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10. General discussion 

Across the chapters of this thesis we have tried to improve our knowledge on the features 

and functionality of forests on the responses of forest ecosystems to multiple endogenous 

and exogenous factors. We have specially focused our research on the effects of climate, 

weather variability and nutrient availability on vegetative and reproductive forest 

productivity. Although some of our research has provided further support to previous 

results and well known and pre-established theories, we have also developed new 

hypotheses that have enlightened poorly explored mechanisms that surely deserve to be 

studied further. The results of this thesis open the door to a wide range of new ideas and 

hypotheses worth to test in the near future. This thesis is also a good example of what the so 

called “big data” can offer to ecologists and environmental scientists.  

What we have learnt 

At the beginning of the thesis (Chapter 1) we provide a global synthesis of what forest 

ecosystems are and how they function. We found that stand age, water availability, and 

length of the warm period were the main factors controlling forest structure and 

functionality. However, resource-use efficiency (of light and water) were rather constant 

across different biomes. Standing biomass and carbon fluxes were strongly correlated to 

each other at the global scale and both were controlled by climate (mainly water availability 

and temperature) and stand characteristics such as the age of the stand or leaf type. 

Additionally, the interaction between temperature and precipitation was the main climatic 

driver of gross primary production and ecosystem respiration. However, carbon 

sequestration was mainly correlated to nitrogen deposition and that triggered our second 

chapter.  
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The scientific community already knew that tropical forests, which are usually nutrient 

limited, do not sequester most of the carbon they photosynthesize and that forests receiving 

high loads of nitrogen deposition sequestered more carbon than those growing under lower 

rates of nitrogen deposition (Chapter 1). Previous research also pointed out that fertile 

forests produce biomass more efficiently (Vicca et al. 2012) while soils subjected to high 

loads of nitrogen deposition respire less than those subjected to lower rates of nitrogen 

deposition (Janssens et al. 2010). We therefore checked whether nutrient-rich forests 

sequestered more carbon than nutrient-poor forests. We found that, indeed, nutrient-rich 

forests sequester 33 ± 4% of photosynthesized carbon while nutrient-poor forests only 

sequester 6 ± 4% of it (Chapter 2). At the ecosystem level, this effect of nutrient availability 

was independent of climate, stand age or the management of the stand.  

And we started analyzing the signal of nutrient availability at a closer scale, looking at 

different forest compartments such as foliage, branches, stems and coarse and fine roots. 

We found that, once the effect of stand age was removed, nutrient availability and climate 

played a crucial role in determining the biomass-to-net primary production ratio (B:NPP, 

as a surrogate of mean residence time of carbon) of woody and non-woody tissues (Chapter 

3). But nutrient availability had a different effect depending on the forest compartment. 

Whereas the B:NPPs of woody tissues (branches, stems, and coarse roots) were positively 

influenced by nutrient availability, it had a negative effect on the fine root fraction. B:NPP 

of the fine foot fraction was also positively correlated to thermal amplitude and 

precipitation seasonality.   

The first three chapters were focused on average values per ecosystem. However, 

ecosystems usually lie in a sort of dynamic equilibrium state (Begon et al. 1996, Hougthon 

2009) and therefore, are constantly modulating their functionality to better fit the 

environment including anthropogenic impacts. Hence, in Chapter 4 we looked for the 
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effects of increasing atmospheric CO2 concentrations, changing nitrogen and sulphur 

atmospheric deposition rates and the changing climate on gross primary production, 

respiration and net primary production. We found that increasing CO2 has increased gross 

primary production and carbon sequestration, on average, by 1% annually from 1995 to 

2011. We also found that the reduction of sulphur deposition in Europe and the USA 

involves a higher recovery in ecosystem respiration than in gross primary production, 

limiting the increase of carbon sequestration. By contrast, trends in climate and nitrogen 

deposition barely contributed to changing carbon fluxes.  

Despite vegetative productivity plays the key role on forest carbon balance, the production 

of fruits demands a fraction of the photosynthesized resources that greatly varies among 

years (Herbst et al. 2015). In Chapter 5 we found that fruit production ranges from 10 to 40 

g C m-2 y-1 and uses around 0.5 - 3% of the photosynthesized carbon in European forests. 

We also found that forests enriched with foliar zinc and phosphorous concentrations, 

produced larger fruit crops and presented less irregularity in interannual fruit crop size 

than those limited in zinc and phosphorous. However, foliar nitrogen concentration, 

associated to broadleaved species, the C:P ratio and temporal variability in annual 

precipitation were aligned with higher temporal variability in fruit crop size. Our results, 

highlighted, for the first time, that foliar nutrient concentration of N, P and Zn and foliar 

nutrient stoichiometries determine the percentage of photosynthates allocated into 

reproduction, fruit net primary production and its temporal behaviour in European forests. 

In Chapter 6, we found that interannual variability and synchrony in fruit production 

(masting) was controlled by the interannual variability of the North Atlantic Oscillation, 

having a more prominent importance than local weather variables in predicting it. The 

relationships emerged from these analyses supported both the resource matching and the 

pollination efficiency hypotheses. On the other hand, synchrony in fruit production between 
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forests was mainly controlled by the degree of synchrony of forests to the winter NAO 

rather than to weather variables. Our results pointed out the Moran effect as the most likely 

mechanism for synchronization of fruit production at large geographical scales although we 

could not discard the possibility that pollen coupling plays a role in synchronizing fruit 

production at local scales. 

In Chapter 7, we continued testing masting hypotheses, at the local scale, in Quercus ilex 

and Quercus pubescens stands. We found that spring water deficit was the most relevant 

factor in explaining inter-annual variability in acorn production in both species and that 

inter-annual differences in pollen production did not influence acorn crop size. These 

results provided evidences supporting the resource matching hypothesis for the two species. 

Spring water deficit was also the main factor affecting synchrony in fruit production among 

forests supporting the Moran effect. 

However, not only weather variability can be used to predict fruit crop size or masting 

behavior. In Chapter 8 we demonstrated that fruit production can also be predicted using 

remotely sensed vegetation indices, such as the enhanced vegetation index (EVI). Our 

results suggested that fruit crop size in Quercus ilex was driven by a combination of two 

factors, i.e. good and improving vegetation conditions (detected via EVI several months 

prior to fruit harvest), and the need of wet weather conditions during spring. Results from 

Chapters 6 and 8 call for a renewed point of view of weather variability driving masting in 

forests.  

Finally, in Chapter 9 we introduce the consecutive disparity index, D, as a measure of 

temporal variability for ecological studies. We demonstrate the usefulness of the index and 

the advantages with respect to the coefficient of variation (CV). We found the D index to be 

less dependent on the mean than the coefficient of variation and to take into account the 

autocorrelation of the time series. Further, the D index responded early than the CV index 
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to time series approaching an abrupt shift (with increasing variance and autocorrelation). 

Overall, the D index seems to be a good candidate to substitute, or at least to complement, 

the CV index in studies focused on the evaluation of temporal variability. 
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Nutrients * GPP P = 0.15

Nutrient-poor (1000 < GPP < 2500): Slope = 0.53, P < 0.0001

Nutrient-rich: Slope = 0.25, P = 0.14
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