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Abstract

Aim of the study: The aim of the research is to analyse the role of Quercus ilex advance regeneration in the stand
regeneration of pine plantations after small-sized canopy openings, and to assess the influence of the forest stand and
the canopy opening. The performance of the advance regeneration under the pine plantation is also examined.

Area of study: A Pinus nigra plantation in dry Continental Mediterranean climate in eastern Spain.

Material and methods: The tree regeneration of ten canopy openings of 0.17-0.43 ha was monitored during five
years after treatment. It was also sampled in 0.12 ha-plots in the non-treated pine plantation surrounding the openings.

Main results: An important increase in the height of Q. ilex regeneration was observed in the openings, unlike what
was found in the intact pine plantation. In the pine plantation, stand density showed a moderate positive influence on
the density of Q. ilex regeneration, whereas in the canopy gaps Q. ilex height was negatively influenced by stand density
before the opening.

Research highlights: The canopy opening triggered a response in Q. ilex advance regeneration, although height
growth rates seemed to reduce over time. The results support the view that promoting Q. ilex in pine plantations may
require different management strategies depending on the characteristics of the pine overstorey and on the density and

size of the advance regeneration.
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Introduction

The evergreen holm oak (Quercus ilex L) forests re-
present the potential vegetation in more than half of
Mediterranean Spain (Maldonado et al., 2002). Their
extension is nowadays much more limited, due to the
historical spread of agriculture, abusive logging and
overgrazing. In the second half of the 20" century the
overexploitation was reduced and many of the degra-
ded lands were recolonised or reforested with pines
(Ortufio, 1990). In recent decades the decrease in the
economic profitability of timber and traditional forest
products has led to abandonment of forest management
(Dominguez-Torres and Plana, 2002). Several alter-
native uses have been proposed to promote forest ma-
nagement, like hunting and mushrooms. In lands suita-
ble for the growing of the prized black truffle (Tuber
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melanosporum Vitt.) the experts propose to convert
pine plantations and shrublands to understocked oak
stands in order to improve the habitat for 7 melanos-
porum and promote forest profitability (Reyna et al.,
2004; Diette and Lauriac, 2005).

The plantations of Mediterranean pines are frequen-
tly invaded by seedlings of Q. ilex (Gomez, 2003). Ma-
ny oak species regenerate through the accumulation
of advance regeneration below overstorey (Johnson et
al., 2002). The shoot growth of these seedlings is
suppressed by adult trees and they often dieback and
resprout. Some of these seedlings show a rapid shoot
growth when the overstorey is disturbed (Johnson et
al., 2002). Retana et al. (1999) studied the behaviour
of Q. ilex seedling under forest canopies and conclu-
ded that shade favours seedling emergence and survi-
val during the first year; however, light deficit li-
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mits seedling growth and often interacts with water de-
ficit.

The role of the advance regeneration of Q. ilex in
the stand regeneration after canopy disturbance is
controversial. In Q. ilex coppice forests, Retana et al.
(1999) and Gracia et al. (2001) concluded that its role
is minor in the short term, since the advance rege-
neration did not show release after thinning the over-
storey. The stumps resprout vigorously, rapidly out-
competing seedlings (Espelta et al., 1999). By contrast,
its role in Mediterranean pines stands, which do not
resprout, has not been thoroughly examined.

In this study, we analyse tree regeneration in a P, ni-
gra plantation with Q. ilex advance regeneration du-
ring the five years after experimental small-sized ca-
nopy openings aimed to improve the habitat for
T. melanosporum, and we focus on the role of the ad-
vance regeneration. The influence of the characteristics
of the forest stand and the canopy opening on tree
regeneration is also assessed, as well as the influence
of forest stand characteristics on the advance regene-
ration under the intact pine plantation.

Material and methods
Study site

The study was conducted in El Toro, Valencian
Community, eastern Spain (39° 59’ to 40° 1’ N; 0° 44°
to 0°46° W, 990-1,050 m a.s.l.). The climate is Conti-
nental Mediterranean, with a mean annual rainfall of
500-550 mm and a mean annual temperature of 11.9-
12.4°C. The soils are calcixerepts developed on a qua-
ternary calcareous glacis with less than 5% slope.

The area was reforested between 1958 and 1969
with a mixture of the non-native Pinus nigra Arnold
subsp. nigra and the native P. nigra subsp. salzmannii
Franco. Formerly, it was cultivated with cereal crops.
Scattered adult Q. ilex and Quercus faginea Lam. form
a lower tree layer. These oaks already existed before
the plantation, in the field boundaries.

