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Landscape of Metasequoia in Osaka
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Stylizing, Improvisation and Rhythm in Abeno, Osaka: Sources of Urban Creativity
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Metasequoia from the past offers music to the future

D. W. Larson

Department of Integrative Biology, University of Guelph

Abstract

Old-growth forests around the world were once the source of wood for a wide variety of cultural objects including
musical instruments. Amongst stringed instruments the guitar remains as the world’s most popular form, yet the
supply of excellent guitar tonewoods has declined and that pattern is predicted to continue to exhaustion in the next
century. Metasequoia glyptostroboides (Dawn redwood) was 100 million years ago the planet’s most abundant tree
but by 20 million years ago its range had been reduced and in the early 1940’s was only known from the fossil record.
Living Metasequoia was rediscovered in China in 1944 and seeds of this species were distributed globally by 1947
leading to large-scale plantings around the world in the temperate zone. Trees of this species by 2010 were up to 2
m in diameter and fully capable of being milled into lumber. To investigate whether horticulturally produced A,
glyptostroboides could be used in the supply chain for guitar builders now and in the future, a large local specimen of
this species was milled. Quartersawn bookmatched panels were then prepared for use in building 3 instruments.
Two additional instruments were built to the same dimensions but using old-growth 7huja and Picea. Simple
experiments were conducted to determine the mechanical properties of the wood after drying. Also, different
bracing patterns were used on the guitars to determine if stability and tone produced by the wood would make it a
suitable replacement for old-growth Picea, Thuja, and Sequoia typically used for instrument tops. The experiments
suggest that horticulturally produced M. glyptostrobordes is a good tonewood for guitar tops plates, and they further
suggest that there is no limit to how much tonewood could be produced from this species in the future.

Evolutionary history, original global distribution, and near extinction

Richard Dawkins (1982) has argued that despite the decline in the importance of biological evolution to success in the
human species, cultural evolution continues to accelerate as new ideas overcome old ones at an ever-increasing rate.
This paper deals with one tiny aspect of this cultural evolution and asks how people in the future will build stringed
Instruments such as guitars, if the once-abundant supplies of traditional old-growth tonewoods have been driven to
extinction? Specifically, this paper addresses the question “Can horticulturally-produced M. glyptostrobordes be used
in the supply chain for instrument makers now, and in the future?”

Angiospermous plants have dominated the biodiversity of our planet only for the past 70 million years or so. Prior
to that, gymnospermous plants represented all of the terrestrial vegetation on the earth. Starting about 250 million
years ago the planet experienced rapid range expansion of coniferous trees and by one hundred million years ago in
the Jurassic virtually all the terrestrial surface of the earth was covered by them. M. glyptostroboides appeared at
that time (Hewes 1981) and at its peak abundance 45 million years ago it formed dense forests in what is now the
Canadian high arctic (Jahren 2007). Incidentally, some of these forests were never glaciated and hence coarse

woody debris from this forest including logs, stumps, branches, foliage, and seeds are still entrained in strata at Axel
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Heiberg Island and visible on the surface (Basinger (1991).

Fig. 1. Logs of compressed 45 Million year old Metasequoia on Axel Heiberg Island. Photo courtesy of Ian MacNeil.

In the Miocene by about 20 million years B.P., however, M. glyptostroboides disappeared from almost all of its range
as global climate cooled. It was thought to have gone extinct at about this time and was only known from the fossil
record until 1944 when it was rediscovered.

People who lament the loss of wilderness because of human activity sometimes overlook the significance of the
rediscovery. While it is true that humans during the Anthropocene have appropriated over 83 % of the terrestrial
surface of the earth (Sanderson et. al 2002), the remaining wild areas of the planet provide organisms and ecosystem
services of great value to humanity (Balmford et al. 2002) Wang and Hu's rediscovery of living of M. glyptostroboides
in 1944 (Hu and Wang 1948, Hu 1948, Chaney 1948, Merrill 1948) and the subsequent global redistribution of its

seeds starting in 1947 is a great example of how small patches of wilderness can add great value to human culture.

