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A Closer Look at Schroaratl of
of a Young Man in an Armchair at the Memorial
Art Gallery

Fiona Beckett 1*, Aaron Shugar?, Jiuan Jiuan Chen 3, Rebecca Ploeger

1Assistant Professor, Paintings Conservation, SUNY Buffalo State College
2Andrew W. Mellon Professor, Conservation Science, SUNY Buffalo State College
SAssociate Professor, Conservation Imaging, SUNY Buffalo Sta te College
4Associate Professor, Conservation Science, SUNY Buffalo State College
*corresponding author becketft@buffalostate.edu

Keywords: Rembrandt, Analysis, Technique, M aterials , Multi -modal Imaging, Att ribution
Extended Abstract

Portrait of a Young Man in an Armchair at Rochesterds Memorial Art Gal
painting with a troubled past. Attributed to Rembrandt and also demoted several times, it has
been difficult for curators and conservators to d etermine how the painting fits into Rembrandt and
his school ds greater oeuvre. Wi th a recent focus on
at institutions worl dwide, updated information is n
use of materials as well as the cumulative effect of conservation campaigns. As such, the armchair
painting was worthy of a closer look. Faculty at the Patricia H. and Richard E. Garman Art
Conservation Program collaborated with the MAG to conduct technical imagin g and analysis. The
goal was to use current knowledge in the field and compare it with information obtained from the
painting.

According to the MAG, the provenance of the paint
Robert Wynn, Earl Carrington (1843 -1928), Wycombe Abbey, Buckinghamshire, England;
purchased from him by Charles J. Wertheimer, London, 1895; Alfred Beit (1853  -1906), London, ca.
1899 - 1905; to his brother, Otto Beit (1865 -1930), London; M. Knoedler Galleries, New York;
George Eastman (1854-1932), Rochester, 1911; his bequest to the University of Rochester, New
Yor k, 1932; transferred to the Gallery in 19686. Th
between 1660 and 1843.

Today, Rembrandt and his paintings have been extensively researched. = The Rembrandt
Research Project (RRP), an initiative of Netherlands Organization for Scientific Research, details
the designation of many Rembrandt attributions. It is important to recognize that the MAG
painting is not included as attributed to Rembrandti  n the RRP, though it has been labeled as such
in several catalogue raisonnés including those by Smith (1831) and Bredius (1969) among others.
The MAG historical records contain a letter dated Aug. 8 1930 to George Eastman from art
historian Dr. Wilhelm R.  Valentiner, director of Detroit Museum of Art stating that in former
catalogues o0éit was fully signed and dated 1660; bu
anywhere visibledéd. The MAG has since indicated that
7
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The painting has also suffered extensively, causing it to be conserved by the hands of several
restorers, including four prominent American restorers. The records at the MAG indicate several
20th century treatments. The files included: treatment reports by T homas Agnew & Sons, 1930;
guote and treatment proposal by Stephen Pichetto, 1935; treatment reports by William Suhr,

1936; treatment reports by Caesar Diorio, 1950 and 1960; and a treatment report from the
Intermuseum Conservation Association (ICA), Oberli  n, by Richard Buck and Delbert Spurlock
completed after the painting was recovered from theftin ~ 1968. The numerous treatments include
glue and wax -resin linings, lining removals, numerous varnish removals and inpainting, and an
application of copaiba bals am. The painting was also analyzed in 1991 by Harvard Art Museums.

The number of treatments and the paintingds
considerable damage.

The methods of analysis for this study include multi  -modal imaging, x -ray fluorescence
spectroscopy (XRF), Raman spectroscopy, cross-sectional analysis, Fourier -transform infrared
spectroscopy (FTIR), x -ray diffraction (XRD) and scanning electron microscop Yy (SEM-EDS). Of
particular interest was whether the ground contained quartz and if a specific plumbonacrite
compound recently found in Rembrandtds i mpasto
damage and overpaint present and very little composit ion planning. X -radiography revealed a

hi sto

was
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significant change in the positi orsectiohsravdaled regiortst er 6 s
rich in silicates, with the specific chemistry of these particles indicating a good match for quartz.
Optical micros copy of the ground layer was consistent with showing quartz  -like particles. XRD
indicated that the impasto samples contain a mixture of cerussite and hydrocerussite, though
plumbonacrite was not identified. XRF mapping was performed on the painting in the areas of the
hand and face, indicated a palette consistent with 17th century Dutch painting materials. FTIR
indicated the presence of kaolinite, quartz and lead white. The results indicate that where

sampled, quartz was identified in significant quantities within the ground layer and

plumbonacrite was not identified in the impasto. The palette and working method were consistent

with the Harvard analytical report completed in 1991 and is typical of a 17th century painter in

Holland, including that of Rembran  dt.

