N

N

Density and population structure of the natural
regeneration of Scots pine (Pinus sylvestris L.) in the
High Ebro Basin (Northern Spain)

Santiago Gonzalez-Martinez, Felipe Bravo

» To cite this version:

Santiago Gonzalez-Martinez, Felipe Bravo. Density and population structure of the natural regener-
ation of Scots pine (Pinus sylvestris L.) in the High Ebro Basin (Northern Spain). Annals of Forest
Science, 2001, 58 (3), pp.277-288. 10.1051 /forest:2001126 . hal-00884168

HAL Id: hal-00884168
https://hal.science/hal-00884168

Submitted on 11 May 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00884168
https://hal.archives-ouvertes.fr

Ann. For. Sci. 58 (2001) 277-288 277
© INRA, EDP Sciences, 2001

Original article

Density and population structure of the natural
regeneration of Scots pineRinus sylvestrid..)
In the High Ebro Basin (Northern Spain)

Santiago C. Gonzalez-Martirfézand Felipe Bravo

Departamento de Produccion Vegetal y Silvopiscicultura, University of Valladolid at Palencia,
Avda. de Madrid, 57, 34004 Palencia, Spain

(Received 18 February 2000; accepted 21 August 2000)

Abstract — This paper presents the analysis of 11 natural regenerated stands in native Scots pine forests located in the High Ebrc
Basin (Northern Spain). The natural regeneration showed a continuous age distribution, early height differentiation atadb#i-high

ty in the height position of seedlings. Total density and main crop (trees selected for future commercial harvest) delssitgn@ode
developed to study the relationship between natural regeneration and site variables. Soil sand content was an impoc@nt ecologi
factor distinguishing two groups of plots. Hardwood and Ericaceae species competition were the main factors that explained tota
density but only in soils with low sand content. Intensive herbivore grazing was proposed to produce a strong reductien of viab
seedlings. Thus, vegetation-control treatments and limitation of cattle grazing in regeneration areas are highly recomtimended in
native Scots pine forests of the High Ebro Basin.

natural regeneration / population structure /Pinus sylvestrig Mediterranean region / Spain

Résumé- Densité et structure des peuplements de Pin sylvestreifus sylvestrid..) régénérés naturellement dans le Haut-

Bassin de I'Ebre (Nord de 'Espagne)Dans cet article sont analysés 11 peuplements régénérés naturellement, situés dans les foréts
autochtones de Pin sylvestre du Haut-Bassin de I'Ebre (Nord de 'Espagne). La régénération naturelle a été caractériiée par une
tribution continue de I'age, une différenciation en hauteur précoce et une stabilité dans les classes de hauteur deBgsantules.
modeles ont été développés pour étudier les relations entre la densité de la régénération naturelle et les variabkesleinsitite. L
totale et la densité moyenne de la récolte (la densité d’arbres sélectionnés qui constitueront la récolte commerciatettététa) o

diées. Le contenu en sable du sol s’est révélé un facteur écologique important, permettant de distinguer deux groufes de sites.
compétition entre le résineux, les feuilleux et les espéces du genre Ericaceae a représenté le facteur principal que ebguiijiéait

totale, mais seulement dans les sols peu sableux. Le paturage intensif d0 aux herbivores semble avoir produit unedortieséducti
plantules viables. Par conséquent, les traitements pour controler la végétation adventice et la limitation du paturagendsndees
régénération sont tres recommandés a l'intérieur des foréts autochtones de Pin sylvestre du Haut-Bassin de I'Ebre.

