 0.66 0.85 

Stem biomass (kg) 79 0.097 0.904 0.002 0.128 

1 year after 165 2.09 8.91 0.24 1.75 

2 years after 63 2.94 7.20 0.29 1.69 

3 years after 54 4.15 19.99 0.58 3.10 

4 years after 36 4.06 8.17 1.15 1.77 

5 years after 18 2.80 4.60 0.96 0.95 S
el

ec
te

d
 s

ap
li

n
g

s 

Annual growth 
after thinning 

(mm) 

Control (non thinned) 80 1.27 5.55 0.18 1.10 
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2.5 Statistical analysis 

2.5.1 Size 

Tree size was studied in two ways. First, an analysis of variance (ANOVA with a 

Tukey test) was applied to all saplings in the plot using two factors: years since thinning 

and aspect. Second, the same factors were used in an analysis of covariance (ANCOVA 

with a Tukey test) applied to the saplings selected for dendroecological analysis, with 

growth before thinning as a covariable. Calculating growth before thinning we considered 

10 years for control plots and plots treated 5 years ago, 11 years for plots treated 4 years 

ago, 12 years for plots treated 3 years ago and 13 years for plots treated 2 years ago. Slope 

and elevation were also considered as a covariable, but were not significant. The square 

root transformation was applied to size data in all tests, in order to satisfy normality and 

homoscedasticity assumptions. Variables are shown with transformation.  

2.5.2 Reproductive potential 

A mixed linear model was used to analyse reproductive potential (number of cones 

per hectare) because none of the variable transformations allowed for analysis with general 

linear models. Three factors were considered: years since thinning, aspect and cone type. 

For this test, the logarithm plus 1 transformation was used for reproductive potential which 

is shown with transformation. The mathematic formulation of the model is as follows: 

yijkl=µ+αi+βj+γk+αβij+αγik+βγjk+αβγijk+εijkl 

where: i ≡ 1, 2, 3, 4; j ≡ 1, 2; k ≡ 1, 2, 3; l ≡ 1, 2, … 29; and yijkl≡ variable to analyse for 

Plot l, years since thinning i, aspect j and cone type k; µ ≡ general mean effect; αi ≡ effect 

of years since thinning i (i= non thinned, 2, 3, 4, 5 years after thinning); βj ≡ effect of aspect 

j (j = North, South); γk ≡ effect of cone type k (k= new, mature, serotinous); αβij ≡ effect of 

interaction between years since thinning i and aspect j; αγik ≡ effect of interaction between 

years since thinning i and cone type k; βγjk ≡ effect of interaction between aspect j and cone 

type k; αβγijk ≡ effect of interaction between years since thinning i, aspect j and cone type k; 

εijkl≡ random error for Plot l, with years since thinning i, aspect j and cone type k having 

normal (0, σ
2

j) and independent distributions. 
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2.5.3 Stem biomass  

ANCOVA with a Tukey test considering growth before thinning as a covariable was 

used to analyze the influence of thinning during the first years on stem biomass. Elevation 

and slope were also considered as covariables, but were not significant. The square root 

transformation was used on biomass data in order to satisfy normality and homoscedasticity 

assumptions. Variable is shown with transformation.  

2.5.4 Annual growth 

After square root transformation to meet assumptions of normality and 

homocedasticity, annual growth was also analysed by ANCOVA with a Tukey test. The 

two factors considered were aspect and years since thinning, but in this case years since 

thinning had 6 levels. The dendroecological analysis made it possible to determine annual 

growth one year after thinning, even though no plots were thinned in 2008. Two 

covariables were considered for this analysis: growth before thinning and total annual 

precipitation in the current hydrological year (October 1
st
 to September 30

th
). Elevation and 

slope were also tested as covariables but they were not significant. Precipitation was used 

as a covariable because rainfall is a key variable for P. halepensis growth (Olivar et al. 

2009) and strong climatic differences were recorded between 2004 and 2007, the years 

when the plots were thinned (Table 2). This variable is shown with transformation. All 

analyses were performed with the SAS 9.2 statistical package (SAS Institute Inc., USA). 

