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SUMMARY

The public-domain International Tree-Ring Data Bank (ITRDB) is an under-utilized
dataset to improve existing estimates of global tree longevity. We used the
longest continuous ring-width series of existing ITRDB collections as an index
of maximum tree age for that species and site. Using a total of 3,689 collections,
we obtained longevity estimates for 237 unique tree species, 157 conifers and 80
angiosperms, distributed all over the world. More than half of the species (167)
were represented by no more than 10 collections, and a similar number of species
(144) reached longevity greater than 300 years. Maximum tree ages exceeded
1,000 years for several species (22), all of them conifers, whereas angiosperm
longevity peaked around 500 years. Given the current emphasis on identifying
human-induced impacts on global systems, detailed analyses of ITRDB holdings
provide one of the most reliable sources of information for tree longevity as an
ecological trait.

INTRODUCTION

Tree longevity is an essential ecological trait for understanding forest vegetation dynamics,’ climatic im-
pacts on woody species,” and terrestrial carbon cycling.® Although there is no research program specifically
designed to investigate tree longevity, all research efforts aimed at predicting the fate of terrestrial ecosys-
tems depend, more or less explicitly, on understanding and quantifying demographic patterns and traits,
which include maximum tree lifespans. The emphasis currently being placed on modeling the future
response of forest stands to climatic changes (especially atmospheric warming) and disturbance events
(from droughts to extreme storms and wildfires) has prompted researchers to investigate resilience and
resistance of woody species.”® For individual trees, mortality is complementary to longevity,® hence base-
line information on maximum tree lifespan provides an index whose variability in time and space can reveal
environmental and human impacts on forest species.’

For our purposes, tree age is defined as stem (or trunk) age, which is the cumulative duration of second-
ary growth since pith formation at a specified height from the ground.® Using this definition, tree
longevity can be determined for wood-forming species, either clonal or non-clonal, by means of dendro-
chronological methods, radiocarbon dating, or a combination of both.” Among existing big-data re-
sources, the International Tree-Ring Data Bank (ITRDB'Y) has accumulated, over the past half century,
thousands of tree-ring measurements from studies dealing with woody species in a number of scientific
fields, from hydroclimatology to ecology, from archaeology to volcanology, etc.'’ Dendrochronological
work, especially when focused on reconstructing climate variability and ecological disturbance, has
been traditionally focused on the oldest individuals of a species, but existing tree-ring data have rarely
been analyzed in terms of potential maximum lifespans. For instance, Zhao et al.'’ reviewed in detail
and quantified ITRDB holdings in terms of species representation, spatial distribution, and potential im-
provements for macroecological research purposes, yet they did not address the issues connected with
maximum tree lifespans.

Accessing and analyzing ITRDB data is not a simple task, even though some recent efforts have made them
more readily accessible over the internet'®. Our objective was therefore to investigate maximum tree life-
spans using the information contained in the ITRDB, which is publicly available but not yet searchable for
demographic traits. We present in this short communication the results of our analysis as a contribution to
baseline data used for modeling and simulation purposes, and as a starting point for future in-depth ana-
lyses of tree eco-physiology and evolutionary ecology.
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Materials and methods

Ring-width data were obtained from the public-domain ITRDB repository in mid-March 2022. To enhance
replication, we did not introduce any additional information besides what was available on the ITRDB ftp
server (ftp.ncdc.noaa.gov/pub/data/paleo/treering). The conventional four-letter code used in ITRDB col-
lections, which are based on the first two letters of the scientific (Latin) genus and species names (binomial
nomenclature), were compared with their original meanings'* as an initial check for potential coding errors.

The maximum length of all samples included in a collection was used to estimate tree longevity. To eval-
uate how reliable this index was, we compared it with a more refined estimate of longevity that was based
on grouping ring-width series by tree code. This analysis was performed on a subset of the ITRDB collec-
tions, including a total of 519 sites from Canada, Africa, and from the Updates subdirectory, and that were
diverse enough to be representative of the entire ITRDB dataset. The maximum number of tree rings in a
continuous sample exactly matched the tree-based estimate in most cases, with differences only in 64 col-
lections, and with only two of these differences being greater than 100 years (Figure S1). As expected, the
index we used was a conservative measure of tree longevity, because it was always less than the value
estimated by grouping measurements for individual trees (Figure S1).