régénération naturelle / structure des peuplementsRinus sylvestrig région Méditerranéenne / Espagne
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1. INTRODUCTION system and silvicultural interventions are not frequent at
early stages of development. A site preparation consist-
The demand for natural landscapes, the multi-resourceng in a light soil scarification was in common practice
use of forests and the high cost of plantations focusin the area from the 1950s to the 1980s and so affected
European foresters’ attention on natural regeneration [1all the stands older than 10 years. The climate shows
2, 19, 24]. Works studying the population structure and both Atlantic and Mediterranean influences, with an
the main factors affecting natural regeneration in Scotsannual average rainfall of 787 mm (123 mm in summer)
pine (Pinus sylvestrid..) are abundant in the literature. and an average annual temperature of 11.2 °C, without
Most of them refer to boreal or Atlantic forests whereas pronounced droughtdigure 1). The high interannual
studies in the Mediterranean or Atlantic-Mediterranean variation of temperature and precipitation typical of
transition context are scarce. The climatic range isMediterranean climates is moderated by the Atlantic
important because it influences the type and structure ofinfluence. The soils are calcareous cambisols evolving to
soils, the composition of vegetal communities and theluvisols in humid sites. The floristic community is com-
natural regeneration process. The climate affects theposed of mixed Atlantic and Mediterranean elements.
guantity and quality of seed crop [31] and determines theQuercus faginedamk. andFagus sylvaticd.. appear in
elongation of flower primordia [27], flowering phenolo- soils with low sand content and some edaphic moisture,
gy [20, 36] and pollen dispersal. The climatic factors are being substituted bQuercus ilexL. in xeric soils. In
also important during germination and early develop- sites with a low pH, heatheD@boecia cantabrica
ment of seedlings. In Mediterranean forests, the summeilHudson) C. Koch.Calluna vulgaris(L.) Hull., Erica
length and climatic irregularity are the main causes of vagansL. andErica cinereal.), gorse {Ulex europaeus
failure of natural regeneration, so that the combination ofL. andUlex gallii L.) and fern Pteridium aquilinum(L.)
seed production and favourable climatic conditions for Kuch.) formations are frequent.
seedling establishment only occurs every 20-40 years
[28, 33]. Other main factors that affect regeneration suc-
cess are herbivory and interspecific competition. 2.2. Measurements
Herbivore grazing reduces population density and height
growth up to 30%, and early growth losses are not made The sample included 11 stands that represented the
up with time [12]. Interspecific competition of vegeta- ecological variability of the study aretlfle ). A wide
tion groups like trees and shrubs [1&Ficaceae[l7]  range of altitude (750-900 masl), slope (8-45%) and
and grasses [23] are reported to have different effectyerstorey basal area (1.20-16.80ha?), and different
upon natural regeneration so they are studied indepensoj| types (from cambisols to luvisols) were sampled.
dently in this paper. Sampling within the stands was conducted systematical-
The characteristics of natural regeneration of Scotsly based on a random start (18QL00 m grid). A total
pine in the southern limit of the distribution area for the number of 80 plots were measurgdb{e ). The plots
species are poorly studied. Discussion of the importantwere circular with a fixed radius of 2.5 meters (19%.m
elements for natural regeneration density can be utilisedAge and total height were measured on all Scots pine
to define the silviculture of Scots pine in Mediterranean seedlings with diameter at breast height (1.30 m) less
areas where low-intensity forest management and in sitthan 75 mm. The age of the individuals was assessed by
genetic resources conservation have increasing interestalculating the number of nodes. In some cases, there
[16, 39]. The aim of this work was: (1) the analysis of were not a clear differentiation of nodes and the
population structure of natural regeneration, (2) the studyseedlings were cut in order to estimate the age by ring
of density of Scots pine seedlings in relation to site vari- counting. The seedlings were scored considering height
ables and (3) the construction of predictive models for position (dominant/codominant/intermediate/suppressed)
natural regeneration density. and damage by grazing, stamping and pests (healthy/low
damage/moderate damage/highly damaged). The term
“main crop seedling”, that is the trees selected to become

2. MATERIALS AND METHODS a component of a future commercial harvest, referred to
_ o those seedlings with the highest score in both variables
2.1. Site description (dominant and healthy). The Stocked Quadrats method,

with quadrats size of 4.9%nwas used for stocking esti-
The Scots pine forests studied were situated atmation. In this method, plots are divided in four quarters
710-910 masl in High Ebro Basin (Northern Spain) cov- (the quadrats) and stocking is defined as the percentage
ering 13 000 hafigure 1). Silviculture in the area is of quadrats with at least one healthy and dominant
based on natural regeneration following a shelterwoodseedling [26].
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Study area

