Forest carbon sink neutralized by pervasive growth-lifespan trade-offs
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Supplementary Figure 1. Sampling locations for all sites included in this study. Closed symbols indicate the International Tree Ring Data Bank (ITRDB ')
sites, open symbols addional published and unpublished data that were used here. Inset shows the sampling locations from Quebec from Ministére des Foréts
de la Faune et des Parcs®. Overview of the different datasets used is provided in Supplementary Table 1. All site coordinates are provided in accompanying
metadata (see “Data availability” statement in main article).



a Maximum resampled age b Probability resampling maximum age ¢ Effect of sample size on trade-off

§ -
‘Cg) - 0900000000000008080°08!¢ °
. 0g0®
°
° S -
Xl L] L] —_
§_ ..00““"0“"0 o o. &
— o0 & b
E 60 © s
(72}
] o g LX) :
g B 4 o 99th percentile:age g § S
s E 8- z
E 4 3 s o
3 E g
5 g 8
() = [}
o [ X
€ [}
g § - 95th percentile age s o e ° 3 L4
= z e 95th percentile age g ]
g 3 ° e 99th percentile age o < °
E 8 kS
g & E .
= 32
3 4 o 2 o®
- © 2 .
°
° °®
g0
o .
-~ .0.....
,8 B g 0’000..
r T T T T T 1 r T T T T T 1 r T T 1
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 200 400 600
Sample size (# trees) Sample size (# trees) Sample size (# trees)

Supplementary Figure 2a-c. Effect of sample size on probability of capturing maximum tree age (a,b) and on accuracy to estimate the trade-off
strength (c). Relationship between sample size and maximum tree age (a). This relationship was established by randomly resampling tree ring data from
11.752 Picea mariana trees from Quebec-NFI data from sites north of 50.7°N. We varied the sample size from 25 to 600 trees, and repeated this resampling
procedure 500 times. Points in panel a indicate the maximum ages for each random subset (grey points) and the mean of the maximum ages (black points).
Lines in panel a indicate the 95" and 99" percentile age across all 11.752 Picea mariana trees. Panel b shows the probability of capturing the 95™ and 99*
percentile ages (black, red) for each sample size. This shows that for example a sample of 100 trees captures in 65% of the cases the 99™ percentile age and
captures 100% of the 95" percentile age. Panel ¢ shows the effect of sample size on the accuracy of the estimation of the trade-off for full Picea mariana
dataset using the negative exponential decay constant.
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Supplementary Figure 3a-d. Relationship between mean early growth rate and age and diameter for Picea mariana (n=77.691 trees). a, Density plot of
early growth rate versus age with trend estimates using quantile regressions of a negative exponential form on the 50™, or median (black line), and 95" percentiles
(red line). b, Estimation of the 50™ and 95™ percentile ages in mean early growth rate bins (of 2 mm widths). Lines of quantile regression from panel a are plotted
for comparison purposes. ¢,d. Tree age and tree size distributions for five early growth rate classes for Picea mariana, Quebec, Canada. Early growth rates were
calculated for the first 10 years of trees life. Lines indicate the lowest 5, 50" and 95" percentile ages.
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Supplementary Figure 4a-j, Relationship between mean early growth rate and age for ten species shown in Figure 1c. Relative mean early growth rate
and relative lifespan were calculated as the ratio (in %) of the early growth rate or age of each tree relative to the maximum early growth rate or maximum age
for each species.
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Supplementary Figure S a-g. Histogram of the exponential decay constant of relative early growth rate vs. relative lifespan relationships for 82 species
separated into their main growing climate (a-c), major plant taxa (d,e), and into living and dead trees (f,g). Species were assigned to a climate zone using
their distribution from our own dataset, with boreal species defined as species occurring north of 60°N, and tropical species as those confined to 20°N-20°S. For
comparison of dead and living trees, we used 12 species that had sufficient data-availability for both categories (> 150 trees). There is no significant difference
in slopes between dead and living trees (two-sided paired t.test, t=-0.1095, p=0.915,n = 12).