Additional checks were performed on the species name to avoid duplicates, incorrect entries, and collec-
tions where only the genus was given. A final comparison was made between the maximum sample length
of a collection and the difference between the overall first and last year, which is included in the standard
metadata information for each collection. When this difference exceeded the maximum series length by
more than 100 years, we analyzed the collection using the COFECHA software.'>'®

Summary statistics were calculated for all species as well as by separating angiosperms (Magnoliophyta)
from conifers (Pinophyta). For comparison with previous studies,” the extra-tropics were not the regions
outside +23.5° latitude, but were instead all areas above 30°N or below 30°S. We also examined the rela-
tionship between maximum tree age and number of ITRDB collections. To quantify the minimum number of
sites that should generate reliable estimates of tree longevity, a resampling analysis was applied to the
most represented species in the database. Data processing was performed using the R numerical environ-
ment,"’ the SAS software,'® and MATLAB."”

RESULTS

Geographical and taxonomic distribution

Overall a total of 3689 out of 5444 collections could be analyzed, which is a considerably larger number than pre-
vious summaries of ITRDB holdings (e.g., 2624 in’). The excluded files were affected either by non-standard data
organization, end-of-line and end-of-record issues that could not be resolved, or both. Longevity estimates were
obtained for 237 unique tree species (Table S1), 157 conifers (3043 collections) and 80 angiosperms (646 collec-
tions). Many species (75) were represented by only one collection, more than half of the species (168) were rep-
resented by no more than 10 collections, and a handful of species (7) were represented by more than 100 collec-
tions, with Douglas fir (Pseudotsuga menziesii) being the species with the highest number (311). The most recent
ITRDB collection that included a species’ maximum longevity was made in 2019, and the oldest one in 1978.

Collections that included maximum tree ages were distributed all over the world, but with greater density in the
mid- and high-latitudes (Figure 1) because tropical trees often form indistinct growth layers, which are difficult to
recognize and measure.’” Areas with latitude above 30° N or below 30° S included 194 species, of which 65 were
angiosperms (9 in the southern hemisphere) and 129 were conifers (19 in the southern hemisphere). The majority
of species (144) reached longevity greater than 300 years, and maximum tree ages exceeded 1000 years for
several species (22), all of them conifers, whereas angiosperm longevity peaked around 500 years (Figure 2
and Table 1). This very large taxonomic difference in realized longevity is well known, albeit its causes are still
being investigated.®”""*? Based on stochastic modeling of the theoretical relationship between average mortal-
ity rate and age structure in old-growth forests, maximum tree ages of a few centuries in angiosperms and of a
few millennia in conifers are consistent with differences in their average mortality rate.”

Tree longevity and species replication

Future changes in maximum tree lifespans should be relatively small for species already represented by
several sites in the ITRDB. To clarify this issue, we investigated further how replication influences estimated
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Figure 1. Map of 237 ITRDB collections (solid dots) that provided the maximum estimated tree age by species (80 angiosperms: red; 157 conifers:

green)

Sites cover most of the globe, from the Arctic (69.5°N) to the sub-Antarctic (54.9°S, Campbell Island), but with higher density in the extra-tropics (i.e., areas

with latitude above 30°N or below 30°S), which included 194 species.

tree longevity. The slope of a curve fit to the scatterplot of maximum tree ages against number of ITRDB
collections was positive (Figure 3), also reflecting the dendrochronological preference for sampling sites
with long-lived species. In fact, few collections (<50) were sufficient to identify conifer species with excep-
tional longevity. Overall, a larger percentage of angiosperms appeared capable of reaching the maximum
lifespan of Magnoliophyta (a few centuries) compared to Pinophyta (Figure 3), because only a handful of
species attained the conifer maximum lifespan (a few millennia; see Figure 2).

