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All correlations used in this manuscript are Pearson's Product-moment correlation 

coefficients. Inter-series correlations, abbreviated with the term Rbar, refer to grand 

average correlations between each time-series that was available. Significance levels 

were corrected for first-order autocorrelation in each time-series (i.e. we adapted the 

degrees of freedom in autocorrelated data). 

Information on annual truffle harvestfrom Spain and France was compiled by the 

national Truffle Grower Associations and published through the head organization 

Groupement European Tuber GET, whereas data from Italywere collected and 

published by the National Institute for Statistics ISTAT. 

For Spain see: La Federacion Española de Asociaciones de Truficultores(FETT), 

Reyna, S., De Miguel, A., Palanzón, C., Hernández, A. 2005. Spanish trufficulture. In: 

Proceedings of the Fourth International Workshop on Edible Mycorrhizal Mushrooms. 

Murcia, Spain, 28 November–2 December 2005. Universidad de Murcia, Murcia. P. 

109.

For France see: La Fédérationfrançaise des trufficulteurs (FFT), Courvoisier, M. 

(1995) La production et les cours de la truffed’hiver 1903–1995. Le 

TrufficulteurFrancais 10, 8–9 and Courvoisier, M. (1995) La production et les cours 

de la truffed’hiver 1903–1995. Le TrufficulteurFrancais 13, 10–11.

For Italy see: La FederazioneNazionaleAssociazioniTartufaiTartuficoltori (FNAT), 

Data collected by The National Institute for Statistics ISTAT (1961-2003) and 

compiled in the COST action E30 report: Pettenella, D., Klöhn, S., Brun, F., Carbone, 

F., Venzi, L., Cesaro, L., Ciccarese, L. 2004. Economic integration of urban 

consumers’ demand and rural forestry production.Italy’s Country Report, COST 

Action E30. Pp.29-38. 

For details on Quercus ilex growth in a nearby site see: Montserrat-Marti, G. et al. 

(2009): Summer-drought constrains the phenology and growthof two coexisting 

Mediterranean oaks with contrastingleaf habit: implications for their persistence and 

reproduction. Trees 23: 787-799. 
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Table S1 |Regional truffle harvest data (tones/year)as shown in figure S1 and the 

main text (Fig. 1). 
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Table S2 |Regional tree growth data as utilized in figure S4 and figure S5.The term 

Year refers to the absolutely dated calendar year A.D. The term Series refers to the 

number of samples that are available during this year. The abbreviation TRW refers 

to the raw tree-ring width values (mm/yr).  

 

 

 

 

 

Figure S1 |Truffle harvest and climate change.a, Regional-scale truffle production 

with an inter-series correlation (Rbar; each series is correlated against each series) 

of 0.40 compared to variation in summer (June-August),b, temperature maxima 

(Rbar of 0.84), and c, precipitation totals (Rbar of 0.40). The individual time-series 

(tons/year) were normalized (mean of 0.0 and standard deviation of 1.0) over the 

common period 1970-2006. 
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Figure S2 |Truffle harvest and climate forcing.Relationship between regional 

(Spanish, French and Italian) and averaged (Mediterranean) rates of truffle 

production and variations in summer (June-August) climate (temperature maxima 

and precipitation totals) computed over the full (1970-2006), early (1970-1987) and 

late (1988-2006) periods.Dotted and dashed lines refer to 99.0% and 99.9% 

significance levels, respectively. 

 

 

Figure S3 |Climaticbackground.Annual cycle of precipitation totals and temperature 

maxima computed for each month and the three regions in Spain (1.0-0.5°W and 

41.0-41.5°N), France (0.5-1.0°E and 45.5-46.0°N) and Italy (8.0-8.5°E and 44.5-

45.0°N) over the 1901-2000 period. Precipitation totals (mm) and temperature means 

(°C) are indicated for the June-August (JJA) summer season. Data were extracted 

from the griddedCRUTS3.1compilation via the KNMI climate explorer 

(http://climexp.knmi.nl). 

 

 4

© 2012 Macmillan Publishers Limited.  All rights reserved. 

 



 

Figure S4 |Tree growth and climate.a, Intra-annual growth variations of radial stem 

increment (± SE, n =10 trees) obtained from manual dendrometer bands (Agriculture 

Electronics Corporation, Tucson, USA) in a site in northeast Spain (Huesca, 

Alcubierre, 42°18’N, 0°47’W). Radial growth rates (mm/day) were calculated by 

subtracting consecutive readings of cumulative growth rates and dividing them by the 

number of days elapsed between successive readings. b, Correlation analysis 

between ring width indices and monthly mean temperatures (red) and precipitation 

totals (blue) computed over the 1970-2007 period and using the interval from 

previous to current year September. 

 

 

Figure S5 |Truffle harvest and tree growth.Comparison between Spanish truffle 

production and variation on ring width of 20 samples from eleven oak (Quercus ilex) 

trees from a site in northeast Spain (Huesca, Alcubierre, 42°18’N, 0°47’W). The 

annually cross-dated and well-replicated chronology covers the 1970-2006 period. 

Inter-series (Rbar) correlation in 0.82, and mean ring width is 0.95 mm.  
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Figure S6 |Climate variations.Simulated (color lines) mean June-August (JJA) 

summer temperature (upper panels) and precipitation (lower panels) change (in °C 

and %) separated between Europe south (left) and north (right) of the Alpine arc 

between 1950and 2099 AD, and expressed as 15-year moving averages with respect 

to 1960-1989. The simulations were performed with 12 RCMs driven with 6 GCMs 

forced with the SRES A1B emission scenario within the European multi-model 

experiment ENSEMBLES (Linden&Mitchell 2009: ENSEMBLES: Climate Change 

and its Impacts: Summary of research and results from the ENSEMBLES project). 

The solid black line indicates the multi-model mean and the grey band a range of +/- 

1.0 standard deviation. 
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Figure S7 |Climate patterns.Projected mean a,June-August summer (JJA) 

temperature (°C) and b, precipitation (%) change over Europe in 2070-2099 AD with 

respect to the reference period 1960-1989. Shown is the ENSEMBLES multi-model 

mean across 12 RCMs (RCMs driven by the same GCM are averaged first to give 

each driving GCM equal weight) for the A1B emission scenario. 
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