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The growth rings of fossil wood provide valuable data on tree ecology. As many of the parameters controlling width are
climatic, it is tempting to use these rings as an indicator of climate. This is what has been done, with great success, by
dendrochronological studies of archaeological wood. For wood dating from before the Pleistocene, however, the task
is more uncertain. Since around 1980, researchers have relied mainly on a statistical parameter, the mean sensitivity, an
average of the difference in width between two consecutive rings. However, there has never been a critical examina-
tion of utility and significance of this parameter for fossil wood. I compiled 63 studies that used mean sensitivity for
palaeoclimatological inferences. An analysis of this compilation is presented here. Despite its ups and downs since the
1980’s, mean sensitivity is increasingly used by palacobotanists. However, it has been used in very different ways. The
values obtained for the same fossil can vary greatly from one researcher to another, but also according to the radii of
the woody axis considered. Within fossil wood assemblages, average sensitivity varies widely, but rarely consistently.
Overall, mean sensitivity values are continuously, normally and unimodally distributed, and therefore are unsuitable for
characterising discrete climate classes. Finally, it seems that the most recent studies are also the least cautious when it

comes to interpreting the values obtained.
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Introduction

Almost all trees produce wood rhythmically, and the
amount they produce during a growing season depends pro
parte on climatic parameters, such as rainfall and tempera-
ture (e.g., Mundo et al. 2012; Prior et al. 2012; Wunder
et al. 2013). Therefore, it is sensible to use the character-
istics of this growth as an annual record of the climate.
Dendrochronology uses growth ring width sequences to
date and correlate archaeological woods, geological events
or to follow the evolution of climates, with remarkable effi-
ciency.

In deeper times, wood is a common fossil from the
Devonian period onwards, and from that time it shows
growth rings (secondary xylem increments), which can be
interpreted as characterising a rhythmic growth. It is thus
tempting to interpret the characteristics of these rings in
terms of palacoclimatology. Both qualitative and quantita-
tive approaches have been proposed for fossil woods (Creber
and Chaloner 1987), i.e., woods dating from the Pleistocene
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or older. The mean-sensitivity (MS) is probably the most
used quantitative approach.

The mean sensitivity, or mean annual sensitivity, is a pa-
rameter originally designed by Andrew E. Douglass to dis-
card tree ring sequences not suitable for a dendrochronolog-
ical approach (Douglas 1928, 1936). The MS is an average
of the relative differences in thickness of a series of pairs
of consecutive growth rings. Below and above arbitrarily
chosen thresholds, MS characterises growth ring width se-
ries where the climatic signal is too uniform or too distorted
by other ecological factors to be used for dendrochrono-
logical correlations. The use of MS for dendrochronology
was greatly popularised in 1976 by a textbook authored by
Harold C. Fritts (see also Fritts and Shatz 1975).

Shortly after this date, Geoffrey Creber proposed to ex-
tend the use of this parameter to fossil wood dendroclima-
tology (Creber 1977). For him the complacency of rings
sequences invalidates a dendrochronological approach but
would demonstrate the constancy of climate (Creber 1977).
However, Creber himself did not use the MS in his own
works on dendroclimatology (e.g., Creber and Chaloner
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1984, 1987). The MS was first used for palacoclimatic de-
ductions from Mesozoic fossil woods by Jefferson (1982).
Since then, MS of fossil woods of different ages has been
used regularly as a palaeoclimatological proxy (e.g., Francis
1984, 1986; Falcon-Lang and Cantrill 2002). There has been
a rapid shift from Creber’s cautious use of MS to publi-
cations claiming, for example, that a high MS character-
ises variable climates (Parrish and Spicer 1988; Spicer and
Parrish 1990; Da Rosa Alves and Guerra-Sommer 2004).

Dozens of papers have used MS to interpret fossil wood
growth rings in terms of palacoclimate since 1982. The re-
peatability and validity of this approach, both at the sample
and assemblage level, were questioned (Poole and Bergen
2006 and references therein). However, there has been no
comprehensive review of this body of works using the MS
or a critical evaluation of the utility of this parameter for
palacoclimatic studies. Here I review the use of MS for pa-
lacoclimatological inferences from fossil wood and question
its significance and efficacy.