Atlantic Region
Mediterranean Region

100 Figure 1. Walter-Lieth Climate
Diagram and location map show-
o z ing High Ebro Basin and its posi-
% o tion related to the boundary
= S between Atlantic and Mediter-
© % ranean climates (dotted line) in
g g Spain. The shadow area in the map
£ S0 = indicates the native Northern
= 5 Iberian distribution of Scots pine.
3 2 Climate Diagram legend; dark
= g shading: period of relative
= drought; light shading: period of
relative humid season; T: annual
average temperature; P: annual
average rainfall; k: relative
drought period/relative humid
period ratio; a: period of relative
drought in months.
Table I. Description of the stands.
Stand Area Number Overstorey basal Altitude Slope Aspect
number (ha) of plots area frha?) (masl) (%)
1 4.30 5 4.30 800 8 S-W-N
2 7.25 8 11.30 885 8 w
3 5.90 6 3.40 750 21 N-E
4 5.20 5 6.12 760 33 N-E
5 11.42 12 3.05 840 9 S-W-N-E
6 4.25 5 1.20 850 36 N
7 8.59 9 1.79 760 11 W-N-E
8 5.03 5 3.00 800 45 S-W
9 6.07 6 1.58 810 15 N
10 8.72 9 1.70 900 24 S-W-N-E
11 10.11 10 16.80 875 16 S-E

The site variables measured were classified into phys-cal method based on moistened samples collected at
iographic data (altitude, slope and aspect), edaphic dat20 cm depth [30]. Four sand content categories were dif-
(texture and thickness of the humus layer), vegetationferentiated: below 40%, between 40 and 65%, between
data (cover and mean height of different vegetation65 and 80% and higher than 80%. Some samples
groups), and forest management data (residual basal18.75%) were also analysed in the laboratory in order to
area, distance from the nearest seed source and sodheck the accuracy of field estimations. Cover of the dif-
preparation). The description of site variables is shownferent groups of plants was visually scored using
in table II. Soil was evaluated following a field categori- schematic diagrams illustrating covers from 0 to 100%
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Table Il. Description of the site variables included in the regression models.

Variable  Type Range Classes Description
Physiographic data
ALT  Quantitative 700-900 — Altitude above sea level (m).
SLO % 0-90 - Slope measured with a clisimeter located in the middle of the plot.
ASP Binary - aspl Exposition of the plot, a binary variable that indicates Northern exposition.
Edaphic data
TEXT Categorical - textl  Sand content of the soil following a field categorical method. Dummy variable for sand

content higher than 80%.

- text2  Sand content of the soil following a field categorical method. Dummy variable for sand
content between 65% and 80%.

- text 3  Sand content of the soil following a field categorical method. Dummy variable for sand
content between 40% and 65%.

THIC  Quantitative 0-9 - Thickness of the humus layer (cm).
Vegetation data
PC1 Quantitative - —  (MPrincipal Component 1. Related to cover and mean height of hardwood species.
PC 2  Quantitative - —  @Principal Component 2. Related to cover and mean heidriczceaeplants.
PC 3  Quantitative - —  (Principal Component 3. Related to cover of grasses.
Forest management data
BAS  Quantitative = 0-31 - Overstorey basal areat{at).
DIST Quantitative  1-80 - Distance from the seed source (m).
PREP Binary - prepl Site preparation, a binary variable that indicates when site preparation has been made.
TIME Quantitative  0-23 - Time from the beginning of the regeneration process in each stand (years).

(@ see further explanation in the text.