In March 2000, an experimental silvicultural treat-
ment was executed with the aim of improving the ha-
bitat for 7! melanosporum fruiting (Reyna et al., 2004).
Circular canopy openings were created around the
truffle-producing grounds by systematically cutting
down all the pines and removing the shrubs. Woody
coarse debris were chipped and spread throughout the
opening. Adult oaks were retained and slightly pruned.

Table 1. Summary statistics for the canopy openings moni-
tored and the control pine stand

Mean

(SD) Range
Canopy openings
Site index (Assman top height 16.4 (1.8) 13.6-19.6
of P nigra at age 60, in m)
Pre-treatment canopy cover (%) 88 (11) 69-99

Size of canopy opening (m?)
Basal area of residual Quercus
(m? ha™)

2,330 (829) 1,700-4,300
1.55(0.62) 0.44-2.49

Canopy cover of residual 12 (5) 5-20
Quercus (%)

Shrub cover (%) 4(2) 1-5
Herb cover (%) 8(8) 2-30
Relative abundance of P nigra 57.8(25.9) 5.2-100
subsp. nigra in the pine stand

adjacent to opening (%)

Control pine stand (in 2001)

Canopy cover (%) 78 (9) 58-92
Pinus nigra basal area (m? ha™') 40 (6) 28-51
Quercus basal area (m? ha™!) 0.88 (0.74) 0.01-2.19
Shrub cover (%) 2(4) 0.3-12
Herb cover (%) 8(5) 1-17

SD: standard deviation.

When the treatment was executed, the density of
adult pines ranged from 1,000 to 2,450 trees ha™!, with
Assman top height from 9 to 12 m; the density of adult
Quercus ranged from 29 to 259 trees ha™!, with 62%
Q. ilex and 38% Q. faginea; and the understorey shrubs
(Juniperus sp. pl., Prunus spinosa L, Quercus coccifera
L and Genista sp. pl.) and herbs cover was low (Table 1).

Data collection

Tree regeneration (height <130 cm) was measured
in ten canopy openings created in 2000 in the matrix
of the pine plantation. The opening was settled as an
expanded gap, with its borderline delimited by the
trunks of the trees bordering the gap. The openings
were sampled one year after the treatment execution,
and again the second year, the fourth and the fifth.

The height and crown surface area were recorded
for all the tree regeneration in the opening. The regene-
ration of Q. ilex and Q. faginea was classified as recent
acorn seedlings (with the acorn or cotyledon scatters still
attached) or seedling resprouts (individuals subject to
recurrent cycles of shoot dieback and resprouting). The
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origin of the latter (root sprout or acorn) was not discer-
ned, as the seedlings were not dug up. The oak regenera-
tion coming from stump resprouts of adult trees was
excluded from data analysis; they accounted for less
than 0.4% of all the sampled individuals. In young
P nigra seedlings, subspecies were not distinguished.

The density of regeneration of Q. ilex, Q. faginea
and P, nigra was computed. For Q. ilex, the percent soil
covered by the regeneration was also calculated, as well
as the median height of the individuals. The median
was preferred instead of the mean because the height
of Q. ilex shoots followed a lognormal distribution and
a logarithmic transformation was performed. The median
height of Q. faginea and P. nigra was not calculated,
because in most plots there were less than 30 individuals.

The following characteristics of the forest stand and
the canopy openings were determined from fieldwork
and aerial photographs (Table 1): site index (Assman
top height of P nigra subsp. salzmannii at the age of
60 was estimated using site index curves from Gémez-
Loranca, 1996), pre-treatment canopy cover, residual
BA in the opening (in which Q. ilex and Q. faginea
were the only trees) as an estimate of shading and
competition from residual adult trees, the size of the
canopy opening (edge effect is higher in smaller-sized
gaps) and the relative abundance of the allochthonous
P, nigra subsp. nigra in the dominant tree layer around
the openings (in which P nigra and P. salzmannii
accounted for 95% of the trees).

A control plot was sampled in the matrix of pine
plantation surrounding each canopy opening. Each
control consisted of three square subplots of 400 m?,
randomly located around the opening, at a distance of
5-10 m from the borderline. The plots were sampled
in 2001 and again in 2007.

Statistical analysis

An information-theoretic approach (Burnham and
Anderson, 2002) was used to assess the time trend of
tree regeneration after the opening and the influence
of forest stand characteristics. For the analysis of Q. ilex
and Q. faginea regeneration, a set of 32 models was
developed that included all the combinations of the
following predictor variables: time from treatment, site
index, pre-treatment canopy cover, post-treatment BA
and opening size. Since P nigra does not regenera-
te through advance regeneration, in the analysis of
P, nigra regeneration pre-treatment canopy cover was

excluded; the relative abundance of P nigra subsp.
nigra was included instead to assess regeneration
differences between the two subspecies.