The most represented species in the ITRDB was Pseudotsuga menziesii (the rightmost green dot in Fig-
ure 3), with 311 collections whose maximum tree ages ranged from 51 to 1,001 years with a bell-shaped
distribution (Figure 4A). Resampling of the 311 maximum tree ages 5,000 times without replacement for
sample sizes j=1,2, ..., 310 indicated a rapid, nonlinear increase in estimated longevity with number of
collections (Figure 4B). The median maximum age reached a plateau at about 20 collections, when it
was already greater than 850 years, i.e. within 20% of the observed maximum (1,001 years). Additional col-
lections improved the estimate marginally, so for example the median of 5,000 maximum tree ages for j =
63 collections was 903 years. Such an assessment is however species-specific, and depends on the distri-
bution of maximum tree ages. If that distribution is more concentrated around the mean, fewer chronolo-
gies are needed for reaching a stable approximation of maximum lifespan.

Because only 10 angiosperms and 35 conifers were represented by more than 20 ITRDB collections, it is
therefore possible that additional contributions will increase estimated tree longevity. Considering the
very large number (3,689) of ITRDB collections we analyzed, and that our results included 20% more species
for the extra-tropics than previously reported (1617), it is also plausible that most changes in tree longevity
estimates derived from tree-ring data will be caused by adding new species to the ITRDB holdings. Yet, we
note that our overall estimated mean longevity of trees in all extra-tropical biomes was 516 + 34 years,
|.7's estimate of 322 + 200 years. At the same time, the
global average maximum tree lifespan we calculated (229 years for angiosperms and 616 years for conifers;
Table 1) was lower than what Liu et al.?* have reported using a variety of sources (334 and 714 years).

which is considerably higher than Locosselli et a

DISCUSSION

Dendrochronologists have usually targeted the oldest trees in a stand; thus, the ITRDB public-domain data
are bound to offer better estimates of maximum tree age than those available from randomized plots, grid-
based inventories, or the most complex, state-of-the-art simulation models. As an example, based on a
global analysis of forest inventories and climate data, Besnard et al.” defined as “old growth” any stand
older than 300 years, which is an order of magnitude less than the maximum tree ages we uncovered for
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some conifer species. Although several large geographic areas were not included in Besnard et al.’s global
analysis (“Africa, Indonesia and Australia were either underrepresented or not represented”), regions
where data were relatively abundant, such as the US, could include unmanaged forests in remote areas
that were not well represented. Even when old-growth forests, rather than longevity per se, are under
consideration,?*?” under-estimating tree lifespans results in over-simplifying the long-term processes at
work in forest ecosystems. Therefore, the ITRDB ring-width data, as shown in our relatively simple analysis,
help clarifying the role of tree longevity as an ecological trait.

Previous analyses of ITRDB data have already pointed out its limited coverage of tropical areas.'” For a
number of reasons, including wood anatomy peculiarities, lack of dating control, limited research funding,
and required data formatting, ITRDB collections are scarce in the tropical regions of South America, Oce-
ania, Asia, and Africa. Tree ages in these regions usually need to be estimated by means of radiocarbon
dating” or by locating well-dated historical injuries in the wood structure,”” because even tree species
that appear to form relatively clear growth increments may in fact not follow an annual ring pattern.®
Although tree-ring based age determinations have given maximum ages of not more than 600 years for
broad-leaf trees in tropical lowlands,*' tropical dendrochronology is still an active area of investigation.®

In the tropics and elsewhere, as new collections are constantly being added to the ITRDB, estimates of tree
longevity should increase. For example, we performed an in-house evaluation of some species’ maximum
tree ages using collections that we developed but have not yet been properly archived in the ITRDB. Chro-
nologies that have been published in connection with research projects in the Sierra Nevada®® and the
Great Basin®* of North America provided estimates that in some cases exceeded the current ITRDB
ones, but ultimately did not result in large changes. For instance, single-needle pinyon (Pinus monophylla)
reached 784 years (ITRDB: 653 years; Table S1), big-cone Douglas-fir (Pseudotsuga macrocarpa) peaked at
683 years (ITRDB: 658 years), and blue oak (Quercus douglasii) topped at 539 years (ITRDB: 496 years). On
the other hand, a large difference emerged for Fagus sylvatica (ITRDB: 407 years), which has a tree-ring-
based maximum age of 625 years.®

The need for science-based information on maximum tree lifespans, which are based on dendrochronolog-

ical and/or radiocarbon analyses,”* is made yet more urgent by the current over-abundance of popular
reports, either in press or on the internet, that exaggerate the age of the oldest trees. Occasionally these
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Table 1. Summary of maximum tree ages estimated from ITRDB collections