(5% step) under different spatial patterns. Mean heightBlackman’s coefficient [13]. This test makes use of the
of the different groups was measured as follows: for eachequality of mean and variance of the Poisson distribu-
group of species the plot was divided into portions eachtion. If the ratio of variance to mean is less than one, a
having roughly constant height, separate mean heightsegular pattern is indicated, if greater than one, a
were obtained for each portion by measuring a sample otlumped pattern. Deviations from a random spatial pat-
at least 10 individuals (when available), and the valuestern were tested using the Student t-test. Height and age
were combined in a weighted mean [13]. The variable structure analysis was carried out comparing the mean
Time, defined as the number of years from the beginningheight of seedlings belonging to consecutive age-classes.
of the regeneration process (known by managementStudent t-tests comparing consecutive age-classes were
records), was used in order to know if density increased,done for each stand following Schepper [37]. Only age-
decreased, or remained constant during the regenerationlasses with more than five trees were included. In addi-
period. tion, box-and-whisker plots for total height and age dis-
tributions were plotted. The whole set of data (80 plots)
was used is this first step.

2.3. Data analysis Explanatory interpretation of factors affecting density

of natural regeneration was made by multiple regression

_ The data analysis was conducted in two steps. Theyna\ysis, adjusting models between total density and
first step was the analysis of population structure of nat-,4in crop density, and the site variablegable II.

ural regeneration. Then, the selection and interpretationggcayse vegetation variables were strongly correlated
of the main factors that affected density and the con-(pearson’s correlation coefficient higher than 0.75 in
struction of predictive models were made. some cases), principal component analysis (PCA) was
The population structure of each stand was analysedused to get a set of independent variables from these
by means of total density, main crop density and stock-data. The number of factors retained in the PCA was
ing calculations. Pattern, height and age structure analydetermined using the factors/eigenvalues plot [15]. Three
sis were also performed. Pattern analysis was based oprincipal components, explaining a 69.24% of the total
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variance, were included in the models. Principal (25/h), wheren was the sample size [4]. The atypical and
Component 1 (PC 1) had a high correlation with coverinfluential points were detected by analysing the
(0.93) and mean height (0.91) of the hardwood speciesStudentized residuals and Cookls Dfbeta and
present in the study area (mainQuercus faginea Covratio values which measure the effect of an individ-
Quercus ilexand Fagus sylvaticg, Principal ual observation on the dependent variable, the regression
Component2 (PC 2) was strongly correlated with the coefficients and the variance-covariance matrix of the
cover (0.88) and mean height (0.86) of plants of the parameter estimates, respectively [32]. Validation of the
Ericaceaegroup Daboecia cantabricaErica cinerea models was done by studying the distribution, mean and
Erica vagansand Calluna vulgarid and Principal  variance of residuals of 25 plots not used in model con-
Component 3 (PC 3) was correlated with the cover struction. SAS version 6.0 program was used for statis-
(0.95) of grasses present in each plot (mainly tical analysis.

Brachypodium phoenicoidgt.) Roemer and Schultes,

Dactylis glomeratalL., Holcus lanatusL. and

Arrhenatherum elatiuglL.) Beauv.). Categorical vari- 3. RESULTS

ables withk classes were included in the models defining _ _

(k — 1) dummy variables. Starting from the saturated 3.1. Population structure of natural regeneration
model where the effect of continuos variables is allowed

to vary across all categories, the significance of interac- The mean total density was 0.51 + 0.15 seedlings m
tions was tested by gradually simplifying the model. with a minimum and maximum values of 0.13 and
Only the dummy variabléext1 (soil sand content higher 0.93 seedlings m, respectively table I1). Main crop
than 80%) had a significant interaction both in the total density accounted for 46% of the total density. The
density and main crop density models, thus suggestingstocking ranged from 18% in Stand 2 to 78% in Stand 7.
different performance of the quantitative variables for Only 20% of plots had full stocking but 45% of plots
plots with different sand content. There were not enoughwere above 50% of stocking. The spatial pattern was
plots, only eight, in sites with high sand content to adjustclumped in all sites except in Stand 1, which showed a
any model, so they were dropped for further analysis.regular distribution.