These a priori models were constructed with linear
mixed models (LMM) in which time was included as
a repeated measures variable, stand characteristics
were included as fixed predictors and an unstructured
covariance matrix was specified (SPSS, 2006). The res-
ponse variables were log transformed when the model
assumptions were violated, as well as time from treatment.

In the various analyses performed, none of the com-
peting models was strongly supported as the best
(w;>0.9), so model averaging was employed to account
for model selection uncertainty (Burnham and Ander-
son, 2002). The following statistics are provided for
inference: the model-averaged parameter estimate,
which shows the direction of a predictor effect on the
response; its 90% confidence interval (CI); and the
sum of the Akaike weights (2w;), which indicates the
relative importance of a predictor. Predictor varia-
bles were considered important in explaining variation
in the response when the CI did not overlap zero and
Zw; approached one. The best models from each set
(with the lower Kullback-Liebler distance to the
observed data) are also provided (Supplementary Ta-
bles S1, S2).

The characteristics of Q. ilex and Q. faginea seedling
bank in the control pine stand were also assessed with
an information-theoretic approach. The following pre-
dictors were tested: time (sampling of 2001 vs. 2007),
site index, canopy cover, and BA of adult Quercus
(which grow in the lower tree layer).

A post-hoc analysis was conducted to explore the
time trend of Q. faginea regeneration density. The
width of the rings of dominant P. nigra subsp. salz-
mannii (20 trees distributed throughout the study site)
was used as a proxy for the effect of weather on trees
(Martin-Benito ef al., 2008).

Results
Density of Q. ilex regeneration

In the canopy openings, model averaging indicated
that time from treatment was the only predictor whose
effect on the density of Q. ilex regeneration was clearly
supported by the data (the 90% CI did not overlap zero)
while showing a high relative importance (2w;). The
relation was positive (Table 2) and resulted in a rather
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Table 2. Statistics used for inference on the characteristics of Quercus regeneration in the openings: model-averaged para-
meter estimates and their 90% confidence intervals (CI), and relative importance of each predictor (Zwi)

Time! SI CCpre BApost Size
Quercus ilex density?
Parameter estimate 0.0060 -0.059 0.0157 0.29 0.55
90% Cl-lower 0.0053 -0.139 0.0060 0.10 -0.79
90% CI-upper 0.0067 0.022 0.0254 0.48 1.89
Ewi 1.00 0.05 0.01 0.17 0.38
Quercus faginea density?
Parameter estimate 0.0085 0.33 0.0088 -1.07 1.13
90% CI-lower 0.0070 0.14 -0.0186 -1.85 -3.27
90% C- upper 0.0100 0.52 0.0363 -0.29 5.53
Swi 0.45 0.36 0.01 0.44 0.73
Quercus ilex height
Parameter estimate 19.9 1.67 -0.61 -2.04 5.6
90% CI-lower 17.8 1.10 -0.70 -3.40 —6.4
90% Cl-upper 21.9 2.25 -0.51 -0.68 17.6
Swi 1.00 0.90 0.90 0.83 0.54
Soil cover by Quercus ilex?
Parameter estimate 0.95 0.138 0.0157 0.191 1.59
90% Cl-lower 0.79 0.071 0.0032 -0.079 -0.18
90% Cl-upper 1.11 0.205 0.0282 0.462 3.36
Zwi 1.00 0.27 0.01 0.19 0.57

' Time was log-transformed for the analysis of Q. ilex height and soil cover. 2 Variable log transformed. SI: site index. BApost:
post-treatment basal area. CCpre: pre-treatment canopy cover. Size: size of the opening.

linear increase during the five years after treatment a high Zw; (Tables 3, 4). Canopy cover showed a mode-
(Fig. 1a). rate positive influence on the density (Table 4).

In the control pine stand, model averaging of Q. ilex Seedling resprouts were the only regeneration type
regeneration density indicated that time was the only present in the openings one year after treatment,
predictor with both a 90% CI not overlapping zero and whereas in the fifth year they were 14 times more abun-
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Figure 1. Mean density of tree regeneration (a), median height of Quercus ilex regeneration and soil covered by Quercus ilex re-
generation (b). Error bars represent standard deviation (n=10).
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Table 3. Summary statistics for the tree regeneration in the control pine stand

Sampling 2001 Sampling 2007
Mean (SD) Range Mean (SD) Range
Quercus ilex density (ha™) 1,609 (673) 683-2425 2,979 (1170) 1,333-5,125
Quercus ilex height (cm) 15(3) 10-20 14 (2) 10-18
Quercus ilex soil cover (%) 0.67 (0.39) 0.03-1.23 1.92 (1.39) 0.22-5.05
Quercus faginea density (ha™) 216 (120) 75-492 651 (310) 158-1,067
Pinus nigra density (ha™) 0 0 361 (410) 8-925

SD: standard deviation.