Taxa Species (#)  Sites (#) Min-Max (yrs) Mean (yrs)  St.Err.Mean (yrs)  St.Dev. (yrs) Median (yrs) IQR? (yrs)
Angiosperms 80 646 28-518 229 15 132 194 119-331
Conifers 157 3033 64-3205 616 40 495 501 310-766

?IQR: Inter-Quartile Range (first-third quartile).

unscientific claims are repeated in the most prestigious scientific journals, as shown by recent news that
oaks older than a millennium can be found in the UK and in Fennoscandia.’** Denmark’s King Oak
(Quercus robur) is an example of charismatic megaflora, but the notion that it could be “around 1,900 years
of age” is nothing more than myth, because it is not based on either dendrochronological or radiocarbon
analyses, and it is more than twice the science-based maximum reported ages of northern hemisphere,
mid-latitude angiosperms in general, and of oaks in particular.®® Another peer-reviewed article recently
published in a top-tier scientific journal® has claimed that a deciduous species, Ficus religiosa, can reach
up to 1,500 years of age, but such an assertion appears to be based, according to the references included in
that article, on popular tradition and religious beliefs.

Unrealistic tree ages, especially for very large stems, have often been obtained by assuming a constant
radial growth rate (i.e., a constant ring width). The assumption of a constant ring width from stem pith to
bark is biologically untenable, as it has already been explained in detail elsewhere.®'**? Furthermore,
this constant annual growth rate is often calculated using only the outermost wood increments, which
are typically smaller than the previous ones. Besides making this incorrect assumption, and despite avail-
able evidence that the age:girth ratio for Castanea sativa is quite unpredictable,”® Nunziata et al.** used a
constant ring width estimated from published studies of aboveground trunks, and erroneously applied it to
the size of an underground, enormous tree stump — today at least two separate stumps are visible above-
ground - rather than to the size of the individual sucker stems. By compounding their mistakes, they were
able to proclaim an estimated age of 2000-3000 years for the monumental chestnut (C. sativa) named
"Castagno dei Cento Cavalli”.

Although tree-ring records are science-based data for estimating tree longevity, it is still necessary to point
out that the results we have produced on such a fundamental botanical and ecological trait truly represent
the minimum boundary for a species. In some cases, tree-ring samples may contain many more rings that
are not measured, and are therefore excluded from ITRDB holdings. Furthermore, dendrochronologists
may often avoid measuring sections of increment cores or stem sections that are too difficult to crossdate,
either because of erratic growth patterns, extremely low growth rates, injuries, branch insertions, rot, or
other anatomical imperfections of the wood structure.® There are also tree longevity records that, albeit
relatively famous, are not part of the ITRDB holdings. For example, our results (Table S1) place Pinus long-
aeva in third place for maximum tree age (2,771 years), after Sequoiadendron giganteum (3,205 years) and
Juniperus przewalskii (2,868 years), when in reality P. longaeva (bristlecone pine) can reach a maximum
stem age of 4,844 years, "> more than any other species. The unfortunate history associated with the discov-
ery of the “Currey Tree"”, also known as Prometheus, the oldest tree on Earth because it was at least 4,900
years of age when it was cut, is well known among dendrochronologists®®. Despite the abundant informa-
tion on maximum tree lifespans that can be obtained from the ITRDB, it is not the only reliable source of
tree longevity data (see®?), especially in tropical regions (see?).

As it happens with other public-domain resources, the ITRDB provides extremely useful data, but it also has
limitations, particularly with regard to metadata. In the STAR Methods section, we describe in detail the
very limited information that is associated with the actual measurements. Most recently, the web interface
for downloading tree-ring data (https://www.ncei.noaa.gov/access/paleo-search/?dataTypeld=18) has
been updated to include links to published research and studies that provide additional information on
the data themselves. Yet, besides the criticisms and suggestions that have already been made in previous
papers,'? it should be noted that ITRDB ring-width data include no information on the size of sampled
trees, such as stem diameter or total height. Even scientific users are therefore prone to potential pitfalls
when interpreting these data, as it was evident in a recent high-profile publication, where ITRDB measure-
ments were analyzed under the assumption that “the size and height of trees sampled at a given site are
usually similar”.*” Without the actual tree records, this type of statement cannot be verified, and it is our
personal experience that in many cases it is factually incorrect.
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Figure 3. Nonlinear fit [y = In(x)] to the scatterplot of estimated tree longevity (Maximum tree age) against the
number of collections for each species
The 80 angiosperm species were represented by 1-76 collections and the 157 conifers by 1-311 collections.