Once the p|0tS that caused the interaction effect were The natural regeneration showed a near|y continuous

dropped, the following linear model was constructed:  age distributionfigure 2. There was a large difference
between minimum and maximum individual tree age in
YEBot BiX t BpXot o B X, T € each stand, with an uppermost range of 19 years

. . .. (Stand 8) and 20 years (Stand 7). Although the upper
wherey was the total density or main crop density gyaiym generally corresponded to the oldest seedlings,
depending on the modet;, X,, ... X, were the site vari-  gome new individuals had established during late stages
ables; 3, B;, By, --- B, were the parameters to estimate; of the regeneration phase. For instance, differences of
and € was the experimental error. Linear models were 1 years between dominant trees could be found in
estimated by weighted least-squares regression. Thisizng 9 figure 3. However, there was a notable differ-
method does not alter the model structure and produces gnce in mean height between consecutive age-classes
near-constant variance of the residuals. The Weighting(lg from 37 t-tests witlp < 0.05) indicating a marked
factor was the inverse of the variance. Two thirds of thestability of the height position of seedlings. Within each

data (47 plots, after removing sandy plots) were used foryge the difference between the upper and the lower
the final model construction and one-third for its valida- quartile for total height increased with age. In a particu-

tion (25 plots). lar and extreme case it was found a difference of 2 m in
The normality, linear independence and homogeneitytwo seedlings that were both 13 years old (Stand 6).

of variance of the residuals were studied using the

Shapiro-Wilk test, the normal probability plot and the

residual values/predicted values plot. The variables were 3.2. Main factors affecting density of seedlings

transformedx = (x + 0.5f-5, to approach normality. This

transformation is normally used with data that include  The saturated models showed an interaction between

many zero values [13, 38]. Percentage data were norsoils with sand content higher than 808#x{1) and the

malised using the logit transformation= log{p/(1 — other variables included in the modetable IV, only

p)}. The logit transformation modifies a variable having variables included in the final predictive models are

arange 0 to 1 to a variable with no restrictions, similar to shown). This result suggested a different pattern in soils

one that is normally distributed. Zero values were with sand content above and below 80%. Field

replaced with 251 and 100-percent values with 100- observations showed that the site preparation and the
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Table Ill. Main characteristics and population structure parameters of natural regeneration in the study area.

Stand Density Main crop Mean age H Stocking (%) Pattern
(seedlings m) density (years) (Fn) 0 25 50 75 100

1 0.23+0.12 0.12 £0.07 13.20 +2.09 1.94+0.76 0 1 2 0 2 .69

2 0.13+0.18 0.10+0.13 1.43+1.65 0.05+£0.05 4 2 2 0 0 1.84 **
3 0.28 £0.10 0.13 +0.56 8.00+3.24 1.21+£0.50 1 1 0 3 1 2.06 **
4 0.59 +0.92 0.52 £0.89 450 £3.25 0.24+£0.16 1 1 2 0 1 2.63 **
5 0.50 £0.29 0.45+0.29 1.44 +0.47 0.12 +0.03 2 0 3 3 4 4 31 xx*
6 0.41+0.16 0.14+£0.12 10.40£1.71 1.64 +0.49 0 0 2 3 0 2.76%**
7 0.69 £0.32 0.10+0.10 12.07 +2.08 0.84 +0.29 0 0 3 2 4 4 44hrxx
8 0.33+0.15 0.10+0.10 10.00 +5.29 1.14 £ 0.64 1 0 2 2 0 6.27*+*
9 0.23+0.03 0.09 £0.04 18.50 £2.81 2.26 +0.53 0 1 2 3 0 1.74*
10 0.93 +0.86 0.40 +0.45 3.83+2.30 0.29+0.21 3 0 1 3 2 7.03%+*
11 0.82 +0.62 0.38 £0.31 3.60 +1.66 0.25+0.14 3 1 2 1 3 10.49%**

H.- Mean height; Stocking: Number of plots with 0, 25, 50, 75 and 100% stocking. Pattern: Blackman'’s coefficient and tasibaffd@vi random
distribution.

Table IV. Saturated models showing interaction effects between the dummy vaebdtiiEsoils with sand content higher than 80%)
and the variables included in the final predictive models for total density and main crop density.