Abbreviations.—AS, annual sensitivity (Fritts 1976); CV,
coefficient of variation, the ratio of the standard deviation
to the mean; MAR, mean annual rainfall (mm); MAT, mean
annual temperature (°C); MS, mean sensitivity (Fritts 1976);
RD, relative difference; SM, simple arithmetic mean; WM,
weighted arithmetic mean.

Material and methods

On the 5.07.2023 Google Scholar was searched with the key
words “fossil”, “wood” and “mean sensitivity”. All the ac-
ademic sources giving values of MS for Pliocene or older
woods were compiled. Sources from my own bibliography,
where Mesozoic woods are over-represented, were added.
All together 63 studies were taken into account. The table
sums up this database (see SOM, Supplementary Online
Material available at http:/app.pan.pl/SOM/app69-Philippe
SOM.pdf).

The database was analysed from different perspectives.
The temporal distribution of the studies was first examined,
looking for possible influences of one (or more) particular
study on the others. The different ways that were used to
calculate MS were then considered. It was revealed that
the MS of the same fossil wood specimens were calcu-
lated independently by three researchers (Jefferson 1982;
Chapman 1994; Falcon-Lang et al. 2001), offering the op-
portunity to test inter-individual MS measuring repeatabil-
ity. Repeatability was also addressed by some studies that
evaluated MS variations when calculated on different radii
of the same fossil (Jefferson 1982; Brea et al. 2008), or on
different parts of the same species (Fletcher et al. 2015). The
MS value variability for the different fossil wood specimens
of an assemblage were then analysed, notably using the
coefficient of variation (CV), i.e., the ratio of the standard
deviation to the mean, expressed as a percentage.
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Results

The temporal applications of the mean sensitivity.—The
number of publications using the MS for palaeoclimatologi-
cal inferences has clearly fluctuated (Fig. 1), with an overall
increasing trend. Even if the pattern is corrected for this
trend, which is probably linked to the overall inflation of the
annual number of scientific publications, the curve peaks
and declines.
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Fig. 1. Number of publications using MS from fossil woods for palaeocli-
matological inferences in the database (see SOM).

It was the pioneering work of Geoffrey Creber (1977) that
initiated the application of MS to the study of fossil woods.
This work inspired Jefferson (1982) and later (Francis 1984,
1986) and soon other researchers. However, by the end of
the twentieth century MS became less commonly used. The
works of Falcon-Lang (Falcon-Lang et al. 2001; Falcon-Lang
and Cantrill 2002) seems to have momentarily revived interest
in MS in the early 21st century. During the 2008—2012 inter-
val, however, the number of publications using MS dropped
again, possibly as a consequence of the cautionary results of
Falcon-Lang (2005a, b; for details see below). In the last de-
cade, eventually, palacoclimatological inferences from fossil
woods based on MS have become common again. However,
my literature review does not identify any triggering factors
for this resurgence. Such a contrasting pattern suggests that
the use of MS for palacoclimatic inferences has not estab-
lished itself as an unavoidable and widely accepted method.
Some work carefully avoids it (e.g., Poole et al. 2005).

Different ways to calculate mean sensitivity.—As exp-
lained by Fritts (1976: 258) “the average mean sensitivity
(MS) for a series is calculated as follows:
t=n-1
ms, = (1/n-1) Y 112X,y — X/ (Kpoy + X))
t=1

where X is each datum and the vertical lines designate the
absolute values of the term enclosed by them”. Fritts (1976:
258) then adds “The values of mean sensitivity range from 0
where there is no difference to 2 where a zero value occurs
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next to a nonzero one in the time sequence”. The MS could
indeed be equal to 0 if all ring widths are exactly the same.
It is more difficult to imagine a growth-ring with no width.
If all width differences of consecutive ring pairs tend to in-
finity, then the MS tends to 2; however, this is clearly only a
theoretical possibility.