An additional confounding factor is that, even when tree-ring measurements are archived in the ITRDB,
researchers may not provide the entire datasets. By doing so, investigators can satisfy funding agency re-
quirements for archiving data while at the same time avoiding to share the most important, i.e. longest-
term, information. This issue was noticed in more than one case, but a clear example was provided by
the 37 California chronologies coded as CA561-CA597, which all end in 1990-1991 and start in 1879-
1880. Since the collections only cover 111-112 years, but were made on species (Abies concolor, A. mag-
nifica, Calocedrus decurrens, Pinus contorta, P. jeffreyi, P. lambertiana, P. ponderosa, Tsuga mertensiana)
andin areas (Sierra Nevada of the Western USA) that are known to yield much older trees (see Table S1), itis
unlikely that all data were archived. One could argue that perhaps the study was performed in even-aged
plantations, or that there were special constraints that forced the investigators to sample young trees or to
extract very short increment cores even when the stem was large. As it turns out, one of us (FB) actually
participated in some of those field collections as a graduate student, acquiring first-hand knowledge of
these stands and of these collections, which were dendroclimatic-oriented and performed in naturally
seeded, uneven-aged stands by targeting the largest and oldest looking trees.

When the number of ITRDB collections for a species is large enough, the above mentioned issue should not
impact the estimated maximum tree age. However, a potentially large underestimation occurs if data are
not fully archived and only a few chronologies are available for a species. Among the collections coded as
CAS561-CA597 are indeed the only ITRDB holdings for a species, Quercus kelloggii, whose longevity was
therefore estimated at 111 years — an unreliably small value. Partial submissions may cause other artifacts,
for instance connected to changes in tree longevity over time. Although we did not perform an exhaustive
analysis of this problem, one can imagine how the maximum age of tree species included in collections
CA561-CA597 could be compared to the longevity of the same species in earlier collections. As reports
of the impending doom of ancient trees accumulate,”***? such a comparison could then lead to claims
of human-induced reduction in tree longevity even without the presence of a naive observer or one fully
vested in promoting an apocalyptic narrative.

The definition of ‘old growth’ stands, which has fundamental implications for conservation efforts and sci-
ence-based forest management, depends on correctly estimating tree longevity. We emphasize that what
‘old" means depends both on the tree species, as shown here, and on its realized longevity niche, as we
have argued elsewhere.® Using a fixed threshold, such as 300 years,” fails to consider ecoclimatic and taxo-
nomic differences, not to mention structural diversity.”® Earlier, detailed analyses of old-growth conditions
had already pointed out that old-growth forest ages can range from 50 to 1,150 years,”' making it necessary
to design new metrics for evaluating old-growth conditions.®” Although we cannot determine if our overall
mean tree longevity estimates differed from other studies”** because of recent additions to the ITRDB;
different ways to ingest the ITRDB data and/or to estimate longevity; different computer scripts, algo-
rithms, or software; and/or different quality control checks, it remains true that additional submissions of
tree-ring data to the ITRDB, and related publications of dendrochronological and radiocarbon-based
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Figure 4. Maximum tree ages of Pseudotsuga menziesii collections included in the ITRDB

(A) Histogram showing a bell-shaped distribution of the 311 estimates ranging from 51 to 1001 years.

(B) Lines showing the median and 0.05 quantile of maximum tree ages for 5,000 random samples (taken without
replacement) with size j = 1, 2, ..., 310 collections.

information on tree longevity, are bound to improve our understanding of tree life histories, forest demo-
graphics, old-growth features, and of their complex dependence on multi-scale impacts from natural and
human-caused disturbances.