 
Table 2 Climatic data: mean annual temperature (ºC) since 1st October to 30th September; Total annual 

precipitation (mm) since 1st  October to 30th September; total spring precipitation (mm) considering March, 

April and May; total winter precipitation (mm) considering December, January and February. Mean annual 

temperature of 2008 was estimated with a local lineal regression and available data.  

 2004 2005 2006 2007 2008 

Mean annual temperature (ºC) 14.3 14.5 14.4 14.6 14.0 

Total annual precipitation (mm) 775.3 359.0 410.0 643.4 483.9 

Total spring precipitation (mm) 358.0 63.5 160.5 257.9 167.0 

Total winter precipitation (mm) 112.5 212.0 112.0 122.5 102.5 

 

3 RESULTS  

3.1 Size 

In the ANOVA, years since thinning, aspect and the interaction between them were 

significant for both variables of size (P<0.05). Average basal diameter was larger 5 years 
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after thinning, but differences among other plots were less clear. Lower mean basal 

diameter was found in control plots, where thinning had not been applied; but the 

differences between these and 2 and 3 years after thinning were not significant (Figure 2 

and Supplementary table 1). However, basal diameter was significantly larger in plots with 

south aspect than in those with north aspect (Figure 2 and Supplementary table 1). 

 
 

Figure 2. Mean values and confidence intervals of transformed size variables of all saplings of the plot 

depending on years since thinning and aspect: basal diameter (cm), height (m) and comparison between factor 

levels: levels with same letters means no significant differences (P>0.05). 

 

Regarding the interaction between years since thinning and aspect, mean basal 

diameter was significantly higher for south aspect in control plots and 5 years after 

thinning, but higher with north aspect 4 years after thinning. Lower mean basal diameter 

was observed in control plots with north aspect. There were no significant differences 

between aspects 3 years after thinning (Supplementary table 1). 
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Average height was greater 5 years after thinning. Clear differences were not 

observed among the other time levels, though lower mean height was observed 3 years after 

thinning. There were no significant differences between control plots and 2 years after 

thinning. Average height was greater with north aspect than with south aspect (Figure 2 and 

Supplementary table 2).  

Finally, analysis of interactions between factors revealed greater heights for north 

aspect, with two exceptions: tree height was greater in control plots with south aspect and 3 

years after thinning showed no differences between aspects. Greater average heights were 

obtained 5 years after thinning with north aspect and lower average heights were recorded 3 

years after thinning with north aspect (Supplementary table 2).  

The saplings selected for dendroecological analysis were also used for the second 

size analysis, because the dendroecological analysis allowed us to determine growth before 

thinning. ANCOVA was applied to the saplings, with growth before thinning as covariable. 

Years since thinning and interaction between factors were found to be significantly related 

to basal diameter, while years since thinning and aspect were significantly related to height, 

(P<0.05).  

Higher mean basal diameters were found 5 years after thinning, but there were no 

significant differences in mean basal diameter between 2 and 4 years after thinning, (Figure 

3 and Supplementary table 3). Lower mean basal diameter was recorded for control plots 

where thinning had not been applied.  

 
Figure 3. Mean values and confidence intervals of transformed size variables of selected saplings depending 

on years since thinning and aspect: basal diameter (cm), height (m) and comparison between factor levels: 

levels with same letters means no significant differences (P>0.05). 
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Interaction between factors showed larger mean basal diameters in plots with north 

aspect 4 years after thinning and in control plots with south aspect. There were no 

significant differences regarding aspect for the other years. Higher basal diameter was 

recorded 5 years after thinning with south aspect and lower basal diameter in control plots 

with North aspect (Supplementary table 3). 

Greater results for average height were obtained 5 years after thinning, though there 

were no significant differences between these and 4 years after thinning. Lower average 

heights were obtained for control plots and 2 and 3 years after thinning, with no significant 

differences among them. Finally, average height was significantly greater in plots with 

north aspect than in those with south aspect (Figure 3 and Supplementary table 4). 