The MS is thus an average, for a series of n rings, of the
n-1 absolute values taken by annual sensitivity (AS), i.e.,
the relative differences in ring width of the n-1 consecutive
ring pairs. Modified versions of the MS have been proposed
(Schulman 1956; Fiirst 1963) but to my knowledge never
used for fossil woods.

According to Poole and Bergen (2006: 179-180), when
extending the growth ring analysis approach to pre-Qua-
ternary isolated wood material ideally five prerequisites
need to be met: (i) assemblages need to be of an adequate
sample size (ca. >20 trees) and taxonomically diverse; (ii)
specimens should be identifiable in terms of taxon and onto-
genetic age; (ii1) organs should be of complete cross section
and have similar origins (with preference for trunk wood)
and excluding the inner xylem near the pith to overcome
problems of rapid initial growth, confused growth interrup-
tions and unequal gravitational effects; (iv) taxa should be
“reliable”; (v) conifer taxa need to have known leaf longev-
ity/retention times.

Unfortunately, these five prerequisites cannot easily be
fulfilled. It is the case in a small percentage only of the ref-
erences listed in studied database.

Falcon-Lang (2003) and later Davies-Vollum et al. (2011)
and Benicio et al. (2016) used MS in an unconventional
manner, to measure spacing variability of growth interrup-
tions in woods where true annual rings (i.e., rings continu-
ous around the tree circumference and having a distinctly
asymmetric boundary) are not present, or in woods where
true and false rings co-occur. In a hand specimen, where
the whole tree circumference usually cannot be explored,
it is often difficult to decipher between true rings and false
rings (growth interruptions). Most publications do not make
it clear whether false rings were taken into account in the
calculation of MS.

Parrish and Spicer (1988) calculated MS for fossil woods
deformed by taphonomical processes with measured ring
thickness values and then with restored values, which they
derived by using the upper limit of the estimated deforma-
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tion. Differences between the two calculations were less
than 10% in all cases.

Chapman (1994) calculated MS for an Alaskan Creta-
ceous wood using ring widths measured either in number
of cells or in um. MS values were 10% higher in the second
case. Ruiz et al. (2020) specified the threshold, in number
of rings present, that they consider necessary to be able to
calculate a MS, but few other works do the same, and the
MS has sometimes been calculated on series of less than
20 rings.

More recently, Esperanca Junior et al. (2023) have used
the MS in a highly unusual way. Arguing that the Permian
woods they studied do not have annual rings (although they
illustrate convincing growth stoppages in their fig. 3), they
calculate the MS not from the width of pairs of successive
rings but from pairs of successive cells. They state that they
are aware of the time-scale problem this entails, but nev-
ertheless use the MS values calculated for palacoclimatic
deductions.

Interestingly, MS values were reported for the same fossil
wood assemblage, from the upper Albian Triton Point For-
mation of Alexander Island, Antarctica, by Jefferson (1982),
Chapman (1994) and subsequently Falcon-Lang et al. (2001).
Comparison (Table 1) reveals that the values given for the
MS of the same samples may differ by up to 27% between
authors, suggesting that observer bias may be significant.

This also raises the question of the variability of the val-
ues obtained depending on where in the fossil wood speci-
men the ring thicknesses are measured.

Interestingly, in her approach, Fletcher gave not only
MS values, but also standard-deviation for AS (Fletcher et
al. 2015). Although standard-deviations were somewhat la-
borious to compute in the seventies, it is now fairly easy and
adds much interest to a single mean value as the MS. Francis
(1984) also indicated that MS should not be discussed with-
out previous discussion of AS, noting that even though a
tree may have an overall “sensitive” mean sensitivity, it may
have a greater number of “complacent” values of annual
sensitivity, and vice versa.

Intraspecific mean sensitivity variability—Chapman
(1994) calculated MS for an Alaskan Cretaceous fossil
branch for both normal wood and reaction wood. She found
little difference (MS 2% higher in the second case). MS is
not supposed, however, to be calculated on something other

Table 1. Number of observed rings and mean sensitivity (MS) for samples studied by Jefferson (1982) from Triton Point Formation, upper Albian (Lower
Cretaceous), Alexander Island, Antarctica, and the value given by Chapman (1994) and Falcong-Lang et al. (2001) for the same samples.