Limitations of the study

The ITRDB, while providing scientific-quality data for investigating tree longevity, cannot be considered the
only source of information on maximum tree lifespans, especially because of its limited coverage of tropical
regions and species. Data quality also relies almost entirely on the generosity and dedication of individual
researchers, and its correct use, preservation, and expansion require additional resources.
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REAGENT or RESOURCE SOURCE IDENTIFIER

Deposited data

International Tree-Ring World Data Service for Paleoclimatology https://www.ncei.noaa.gov/products/paleoclimatology/tree-ring;
DataBank (ITRDB) ftp.ncdc.noaa.gov/pub/data/paleo/treering

Analyzed data This paper (Table S1) iScience-5-22-04432

Software and algorithms

Rv.4.0.2 The R Foundation http://www.R-project.org;
https://cloud.r-project.org/

SAS Studio, Release 3.8 SAS Institute Inc., Cary, NC, USA. https://welcome.oda.sas.com/home

(Enterprise Edition)

MATLAB The MathWorks Inc. https://www.mathworks.com

COFECHA Laboratory of Tree-Ring Research, https://www.ltrr.arizona.edu/pub/dpl/COFECHA.ZIP

The University of Arizona, Tucson, AZ, USA

RESOURCE AVAILABILITY
Lead contact

Further information and requests for resources should be directed to and will be fulfilled by the lead
contact, Franco Biondi (fbiondi@unr.edu).

Materials availability

This study did not generate new unique materials.

Data and code availability
® This paper analyzes existing, publicly available data. Internet addresses (URLs) for the datasets are listed

inthe key resources table. Tree longevity data reported in this paper are available as Supplementary Ma-
terial (Table S1).

® This paper does not report original code. We have provided detailed information for replicating our
analysis in the STAR Methods to the best of our knowledge.

® Any additional information required to reanalyze the data reported in this paper is available from the
lead contact upon request.

METHOD DETAILS

Data acquisition

In mid-March 2022 we downloaded all available ring-measurement files from the ITRDB ftp server listed in
the key resources table. These are measurements in units of .01 mm (the end-of-record is coded as 999) or
.001 mm (the end-of-record is coded as -9999) of the ring width for each year in a wood sample. Data format
and metadata that are normally included remain those that were first established, back in the 1960s at the
Laboratory of Tree-Ring Research of the University of Arizona in Tucson, and are therefore referred to as the
“Tucson” format. Files are in ASCII, or text, so that they can be read by any computer operating system.

Metadata are included in the first three lines, or rows, of each file, and are the header records, each 80 characters
long, which are then followed by the measurements, each row of them being 72 characters long. The first row of
the file (header record #1) includes the “Site ID” (columns 1-6), the “Site Name” (columns 10-61), and the four-
letter “Species Code” (columns 62-65). The second row (header record #2) repeats the “Site ID” (columns 1-6)
and then lists the “State/Country” (columns 10-22), the “Species” name (columns 23-30), the “Elevation” in m
(columns 41-45), and the geographical coordinates (columns 47-57), with both “Latitude” (negative for the south-
ern hemisphere) and “Longitude” (negative to the west of the prime meridian) in degrees and minutes without
separation; the line ends with the overall first and last year of the measurements (columns 68-76), with negative
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values indicating years BCE. The third row (header record #3) repeats the “Site ID” (columns 1-6) and then lists
the “Investigators” (columns 10-72) and other optional information. In our analysis we focused on the Site ID,
Species Code, Latitude, and Longitude (see Table S1).

Estimation of tree longevity

Tree-ring measurements are listed by calendar decade (hence this data format is also called “decadal”), starting
with the fourth row of the file. Each row lists the sample ID (columns 1-6 or 1-8), the decade (columns 9-12), and
the annual measurements (columns 13-72, with 6 columns per measurement) as integers. The first and last row of
each sample may be shorter if they do not include the full decade; in that case the first decade is replaced by the
first year. The sample ID is supposed to include the site code (columns 1-3), the tree code (columns 4-5), and the
radius code (column 6), and we used this assumption when we compared the maximum tree lifespan obtained
from individual samples or from aggregating samples by tree (see Figure S1).