Size was analysed for all saplings by ANOVA. The saplings selected for 

dendroecological analysis were then analysed by ANCOVA, using growth before thinning 

as a covariable. The results were more conclusive with previous growth as a covariable, and 

R-square increased (0.376 vs 0.814 for basal diameter and 0.233 vs. 0.625 for height) with 

a covariable. 

3.2 Reproductive potential 

Based on a p-value of 0.05, type, years since thinning and the interaction between 

years and type were found to be significant. New cones were significantly more abundant 

and mature cone counts were significantly higher than serotinous cone counts. Higher 

average cone counts were observed 5 years after thinning. Lower results were observed 2 

years after thinning, though there were no significant differences between these and control 

plots and 3 and 4 years after thinning (Supplementary table 5).  

Average new cone counts were significantly higher 2 years after thinning, though 

there were no significant differences between these and 3 and 5 years after thinning. Lower 

results for new cones were observed in control plots, though there were no significant 

differences between these and 3 and 4 years after thinning. Mature cone count averages 

were higher 5 years after thinning and there were no significant differences between these 

and 4 after thinning. Lower results for mature cones were observed in control plots, though 

there were no significant differences between these and 2 and 3 years after thinning. 

Serotinous cone counts increased significantly 5 years after thinning and there were no 
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significant differences between control plots and other thinned plots (Figure 4 and 

Supplementary table 5).  

 
Figure 4. Mean values of transformed potential reproductive depending on years since thinning considering 
three types of cones. 

 

New cones were significantly more abundant than new and serotinous cones 2 and 3 

years after thinning. However, mature cones were significantly more abundant than new 

cones 4 years after thinning. There were no differences between new and mature cones 5 

years after thinning. Serotinous cones always had lower results, although there were no 

significant differences between these and mature cones in control plots and 2 and 3 after 

thinning. Finally, there were no significant differences among cone types in control plots 

(Figure 4 and Supplementary table 5). 

3.3 Stem biomass 

Years since thinning and aspect were significant (P<0.05), but interaction between 

factors was not significant. The largest average results were obtained 4 and 5 years after 

thinning, respectively, and the differences between them were not significant. The smallest 

average stem biomass was recorded for control plots (Figure 5 and Supplementary table 6) 

and average stem biomass was found to be significantly greater in plots with north aspect 

than in plots with south aspect.  
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Figure 5. Mean values and confidence intervals of transformed stem biomass (kg) and transformed annual 

growth (mm) of selected saplings depending on years since thinning and aspect: comparison between factor 

levels with same letters means no significant differences (P>0.05). 

 

3.4 Annual growth 

Years since thinning and interaction between years and aspect were found to be 

significant but aspect was not significant (P<0.05). Lower average results were obtained in 

control plots though there were no significant differences between these and 1 year after 

thinning. Higher results were obtained in 3 and 4 years after thinning with no significant 

differences between them. There were also no significant differences between 2 and 5 years 

after thinning. This reveals that there was no annual growth increment one year after 

thinning in thinned plots; then growth peaked 3-4 years after thinning and decreased after 5 

years, but was still higher than in control plots (Figure 5 and Supplementary table 7). 

Finally, in thinned plots there was no significant interaction between years since thinning 

and aspect; but in control plots annual growth was greater for south aspect than for north 

aspect.  

4 DISCUSSION 

Our results support the current view that pre-commercial thinning operations 

applied to post-fire regeneration in P. halepensis stands have a generally positive effect on 

size, reproductive potential, biomass and annual growth, all of which accelerate tree 

maturation. González-Ochoa and De las Heras (2002) argued that intense silvicultural 

treatments could generate a temporal decline of the stand, followed by damage after a few 

years from defoliator species such as Pachyrhinus squamosus. However, no damage or 

disease was found in the present work, indicating that thinning did not provoke a decline. 
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Other studies have analysed the effect of thinning on diameter growth of Pinus pinaster 

Ait. (Madrigal et al. 2004) and Pinus halepensis (Navarro et al. 2010b) in Spain, obtaining 

similar results to those of the present work. They found that thinning had a positive effect 

in all cases, with higher diameters one year after treatment; while our results did not show 

increased basal diameters until 2 or 4 years after thinning, depending on the analysis 

applied. Tsitsoni et al. (2004) also observed higher basal diameters for Pinus brutia post-

fire regeneration 10 years after thinning in Greece. 