Portrait of a Young Man in an Armchair ~ has now returned to display at the MAG. There is still
opportunity to find out more about the painting, as a gap in the provenance remains present and
the materials are typical of many 17th century painters. The results are planned to be displayed in
an interactive exhibition at the Memorial Art Gallery, enticing visitors to also have a closer look.
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Archaeological Plant Fiber Identification through
DNA Extraction and Seguence Match

Runying Chen 1

1Associate Professor, Eastern Carolina University
Submitted Abstract

It is commonly recognized that identification of different bast fibers and leaf fibers of
archaeological objects can be very challenging. One such example is the debate between the
research teams led by Kvavadze (2009) and the team by Bergfjord (2010) abo ut the identification
of 30,000 year-old wild flax fiber. DNA analysis can be a potential new too | in dealing with this
challenge. Murphy, et a/ (2011) identified flax and hemp fiber present in the rope and fabric
samples from the Christmas Cave in Israel through DNA analysis; and some of the samples were
dated as early as t he dHismewtdchnolagy can oelyhwork, lhawevBrCE . 6
when the plant fiber material contains other plant cells, such as parenchyma, because the dead
fiber cells do not contain any plastids.

In this paper we present DNA extraction and sequence matching results of tw o textile
fragments recovered from Mary Rose, an English Tudor navy ship of King Henry VIII which sank
in 1545. Before using the limited archaeological samples, we first replicated and tested the sample
preparation method by Dunbar and Murphy (2009) with ¢~ ommercial rope samples (Chen and
Mayer 2018). In addition to the rbcl primers used by Murphy, et al (2011), we explored matK and
psbA3 + trnHf primers which are recommended for addressing the limitation of overlapping rbcl
genes between species. The extracted DNA were sequenced using BigDye v.3.1 on an Applied
Biosystems 3130 XL Genetic Sequencer. The sequences were used as a query for a BLASTn
through the Geneious software package. Three DNA extraction experiments were made with two
rope samples and ten sailcloth samples prepared from Mary Rose. DNA extractions were
successful with the two rope samples and six out of the ten sailcloth samples using rbcl primers,
and other primers failed to work with these samples. The results of DNA sequence matching
reveal ed the rope sample (marling twine) from  Mary Rose being cannabis sativa (hemp), rbclF2: 1D
=130/136 or 96% and rbclR3a: ID = 138/140 or 99%, along with other two high percentage
identities such as Humulus lupulus (a flowering plant of hemp family). These matches do indicate
the limitation of rbcl gene for plant identification. However, it is known that hemp is the fiber
plant cultivated for textile production.

Among the six sailcloth samples®& DNA matching res
match at 98% and 99% with Urtica family members (nettle fiber); one showed two different
identities matching of Urtica family at 98% and Populus at 93%; and the remaining two showed
matches lower than 90% with other plants, including flax. These results demons trate that DNA
extraction and sequence matching are possible with archaeological plant fiber material, but the
sequence matching results need to be examined and interpreted carefully due to overlapping rbcl
gene region between plants and contaminations whi ch could produce a false matching.