. Jefferson 1982 Chapman 1994 Falcon-Lang et al. 2001
Sample cpde (British Number of rings Number of rings Number of rings
Antarctic Survey) MS MS MS
measured measured measured
KG2821.86 not taken into account 14 0.58 not taken into account
KG2821.97 13 0.393 17 0.50 16 0.499
KG1702.6 43 0.621 53 0.61 48 0.573
KG2814.254 43 0.404 48 0.41 45 0.385
KG2817.20 not taken into account 90 0.33 not taken into account
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Table 2. Mean sensitivity (MS) for different tree parts of Protophyllo-
cladoxylon owensii Fletcher, Cantrill, Moss, and Salisbury, 2014, Up-
per Cretaceous, Australia. Data from Fletcher et al. (2015).

Plant part Number | Minimum Average Maximum
counted MS MS MS
Trunk 5 0.27 0.34 0.46
Stump 4 0.16 0.38 0.76
Root 2 0.53 0.56 0.6
Total 11 0.16 0.39 0.76

than trunk wood, and especially not on a plagiotropic axis
(Fritts 1976). Fletcher et al. (2015) compared the MS of
different samples, all belonging to the same species and the
same fossil assemblage, but to different tree parts. Their re-
sults are not statistically significant (Table 2); however, they
suggested that MS calculated from roots are higher than
those calculated from stump or trunk pieces.

Jefferson (1982) calculated MS along different radii for
four Cretaceous woods from the Antarctic and Brea et al.
(2008) performed a similar calculation on woods from the
Triassic of Argentina (Table 3). The relative difference (RD),
expressed as percentage, is calculated as:

RD =200 (M — m)/(M + m)

where M is the highest calculated MS for a fossil wood spec-
imen and m the smallest.

RD does not seem to be correlated to the number of ra-
dii considered. It reaches 76% in the cases where two radii
were considered and up to 90% in cases when more than
two radii were considered. In less than 10% of the cases was
RD <10%. As a rule, MS is thus variable according to the
radius considered.

Ktusek (2006) revealed that MS is quite sensitive to the
irregular occurrence of very high AS coefficients within the
ring sequences of analysed fossil wood specimens.

Mean sensitivity at the fossil wood assemblage level.—
The relationship between tree rings and climate has long
been demonstrated to be variable, at the inter-individual
level within a given species, and at the interspecific level
(Fritts 1976; Tessier 1989).
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When dealing with a fossil wood assemblage, there is al-
ways a trade-off to be found between increasing the number
of samples to be included in the calculation of the average
MS for the assemblage and the risk of including a sample
that is quite different from the others for this parameter.
This is especially true since fossil wood assemblages are
commonly limited in the number of samples suitable for
such analyses. Parrish and Spicer (1988) showed that the av-
erage MS increased from 0.37 to 0.42 (+14%) by including a
seventh sample to their assemblage of six woods, as this last
one is atypical. Sporadic seasons of high or low growth rates
strongly skew mean sensitivity towards the sensitive field
even if most analysed ring-series show a complacent re-
sponse to interseasonal environmental conditions (Zamuner
1986; Weaver et al. 1997).

Before analysing the MS of a fossil wood assemblage,
the first prerequisite of Poole and Bergen (2006: 179-180)
should be remembered, i.e., (i) assemblages need to be of
an adequate sample size (ca. >20 trees) and taxonomically
diverse. Taphonomy should also be studied as, although
most significant log accumulations were probably rapidly
deposited and concerned trees originating from an ecolog-
ically homogeneous area, this might not always be the case
(Philippe et al. 2022).

Falcon-Lang et al. (2001) calculated MS for a wood as-
semblage from the Cretaceous of Antarctica and then cal-
culated a simple arithmetic mean (SM) of the MS values,
as well as a weighted mean (WM), weighted in proportion
to the number of rings measured in each wood sample. SM
and WM differed little for a first wood set with high MS
(0.42 vs 0.44; 1330 rings measured, on average 40 rings per
sample) but they differed more for a second wood set (0.28
vs 0.33; 318 rings counted on average 20 rings per sample).
This suggests that, at least for this case, the more rings are
measured per sample, the lower the MS.