a) Observed growth rates (D > 91 mm) b) Size frequency distribution, Picea mariana
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Supplementary Figure 6a-c. Assessment of the effect of the large tree selection bias® on the strength of the trade-off between early growth and tree
lifespan. a, Observed Picea mariana growth rates along with an estimation of the trade-off using the 95" quantile regression. Note here the missing tree ring
width data for trees smaller than 91 mm (i.e., empty space in the lower left corner of the graph). b, Mean population size distribution of Picea mariana derived
from the Quebec NFI plot data, with red bars indicating size classes that were not sampled in the Quebec NFI tree ring dataset (i.e, trees with diameter < 91
mm). ¢, Comparison of early growth versus age relationships for the original tree ring dataset, excluding trees < 91 mm in diameter (black points), and for a
realistic reconstruction of the full population, including all trees > 0 mm in diameter (red points). These reconstructions were obtained by random resampling
from original tree ring data (see methods). d, Comparison of an alternative sampling scenario where all 10% largest trees are sampled (blue points) versus all
trees in population (red points). Regression lines in panels a, ¢ and d are 95™ quantile regressions using negative exponential function between early growth
and tree age.



a Temperature of Quebec sites for Picea mariana
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Supplementary Figure 7a-e. Spatial variation in temperature, early growth, maximum age, and early growth and lifespan relationships with
temperature for Picea mariana in Quebec. Linear regressions were used to assess relationships between mean annual temperature and early growth and
lifespan (d and e). Early growth rates were calculated for the first 10 years of trees life.
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Supplementary Figure 8a,b. Relationship between mean early growth rate and maximum lifespan for Picea mariana trees from Quebec within fixed
crown cover classes (a) and within fixed soil types (b).The early growth rate -lifespan relationship were estimated using negative exponential 95" quantile
regressions. Crown cover and soil type information comes from Quebec-National Forestry Inventory data. Detailed descriptions of soil physical environment
classes is given in reference 4. Early growth rates were calculated for the first 10 years of trees life.



a Growth vs age, size dependent mortality b Growth vs age, age dependent mortality c Effect of growth stimulation on trade-off
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Figure 9a-d. Comparison of observed and simulated trade-offs, and growth response of Picea mariana to temperature. a, Observed trade-offs between
early growth rate and maximum tree age are for Picea mariana from sites north of 50.7°N. Simulated trade-offs for the size dependent mortality formulation
are for trees that were alive at year 600 and larger than 91 mm in diameter. b, Simulated trade-offs for the age dependent mortality formulation are for trees
alive at year 600 in the growth simulation and older than 74 years. ¢, The effect of recent growth increases on the trade-off between early growth and tree age
by sampling from the simulated tree ring trajectories at the end of the growth increase period, at year 350, and at year 600, without any recent growth increases
(see main ms Fig. 3e). Points in panels a-c represent the oldest 95™ percentile ages in early growth rate bins of variable widths and equal number of trees in
each bin. Early growth rate-lifespan relationship were estimated using negative exponential 95" quantile regressions. d, Growth response to temperature
calculated in eight different age bands of 10 years (0-10, 10-20, .... 140-150, >150 yr) for the full Picea mariana dataset from Quebec using an exponential
form and major axis regression to estimate the relationship between temperature and growth. e, Growth response to temperature for different size classes as a
function of tree age.



Supplementary Table 1 Data sources, locations and sample size for tree ring data used in this study

Data Locations #Sites # Species # Trees Observations References

National Forestry Inventory- Quebec Quebec, Canada 68.316 12 158.318 Living trees only MFFP2

International Tree-Ring Data Bank (ITRDB) Global 1997 99 51.182 Dead and living trees ITRDB'

Cedrela odorata Mexico & Bolivia 3 1 279 Living trees only Brienen et al. (2010)°
Hymenaea spp Brazil 12 2 204 Living trees only Locosselli et al.(2017) &
Macrolobium acaciifolium Brazil 4 1 101 Living trees only Schéngart et al. (2005) 7
Centerolobium microchaete Bolivia 7 1 131 Living trees only Lopez et al. (2005) 8
Fagus sylvatica Italy 12 1 731 Living trees only Di Filippo et al. (2012) ¢
Pinus heldreichii Italy 15 1 117 Living trees only Piovesan et al. (2019) 1°
Pinus montana Switzerland 1 1 191 Dead and living trees Bigler (2016) 11

Pinus sylvestris Finland various 1 1200 All subfossil trees Helama et al. (2004) 12
Pinus uncinata, Larix sibirica Pyreness &Russian Altai various 2 1763 Dead and living trees Biintgen et al. (2019) 13
Pinus echinata, Quercus stellata Ozarks, Missouri, USA various 2 296 Data for Quercus stellata Voelker et al. (2006) 14

unpublished.

Overall analysis

Within species trade- offs

Number of species
Number of tree records
Number of sites

110
214.330
70.383

82
211.165
70.257
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