10
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Comparing DART Analysis to Traditional Wood
Anatomy for the Identification of West African
Woods: Research at the Smithsonian National
Museum of African Art and Museum
Conservation Institute

Julia Campbell -Such*, G. Asher Newsome?2, and Cady Lancaster 3

10bject Conservation Fellow, Smithsonian National Museum of African Art

2Research Physical Scientist, Smithsonian Museum Conservation Institute

SAssistant Professor, Senior Research , US Forest Service International Programs Wood
Identification & Screening Center

*corresponding author campbellsuch@gmail.com or campbellsj@si.edu

Keywords : Wood Identification, DART, Anatomy, African Art, Smithsonian
Annotated Powerpoint
ABSTRACT

In the field of African Art Conservation, understanding which species of wood was used to
construct an artwork enriches our understanding of the object; it may help us develop a
provenance for a piece of artwork, connect it to a particular cultura | community, or help us
determine the historical time in which it was made. In addition, museums must comply with
increasingly strict regulations on the international transport of goods made from endangered plant
species; reliable species identification of the woods used to make art will help to protect art objects
when they travel. Wood genus and species are traditionally identified by anatomic and micro -
anatomic features, but to do this with accuracy requires specialized training, access to reference
materials and databases, and many years of experience. A relatively large sample must be taken
from the object, and, most often, woods cannot be distinguished beyond the genus level by their
cellular anatomy.

Recently, alternate methods of wood species classification have been developed that rely on the
chemistry of different species rather than on their anatomical characteristics. Wood identification
by Direct Analysis in Real Time (DART) Mass Spectrometry is currently being used by the
National FishandWildl i f e Serviceds Forensic Lab as a practica
of trade in endangered woods; the Smithsonian National Museum of African Art, in collaboration
with Smithsoniands Museum Conservation | niddfthis ut e, i
tool to aid in the species classification of woods used in African art.

In 1998, the conservation lab at the Smithsonian National Museum of African Art received a
donation of 62 wood samples from Ghana, labelled with botanical and local names.  These samples

11
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were donated for use in the identification of
compares DART analysis with traditional microanatomical identification by performing both
techniques on the same sample set. The primary goal of this project is to provide an initial,
practical assessment for working conservators of the potential of the DART technique for the
identification of wood species in art and cultural heritage collections.

The project is also investigating the compatibilit  y of the US Fish and Wildlife technique with

woods

the Smithsoniands own instrumentation to deter mine

to facilities with slightly different capabilities. This comparison demonstrates how useful the
database of DART sp ectra for wood species managed by US Fish and Wildlife may be for analysis
done in other contexts. The larger goal of this project is to contribute to the database of DART
spectra of known woods, which is still being developed, and which has the potential to be a
valuable resource not only for cultural heritage research and preservation but also for researchers
in other fields such as plant biology, ecological conservation, and the protection of endangered
species.

COMPARING DART-MS ANALYSIS TO
TRADITIONAL WOOD ANATOMY FOR THE
IDENTIFICATION OF WEST AFRICAN WOODS: —;

Research at the Smithsonian National Museum of African Att,.andfMuse@_m:f =
i Conservation Institute. sz

HEN P Uim e

Julia Campbell-Such, G. Asher Newsome, Cady Lancaster
AIC 4" Annual (Virtual) Meeting, July 23, 2020

e U 60 W

Thanks to AIC for having me here.

I am grateful to be standing on Dish with One Spoon territory right now. This is land shared
under treaty by Haudenoshaunee of the Six Nations, Anishinaabe and Huron Wendat peoples.
These peoples shared the land for generations before European settlers came he re and called it
Toronto, Canada. | want to acknowledge that settlers like myself have, too often, not been good
treaty partners on this land, and that it is time to be better.

| also want to acknowledge the many Indigenous cultures who created the art in our museum,
the Smithsonian National Museum of African Art. | want to remind us of the United Nations

Decl aration on the Rights of I ndigenous People, whi

12
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right to maintain, control, protect and develop their cultural heritage, traditional knowledge and
traditional cul tur al expressions. 6 As we care for a
communities, | believe we should strive to account for the perspectives of those who created them.

In the f ield of African Art Conservation, understanding which species of wood was used to
construct an artwork can enrich our understanding of it; it may help us develop a provenance for a
work of art, connect it to a particular cultural community, or help researc hers understand the
symbology of the work and its creators in relation to the natural world.

13
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In the field of African ecological conservation, rapid and accurate identification of wood species
can help protect endangered trees and forests listed under international conventions such as
CITES, aiding in the enforcement of treaty regulations and in supply -chain tracking.

display in
~Paris, France.