Rediscovery

Of course Metasequoia was itself not even named until 1941 when a Japanese paleobotanist Shigeru Miki (Miki
1941) reinvestigated 20 million year old fossils of a previously unidentified species of redwood. Ironically about the
same time a local Chinese forestry worker Tsang Wang had come across some living trees in Sechuan Province that
he could not immediately identify. A specimen was sent to Wan Chun Cheng who forwarded the specimen first to his
colleague HH. Hu, who in turn sent samples to his friend paleobotanist Ralph Chaney at the University of
California, Berkeley. Cheng also sent samples to E.D. Merrill of Harvard University at about the same time.
Chaney (1948) confirmed the existence of living M. glyptostroboides after visiting the site. At the time the rediscovery
of a fossil species was considered one of the great scientific events of the century. Shortly thereafter and in subsequent
years there was massive collection and world-wide distribution of seeds. Trees were planted in both the north and
south temperate zones around the world starting in 1948. Such plantings have produced trees that are now
sometimes 2-3 m in diameter and close to 35 m tall. Interest in the rediscovery of this species was sufficiently
intense that academic warfare almost broke out in China pitting Wang, Cheng, and Hu against each other with
respect to who made the initial discovery (in my opinion they all did). Warfare also swept up the teams from
Berkeley headed by Chaney and Harvard headed by Merrill — both of whom had been in contact and had made trips
to China to have seed collected. Again, credit in the author’s opinion should be assigned to both teams for successfully
alerting the horticultural world to the existence of this fine coniferous living fossil species.
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Fig. 2. Rosette of the Storyteller Guitar showing the dark rings of 45 million year old Metasequoia on the outside of
the rosette, and light coloured rings of recently harvested Metasequoia from a tree growing in Guelph, Ontario,

Canada.

Axel Heiberg Island and the Storyteller Guitar

While I have spent my academic life immersed in the ecology of cliff ecosystems and their ancient forests (Larson et al.
2000, Kelly and Larson 2008), I have also been active in science teaching and guitar building. My goal had always
been to use musical instruments to inspire students to see the union of art and science (Larson 2011) as advocated by
Jacob Bronowski (1973). In 2006 I started collecting scientific artifacts with the intension of building one instrument
composed entirely of these artifacts. The resulting Storyteller Guitar was composed of 3,562 separate pieces
included artifacts from six continents, thirty-five businesses, and sixty-eight people. Having discovered the ancient
cliff face forests of the Niagara Escarpment in 1988 (Kelly and Larson 2008), other researchers with experience with
ancient forests would often seek me out the topic of ancient trees. One such person was Ian MacNeil of the
Canadian Parks Service who had been working on Axel Heiberg Island’s 45 million year old Metasequoia fossils.
During one conversation MacNeil offered a sample of the compressed wood from the site to be used in the Storyteller
Guitar project. It was decided to include this wood (looking very much like rosewood) in the rosette of the instrument.

It was joined with some newly cut wood of the same species grown locally.

Fig. 3. Aliving 50 year old Metasequoia growing on the campus of the University of Guelph, Ontario, Canada.

A single large M. glyptostroboidesharvested in southern Ontario.

Once the Storyteller Guitar book was published interest was generated in all aspects of both science and art as
discussed in the book. Andrew Poynter at the time was the owner of a company (A & M Wood Specialty) in
Cambridge, Ontario and he called one day with a request to identify a massive bole from a tree he had purchased
from a landowner in Paris, Ontario. The tree was about 60 feet tall and over 1 m diameter at the base. I identified the