Table 4. Statistics used for inference on the characteristics of the Quercus seedling bank in the
control pine stand: model-averaged parameter estimates and their 90% confidence intervals
(CI), and relative importance of each predictor (Zwi)

Time! SI CcC BA-Qu
Quercus ilex density?
Parameter estimate 0.0036 -0.0122 0.0111 —0.0072
90% CI-lower 0.0031 -0.0457 0.0059 -0.0549
90% CI-upper 0.0041 0.0213 0.0163 0.0405
>wi 1.00 0.04 0.56 0.04
Quercus faginea density?
Parameter estimate 0.0068 0.059 0.0055 0.083
90% CI-lower 0.0057 0.005 —0.0045 0.003
90% CIl-upper 0.0078 0.112 0.0156 0.164
>wi 1.00 0.21 0.01 0.26
Quercus ilex height
Parameter estimate -1.40 0.59 0.043 0.49
90% CIl-lower -2.23 -0.01 -0.069 -0.42
90% CI-upper -0.57 1.19 0.155 1.40
>wi 0.97 0.68 0.11 0.56
Soil cover by Quercus ilex?
Parameter estimate 0.0073 0.075 0.0165 0.114
90% CI-lower 0.0061 -0.009 0.0017 -0.010
90% CI-upper 0.0086 0.160 0.0312 0.238
>wi 1.00 0.19 0.07 0.27

! Time was log-transformed for the analysis of Q. ilex height and soil cover. ? Variable log trans-
formed. SI: site index. CC: canopy cover. BA-Qu: basal area of adult Quercus (which grow in the

lower tree layer).

dant than recent acorn seedlings. In the control pine
stand, seedling resprouts of Q. ilex accounted for al-
most all the individuals in 2001, and they were 6 times
more abundant than recent acorn seedlings in 2007.

Density of Q. faginea regeneration

In the openings, none of the predictors used in the
model averaging showed both a 90% CI not overla-

pping zero and a high Zw;. However, time from treat-
ment and site index showed a moderate positive in-
fluence on the density of Q. faginea regeneration, and
post-treatment BA showed a moderate negative in-
fluence (Table 2, Fig. 1a).

Since time did not show a strong and straightforward
effect on Q. faginea regeneration density (Fig. 1a), a
post-hoc analysis was conducted to compare three
different time patterns: linear, quadratic and related to
P, nigra ring width. Ring width reached a much lower
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value of Akaike’s information criterion (AIC=14.6)
than the linear (32.0) and the quadratic (41.3) time
trends, indicating a better fit.

In the pine plantation, model averaging of Q. faginea
regeneration density indicated that time was the only
predictor with both a 90% CI not overlapping zero and
a high Zw; (Tables 3, 4).

Seedling resprouts were the only regeneration type
found in the openings one year after treatment, whereas
in the fifth year they were 15 times more abundant than
recent acorn seedlings. In the pine stand, seedling res-
prouts of Q. faginea accounted for almost all the indivi-
duals in 2001, and they were 31 times more abundant
than recent acorn seedlings in 2007.

Density of P. nigra regeneration

Model averaging of P nigra seedling density in the
openings revealed that relative abundance of adult P,
nigra subsp nigra around the opening, opening size
and site index showed a 90% CI not overlapping zero
while having a high Zw;. The effect of the two former
on the density of P nigra regeneration was negative,
while the effect of the latter was positive (Table 5).

Five years after the opening only 9% of the seedlings
were two or three years old and the rest were one year
old. In the pine plantation, none of the seedlings found
(Table 3) was more than three years old.

Height of Q. ilex regeneration

Model averaging of Q. ilex median height in the
openings revealed that time from treatment, site index,
pre-treatment canopy cover and post-treatment BA

Table 5. Statistics used for inference on the density of Pi-
nus nigra regeneration (log transformed for the analysis) in
the openings: model-averaged parameter estimates and their
90% confidence intervals (CI), and relative importance of
each predictor variable

Time SI PNN BApost Size
Parameter estimate  0.0155  0.34 =321 =020 -2.206
90% Cl-lower 0.0073  0.20 -4.60 -0.81 —4.403
90% Cl-upper 0.0238  0.48 -1.82 0.41  -0.009
Zwi 0.02 0.77 0.97 0.16 0.77

SI: site index. PNN: relative abundance of Pinus nigra subsp.
nigra in the adjacent pine stand. BApost: post-treatment basal
area. Size: size of the opening.

presented both a 90% CI not overlapping zero and a
high Zw; (Table 2). Time showed a positive relation
with the median height of Q. ilex regeneration, with an
apparent curvilinear pattern reflecting an increase that
levelled off with time (Fig. 1b). Site index showed a
positive effect, whereas the effect of pre-treatment
canopy cover and post-treatment BA was negative. The
increase in height from the fourth to the fifth year after
treatment did not show a negative correlation with the
density of Q. ilex regeneration in the fourth year
(Pearson’s r=0.59; 90% CI: 0.06, 0.86).