Photen: Parislidous com (Dee. J019)

These two conservation fields interconnect as museums must comply with increasingly strict
regulations on the international transport o f goods made from endangered plant species. A
reliable method for species identification of the woods used to make art will not only help to protect

14
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art objects when they travel, making them less likely to be confiscated by customs officials, but will
also help to protect African forests.

Direct Analysis in Real Time (DART)

Analyte ions Metastabie He ions Glow discharge Helium Gas In

|

Heater Needle Electrode

ANALYTE

Direct Analysis in Real Time, or DART, an ambient ionization technique coupled with mass
spectrometry, distinguishes species by looking at their phytochemistry rather than their anatomy.
This technique works by desorb ing infinitesimal amounts of material from the surface of a sample.
This material is then reacted with metastable ions that protonate, ammoniate or directly ionize it.
Analyte ions are then transferred to a mass spectrometer, producing a series of spectr  a which are
then compared to spectra of known members of botanical taxa.

DART, in combination with a Time of Flight Mass Spectrometer, has been used, for example, to
successfully differentiate between red and white Oak ( quercus), various species of Dalbergia
(rosewood) and Swietenia (mahogany), and wild versus cultivated Agarwood. This technique is
currently used by the forensics lab at US Fish and Wildlife on aday  -to-day basis as a law
enforcement tool in their fight against the trade in endangere  d plant species.

15
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Chemotype: the set of onie
observable chemical AT 4
characteristics of an individual '..;,»-4
resulting from the interaction o
of its genotype with the
environment.
Endogenous - | i
- Exogenous (environment) B ¥
- Potentially, ) A
microenvironment fungi pinf A
markers (e.g. spalting or |
frass) SR

When used for wood identificati on, t he DART techn
chemotype, the set of observable chemical characteristics of an individual that results from the
interaction of its genotype with the environment. The chemistry of heartwood is a result of
products left over from the natural growth of a tree and the events that have occurred in its life.
For example, a tree may produce chemicals in response to an insect attack, and these small
molecules are left be hind in the secondary tissue as it grows.

16
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Hillis, W. E., Heartwood and Tree Exudates. Langenheim, J. H., Plant Resins. American
Springer-Verlag: Berlin, 1987; Vol. 4. Scientist 1990, 78 (1), 16-24.

o

o

Soorgu Lt i Weod Soerde
WE Hilli

Heariwood
and Tree
Exudates

PLANT
RESINS

Chemistry
Evolution
L\‘nlugv
Ethnobotany

JEAN H. TANGENNEIM

These molecules, sometimes called exudates or extractives, may be gums, resins, or other
phytochemicals produced by the tree during its lifetime as it responds to its environment and other
organisms in a variety of ways. It is these small molecules, rath  er than the lignocellulose matrix
itself, that are useful for identifying the species of a tree.

Heartwood is used for identification rather than sapwood, which has a much higher content of
starches and a lower content of these smaller and more distincti  ve molecules. Heartwood and
sapwood of the same tree will tend to have very different chemistry, so it is important that
heartwood be compared to heartwood.

17
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Historic and Ancient Woods Identified by DART-MS at the
Fish and Wildlife Forensic Lab

Swietenia Sunken torpedo boat, Florida, ~50**

mahagon| us

Dalbergiaspp. Madagascar ~220*

Swietenia High chest, Princeton Art ~.245%"

mahagoni Museum, US

Aquilaria spp. Imperial Vault of Heaven, China ™ 262**

Quercus faginea  Sunken Spanish galleon, >500*%*
Portugal

Agathisaustralis Kauri wood, New Zealand > 50,000*

* Radiocarbondating
** Historical context

Research by: Ed Espinoza & Pam McClure, Office of Law Enforcement Fish & Wildlife Forensic Laboratory (Ashland, OR)
http://forseadiscovery.eu/sites/default/files/attachments/documents/poster_fsd.pdf

Environmental factors, age, life events, and position in the tree all affect the chemistry of wo od
but there is a discernible chemotype that distinguishes the heartwood of many or most species
from one another. While intra -species and even individual variation does certainly occur and may
one day be used to trace a tree to its geographic origin, inte  rspecies variation is greater than either
intra -species or individual variation. Even though each tree has its own unigue chemotype, this
unique chemical signature will still be more similar to signatures from other trees in the same
species than to that from trees of other species.