Model (Adj—r?) Variable d.f. Parameter estimate Standard error t
TOTAL DENSITY CONSTANT 1 10.714 2.129 0.0388
(0.3989 TIME 1 2.075 0.846 0.0181
PC1 1 —11.496 5.503 0.0424
PC2 1 -5.652 5.432 0.3037
Textl 1 222.066 62.094 0.0008
Textl *TIME 1 -16.589 7.991 0.0437
Textl *PC 1 1 21.596 14.909 0.1544
Textl* PC 2 1 30.224 44.077 0.4964
MAIN CROP DENSITY CONSTANT 1 10.226 6.452 0.1203
(0.4940 Prepl 1 27.576 8.380 0.0020
PC1 1 -5.980 4.983 0.2367
PC3 1 -10.602 6.236 0.0963
Textl 1 74.384 19.194 0.0004
Textl * Prepl 1 -36.834 35.294 0.3025
Textl *PC 1 1 18.648 9.452 0.0550
Textl* PC 3 1 13.327 22.279 0.5528

interspecific competition (both important in the plots  The total density model, which accounted for 54% of
with sand content below 80%) were apparently not the variation, included overstorey and understorey vege-
affecting natural regeneration density in plots with high tation cover and mean height (PC1 and PC2, respective-
sand content. However, there were not enough plots iny) @nd the time from the beginning of the regeneration
sites with sand content higher than 80% (only eight) to Process. Total densﬂy of 'natural regeneration was posi-
undertake the modelling of this group and, therefore notl\le}ly corr_elated with the time from the begmnlng of the

. . ' ’ “regeneration phase and negatively correlated with cover
conclusive results could be obtained. These_plot_s Wer&nd mean height of hardwood aRdicaceaespecies.
removed from the data set to allow the estimation of The magnitude of the correlation between each group of
main effects in the final predictive models that are only species and total density was similar, as shown by the
valid for plots with sand content below 80¢%lile \j. parameter estimates. With respect to the main crop



Natural regeneration of Scots pine

283

STAND 1 STAND 2 STAND 3
0.05 - 006
‘\"E 0.04 NE 0.05 o 005
&, 003 g,’ E 004
£ < 0031] 2oos
T 002 ° -
L g 0021 g 0.02
J73 | @ i3
@ 001 - H ﬂl I @ o001 * D 001 I
ol _ o LI ML 1 0l (ERIRAIN
1234567 8 91011121314 1516 17 18 1320 12345867 8 9 1011121314151617 18 1920 123 456 7 8 ¢ 101112131415 16 17 18 1920
Age (years) Age (years) Age (years)
STAND 4 STAND 5 STAND 6
01 } 0.4 0.1 1
o 0.08 4 o o 008
03
€ oo p -
=) 0.06
£ £o2 2
5 004 g g 0.04
Q Q
& 002 I @ ! & 002
123455755|D11'2|3|4|5!E|7181¥20 123 456 7 8 910111213 14151617 18 1920 12345678 91011121314151617 18 1920
Age (years) Age (years) Age (years)
STAND 7 STAND 8 STAND 9
008 0.06 -
i 1
o 0.05 +
£ 006+ E 003 '-‘E *
8 o & g%
£ oo £ 002 E’uos*‘
=] 5 =
@ > °
3 002 3 oot 4 o oozﬁ
@ 0011
0 L_____ﬁﬁ_
123 456 7 8 9 101911213 141518 17 18 19 20 123 456 7 68 910111213 14 15 16 17 18 19 0 308 6 7 B 8 0 a2 s T e e 2 2 2 2
Age (years) Age (years) Age (years)
STAND 10 STAND 11
0.3
IS o 024
£ £
& &8 018
£ g
§ -OU.) 0.12
; | = illll
. o nLLLHNi.