tree for him as a specimen of M. glyptostrobordes that had obviously been planted very early in the history of the
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distribution of seeds in southern Ontario, Canada. I made a request to Andrew that he provide me with a small
amount of the best quartersawn material in the log when the wood was dry. I explained that I wanted to build a
series of instruments using this species because as far as I could discover, no one had ever tried using Metasequoia as
a tonewood. The reason for this is probably related to the time required to grow stems to a sufficiently large size.
Trees planted in the late 1940’s and early 1950’s are just now just big enough to harvest for use in instruments. The
possibility was exciting of using horticulturally produced wood of this new species at a time when supplies are
declining of old-growth spruce, cedar and redwood (the typically-used top tonewoods for guitars). So with this exciting
possibility in mind, Andrew agreed. Two years later his colleague Peter MacSween met with me to select, cut, and
resaw three sets of bookmatched quartersawn panels from one single large board and so the experiments and the
building began.

Fig. 4. Stages in the processing of the wood from the Metasequoia harvested in Paris, Ontario, Canada. (a) air-dried
milled lumber at A & M Wood Specialty., (b) since board selected for extraction of quartersawn bookmatched panels,
(c) three bookmatched sets of top tonewood.

Processing and measuring the properties of the wood.

The panels continued to dry further while simple experiments were set up to determine the mechanical
characteristics of the wood in comparison to samples of Picea sitchensis, Picea abies and Thuja plicata cut to the exact
same dimensions. These experiments were very unsophisticated and not intended at the time to represent
stress-loading trials of a type that would be used in mechanical engineering research (Bennett 2016). To test the
mechanical properties of the wood parallel to the grain, samples of each species were prepared in strips measuring
2.5 cm 1n width, 0.7 cm in thickness and 46 cm in length. Each sample was quartersawn and had zero runout —
meaning that all wood fibres were parallel to the surface of the wood in both the x and y planes. Despite the lack of
runout of the grain, there appeared to be no literature on the microfiber angle of thracheids of M. glyptostroboides
unlike the situation described by Hori et al. for other species (2002). In that paper, for example, it was shown that
sitka spruce (Picea sitchensis) is an excellent wood to use for soundboards on acoustic instruments because it shows
little or no acoustic damping and hence the wood propagates sound waves better than other species. Damping is

normally caused by cellulose microfibrils that are not parallel to the axis of the tracheids: string vibrations in such
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wood convert more energy to heat and less to tone. Steeper angles cause greater damping but at present there is no
information available on microfibril angles in the tracheids of M. Glyptostoboides hence one cannot predict the extent
of acoustic damping in this species.

A second set of wood samples was prepared to test the mechanical properties across the grain. These samples
measured 2.5 cm in width, 0.7 cm in thickness and 15 ecm in length. In all trials, a spring scale was attached to the
centre of the sample while the ends of each sample were supported. A force of 1000 g was applied to the scale and the

downward deflection of the centre of the sample was measured.

Fig. 5. Illustration of simple setup for measuring strength of wood samples.

would behave like very weak and fast growing 7huja. Hence the construction of the first guitar took place with this in

mind.

Construction of the first guitar
The woods selected for the construction of the first Metasequoia guitar are shown in Table 2 along with the woods
chosen for the subsequent 4 guitars made for comparative purposes. It must be understood that conducting a
controlled experimental build of guitars is almost impossible. Proper experimental design requires that the effect of
one ‘treatment’ be tested on two populations of items that vary only with respect to the single ‘treatment’ variable .
The two populations should be as large as possible to permit random variation unrelated to the ‘treatment’ to be
accounted for statistically. In most experiments, the population sizes of test items is often between 5 and 20
(vielding between 4 and 19 degrees of freedom in statistical tests) but the absolute minimum number of samples
within treatment is 2 (yielding 1 degree of freedom). Any experiment conducted with only 1 degree of freedom is
extremely weak and is therefore ill advised. The implications of such statistical common sense is that to test how
guitar parts function, multiple instruments should be constructed that are identical in all respects except the one
component considered to be the ‘treatment’. Clearly this would be an exceptionally challenging and expensive
requirement for any guitar maker and I suspect this challenge explains why research of this type has never been
done. The usual approach is to select only one separate component of an instrument — for example the bridge
material, the fingerboard material etc. and then conduct experiments just on the isolated part rather than as part of a
complete instrument. Of course such an approach permits proper experimental design, but does not permit whole
instruments to be tested as performing machines.