As wood ages and degrades after the tree has been cut down, its chemistry also changes
slightly, but again, not enough to prevent species identification. This consistency in wood species
chemotypes over long periods of time me ans this technique can be extremely useful in an art
conservation context.

18
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Research Question:

How useful is the DART-MS technique for wood identification in the technical
analysis and conservation of African Art, and how does this technique compare to
traditional wood identification techniques that use anatomical features for species

classification?

The research we have been doing at the Smithsonian National Museum of African Art, in
collaboration with the Smithsonian Museum Conservation Institute, the Botany Lab at the
Nati onal Museum of Natural History, and the US Fish and Wildlife Forensic Laboratory, asks:
How useful is the DART -MS technique for wood identification in the technical analysis and
conservation of African Art, and how does this technique compare to traditiona | wood
identification techniques that use anatomical features for species classification?

19
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To answer this question, | have been investigating a set of 59 wood samples from West Africa
that were donated to the conservation lab at the National Museumof Af r i can Art in the 1
a woman named Jane Smith. The wood samples in the Jane Smith collection are what is often
referred to as oOo0hand samples; 6 they are approxi mate
inches long, are labelled with their country  of origin (Ghana), the local name of the species, the
Latin name of the species, and a short description
used locally and commercially. The sample blocks did not have botanical vouchers accompanying
them, so my goal has been to use both traditional anatomy and DART -Mass Spectrometry on all of
these sample blocks to confirm (or disconfirm) their identity.

20
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I conducted the microscopic analysis my
National Museum of Natural History, under the supervision of Stan Yankowski, who taught me
the method he uses in that lab for making wood slides. Part of my goal here was to make a
reference collection of West African Wood slides for the conservation lab, so | used metho ds that
make larger, clearer slides than would normally be made out of samples taken from art objects.

sampl e

21
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First, | cut 1cm cubes from the hand samples. This is considered by botanists to be the
minimum size of sample likely to capture the wide range of  anatomical features needed for wood
identification.

/)
To soften my 1cm cubed blocks, | soaked the cubes in boiling water until they sank and then
stored the cubes in a 1:1 solution of ethanol and glycerin to ensure they did not dry out. | cut
transverse , tangential and radial sections on this Reichert Sliding microtome.
22
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Once cut, | stained my sections with SafraBlau, a solution of 45 ml Astra Blue in 50% ethanol
and 5 ml of 1% Safranin O in 50% ethanol, and then dried them in a series of successive bat hs,
moving from 50% Ethanol through to 100% Ethanol, then Ethanol and Xylene, then two baths of

xylene alone.
From the xylene bath | mounted all three sections
ShandonE Synthetic Mountant, aimilaaimcorhpositianito Paralaidnt i ng

B-48. | let my slides cure for several days, usually under a small amount of weight.

23
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I8 Y
AT
.

TIME SPENT
SECTIONING AND
MOUNTING:
4 samples (12 slides) over 3
days,
or .75 samples/day

LR
.

I made three slides for each hand sample; in general, | was able to do sectioning and mounting
for four samples in three days.

Once mounted, | Identified the wood sections by examination under a polarized light
microscope at the Botany lab. Sections were examined at 10X, 16X and 40X magnification and
important features were photographed.

24
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RESOURCES FOR THE
ANATOMY OF WEST AFRICAN WOODS:

Inside Wood Datab
http://insidewood.lib.ncsu.edu/search?2

Smithsonian Botany Collection of Specimens:
hitps://collections.nmnh sl edu/search/botany/

Plant Resources of Tropical Africa (PROTA) Website:
hitps://protadu.org/database/

Pisae Ayensu, Edward S. and Albert Bentum. 1974. Smithsonian Contributions to Botany,
wres:
Iy Crowts mg Bosretares Setec) Number 14: Commercial Timbers of West Africa. Washington: Smithsonian Institution

v Ot g Dosacanes noiTet o st
=3 Press.