123 4567 8 910111213 141516 17 18 1920

Age (years)

1234567 8 91011121314151617 18 1920

Age (years)

Figure 2. Age structure of 11 natural regenerated stands in the High Ebro Basin (Northern Spain). White bars indicate suppressed or
injured seedlings.

density, the model showed a positive correlation between The residual analysis of the final predictive models
the establishment of successful seedlings and site prepashowed no violations of the assumptiofiigre 4).
ration. In fact, holding constant the other factors (equalBecause atypical values were representative of the high
to the average in the study area), the model predicts arcological variability of the sampled area, they were not
increase in the number of main crop seedlings from 0.03removed from the models. With respect to the validation
to 1.30 seedlings TAwhen site preparation is made. On analysis, the residuals showed a normal distribution both
the contrary, grasses cover (PC 3) and cover and meamm the total density (Shapiro-Wilk’s test = 0.98) and main
height of hardwood species (PC 1) were negatively cor-crop density (Shapiro-Wilk’'s test = 0.93) models. The
related with the density of main crop seedlings. means of the residuals were 0.69 and 0.78 in the total
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Table V. Weighted linear regression models for total density and main crop density.

Model (Adj—r?) Variable d.f.

Parameter estimate Standard error t

TOTAL DENSITY
(0.5379

CONSTANT
TIME
PC1
PC 2

RrRrPR

MAIN CROP DENSITY
(0.5087

CONSTANT
Prepl
PC1
PC 3

PR

8.154
0.699

2.120

4.408

0.0931
0.0003

0.0001

0.0367

14.012
2.738

-11.831

-9.512

2.948
4.284

1.475

2.164

0.0003
0.0001

0.0012

0.0002

11.534
20.912
-5.136
-8.877

density and main crop density models, respectively, ai
not differed significantly from zero as shown by Studer
t-tests. In addition, the variances of the residuals we
not different than the mean square errors of the models

4. DISCUSSION

4.1. Population structure of natural regeneration

Multicohort stand dynamics were outlined by Olivel
and Larson [29] for the single-species case, suggesti
that the loss of vitality and death of shrubs and grass
due to the effect of minor disturbances allowed th
establishment of new seedlings and produced nearly cc
tinuous age distributions. Complex stand structures ai
continuos age distributions due to episodic partial distu
bances have been also found in mixed-species stands
In contrast, in cases of severe disturbances, like a fil
the occupation of all the growing space in the first twc
three years and the non viability of later settlers ha\
been reported. For instance, Lust [25] indicated a rege
eration period of only four years after a fire in a 600 h
Scots pine forest (High Campine, Belgium). A similal
process to that described by Oliver and Larson [2¢
enhanced by the climatic irregularity of the area coul
produce the natural regeneration structure observed
the High Ebro Basin. A continuous series of climati
data (1951-1992; National Meteorological Agency
“Duero” Regional Centre) showed variation in climatic
types from dry Mediterranean (during 7 years) to typice
Atlantic (during 16 years) and a great variety of trans
tional types. Annual weather fluctuations have bee
reported as minor disturbances that are of great impc
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Figure 4. Residual values versus predicted values plot for total
density and main crop density models.

tance in the first stages of stand development [29]. The

establishment of new seedlings in the stands may beseedlings has been suggested to be caused mostly by the

caused by the loss of vitality and death of shrubs, grassespatial heterogeneity of the stand [21]. Differences in
and other tree seedlings due to the effect of drought inmicrosite variables affecting height growth could explain
dry years. The variation in height growth of Scots pine the possibility of promotion of later settlers to the
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dominant stratum. Limited recruitment of tree seedlings tillus or Pteridium aquilinum- are not likely to be of
due to low seed production or seed predation could alsamportance in the area because they have inhibitory com-
explain the observed population structure. Seed predapounds which are relatively more soluble than those
tion has important effects in the availability of seeds of from Ericaceaespecies [17] or their stocking is low in
Pinus species, being a key factor in small size popula-the study area. Lust [25], studying natural regeneration
tions [22]. As much as a 90% of pre-dispersal predationafter a fire, pointed out the importance of physiographic
and a 61-96% of post-dispersal predation has beerfactors (aspect, slope). In our study, physiographic fac-
reported in relict stands &finus sylvestrisn southeast-  tors were not significant probably due to a greater impor-
ern Spain [6]. However, seed availability does not seemtance of interspecific competition and the absence of
a limiting factor in the High Ebro Basin where seed pro- large disturbances [29, 40]. On the other hand,
duction is usually high and seed predation is reduced byScandinavian authors reported the importance of neigh-
the existence of other major food sources (Eagus bouring seed-producing stands for regeneration success
sylvaticg Quercusspp). [2, 35, 41]. The extreme temperatures of Northern