To solve this problem as an amateur builder who is aware of the weakness of anecdotal evidence, the first guitar
was constructed knowing that two more whole guitars could be built from the remaining two panels that were serial

sectioned adjacent to the first set of panels. Hence the woods used for the three instruments were as identical to each
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other as possible. The first and second guitars were identical to each other except for the bracing pattern for the top.
The sides were both constructed using A. saccharum (sugar maple), the back was Prunus serotina (black cherry) and
the neck was Swietenia macrophylla (South American mahogany). The second and third guitars were identical to
each other (both used scalloped bracing) except that Dalbergia nigra (Brazilian rosewood) was used for the back and
sides and Rhamnus cathartica (common buckthorn) was used for the fingerboard. The fourth instrument was
dimensionally equivalent to the first three units, but traditional woods were used such as Picea abies for the top and
Acer saccharum for the back. He fifth unit included a Thuja plicata, A.saccharum sides, a P serotinaback, and a S.
macrophylla neck.

Once the first guitar was completed, it was allowed to rest before the other units were started. Hence there is
additional variability in the time that has lapsed since completion. All 5 of the instruments were fitted with passive K

& K piezo electric pickups and all of the units have been used in live performances of the author’s music.

Fig. 6. Collection of three guitars with Metasequoia top tonewoods, from left to right: #1 with tall bracing, #2 with
scalloped bracing, #3 with scalloped bracing and Dalbergia nigra back and sides, #4 with scalloped bracing and Picea
abies top, #5 with scalloped bracing and 7huja plicata top.

The results of these experiments are presented in Table 1a. The specific gravity and mean ring width was also
measured for all samples and those values are presented in Table 1b. The results of these simple tests were very clear.
The downward deflection was least in Picea, greater in Thuja and greatest by a wide degree in Metasequoia. This
was true for both orientation parallel to the grain and orthogonal to the grain. Specific gravity was greatest in Picea
(0.40), less in 7huja (0.35) and least in Metasequoia (0.30). Ring widths in the 7huja and Picea used were small
varying between 0.1 and 5 mm, whereas for Metasequoia , ring widths were extremely large varying from 6 to12 mm.

Taken together, the differences between Metasequoia and the other traditionally used top tonewood species
predicted that this species might be unsuitable to use as a top tonewood for guitars. Both Bennett (2016) and Wegst
(2006) have provided very detailed acoustical engineering reports on woods traditionally used in guitars and other
stringed instruments, but unfortunately there appears to be no formal information available in the wood database to
permit proper comparisons between Metasequoia and other species. What can be concluded from the simple

experiments conducted, was that M. glyptostroboides
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Performance of the guitars and implications for the future of lutherie
The first instrument had the thickest top plate and one additional lower face brace.

Fig. 7. Bracing pattern of the top plate for Metasequoia#1.

Additionally, the braces were not scalloped. Once the instrument was strung up, there was no indication that the top
would belly towards the soundhole. Three years have passed since construction and still the top is stable. The
instrument is loud with a strong midrange but restricted bottom end. It remains easy to play, stays in tune, and does
not change shape, warp, or buckle in any way from season to season. It does not have a pickguard attached to the top
to protect from abrasion. As a result from energetic performances in concerts, the top has been scratched. A short
video https/iwvww.youtube.com/watch?v=JxnxTP4qkhQ is available allowing the instrument to be heard.

The second instrument was nearly identical to the first but included scalloped bracing.

Fig. 8. Scalloped bracing of the top plate for Metasquoia# 2.