Model averaging of Q. ilex median height in the pine
stand indicated that time was the only predictor with
both a 90% CI not overlapping zero and a high Zw;,
with median height being lower in 2007 than in 2001
(Tables 3, 4).

On average 8.3 individuals ha™! recruited into the
adult stratum (height> 130 cm) between the first and
the fifth year after the canopy opening, which account
for 1.5% of the seedling resprouts found in the first
year. In the pine stand, only one individual of Q. ilex
regeneration recruited into the adult stratum in the ten
plots between 2001 and 2007, whereas five individuals
reduced their height from above to below 130 cm.

Soil cover by Q. ilex regeneration

In the openings, model averaging indicated that time
from treatment was the only predictor with both a 90%
CI not overlapping zero and a high Xw; (Table 2). Its
relation with the percent soil cover by Q. ilex regene-
ration was positive, and resulted in an apparently linear
increase during the five years after treatment (Fig. 1b).

In the pine stand, model averaging of the soil cover
by Q. ilex regeneration indicated that time was the only
predictor with both a 90% CI not overlapping zero and
a high Zw; (Tables 3, 4).

Discussion

Canopy disturbance usually triggers a period of ra-
pid change in the vegetation. During this stand initia-
tion stage it is usually difficult to accurately predict
changes, although of high interest because future stand
characteristics are highly influenced by the initial stage
(Johnson et al., 2002).

In our study site the canopy openings were created
in the matrix of a 31-42 year-old P. nigra plantation
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with high density and a sparse lower tree layer of oaks.
No established P nigra regeneration was found under
this canopy. Lucas-Borja ef al. (2011) found that BA
ranging 25-40 m? ha™! (similar to those in our study
site, Table 1) are optimum for the emergence of P. nigra
subsp. salzmannii seedlings in Central Spain, although
Goémez-Aparicio et al. (2006) showed the negative
effect of shade on seedling biomass. Tiscar-Oliver
(2007) found that seedling survival is highly dependent
on the first summer drought.

By contrast, Q. ilex regeneration was relatively
abundant under the pine canopy, and its density was of
the same order of magnitude than that found by Ruiz-
Benito et al. (2012) in Spanish P, nigra plantations and
by Gémez-Aparicio et al. (2009) in pine plantations in
southern Spain, although much lower than the density
found by Gracia et al. (2001) in Q. ilex coppice stands
of northeastern Spain. In southern Spain, Urbieta et
al. (2011) found that Q. ilex regeneration was much
more abundant in oak than in pine forests, although
the maximum was obtained in mixed stands.

European jays abundantly disperse Quercus acorns
in pine stands (Gomez, 2003). However, seedling res-
prouts were much more frequent than young acorn
seedlings. Q. ilex regeneration was small-sized and no
evidences of a clear positive time trend in height
growth were found. These are characteristic features
of oak species that form seedling banks and perpetuate
through repeated shoot dieback and resprout (Johnson
etal.,2002).

After the canopy opening Q. ilex was also the most
abundant tree regeneration. The scarcity of recent
acorn seedlings indicates the dominant role that the
advance regeneration played in forest dynamics during
the first years after the opening. Recruitment of new
acorn seedling was also observed, but the survival of
young Q. ilex seedlings in full sunlight is usually low
(Maraion et al., 2004; Prévosto ef al., 201 1b) and the-
refore it is difficult to predict if they will increase the
density of Q. ilex meaningfully.

Q. ilex is considered as intermediate in shade tole-
rance (Valladares and Niinemets, 2008), with seedling
recruitment and early survival being higher under full
canopy than in full sunlight. In our pine stands, the
canopy cover positively related to the density of Q. ilex
regeneration. The harvesting operations and the sudden
exposition to full sunlight may have hampered the
survival of some young seedlings and seedling res-
prouts with low root reserves (Dillaway et al., 2007).
However, after the opening the density of Q. ilex re-

generation increased linearly with time, indicating the
vigour of the advance regeneration to resprout and
survive in full light.