Falcon-Lang (2005a,b) demonstrated that there is a
significant ontogenetic trend for anatomical parameters,
such as tracheid pit distribution, cross-field pit frequency,
ray dimensions, ray spacing, tracheid diameter, mean ring
width and mean sensitivity. Mean sensitivity increases
with decreasing ontogenetic age (r> = 0.556), with lower

Table 3. Values of mean sensitivity (MS) calculated along different radii of the same sample for woods from the Cretaceous of Antarctica (data
from Jefferson 1982) and from the Triassic of Argentina (Brea et al. 2008).

Source Sample code Number of radius considered | Minimum MS | Maximum MS | Relative difference (%)
Jefferson 1982 KG2815.256 2 0.373 0.434 15
Jefferson 1982 KG2816.39 3 0.339 0.430 24
Jefferson 1982 KG2817.16 2 0.423 0.492 15
Jefterson 1982 KGI1719.3 2 0.420 0.442 5
Brea et al. 2008 LPPB12604 4 0.26 0.32 21
Brea et al. 2008 LPPB12605 2 0.21 0.24 13
Brea et al. 2008 LPPB12606 4 0.14 0.37 90
Brea et al. 2008 LPPB12609 5 0.31 0.37 18
Brea et al. 2008 LPPB12610 5 0.20 0.38 62
Brea et al. 2008 LPPB12612 2 0.20 0.29 37
Brea et al. 2008 LPPB12613 2 0.28 0.62 76
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trunk discs having values around 0.22—-0.27 compared with
upper trunk values ranging up to 0.43, almost 100% more.

Ropler (2021) calculated MS for different systematic
groups within an early Permian fossil wood assemblage
from Germany (Table 4). The values differ greatly, despite
that these trees grew in the same ecosystem, with MS being
equal to 0.35 for gymnosperms, 0.44 for calamitaleans and
as much as 0.48 for medullosans ferns.

As described above, MS values were reported for the
same fossil wood assemblage by Jefferson (1982), Chapman
(1994) and Falcon-Lang et al. (2001). At the assemblage
level, the values given by Jefferson on the basis of two
samples yielded a mean MS for the assemblage of 0.418,
whereas Chapman on the basis of 5 samples calculated a
mean MS of 0.486, and Falcon-Lang et al. of 0.372 (Table 5).

With this data set (Table 5) it would be expected that the
higher the number of studied samples in a wood assemblage,
the lower the calculated MS. However, a synthesis from the
bibliographical survey revealed no correlation between MS
value and the number of samples considered (Fig. 2).

Luthardt and Roler (2017) used the MS in the most
orthodox way, i.e., to sort the 11 best fitting series out of 43
tree-ring series measured from a fossil wood assemblage
dated from the Permian. These eleven series were then used
to calculate a mean curve which evidenced a ca. 11 year
cyclicity, similar to that induced in modern trees by sunspot
activity. It must be emphasized that Luthardt and Ropler
(2017) studied an exceptional palaeontological object, a for-
est fossilized instantaneously in situ by a rapid succession of
pyroclastic surges and flows. Most “petrified” forests are,
however, assemblages of dead logs of various provenance in
fluvial or coastal settings. Only much less precise informa-
tion can be expected from a MS study of ring variability in
such assemblages.

Table 4. Mean sensitivity (MS) values for different informal taxonomic
groups in an fossil wood assemblage from lower Permian Germany.
Data from Ropler (2021).

Taxon Minimum | Mean |Maximum
MS MS MS
Medullosan seed ferns 0.31 0.48 0.77
Calamitaleans 0.27 0.44 0.72
Pycnoxylic gymnosperms 0.24 0.35 0.77
All taxa 0.24 0.41 0.77

Table 5. Comparisons of the mean sensitivity (MS) (average and stan-
dard deviation) for different subsets of a wood assemblage from the
Triton Point Formation, upper Albian, Lower Cretaceous, Alexander
Island, Antarctica, in studies by Jefferson (1982), Chapman (1994), and
Falcon-Lang et al. (2001).