This instrument has also proved stable over time, has undergone no structural distortions and the top has shown no
signs of bellying towards the soundhole despite weaker bracing on the top. The sound is still well defined on the
high frequencies but the bottom end is much more pronounced than for unit 1. Unit 3 was constructed with scalloped
bracing as well, but Brazilian rosewood was used for the back and sides in order to test the long-held claim that this
hardwood species — now severely restricted in terms of harvest and international trade — is the superior tonewood for
stringed instruments. When units 2 and 3 are compared, no significant differences could be detected by live audiences.
An oscilloscope may indeed show tonal differences between units 2 & 3, but since audiences rarely come equipped
with oscilloscopes attached to their laps, the experimental units seem to suggest that claims of the superiority of
Brazilian Rosewood may be based more on dogma and history than evidence.

Units 4 and 5 used traditional tonewoods but were otherwise very similar to the three Metasequoia instruments.

Conventional thinking would suggest that the tone produced from the old growth timbers used for the top plates of
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these instruments would provide much more balanced, rich and strongly projecting tone. Instead what the collection
of the five instruments suggests is that the differences among them are very small indeed. Further, this similarity of
tone, playability, stability, weight and appearance suggests that Metasequoia is a perfectly suitable wood for use in
guitar making at the present time.

Conclusions

At the beginning of this paper the question was asked how will people in the future build stringed instruments, if all
the once-abundant supplies of tonewoods have been driven to extinction? Can horticulturally produced M.
glyptostroboides be used in the supply chain for guitar builders now and in the future? The answer to this question is
‘ves. If the Metasequoia units continue to show structural stability despite pronounced changes in the humidity and
temperatures that are experienced in the eastern Canadian landscape, the results of this work suggest that
Metasequoia glyptostroboides will be a suitable additional source for luthiers worldwide. How significant a source can
this species be? The widespread plantings of this species in horticultural settings around the world, the rapid rate at
which it grows, and the enormous sizes that it attains in suitable locations suggests that small and medium sized
plantations of Metasequoia can be planted today for use in the supply chain at the end of this century. The
dependence of guitar makers on an endless supply of old-growth spruce, cedar and redwood is a shortsighted feature
of their business plan that can be compensated for by investing now in plantations of the species they harvest from
the wild. And now it can be asserted that Metasequoia glyptostroboides , a species once thought extinct but then
brought back from the dead by farsighted scientists - can be one of these species.
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Treatment M.g Ps Pa Tp

Deflection under 11.5 6.0 6.0 8.2
1.0 kg centre load
parallel to grain

deflection under 8.5 4.0 3.6 5.1
1.0 kg centre load

orthogonal to grain

b. specific gravity and ring width/ring count properties of the woods used

specific gravity 0.30 0.45 0.40 0.35
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glem3

average ring width 9.5 1.28 5.2 1.16
ring count to 19 280 70 310
centreline

Table 2. Construction details for the five guitars used. : Three units used M. glyptostroboides V.g), one unit using
traditional old growth Pabies, and one using old growth 7' plicata.  Abbreviations: M.g, Metasequoia
glyptostroboides (Dawn Redwood) , Pa., Picea abies, (European spruce), P. s Picea sitchensis (sitka spruce), Pr.s,
Prunus serotina (Black Cherry) , A.s, Acer saccharum (Sugar maple), D.n, Dalbergia nigra (Brazilian Rosewood), D.],
Dalbergia latifolia (Indian rosewood), C.s, Castanea sativa (American chestnut), R.c, Rhamnus cathartica, S.(common
buckthorn), S.m Swietenia macrophylla (south American mahogany), O.p Ocotea porosa, (Imbuia) , A.m Acacia

melanoxylon, (Australian blackwood), X- xbracing, scal- scalloped bracing, LFB — lower face brace.

