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Motivation  

Weather is thought to be a key proximate factor in mast seeding, in part due to its ability to act as a large-scale 

synchroniser of masting events (Norton and Kelly 1988; Bogdziewicz et al. 2017, 2021). Current studies on the influence 

of the weather on masting species’ reproduction give varied, and occasionally contradictory results, with differing 

species-specific responses to the same weather events (García-Mozo et al. 2007; Bisi et al. 2016; Koenig et al. 2016; 

Bogdziewicz et al. 2019). The differing reactions to weather cues and resulting seed production reported in the 

literature may in part come from between-species variation in their life history and reproductive cycles (Pérez-Ramos et 

al. 2015; Bogdziewicz et al. 2019), but may also come from reactions to weather cues changing depending on the 

climate (Masaki et al. 2008; Poncet et al. 2009; Mooney et al. 2011), or the stage of the reproductive cycle the tree is in 

when the weather cue occurs (Buechling et al. 2016; Allen et al. 2017). Species-specific studies considering the 

interaction of the environment at each stage of a masting species reproduction are now required. Due to the complexity 

of interacting factors, one promising avenue for research is to use Principal component and K-means clustering applied 

to temporal datasets (as used in Addy et al. 2021). This method takes intra-annual weather patterns and uses them to 

create distinct yearly categories. This approach may be able to define the weather typologies most likely to result in a 

masting year. It may generate predictions on how climate change will impact masting and represents our best chance 

forecasting masting behaviour will change in the future. 

 

Research objective  

This research will generate annual weather typologies to be applied to long-term data on acorn production. We will 

determine if this method of categorisation can be used to i) explain past and predict future masting events, ii) be used 

to predict how masting will be affected by future anthropogenic climate change and iii) assess if there are continental 

scale differences within the same species. Other analytical approaches will also be applied. 

 

Research methods 

Study system 

Oaks serve as an important umbrella species for biodiversity in the UK. The two UK native oak species, Quercus robur L. 

and Quercus petreae (Matt.) Liebl. have been recorded to support 2300 species of birds, bryophytes, fungi, invertebrates, 

lichen and mammals (Mitchell et al. 2019). Other ecosystem services that oak forests provide include, climate regulation, 

biomass production, water supply, purification and flood defence (Bauhus et al. 2010; Brockerhoff et al. 2013; Thompson 
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et al. 2014; Sing et al. 2015). UK oaks will mast on average around every 4-7 years, requiring long term data sets to be 

able to appropriately study their reproduction.     

Procurement of acorn crop data 

Some acorn production data has already been acquired on the regional and population scale from Forestry England, UK. 

We have permission to access the records of a UK based seed producer (Forestart, Shropshire), this shall enable us to 

clarify if low numbers of acorns recorded in Forestry England’s data are a result of poor acorn crop and not lack of 

collection effort.  The ICP Forests data will be vital to ensure suitable numbers of independent UK replicates, as well as 

granting between-country comparison.  

Procurement of Environmental data: 

In addition to the meteorological data offered from the ICP Forests database, long-term weather station data from the 

UK Meteorological Office shall be obtained from the most applicable weather stations for each set of acorn production 

data. If further data is needed for sites outside the UK, then we can obtain this from the country specific meteorological 

organisation’s long-term databases.   

Changes in canopy cover have been shown to give some level of predictive power for masting events (Camarero et al. 

2010), and should be considered in parallel to weather variables when attempting to predict mast events. The 

Normalized Difference Vegetation Index will be obtained from ESA’s open-source Sentinel-2 or LANDSAT database. This 

can then be paired to the location of the acorn production data.  NASA’s open-source data also includes measures of 

global terrestrial evapotranspiration and leaf area index (LAI). Further data on soil and woodland characteristics shall be 

obtained from online sources (e.g., soilscapes).   

Statistical analysis 

The study shall use Principal component and K-means clustering (as used in Addy et al. 2021) applied to temporal 

datasets of weather patterns and acorn production. The analysis shall also include remote sensing data of canopy 

growth as well as consideration to other abiotic factors such as forest age, forest health and soil condition etc. Principal 

component analysis is an exploratory analysis used to define the most important sources of variation within complex 

systems (Wold et al. 1987). To appropriately group the results from the Principal Component Analysis into annual 

categories we shall use a k-means clustering procedure (Hartigan and Wong 1979). Other analytical approaches will 

also be applied. All such statistical analyses shall be performed using R v 3.6.1 (R Core Team 2019).  

Timescale 

The project shall begin in Summer 2021, with model building and analysis taking place over Winter 2021/22. The 

project shall conclude at the latest March 2024 where I shall have completed my PhD project.   

 

Expected outcomes 

The outcome of our study will enable prediction of masting events, enabling more efficient use of resources to collect 

acorns for conservation or seed orchards. Further understanding of the mechanistic drivers behind oak masting will 

improve the predictive power as to how climate change could shape UK and EU oak forests, and hint at best practices or 

management approaches to adopt to limit the potential damage of climate change on oak health. 

 

References  

Addy J, Ellis R, Macdonald A, et al (2021) Changes in agricultural climate in South-Eastern England from 1892 to 2016 identified by 

analysis of weather data and inter-annual variation in cereal crop biomass off-takes and forage yields from permanent pasture. 