Jefferson | Chapman | Falcon-Lang
1982 1994 2001
Number of studied samples 2 5 49
Mean MS 0.418 0.486 0.372
Standard deviation not calculated | 0.117 0.112
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Fig. 2. Mean MS for fossil wood assemblages in studied database as a
function of assemblage size, in number of samples measured.

Discussion

When reading the corpus of articles, one is struck by three
facts: (i) the repetitiveness of the MS chapter sentences, not
commented here; (ii) the fact that few works use the post-
1977 results of dendrochronologists; (iii) the uniformity of
the vast majority of conclusions. However, one can discern
a shift between the cautiousness with which the older works
make inferences and the much more peremptory character
of some of the more recent ones.

Lessons from the present.—As early as 1989, dendrochro-
nologist Lucien Tessier (1989: 517) came to the conclusion
that “The regional climate, the microclimate, the ‘opera-
tional environment’ (...) as well as physiological and biolog-
ical processes governing growth, which are dependent on
the genotype of the species, are involved in ring—climate
relationship”. Tessier (1989) insisted on the different scales
at which climate must be considered. The growth in diame-
ter of a tree and, therefore, the measurable MS in its various
woody parts, responds to these different scales. MS based
conclusions, such as “these trees grew under changing cli-
mate” ignore the scale question and are, therefore, almost
meaningless. Moreover, Briffa et al. (1998) warned that
temperature sensitivity changed in recent time, as it prob-
ably also did in the past, all the more as atmospheric CO,
concentration is by no means a constant through geological
times, which might have influenced tree growth (Osborne
and Beerling 2002). This suggests that MS threshold values,
elaborated in the 1950’s for extant trees, are possibly not
relevant for the Mesozoic or older periods.

Falcon-Lang (2005a) studied MS from a database
with raw mean ring width data sets of 727 sites distrib-
uted worldwide (with a strong bias towards boreal settings).
He concluded (Falcon-Lang 2005a: 438) that there is “no
evident relationship between MS and any individual cli-
mate parameter”. Such a conclusion could be considered as
quite predictable as all the climate parameters he consid-
ered are mean annual values (such as MAT, Mean Annual
Temperature; and MAR, Mean Annual Rainfall) and MS
is also an average. However, Falcon-Lang (2005a) also ob-



566

served that, for conifers in cool-to-cold and dry regions, the
MS range is greater (0.15—0.75) than in hot and wet regions
(0.17-0.35). Conversely, plotted against the MAT/MAR cli-
mate index, angiosperm MS values produced a more or less
random scatter. These results raised interrogations which
possibly explain the relative drop in the number of publica-
tions using MS during 2008—2012 interval.

Later on Lieubeau et al. (2007) revealed that for a set of
New Caledonian Araucariaceae, ring width is more strongly
impacted by extremes and monthly temperatures and rain-
fall amounts than by yearly values. This contribution also
evidenced that discarding false rings allows better correla-
tion with climate parameters, such as the total rainfall during
the growth season. This fully endorses Poole’s (Poole and
Bergen 2006: 180) third prerequisite: “(iii) organs should be
of complete cross section...”.

According to Francis (1986: 678), for some modern Arau-
caria araucana trees growing under temperate climate, in
Argentina, “values of MS were also very low, ranging from
0.12 to 0.23, illustrating that growth was very uniform from
year to year”. Interestingly, Boswijk et al. (2014) compiled
data for 201 kauri trees (Agathis australis) from the New
Zealand North Island, either living or subfossil. They found
that their MS spanned a large range from 0.075 to 0.675,
with a mean at 0.315, and an almost normal distribution.
Together with the results of Lieubeau et al. (2006), it sug-
gests that modern Araucariaceae of low and mid-latitudes
behave quite differently in regard to MS.

Guiot (1987), studying Picea mariana individual series
sampled in northern Quebec, revealed that MS increased
more than twofold after 1860 because of a climatic improve-
ment, i.e., a releasing of temperature stress. Colangelo et al.
(2018) noted in Italy that declining and non-declining oaks
(Quercus pubescens and Q. cerris) severely stressed by cli-
mate change all have statistically similar MS (ca. 0.33), dif-
fering by less than 3%. In Mexico, Correa-Diaz et al. (2018)
measured MS at 0.39 +/- 0.04 for a set of Taxodium mucro-
natum trees submitted to a stress due to contemporaneous
rise in atmospheric CO, concentration and concordant tem-
perature increase.

