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The importance of genetic variation and phenotypic plasticity for climate adaptation in Pinus sylvestris: conclusions from a continent-
wide study in Europe
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Given the ongoing rapid climate change, the ability of species to respond to novel and changing environmental conditions is critical for long-term survival of
populations. In forest trees, common gardens, reciprocal transplants and provenance trials have been widely used to assess the genetic composition and potential
response to climate variation. However, such studies largely focus on juvenile or adult traits with little consideration on the early stages of development, which
are crucial for niche regeneration. In this study, we explored the adaptive divergence and phenotypic plasticity in early fitness traits in Pinus sylvestris and
examined the potential evolutionary response to the predicted future conditions of climate. We conducted a continent-wide series of experiments where 24.000
seeds from eighteen populations were established in common garden along a latitudinal gradient in Europe. In addition, geographically-closed populations
with contrasting climates were included to evaluate the role of adaptation at small spatial scales. We monitored germination, survival, growth, phenology and
ontogenic development over two years. Our results showed that populations largely differed in all studied traits and fitness components. Phenotypic differences
were also observed between populations separated by a few hundred meters but with different altitudes. Interestingly, maternal families within populations
exhibited a variation comparable with differences among long-distance populations. High plasticity to local environment was also found. Overall, our study
suggests that climate has exerted strong selective pressures on Pinus sylvestris, driving the genetic differentiation of populations in traits important for fitness
during the first stages of seedling development.
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The Caatinga dry forest has been experiencing, since 2010, the most severe drought ever recorded in the region, which has led to tree mortality, lack of
seed production and/or quality and lower recruitment of seedlings. We aimed to correlate climate variations specifically, precipitation and temperature and
seed quality of two important Caatinga species, Anadenanthera colubrina (Vell.) Brenan (Leguminosae — Mimosoideae) and Myracrodruon urundeuva
Allemio(Anacardiaceae), in different harvest years from 2012 to 2018. Seeds were collected directly from mother-plants in a partially human-degraded
Caatinga area. Anadenanthera colubrina seeds were sorted as small (@ <1 cm) and large (@ 1 cm). Seeds of both species of each harvest and/or classification
were weighed and germinated for physiological quality evaluation. The climatic data were obtained by nearby agrometeorological stations. With A. colubrina
seed size evaluation of four consecutive years and the mean, minimum and maximum annual precipitation and temperature, it was possible to observe that
the variation in seed size in the lots may be related to the low precipitation and the high temperatures. Seeds of A/. urundeuva showed improved germination
percentage when produced in years with more rain. Physiological quality of seeds of both species were affected not only by rainfall volume but also by high
temperatures. Thus, one can predict poor seed production and quality in a future climate at the Caatinga region, for which is predicted temperature increase of
4.5 °C and 30% decrease in rainfall volume by 2100.
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Local survival of natural populations of forest trees relies on standing genetic variation and their capacity for adaptation to changing environments. Selection
gradients, heritability, evolvability and selection response was studied in a natural population of European beech (Fagus sylvatica) in Slovenia. Adult trees
(250), saplings (200) and 400 seeds obtained from 20 mother trees, were genotyped with 16 nuSSRs. Adaptive traits related to growth and phenology were
assessed for all adult trees. Effective reproductive success, a fitness proxy, was estimated via parentage analysis. Log-linear models were used to compute female
and male selection gradients correlating adaptive traits with fitness. Heritability was estimated using mixed models based on pedigrees reconstructed using
nuSSRs. The study revealed skewed effective reproductive success, with few parents contributing to successful regeneration, and significant selection gradients.
Strong directional selection was found for growth, with bigger trees having more offspring; also, trees with earlier phenology had higher reproductive output;
finally, both early and late trees in terms of bud burst mothered less offspring. Heritability was low (albeit significant) for all traits except leaf senescence. Low
phenotypic variance for phenological traits and moderate selection gradients resulted in low responses to selection, but that could be larger under increased
selection pressure, as suggested by high evolvability for flowering and fruiting phenology (~20%). In conclusion, our study suggests some capacity of
populations of forest trees to adapt locally; however, pace and intensity of climate change will determine whether such evolutionary responses will suffice for
unassisted population survival.
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