Retana et al. (1999) and Marafion et al. (2004) poin-
ted out that, despite its shade tolerance, Q. ilex seed-
lings are unlikely to grow into saplings with low light
levels. Gomez-Aparicio ef al. (2009) found that in
southern Spain the recruitment of Q. ilex seedlings was
at maximum at pine densities similar to those in our
study site, whereas the density of saplings was maxi-
mum at lower densities. In a Pinus halepensis Mill.
shelterwood in southern France, Prévosto et al. (2011a)
found that the growth of sown Q. ilex was higher in the
stands with lower BA (10 m? ha™'). We observed an
important increase in the height of Q. ilex regeneration
in the years immediately after the canopy opening,
whereas in the pine plantation no evidences of a clear
height increase were found during the same period of
time. This indicates that under the pine canopy there
were Q. ilex seedling resprouts that retained the ability
to grow rapidly after release, in contrast to the lack of
response reported by Gracia ef al. (2001) in thinned
coppice forests. This tends to support the view that at
least part of the seedling resprouts is able to recruit
into the adult stratum when they are released.

However, the evolution of Q. ilex median height
suggests a reduction in the growth rate of the regene-
ration over time. This reduction is not apparently rela-
ted to intraspecific competition among seedling res-
prouts, since the density of regeneration was low and
the correlation between density and height increase
was not negative. Another factor which could influence
height growth in small openings is the edge effect;
however in our openings the size did not appear to be
as important as the other predictors. This could be an
effect of the narrow range of this variable (Table 1):
York et al. (2003) studied group selection cuttings with
a larger range of sizes (0.1-1 ha) in California and
found that opening size was positively related to
seedling height growth.

Another factor frequently affecting the behaviour
of oak advance regeneration is the competition of the
understorey shrubs (Johnson et al., 2002). However,
in our study site the development of the understorey
was moderate (Table 1). This is probably related to the
former agricultural use and to the high stand density
of the pine stand, although under the Continental-
Mediterranean climate of central Spain the density of
the woody understorey is usually low (Costa et al.,
1996).
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On the other hand, the canopy cover before treatment
and the residual (post-treatment) BA of adult oaks
negatively related to the height of 0. ilex regeneration.
The residual BA of adult oaks showed a negative effect
despite being always lower than 2.5 m? ha™!. Gracia et
al. (2001) found that in thinned Q. ilex coppice forests
with BA 15-17.5 m? ha™! the growth of Q. ilex seedlings
was suppressed. This suppressive effect could be cau-
sed by shading, root competition or topsoil properties
(Puerta-Pifiero et al., 2006). The negative influence of
the canopy cover before treatment agrees with the
results of Dillaway et al. (2007), where the light levels
under close canopy positively related to the root diame-
ter and reserves of Quercus alba L advance regene-
ration, the latter being related to the vigour of advance
regeneration. This suggests that a previous thinning of
the pines could have improved the growth of seedling
resprouts after opening.

In the case of Q. faginea the advance regeneration
also played an important role in the openings. In con-
trast with Q. ilex, the increase in Q. faginea density
was not as steady, and it was moderately influenced by
site index and by the residual adult oaks. This suggests
a less vigorous resprouting and survival of seedling
resprouts in full sunlight. Q. faginea is a semi-deici-
duous species that exhibits biological features similar
to those of Q. ilex, but it is considered more sensitive
to drought (Sanz-Pérez et al., 2007). The fact that the
increase in the density of Q. faginea regeneration in
the openings was better explained by annual weather
conditions than by time from treatment supports this
view.

The regeneration of P. nigra did not establish for the
moment in the openings, and the emergence of seed-
lings was influenced by site index. This limitation in
the effective recruitment is similar to the difficulties
in regeneration after wildfire and clearcutting encoun-
tered for P nigra subsp. salzmannii in Spain, where
this taxon is considered quite shade-tolerant compared
to other native Spanish pines (Ordoénez et al., 2004;
Tiscar-Oliver, 2007).

On the other hand, P nigra subsp. nigra has been
traditionally considered as shade-intolerant, although
Chauchard et al. (2006) found that it did not behaved
as such in southeastern France. In Spain we know of
no study about its shade tolerance. Due to the high
mortality of young P nigra seedlings, we could not
determine which taxon they belonged to. However, the
negative relation of seedling density in the openings
with the abundance of adult P nigra subsp. nigra

around the openings suggests that the emerging seed-
lings were mostly P, nigra subsp. salzmannii.

The current lack of effective regeneration of P, nigra
in the openings does not necessarily involve the loss
of pines in the medium term. In burned Mediterranean
pine forests, Gracia et al. (2002) observed that P nigra
subsp. salzmannii regenerated abundantly only after
the resprouting Q. faginea covered the soil (from the
4% to the 15" year), and in the 37" year pines dominated
the tree layer, pointing to a nurse effect. In our study
site, the soil cover by Q. ilex is low five years after the
opening (Fig. 1b), so a long-term monitoring would be
necessary to discern if P nigra establishment is res-
tricted by site conditions or by the scarce canopy cover.