Dendroecological analysis made it possible to calculate annual growth for previous 

years with greater accuracy, to include inter-annual variability by total annual precipitation 

and to determine growth one year after thinning. Annual growth was lower in control plots, 

but there were no significant differences between these and 1 year after thinning. The 

positive effects of thinning were not substantial until 2 years later. Dendroecological 

analysis showed the effect of thinning over time: maximum growth occurred 3 and 4 years 

after thinning and was minor 5 years after thinning, though still higher than in control plots. 

Navarro et al. (2010b) also observed higher diameters after thinning, but in their study 

diameter growth began to decrease 4 years after pre-commercial thinning.  

This growth response could be due to the incorporation of soil nutrients from 

triturated woody debris, left in the stand after thinning. Slash management effect has been 

investigated for different species across the word, especially for commercial forest 

plantations. For example, Smethurst and Cambiar (1990) analysed different slash and litter 

management in Pinus radiata D. Don plantations in a Mediterranean climate in South 

Australia and observed that carbon in the soil surface increased after 4 months but 

decreased during the next 40 months. Pérez-Batallón et al (2001) studied Pinus radiata 

plantations in the north of Spain and they observed no changes in soil microbial biomass 

although there was a high degree of N immobilization after 12 months where residues left 

on site. In the present study woody debris could supply nutrients although Ganjegunte et al 

(2004) observed for Pinus radiata plantations decomposition rates of slash components 

were related to substrate quality. Moreover half of the total C contained in the slash was 

released after 13 years. According to the effect on water and soil temperature, Smethurst 

and Cambiar (1990) observed soils without slash or litter cover were warmer and were 

subjected to greater extremes of temperature. Therefore in the present work woody debris 
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could protect saplings for extreme temperatures induced by a greater incidence of solar 

radiation from removal of sapling cover. 

Height results also varied according to the analysis applied. This result differs from 

other studies, which showed greater height increase 2 years after thinning in Pinus 

halepensis in Spain (González-Ochoa et al. 2004) and Israel (Ne’eman et al. 1995), or 

Pinus pinaster in Spain (Madrigal et al. 2004). Tistsoni et al (2004) observed greater height 

increase one year after thinning for Pinus brutia in Greece. Our results showed a larger 

delay period for height increase after thinning. 

Analysis of reproductive potential showed short-term increases in cone counts after 

thinning. These results were similar to others in which thinning was found to have 

improved the number of cones per hectare 22 months (González-Ochoa et al. 2004) and 18 

months (Verkaik and Espelta 2006) after thinning. In contrast, De las Heras et al. (2007) 

found higher numbers of serotinous cones and total cones in thinned plots but did not 

observe significant differences for new and mature cones between thinned and non-thinned 

areas. 

Serotinous cones were significantly lower and until the fifth year there were no 

differences between control plots and treated plots. This could be due to the age of the 

stand, since Verkaik and Espelta (2006) observed that 18 months after thinning serotiny had 

decreased more in 18 and 22 year-old stands than in 10 year-old stands. Goubitz et al 

(2004) also observed that the level of serotiny decreased as tree height increased. This first 

period with a low number of serotinous cones could be a problem if a recurrent fire occurs. 