The difference of height between consecutive age_Europe limit S.cots' pine’s rowe(mg and cone p'I’Odl.JCtlon
classes indicates a high stability of the seedlings heighf18], whereas in High Ebro Basin seed production is usu-
positions. Ruha et al. [34] showed that the height posi-ally abundant.
tions are primqrily established during the first 5—1Q YearS  The grass layer is a physical barrier preventing fallen
at a mean height of less than 0.5-1 m and might beseeqs from contacting the mineral soil. It also means a
determined even by the height growth of the very first g4ong competition with settled seedlings. For instance, a
year. Early differentiation favours the natural selection qgo; of height growth reduction has been observed in
of seedlings increasing the total yield at harvest time pj, ;s taedanith grass seeding dfestuca arundinacea
[14]. In the study area, the stability of the height posi- yhplieq at a rate of 2.8 g#{10]. Competition intensity
tions Is f_avoured .by the heterogeneous pattern and.th'\?vith herbaceous vegetation is likely to increase in envi-
low-medium density of trees. In contrast, in high density .o ents with low water availability [7]. In the study

stands of 6 to 15-year-old Scots pine, Ganther [11]5.05 tree seedling success may be strongly influenced by
observed trees moving from one height class to anotherc,mnetition for water during dry years. In addition, live-

The early height differentiation and the stability of qiqck and herbaceous plants are in close interrelation.
height positions allow an early selection of trees in the coniinyous cattle grazing changes the floristic communi-
s_tudy area. In precommercial thlnn!ng, the helght_pos_|-ty producing a dense pasture enriched with palatable
tion of a tree could be used as an important criterion ingyecies where cattle tend to concentrate. A strong reduc-
the selection of the remaining trees. tion of main crop seedlings due to herbivores grazing
and stamping in forest regeneration areas is common in
the High Ebro Basin. In these cases, injured plants are
frequent and the density of main crop seedlings is
. . . . . reduced. Cattle pressure produces reductions of growth,
Limited recruitment of seedlings in forest species duevigour and quality of wood in the Scots pine seedlings.
to interspecific competition is well-stated in the litera- Gong et al. [12] reported that in native pinewoods at
ture. The climatic conditions of the study area are Suit- Gjen’ Tanar, Aberdeenshire (Scotland), the dominant
able for the establishment of hardwood species (mainlygeelings, defined as the tallest 10 percent of seedlings in
Q. fagineaandF. sylvaticg. Schepper [37] showed con- gach plot, when aged 12 (61.5 cm height) were 22 cm
stant growing rates for Scots pine in comparison with higher in fenced than in unfenced plots. Slow-growing
exponential growing rates for initial stages of 0ak geots pine plants are less able to compensate for biomass
species. This causes a clear initial competitive disadvanyygges and, therefore, they have less chances to survive
tage for pine regeneration and poorly stocked stands agpen attacked [8]. In consequence, damage is more
in the study area. The competition from broad-leaved ye(imental in poor sites, thus increasing regeneration
species also seems to be the main limiting factor for yiticulties. Fencing seems to be, in the long term, the

Scots pine recruitment in Northern Italy [S]. The models gy refiable way of securing the development of natural
assign a relevant role to the presencErnifaceaein the regeneration in these areas.

natural regeneration success. Inhibition of germination
of red clover by phenolic compounds from the aerial Acknowledgements:The authors wish to thank A.
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Daboecia cantabricéhas been reported in laboratory Alia, D. Agundez, G. Montero, S. Mutke and E. Castro
assays [3]. Other plants with potential allelopathic for comments on the manuscript and F. Merino, C. Gil, 1.
effects on Scots pine regeneration — Nkaccinium myr- Lopez and M.E. Abril for generous field assistance. The

4.2. Main factors affecting density of seedlings
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