Our results show that the canopy opening triggered
a response in Q. ilex advance regeneration. However,
since the monitoring suggests a reduction in median
height growth over time, the effective recruitment of
Q. ilex into the dominant tree layer will depend on the
proportion of seedling resprouts capable of maintai-
ning a competitive height growth in the new conditions.
Our results also suggest that the stand density before
treatment and the stand density of oaks after treatment
are detrimental to the height growth of this regeneration.

The management objective in the study site was to
achieve an open oak-dominated stand around the
truffle-producing grounds in order to improve the
habitat for 7. melanosporum fructification. The size of
the openings was kept to the minimum necessary in
order to enhance the compatible management of truftle
and other forest uses (Reyna et al., 2004). In canopy
openings with sizes ranging 0.17-0.43 ha we did not
find clear evidences that the opening size hindered the
release of Q. ilex seedling resprouts; and Q. ilex re-
generation enjoyed a competitive advantage over P,
nigra. The statistical models predict that soil cover by
Q. ilex regeneration will be on average 4% in the 10th
year and 8% in the 20™ year. This will add to the canopy
cover of residual adult oaks, which was on average 12%
one year after the opening and 13% in the fourth year.
Soil cover by Q. ilex will likely remain below 30% in
the short term, thus suitable for 7. melanosporum
production (Reyna et al., 2004) without additional
silvicultural operations.

Acknowledgements

We gratefully acknowledge the support of the Con-
selleria de Medi Ambient (Generalitat Valenciana) and



Dynamics of Q. ilex advange regeneration in a P. nigra plantation after canopy opening 187

VAERSA. We thank Diana Lopes and Sylvain Robert
for collaborating in the field samplings. The Fundacion
CEAM is partly supported by Generalitat Valenciana
and the projects GRACCIE (Consolider-Ingenio 2010)
and FEEDBACKS (Prometeo-Generalitat Valenciana).

References

Burnham KP, Anderson DR, 2002. Model selection and mul-
timodel inference: a practical information-theoretic
approach. Springer, New York.

Chauchard S, Gaélle P, Carcaillet C, 2006. Large herbivores
control the invasive potential of nonnative Austrian black
pine in a mixed deciduous Mediterranean forest. Can J
For Res 36: 1047-1053.

Costa M, Morla C, Sainz H (eds), 1996. Los bosques ibéri-
cos. Una interpretacion geobotanica. Editorial Planeta,
Barcelona, Spain.

Diette S, Lauriac A, 2005. La sylviculture truffiére: apergus
historiques, apports techniques et enjeux pour la région
méditerranéenne. Forét méditerranéenne 26: 157-168.

Dillaway DN, Stringer JW, Rieske LK, 2007. Light availa-
bility influences root carbohydrates, and potentially vigor,
in white oak advance regeneration. For Eco Manag 250:
227-233.

Dominguez-Torres G, Plana E, 2002. The paradox of Medi-
terranean forests: between economic profitability and
social demands. The Catalan case. In: The changing role
of forestry in Europe: perspectives for rural development
(Wiersum KF, Elands BHM, eds). Wageningen University,
Wageningen, The Netherlands. pp: 133-145.

Espelta JM, Sabaté S, Retana J, 1999. Resprouting dynamics.
In: Ecology of mediterranean evergreen oak forests (Roda
F, Retana J, Gracia CA, Bellot J, eds). Springer, Berlin.
pp: 61-73.

Gomez JM, 2003. Spatial patterns in long-distance dispersal
of Quercus ilex acorns by jay in a heterogeneous land-
scape. Ecography 26: 573-584.

Gomez-Aparicio L, Valladares F, Zamora R, 2006. Diffe-
rential light responses of Mediterranean tree saplings:
linking ecophysiology with regeneration niche in four co-
occurring species. Tree Physiol 26: 947-958.

Gomez-Aparicio L, Zavala MA, Bonet FJ, Zamora R, 2009.
Are pine plantations valid tools for restoring Medi-
terranean forests? An assessment along gradients of cli-
matic conditions, stand density and distance to seed
sources. Ecol Appl 19: 2124-2141.

Gomez-Loranca JA, 1996. Pinus nigra Arn. en el Sistema
Ibérico: Tablas de crecimiento y produccion. Monografia
n°® 93. INTA, Madrid, Spain.

Gracia M, Retana J, Pic6 FX, 2001. Seedling bank dynamics
in managed holm oak (Quercus ilex) forests. Ann For Sci
58: 843-852.

Gracia M, Retana J, Roig P, 2002. Mid-term successional
patterns after fire of mixed pine-oak forests in NE Spain.
Acta Oecol 23: 405-411.

