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The study was conducted in a mature forests of Pinus pinaster located in Las Navas del Marqués, Ávila (4º20’N, 40º33’W), 
at 1050 m.a.s.l., in the Sistema Central range, Spain. In 1996 the stand was harvested using a shelterwood method 
including canopy gaps

OBJECTIVES

•To analyse 1) the relationship between overstory structure, year of germination 
and seedling survivorship

• 2) we tested the hypothesis that seedling survival and growth are enhanced by 
the presence of shrubs

•From March 2008 to January 2010, emergence and survival observations 
were carried out

•Overstory and understory were characterized

•Soil properties (nutrients, texture, volumetric water content) were 
characterized in shrub-shade and shrub-free sample points, within both 
canopy cover environments

•Microenvironmental conditions (relative air humidity, air temperature and 
soil temperature) were recorded during 6 typical summer days (end of July) 
in shrub-shade and shrub-free sample points, within both canopy cover 
environments

•Relative height growth of the first (RHG1) and second year (RHG2) of life 
of survivor seedlings were calculated with initial seedling’s height, and 
seedling’s height in February 2009 and January 2010.

•ANOVA tests were used to detect significant differences in survival and 
seedling growth rates, and all stand and microenvironmental variables

•Tree regeneration dynamics are assumed to be sensitive to climatic 
changes but we lack empirical studies to make predictions at local 
scales

•Understanding biotic interactions is especially important to know in 
Mediterranean systems where shrubs and canopy cover can have a 
strong effect on seedling dynamics

•Few studies have analyzed overstory structure and shrub effects on 
natural regeneration and seedling relative growth rate 

Number of germinants 
in June 2008 (seed08) 
and  March 2009 
(seed09), and seedling 
survival between 2008 
and 2009 of seedlings 
established before 
2008 (seed<08), 
seedlings established 
in 2008 and in 2009, in 
plots with closed  
canopy cover (P1, P2, 
P4), and open canopy 
cover (P3, P5, P6)

Summary of the differences between performance 
estimators, in the sign and strength of the shrub-tree 
seedling interactions by using the Relative Neighbour 
Effect (RNE). Positive and negative values of the RNE 
indicate competition and facilitation, respectively. RNE for 
each seedling performance estimator was calculated as the 
difference in seedling performance without ( > 30 cm) and 
with shrubs (0-30 cm), relative to the case with the greatest 
performance in the pair. RNE was calculated for survivors 
at the end of the experiment (January 2010), in the case of 
the estimator “survival”. RHG1 corresponds to survivor 
seedlings relative height growth after first growing season 
(March 2008-February 2009), while RHG2 corresponds to 
survivor seedlings in the second growing season (February 
2009-January 2010)

•Seedling survival differed significantly between 
canopy cover environments and between seedlings 
established in different years

•Within closed canopy plots seedling survival
significantly varied with distance to the nearest shrub

•Relative height growth of survivors in closed canopy
cover plots at the end of 2008-year (RHG1), varied 
significantly between seedlings established before
2008 (seed<08) and seedlings established in 2008 
(seed08). The distance to the shrub had a significant 
effect on seedlings growth rate

•Relative height growth of survivors at the end of the 
essay in January 2010 (RHG2) was significantly 
determined by the distance of the seedling to the 
nearest shrub, and it significantly varied depending
on the year of the seedling establishment 

•Soil temperature (especially at noon) and relative air 
humidity over the forest floor surface were the most 
important variables, within close canopy plots,
significantly affected by the shrub presence

RESULTS

Climatic diagrams  for the general climate of the area (years 1973-2007) 

Climatic diagrams for 2007 and 2008 years