A recurrent wildfire in this area could reduce its capacity to recover from fire and even 

endanger the future of these stands (Eugenio et al. 2006). Eugenio et al (2006) and Espelta 

et al. (2008) analysed the structural changes induced by fire recurrence in Pinus halepensis 

stands. Density and growth in height and diameter were significantly less in twice-burn 

areas than once-burnt areas (Eugenio et al. 2006). Espelta et al. (2008) also analysed 

reproduction ability in once and twice-burn areas and they concluded twice-burnt areas had 

a 3-year delay in the onset of pine reproduction, a reduction of 52% in the number of 

reproductive pines and a 36% lower mean cone crop per tree. Finally Espelta et al. (2008) 

also observed that density of stand and tree height were mainly responsible for the 
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reduction in the reproductive performance. So it is necessary to avoid recurrent wildfires 

and thinning could be a good tool controlling fuel continuity and indirectly improving size 

and potential reproductive of the saplings in a short period of time. Finally, the stem 

biomass analysis showed higher averages 4-5 years after thinning and lower averages in 

control plots. The positive effect of intervention on biomass became apparent 2 years after 

thinning. Thinning in post-fire P. halepensis regeneration produced short-term 

improvements in size, reproductive potential, annual growth and stem biomass. Aspect 

influenced some of these variables, especially in un-thinned zones, but its effects were 

difficult to clearly discern due to interactions. In the Mediterranean ecosystem, effect of 

aspect has been analysed due to south aspects receive higher solar radiation and this could 

affect the vegetation. Vegetation structure and plant species diversity changed significantly 

separating the north and south-facing slopes (Kutiel 1992, Sternberg and Soshany 2001) but 

in some cases the effect on some species is no clear. Osem et al. (2009) analysed natural 

regeneration of P. halepensis and it was highly variable among different forest sites in 

Israel although showed no clear relationship to aspect.  

The present study analysed the effect of the pre-commercial thinning on post-fire 

regeneration of P. halepensis. This treatment accelerated stand maturity in terms of 

diameter, height, annual growth and stem biomass but positive effects were indiscernible 

until 2-3 years later possibly because of the stress produced by thinning. Reproductive 

potential increased in new and mature cone counts 2-4 years later. Serotinous cones, which 

are fundamental to regeneration after a recurrent fire, increased in number after five years. 

Therefore pre-commercial thinning is a good tool to improve post-fire regeneration stands 

of P. halepensis with high density (more than 2000 saplings/ha). Moreover it is important 

to carry out the thinning early (5 years after fire, according to De las Heras et al. (2012)) 

due to the level of serotiny decrease as the time went by (Goubitz et al. 2004; Verkaik and 

Espelta, 2006) and a recurrent fire could endanger the future of the stand.  
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ELECTRONIC SUPPLEMENTARY MATERIAL 
 
Supplementary Table 1. Basal diameter (cm) of all saplings of the plots. LS means, Standard error, confidence intervals and comparison between them: factor 

levels with same letters means no significant differences (P>0.05). 

 Years since thinning 

Aspect control 2 3 4 5 With constant years 

2.48 (0.09) 2.08 (0.11) 2.16 (0.13) 2.03 (0.11) 2.72 (0.09) 2.35 (0.05) 
South 

[2.30-2.66] 
AB 

[1.87-2.29] 
CD 

[1.90-2.43] 
BCD 

[1.82-2.24] 
D 

[2.54-2.90] 
A 

[2.25-2.44] 
a 

1.31 (0.09) 1.86 (0.12) 2.37 (0.10) 2.42 (0.09) 2.00 (0.05) 
North 

[1.12-1.49] 
E - 

[1.63-2.09] 
D 

[2.17-2.56] 
BC 

[2.24-2.60] 
B 

[1.90-2.09] 
b 

1.90 (0.06) 2.08 (0.11) 1.99 (0.09) 2.21 (0.07) 2.57 (0.06)  With constant 

aspect [1.77-2.03] 
C 

[1.87-2.29] 
BC 

[1.82-2.16] 
BC 

[2.07-2.35] 
B 

[2.44-2.70] 
A 

 
 

 
Supplementary Table 2. Height (m) of all saplings of the plots. LS means, Standard error, confidence intervals and comparison between them: factor levels with 

same letters means no significant differences (P>0.05). 