Guitar
Component Mg 1 M.g. 2 Mg3 Pa. Tp
Top species M.g M.g Mg Pa Tp
thickness (mm) 3.1 3.0 3.0 2.9 2.9
Bracing sp. Ps Ps Ps Ps Ps
Bracing pattern X+2 LFB X+scal X+scal X+scal X
Back sp. Prs Prs Dn As Prs
thickness (mm) 2.5 2.5 2.2 2.3 2.4
Bracing pattern ladder ladder ladder ladder ladder
Side sp. As As Dn Cs As
thickness(mm) 2.2 2.3 2.2 2.2 2.4
Neck sp. S.m S.m S.m As S.m
Fingerboard sp. Dl D1 Rec Rec O.p
Bridge sp. Dn D.h R.c R.c Am
Total weight (g) 2040 2120 2060 1960 1870
Scale length (mm) 625 625 625 625 635
Max length (mm) 1000 1000 1000 1000 1000
Max width (mm) 360 360 360 360 360
Comp. date. (m/y) 03/13 06/13 07/16 08/16 06/11
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By examining the case study of Zurich, Switzetland, the presenter
will look into ways of how the trees were integrated, not only into
city parks, but also into residential areas, major public sites, and in the
planning of major thoroughfares, becoming, in time, key landmarks
of the city. Towering above all the other tree species, the redwoods
of the city have become key representatives of the close ties between
humans and plants within urban spaces. This remarkable relationship
is further exemplified in the workings of the Griine Stadt Zurich, a
part of the city government that take care of the green spaces within
the city. This public organization consists of gardeners, urban
planners, and botanists. They plan and guard the green spaces of the
city, sending armies of gardeners and workers across the city every
day in order to manage its plants. They keep a close account of the
all the trees across the city, compiling and updating the data in a

homepage that numbers the trees and plants across the city.
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Remarkably, this site is open to the public, enabling private persons

to search for specific tree species, finding its number

and exact addresses of locations in the city. Not only is the action
explained, but the reason for the action and the aftermath: what will
happen with the site after, for example, the felling of the tree. This
opaqueness is a key part of its handling of the human-plant

relationships.

Keywords: Urban planning, biodiversity, urban landmarks,
biosphere, human-plant relationships

Redwoods into Europe

Metasequoia glyptostroboides (dawn redwood), Sequoia
sempervirens (coast redwood) and Sequoiadendron
giganteum (giant sequoia) are three exotic species that,
although they do not originate in Europe, have had
resounding success in entering into the biosphere of
their adopted habitat.

Starting with early experimentation in controlled places,
such as the island of Mainau, redwood species were
integrated into the city planning of numerous locations
across Europe. This paper will examine how they have
become integral parts of their adopted cities and how
they - as well as other plant species - have become an
essential part of urban planning in modern European

cities.

Mainau facts



Metasequoia on Mainau

The title of this slide can take up two lines
Landmarks of Zurich
Redwood Trees and Mass Media

Personal Identification with Redwood Giants

Redwoods as Landmarks

Baumkataster, Zurich

Case Study Three: Tunnelstrasse

Death of Redwood Trees
In addition, when major events occur, for example the

felling of a major tree due to disease, the public is
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included in the news: announcements are placed on the
internet homepage and the news appear in newspapers
and television interviews. Not only is the action
explained, but the reason for the action and the
aftermath: what will happen with the site after, for
example, the felling of the tree. This opaqueness is a key
part of its handling of the human-plant relationships.

Case Study 1: Rieter Park, Zurich

Case Study Two: Ramistrasse

Case Study Three: Tunnelstrasse

Conclusion

Through the case study of the redwoods of Zurich, we
can see an example of how a city can plan and
accommodate both humans and plants, how trees
become integral parts of the cityscape and of the
mentality of its citizens, and how exotic trees can be
accepted as citizens in places far away from their
origins.

Towering above all the other tree species, the redwoods
of the European cities have become key landmarks and
true representatives of the close ties between humans

and plants within urban spaces.
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Developing a Violin of Cedar Planted in Nara Prefecture
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Craft beer which is becoming a hot topic now
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Cultivating Hop at Yosano in Kyoto
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