For modern conifers growing in semi-arid climates Fritts
el al. (1965) calculated a mean sensitivity of 0.58 for those
trees growing near the forest border, whereas those growing
in the forest interior had values around 0.22.

Almost since it was established, mean sensitivity has
been criticized. Indeed, mean sensitivity as defined by Fritts
(1976) is often proportional to the standard deviation of the
ring width, and it is ambiguous, because it does not separate
variance and autocorrelation (Jansman 1995; Ricker et al.
2020). This is why a probabilistic version of the mean sen-
sitivity was proposed by these authors. To the best of my
knowledge, it has not yet been used for fossil woods.

Some conclusions based on a study of the MS of fossil
woods are weakened by ignoring the limitations suggested
by the study of extant woods. The results of those studies,
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Fig. 3. Distribution of mean MS values for the 98 fossil wood assemblages
of studied database (percentages of the total number).

which merely repeat the interpretative schemes of Parrish
and Spicer (1988), might have to be reconsidered.

Similar conclusions.—The question arises as to whether MS
values originally considered to characterise a tree-ring series
that does not reliably record climate could paradoxically be
used for palaeoclimatic deductions at assemblage level, i.e.,
when a set of samples for a given locality is considered.

I calculated the mean MS for 99 fossil wood assem-
blages. The value distribution (Fig. 3) is unimodal and nor-
mal (not tested statistically). Observed MS range from 0.123
to 0.778, whereas for modern trees most MS fall within the
range 0—0.6 (Creber 1977). Here, almost two-thirds (64%)
of fossil wood assemblages that have been studied have a
mean MS sandwiched between 0.2 and 0.39, and thus give
similar conclusions. This could be due to the homogeneity
of the hydrological conditions under which these series of
growth rings were generated, with upland floras less likely
to be fossilised than others.

When applying MS approach to fossil woods, all authors
have used a threshold proposed by Creber (1977). When MS
is less than than 0.3 corresponding growth ring series are
described as “complacent” whereas, above this value, the
series are described as “sensitive”.

Not all the series measured along different radii of a
given log necessarily fall into the same category (Douglas
1928). A first level of integration is then to consider as
“complacent” trees which have mostly or exclusively MS
<0.3, and “sensitive” trees which have mostly or exclusively
MS >0.3. At a second level of evaluation complacent trees
are said to have little response to climate, whereas the sen-
sitive ones better record climatic variation (Francis 1984).
A third, and obviously strongly hypothetical assessment, is
to consider that woods with MS less than 0.3 probably grew
in relatively constant and equable environments, whereas
those with MS >0.3 had a different origin and “probably
grew in variable environments” (Parrish and Spicer 1988;
Martinez et al. 2023).

For 43% of the assemblages mean MS is lower than 0.3,
i.e., the threshold proposed by Creber (1977). This would
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Fig. 4. Distribution of mean CV (ratio of the standard deviation to the
mean) for MS values of 61 fossil wood assemblages of studied database.

mean that 43% of the wood studied, of all ages and origins,
would have formed under a constant and equal climate. This
may seem like a lot, but it is virtually impossible to test the
plausibility of this assertion. It could mainly reflect the ho-
meostatic capacities of forest ecosystems more than a global
feature of palacoclimates. There is nothing in the studies
analysed to suggest a less arbitrary threshold.

Overall the MS values are continuously, normally and un-
imodally distributed, and it is, therefore, difficult to use them
to characterise hypothetical discrete climate classes based on
interannual climate variability. It doesn’t seem very sensible
to think of characterising the climate in a univocal way with
MS as the only indicator, itself a summary of the inter-an-
nual (or inter-seasonal) variability of the tree’s growth, given
the complexity of tree’s growth-climate relationship.