Johnson PS, Shifley SR, Rogers R, 2002. The ecology and
silviculture of oaks. CABI Publishing, Wisconsin, USA.

Lucas-Borja ME, Fonseca T, Parresol BR, Silva-Santos P,
Garcia-Morote FA, Tiscar-Oliver PA, 2011. Modelling
Spanish black pine seedling emergence: establishing ma-
nagement strategies for endangered forest areas. For Eco
Manag 262: 195-202.

Maldonado J, Benito M, Sanchez de Dios R, Sainz H, 2002.
Evolucion reciente de las areas de los bosques escleréfilos
ibéricos. Cambios deducidos a partir de la cartografia
forestal. In: La regeneracion natural del bosque medi-
terraneo en la Peninsula Ibérica (Charco J, ed). ARBA-
DGCONA, Madrid, Spain. pp: 217-236.

Marafion T, Zamora R, Villar R, Zavala MA, Quero JL,
Pérez-Ramos I, Mendoza I, Castro J, 2004. Regeneration
of tree species and restoration under contrasted medi-
terranean habitats and glasshouse experiments. Int J Ecol
Environ Sci 30: 187-196.

Martin-Benito D, Cherubini P, Del Rio M, Canellas 1.2008.
Growth response to climate and drought in Pinus nigra
Arn. trees of different crown classes. Trees 22: 363-373.

Ordoniez JL, Franco S, Retana J, 2004. Limitation of the
recruitment of Pinus nigra in a gradient of post-fire envi-
ronmental conditions. Ecoscience 11: 296-304.

Ortufio F, 1990. El Plan para la Repoblacion Forestal de
Espaiia del afio 1939. Analisis y comentarios. Ecologia,
Fuera de serie n°® 1, 373-392.

Prévosto B, MonnierY, Ripert C, Fernandez C, 2011a. Can we
use shelterwoods in Mediterranean pine forests to promote
oak seedling development? For Eco Manag 262: 1426-1433.

Prévosto B, MonnierY, Ripert C, Fernandez C, 2011b. Diversi-
fication of Pinus halepensis forests by sowing Quercus ilex
and Quercus pubescens acorns: testing the effects of different
vegetation and soil treatments. Eur J Forest Res 130: 67-76.

Puerta-Pifiero C, Gomez JM, Zamora R, 2006. Species-
specific effects on topsoil development affect Quercus
ilex seedling performance. Acta Oecol 29: 65-71.

Retana J, Espelta JM, Gracia M, Riba M, 1999. Seedling
recruitment. In: Ecology of Mediterranean evergreen oak
forests (Roda F, Retana J, Gracia CA, Bellot J, eds). Sprin-
ger, Berlin. Germany. pp: 89-104.

Reyna S, Garcia S, Folch L, Pérez-Badia R, Galiana F,
Rodriguez-Barreal JA, Dominguez-Nufiez JA, Saiz de
Omeilaca, JA, Zazo J, 2004. Selvicultura trufera en montes
mediterraneos. In: Avances en el estudio de la gestion del
monte mediterraneo (Vallejo R, Alloza JA, eds). Funda-
cion CEAM, Valencia, Spain. pp: 523-546.

Ruiz-Benito P, Gomez-Aparicio L, Zavala MA, 2012. Large-
scale assessment of regeneration and diversity in Me-
diterranean planted pine forests along ecological gra-
dients. Diversity Distrib 18: 1092-1106.

Sanz-Pérez V, Castro-Diez P, Valladares F, 2007. Growth
versus storage: response of Mediterranean oak seedlings
to changes in nutrient and water availabilities. Ann For
Sci 64: 201-210.

SPSS, 2006. SPSS 15.0 for Windows. SPSS Inc, Chicago, USA.

Tiscar-Oliver PA, 2007. Dinamica de regeneracion de Pinus
nigra subsp. salzmannii al sur de su area de distribucion:



188 S. Garcia-Barreda and S. Reyna / Forest Systems (2013) 22(2), 179-188

etapas, procesos y factores implicados. Invest Agrar: Sist Valladares F, Niinemets U, 2008. Shade tolerance, a key plant

Recur For 16: 124-135. feature of complex nature and consequences. Annu Rev
Urbieta IR, Garcia LV, Zavala MA, Maraii6on T, 2011. Ecol Evol Syst 39: 237-257.

Mediterranean pine and oak distribution in southern York RA, Battles JJ, Heald RC, 2003. Edge effects in mixed

Spain: Is there a mismatch between regeneration and adult conifer group selection openings: tree height response to

distribution? J Veg Sci 22: 18-31. resource gradients. For Eco Manag 179: 107-121.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