 Years since thinning 

Aspect control 2 3 4 5 With constant years 

1.35 (0.05) 1.27 (0.05) 1.22 (0.07) 1.25 (0.05) 1.41 (0.05) 1.32 (0.02) 
South 

[1.26-1.44] 
BC 

[1.16-1.38] 
DC 

[1.08-1.35] 
DC 

[1.15-1.36] 
DC 

[1.32-1.50] 
B 

[1.27-1.36] 
b 

1.22 (0.05) 1.20 (0.06) 1.47 (0.05) 1.67 (0.05) 1.41 (0.02) 
North 

[1.12-1.31] 
D - 

[1.09-1.32] 
DC 

[1.37-1.57] 
B 

[1.58-1.76] 
A 

[1.36-1.46] 
a 

1.28 (0.03) 1.27 (0.05) 1.21 (0.04) 1.37 (0.04) 1.54 (0.03)  With constant 

aspect [1.22-1.35] 
BC 

[1.16-1.38] 
BC 

[1.12-1.30] 
C 

[1.30-1.44] 
B 

[1.48-1.61] 
A 

 
 

 

Supplementary Table 3. Basal diameter (cm) of selected saplings. LS means, Standard error, confidence intervals and comparison between them: factor levels 

with same letters means no significant differences (P>0.05); ns: not significant differences. 

 Years since thinning 

Aspect control 2 3 4 5 With constant years 

2.40 (0.14) 2.30 (0.09) 2.28 (0.09) 2.25 (0.09) 2.59 (0.09) 2.36 (0.04) 
South 

[2.12-2.69] 
AC 

[2.11-2.49] 
BC 

[2.09-2.47] 
BC 

[2.06-2.44] 
C 

[2.40-2.78] 
A 

[2.27-2.45] 
ns 

1.26 (0.08) 2.07 (0.09) 2.52 (0.09) 2.44 (0.09) 2.01 (0.05) 
North 

[1.10-1.43] 
D - 

[1.88-2.25] 
C 

[2.33-2.71] 
AB 

[2.25-2.63] 
AB 

[1.92-2.10] 
ns 

1.55 (0.07) 2.30 (0.09) 2.17 (0.07) 2.38 (0,07) 2.52 (0.07)  With constant 
aspect [1.41-1.69] 

C 
[2.11-2.49] 

AB  
[2.04-2.31] 

B 
[2.25-2.52] 

A 
[2.38-2.65] 

A 
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Supplementary Table 4. Height (m) of selected saplings. LS means, Standard error, confidence intervals and comparison between them: factor levels with same 

letters means no significant differences (P>0.05); ns: not significant differences. 

 Years since thinning 

Aspect Control  2 3 4 5 With constant years 

1.41 (0.09) 1.25 (0.06) 1.29 (0.06) 1.30 (0.06) 1.40 (0.06) 1.32 (0.03) 
South 

[1.22-1.59] 
ns 

[1.13-1.37] 
ns 

[1.17-1.41] 
ns 

[1.17-1.42] 
 ns 

[1.28-1.53] 
ns 

[1.26-1.38] 
b 

1.22 (0.05) 1.29 (0.06) 1.55 (0.06) 1.67 (0.06) 1.41 (0.03)  
North 

[1.11-1.32] 
ns - 

[1.16-1.41] 
ns 

[1.42-1.67] 
ns 

[1.55-1.79] 
ns 

[1.35-1.47] 
a 

1.27 (0.05) 1.25 (0.06) 1.29 (0.04) 1.42 (0.04) 1.54 (0.04)  With constant 

aspect [1.17-1.36] 
B 

[1.13-1.37] 
B 

[1.20-1.38] 
B 

[1.34-1.51] 
A 

[1.45-1.62] 
A 

 
 

 

Supplementary Table 5. Reproductive potential in number of cones. LS means, Standard error, confidence intervals and comparison between them: factor levels 

with same letters means no significant differences (P>0.05). 