Irregular coding of sample IDs made it necessary to screen files carefully to correctly associate ring-width
measurements with particular trees. Many collections in the ITRDB have more than one character assigned
as the radius code (e.g., “NE” and “"SW" as cores from the northeastern and southwestern directions). The
radius code for some collections is a number (e.g., “1" for the first core and 2" for the second), whereas
conventionally sequential letters ("A"”, "B",...) are used to designate radii. Other collections have sample
IDs that are all-numeric despite showing one core collected per tree, such that the last character is not a
radius number. The ITRDB data we used for the comparison of maximum tree ages with maximum segment
length consisted of a total of 519 sites from Canada, Africa, and from the Updates subdirectory of the ITRDB
ftp site. No collection from the Updates directory, one from Africa, and about 15% of Canada collections
had unconventional sample IDs or other formatting issues that prevented us from confidently associating
ring-width series with individual trees. Overall, the subset we were able to analyze covered a large spec-
trum of environmental and phylogenetic features, thereby being representative of ITRDB collections.

Quality control

There are very few, if any, standard procedures that could be attributed to all ITRDB collections. Data sub-
mitted to the ITRDB are annually resolved, and they are supposed to have been accurately dated by visual
and/or numerical techniques, hence they are crossdated'®, but thatis nota requirement for submission, nor
it was required for our analysis. Yet, because ITRDB data are annually resolved, there is a lack of tropical
records, which often do not have the required dating control or annual resolution. We did not exclude
any data a priori, but of the 5444 files we downloaded, a total of 1755 could not be analyzed because of
either encoding issues or non-standard formats for the header records, for the measurements, or for
both. Among the files we downloaded that could not be read, the end-of-line encoding was often respon-
sible, since it could include both Carriage Return (CR) and Line Feed (LF) characters, or only one of them,
but we were able to resolve this issue in several cases. For the files that we were able to read correctly, our
approach for identifying maximum tree lifespans did not require information on the stem pith location,
which is indeed not included in ITRDB metadata, nor did it require knowing if a wood sample was taken
from a live or a dead tree, which is also not part of ITRDB metadata. An in-depth review and evaluation
of numerical tree-ring analyses that are linked with pith visibility is provided by *'.

Quality control checks were also performed to compare the metadata we collected from the headers of the
data files with the information contained in a summary of all metadata, in Excel format, that was included on
the ITRDB ftp site (file “ITRDBmetadatal2January2022.xIsx”). We focused on the species name to avoid du-
plicates, incorrect entries, and collections where only the genus was given. As an example, we considered
to be duplicates the following species codes: PINI-PILR, PIHE-PILE, and PIMU-PIMG (see Table S1). A final
comparison was made, for each ITRDB collection we analyzed, between the maximum sample length and
the difference between the overall first and last year. When this difference exceeded the maximum series
length by more than 100 years, we analyzed the collection using the COFECHA software >, and the
maximum series length was identified from its output.

QUANTIFICATION AND STATISTICAL ANALYSIS

Resampling analysis

We used a resampling approach to estimate the number of ITRDB collection that are needed to provide a
relatively stable estimate of maximum tree lifespan. The starting point for our analysis was a list of 311
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maximum tree ages for the 311 Douglas-fir PSME collections included in our study. The greatest of these
maximum ages was 1001 years. If we were to examine a handful, such as k=5, of these 311 PSME collections,
our estimate of maximum PSME age would likely be less than 1001 years, because the site with the oldest
tree is unlikely to be in a sample of 5 out of 311 collections. The likely maximum PSME age to be arrived at
from a random sample of k=5 collections can be estimated by randomly resampling without replacement
the 311 PSME maximum ages N times, where N is a very large number, each time drawing a sample of 5
collections, computing the maximum of these 5 numbers, and then examining the empirical probability dis-
tribution of the N maxima.

The median of the N maximum ages was the expected maximum PSME age arrived at with a sample of k=5
collections. Ninety-five percent of the resampled N maximum ages would by definition be older than the
0.05 quantile of the N resampled ages. We plotted the median and 0.05 quantile of maximum ages by re-
sampling N=5000 times (Figure 4B) for sample sizes k=1 to k=310. Of course, only one sample of k=311 is
possible, and that would necessarily identify the maximum PSME age as 1001 years. The Matlab function
randsample was used for the sampling without replacement, which is appropriate in this context because
someone examining k tree-ring measurement sets would deal with unique samples — each of the k would
represent a different ITRDB collection.
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