I calculated the coefficient of variation (CV is defined as
the ratio of the standard deviation to the mean expressed as
a percentage) from the compilation (Fig. 4). The CV reaches
63% and is greater than 33% in 57% of the cases. Such CV
values suggest that most corresponding assemblages are
probably too heterogeneous for any assumption. There is no
obvious relationship between the mean sensitivity, CV, and
the number of samples of the assemblage.

Shift in formulation.—It may be artificial, but it would
be interesting to compare the formulations of three articles
regarding the interpretation of the values obtained for the
MS. Parrish and Spicer (1988: 24) stated that “Woods with
MS less than 0.3 [...] probably grew in relatively constant
and equable environments, whereas those with MS> 0.3 [...]
probably grew in variable environments”. Later Tilley indi-
cated (2016: 181; see also Tilley et al. 2014) that “[for a tree,
MS] values greater than 0.3 indicate growth under a fluctu-
ating climate (sensitive growth), and values below indicate
growth under an equable climate (complacent growth).” For
Ruiz et al. (2020), “a [MS] value of 0.3 is taken to distin-
guish between “complacent” trees that grew under a favour-
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able and uniform climate (MS < 0.3) from those that are
“sensitive” to fluctuating climate parameters (MS > 0.3).”

At the assemblage level, climate is regularly interpreted
as stressing when the mean MS exceeds 0.3, even if several
woods in the assemblage have much lower MS (0.1-0.2) (see
e.g., Artabe et al. 2007). Inferences such as “The relatively
high mean sensitivity (MS average of 0.4) of fossil woods
indicates that trees were influenced by monsoon climate
during the growth period, and the environment was very
unstable with uneven annual precipitation” (Wei et al. 2016:
1771), or “Mean sensitivity analysis of growth rings in the
stumps indicates small-scale environmental disturbances on
the floodplain, such as periodic flooding, or regional envi-
ronmental disturbances, such as volcanism, disrupted wood
production.” (Davies-Vollum et al. 2011: 89), might be based
on over-interpretation.

Although this is not quantifiable, the impression a palae-
oxylologist obtains from reading the articles in my database
is that interpretation of MS values has become progressively
less cautious.

Conclusions

The statement that “Growth rings in fossil woods provide
invaluable data concerning tree ecology” (Falcon-Lang et
al. 2004: 45), under this wording or another, is regularly
repeated in several MS-based discussions. However, the
fact that this statement is fundamentally true does not im-
ply that the data can be interpreted uncritically. Already in
1989, Tessier warned that, however attractive it may be, a
quantitative reconstruction of the climate based on tree-ring
variability has its limitations. Without putting it into per-
spective, it constitutes falsely absolute information.

Mean sensitivity is an unsophisticated statistical tool for
analysing growth variability. Neither the appearance of sci-
ence suggested by the way the MS formula is written, nor a
fascination with quantification, exonerate us from the need
for caution when interpreting MS data from fossil wood. A
probabilistic approach might be preferred (Ricker et al. 2020).

There is a short-sightedness in ignoring the fact that the
local climate recorded by the rings of a given tree, or a few
trees, is not the regional climate and even less the global cli-
mate. Eventually, samples preserved in alluvial to marine de-
posits might derive from a range of ecosystems (McLoughlin
1996) making mean sensitivity analysis sensible at assem-
blage level only if sedimentology can demonstrate that only
one type of vegetation yielded the fossil woods.

This call for caution in the use of MS for the palaeoeco-
logical interpretation of fossil woods should not obscure the
fact that they can be validly used to for a range of palaeo-
environmental applications, including: estimating ancient
forest stature and productivity (e.g., Williams et al. 2009;
Pole 1999), tree architecture (Steart et al. 2023), insect, fun-
gal, and bacterial interactions (Feng et al. 2019; McLoughlin
and Mays 2022; Greppi et al. 2022), tracking taphonomic
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pathways (Philippe et al. 2022), growth disturbances from
volcanic activity (Cuneo 2021), palacoseismicity (Minor
and Peterson 2016) and insect defoliation (Dechamps 1984),
detecting palaeo-rainshadow effects (Oh et al. 2020) and
biogeographic patterns (Philippe et al. 2004).
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