 Years since thinning 

Cone type Control  2 3 4 5 With constant years 

6.48 (1.42) 8.99 (0.11) 8.13 (0.43) 7.11 (0.53) 8.95 (0.20) 7.72 (0.42) 
new 

[3.61-9.34] 
CD 

[8.75-9.22] 
A 

[7.26-9.00] 
ABC 

[6.04-8.18] 
CD 

[8.54-9.36] 
A 

[6.88-8.57] 
a 

5.92 (1.38) 1.85 (1.85) 3.83 (1.25) 8.49 (0.39) 9.09 (0.21) 6.25 (0.51) 
mature 

[3.15-8.69] 
CDE 

[-1.87-5.56] 
E 

[1.31-6.35] 
E 

[7.70-9.29] 
AB 

[8.66-9.52] 
A 

[5.23-7.28] 
b 

4.53 (1.36) 3.24 (1.62) 4.02 (1.31) 3.86 (1.25) 7.50 (0.30) 4.77 (0.56) 
serotinous 

[1.80-7.27] 
DE 

[-0.02-6.49] 
E 

[1.39-6.65] 
E 

[1.35-6.36] 
E 

[6.89-8.11] 
BC 

[3.64-5.89] 
c 

5.64 (1.26) 4.69 (0.97) 5.33 (0.69) 6.49 (0.57) 8.51 (0.22)  With constant 

type [3.04-8.25] 
B 

[2.69-6.69] 
B 

[3.90-6.75] 
B 

[5.30-7.67] 
B 

[8.06-8.97] 
A 

 
 

 

Supplementary Table 6. Stem biomass (kg). LS means, Standard error, confidence intervals and comparison between them: factor levels with same letters means 

no significant differences (P>0.05); ns: not significant differences; -- it could not be estimated.  

 Years since thinning 

aspect Control  2 3 4 5 With constant years 

0.229 (0.015) 
South -- ns -- ns -- ns -- ns -- ns 

[0.199-0.258] 
b 

0.303 (0.017) 
North -- ns - -- ns -- ns -- ns 

[0.269-0.337] 
a 

0.149 (0.023) 0.285 (0.033) 0.0.217 (0.022) 0.327 (0.022) 0.352 (0.022)  With constant 

aspect [0.102-0.196] 
C 

[0.219-0.351] 
AB 

[0.173-0.260] 
B 

[0.283-0.369] 
A 

[0.309-0.395] 
A 
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Supplementary Table 7. Annual growth (m); LS means, Standard error, confidence intervals and comparison between them: factor levels with same letters 

means no significant differences (P>0.05); ns: not significant differences. 

 Years since thinning 

Aspect control 1 2 3 4 5 
With constant 

aspect 

1.49 (0.09) 1.18 (0.07) 1.60 (0.07) 1.86 (0.08) 1.92 (0.10) 1.73 (0.14) 1.56 (0.03) 
South 

[1.30-1.68] 
D 

[1.04-1.32] 
E 

[1.46-1.74] 
D 

[1.70-2.03] 
AC 

[1.73-2.12] 
AB 

[1.45-2.01] 
AD 

[1.51-1.65] 
ns 

0.89 (0.05) 1.09 (0.08) 1.69 (0.08) 1.99 (0.08) 2.00 (0.10) 1.57 (0.14) 1.38 (0.03) 
North 

[0.78-1.00] 
F 

[0.93-1.25] 
E 

[1.53-1.85] 
BCD 

[1.83-2.15] 
A 

[1.81-2.20] 
A 

[1.29-1.85] 
CD 

[1.32-1.45] 
ns 

1.04 (0.05) 1.14 (0.05) 1.64 (0.05) 1.93 (0.06) 1.96 (0.07) 1.65 (0.10)  With constant 

years [0.95-1.13] 
C 

[1.03-1.25] 
C 

[1.54-1.75] 
B 

[1.81-2.04] 
A 

[1.83-2.10] 
A 

[1.45-1.85] 
B 

 
 

 

 