Submitted to Agricultural and Forest Meteorology 

http://icp-forests.net/page/project-list
mailto:pcc-icpforests@thuenen.de


 

 

 
This document has been downloaded from the ICP Forests webpage http://icp-forests.net/page/project-list 

For further information please contact the Programme Coordinating Centre (PCC) of ICP Forests pcc-icpforests@thuenen.de 

Allen RB, Millard P, Richardson SJ (2017) A Resource Centric View of Climate and Mast Seeding in Trees. In: Cánovas FM, Lüttge U, 

Matyssek R (eds) Progress in Botany Vol. 79. Springer International Publishing, Cham, pp 233–268 

Bauhus J, van der Meer P, Kanninen M (2010) Ecosystem goods and services from plantation forests, Eds. Routledge 

Bisi F, von Hardenberg J, Bertolino S, et al (2016) Current and future conifer seed production in the Alps: testing weather factors as 

cues behind masting. Eur J Forest Res 135:743–754. https://doi.org/10.1007/s10342-016-0969-4 

Bogdziewicz M, Hacket‐Pain A, Ascoli D, Szymkowiak J (2021) Environmental variation drives continental‐scale synchrony of 

European beech reproduction. Ecology. https://doi.org/10.1002/ecy.3384 

Bogdziewicz M, Szymkowiak J, Fernandez-Martinez M, et al (2019) The effects of local climate on the correlation between weather 

and seed production differ in two species with contrasting masting habit. Agricultural and Forest Meteorology 268:109–115. 

https://doi.org/10.1016/j.agrformet.2019.01.016 

Bogdziewicz M, Szymkowiak J, Kasprzyk I, et al (2017) Masting in wind-pollinated trees: system-specific roles of weather and 

pollination dynamics in driving seed production. Ecology 98:2615–2625. https://doi.org/10.1002/ecy.1951 

Brockerhoff EG, Jactel H, Parrotta JA, Ferraz SFB (2013) Role of eucalypt and other planted forests in biodiversity conservation and 

the provision of biodiversity-related ecosystem services. Forest Ecology and Management 301:43–50. 

https://doi.org/10.1016/j.foreco.2012.09.018 

Buechling A, Martin PH, Canham CD, et al (2016) Climate drivers of seed production in Picea engelmannii and response to warming 

temperatures in the southern Rocky Mountains. J Ecol 104:1051–1062. https://doi.org/10.1111/1365-2745.12572 

Camarero JJ, Albuixech J, López-Lozano R, et al (2010) An increase in canopy cover leads to masting in Quercus ilex. Trees 24:909–

918. https://doi.org/10.1007/s00468-010-0462-5 

García-Mozo H, Gómez-Casero MT, Domínguez E, Galán C (2007) Influence of pollen emission and weather-related factors on 

variations in holm-oak (Quercus ilex subsp. ballota) acorn production. Environmental and Experimental Botany 61:35–40. 

https://doi.org/10.1016/j.envexpbot.2007.02.009 

Hartigan JA, Wong MA (1979) Algorithm AS 136: A K-Means Clustering Algorithm. Applied Statistics 28:100. 

https://doi.org/10.2307/2346830 

Koenig WD, Alejano R, Carbonero MD, et al (2016) Is the relationship between mast-seeding and weather in oaks related to their 

life-history or phylogeny? Ecology 97:2603–2615. https://doi.org/10.1002/ecy.1490 

Masaki T, Oka T, Osumi K, Suzuki W (2008) Geographical variation in climatic cues for mast seeding of Fagus crenata. Popul Ecol 

50:357–366. https://doi.org/10.1007/s10144-008-0104-6 

Mitchell RJ, Bellamy PE, Ellis CJ, et al (2019) OakEcol: A database of Oak-associated biodiversity within the UK. Data in Brief 

25:104120. https://doi.org/10.1016/j.dib.2019.104120 

Mooney KA, Linhart YB, Snyder MA (2011) Masting in ponderosa pine: comparisons of pollen and seed over space and time. 

Oecologia 165:651–661. https://doi.org/10.1007/s00442-010-1742-x 

Norton DA, Kelly D (1988) Mast Seeding Over 33 Years by Dacrydium cupressinum Lamb. (rimu) (Podocarpaceae) in New Zealand: 

The Importance of Economies of Scale. Functional Ecology 2:399–408. https://doi.org/10.2307/2389413 

Pérez-Ramos IM, Padilla-Díaz CM, Koenig WD, Marañón T (2015) Environmental drivers of mast-seeding in Mediterranean oak 

species: does leaf habit matter? J Ecol 103:691–700. https://doi.org/10.1111/1365-2745.12400 

Poncet BN, Garat P, Manel S, et al (2009) The effect of climate on masting in the European larch and on its specific seed predators. 

Oecologia 159:527–537. https://doi.org/10.1007/s00442-008-1233-5 

R Core Team (2019) R: A language and environment for statistical computing. R Foundation for Statistical Computing. Vienna, Austria 

Sing L, Ray D, Watts K (2015) Ecosystem services and forest management. Forestry Research 1-10 

Thompson ID, Okabe K, Parrotta JA, et al (2014) Biodiversity and ecosystem services: lessons from nature to improve management of 

planted forests for REDD-plus. Biodivers Conserv 23:2613–2635. https://doi.org/10.1007/s10531-014-0736-0 

http://icp-forests.net/page/project-list
mailto:pcc-icpforests@thuenen.de


 

 

 
This document has been downloaded from the ICP Forests webpage http://icp-forests.net/page/project-list 

For further information please contact the Programme Coordinating Centre (PCC) of ICP Forests pcc-icpforests@thuenen.de 

Wold S, Esbensen K, Geladi P (1987) Principal Component Analysis. Chemometrics and Intelligent Laboratory Systems 37–52 

 

http://icp-forests.net/page/project-list
mailto:pcc-icpforests@thuenen.de