Ghana Timber Marketing Board. 1969. Ghana Hardwoods. London: AS. Worth & Co.

llic, ). 1991. CSIRO Atlas of Hardwoods. Berlin: Springer-Verlag

Wheeler, EA, and Peter Gasson, eds. 1989, “IAWA List of Microscopic Features for
Hardwood Identification, with an Appendix on non-anatomical information.” (AWA
Bulletin n.s. 10 (3): 219-332

International Association of Wood Anatomists (IAWA) Journal

I compared the cellular anatomy of my sections to descriptions onthe  /nsidewood database,
which contains descriptions of 7,482 modern woods and 46,905 images of modern woods, many of
which are micrographs of wood sections. The descriptions on  /nsidewood are coded and searchable
using the I nternational As sktstadf Micrascomc Féaturesfdhood Anat on
Hardwood ldentification (  https.//www.jawa_-
website.org/uploads/soft/Abstracts/IAWA%20list%2001%20microscopic%20features %20for%20hard
wood%20identification.pdf ).

| supplemented the descriptions and images available on  /nsidewood with other literature  as
necessary, including the examination of micrographs in the Commonwealth Scientific and
I ndustri al Res e arAdsofGardgyaans , slesdriptians ahd micrographs in Edward
Ayensu and Al bGmmercRlgimbess ovdVest Africa , the Plant Resources of Tropical
Africa website and various botanical articles describing individual species as needed. When
possi bl e, I also compared my sections to knowns ava
wood slides.

25
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TIME SPENT
IDENTIFYING SLIDES:

Identification of my slides took me between four and eight hours for each sample, depending on
the species, the availability of knowns, similarity to other species, and coverage in the literature.

Sampling, sample preparation, and data acquisition for the DART is sign ificantly less time
consuming and complex. A small splinter of wood, about half the size of a toothpick, is all the
sample that is needed for this procedure.
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Our analysis was performed using a Commercial DART 100 operated by SVP controller, on a
custom mount developed by Asher Newsome at MCI. Analyte ions were conducted through a
differentially -pumped Vapur interface with a 40mm uncoated stainless steel inlet to a high
resolution Mass Spectrometer, the LTQ Orbitrap Velos. Preliminary tests to determi ne optimal
speed for the supplemental pump and optimal internal heating temperatures were performed
before data collection began. We found the greatest abundance of signal was recorded with a total
suction of 2.5L/minute and the internal heater setto 300  degrees Celsius. Data was collected in a
scan range of 50-800.

Wood splinters were held in forceps clamped to a moving stage that Asher has developed to be
able to introduce samples to the DART stream in a controlled way.

27



AIC 48th Annual Meeting - Research and Technical Studies Specialty Group Postprints

COLLECTING DATA:
59 splinters in 2 days
29.5 splinters/day

AN

Samples were held in the D ART stream for an average of about one minute, with time in the
Helium stream dependent on observed signal output, and then withdrawn.

| was able to acquire data for all 59 samples in two days at MCI.
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Species Classification

Search NIST ForeSTD:
Identify most likely matches

Mass 3-5 possible :
Mountaineer™ 2) Heatmap Analysis:
Vigrsion SRR Explore the Pesks Visually compare ForeSTO reference
5 < speciraof (1) matches and (2) suspected
Lonyrigh it Cody 2017 i species with unknown In HEATMAP
- < 3 possible species
Forensic Spectra of Trees Database (ForeST @) /3)

* Establishedin 2011 at NFWFL®
* Coversall CITES Specles, many commercial Construct statistical model of candidate
+ Expansionto commercial species 20172 species for assignment
* Containsover 12,000 spectra: 680 genera,

2900 species
« Livingdatabase with daily additions

Classification Model

Species Assignment

INFWFL: Office of Law Enforcement Fish & Wildlife Forensic Laboratory (Ashland, OR)
* NFWFL, World Resource Institute and USFS International Programs collaboration

Analysis of the data was more complex, and requ ired training on Mass Mountaineer, a
software developed for examining, interpreting, and classifying mass spectra imported as text files.
Cady Lancaster helped guide me through the process she and her colleagues have developed for
the identification of wo od species using this software to compare unknowns to spectra in a wood
database. This database, called the Forensic Spectra of Trees, or ForeST, database, was compiled
by Cady and Ed Espinoza at Fish and Wildlife from vouchered wood samples from  xy/aria all over
the world. The database currently contains over 12,000 spectra representing 680 genera and 2900
species, but it is continuously growing, with new spectra added daily.

It took me about a week of everyday practice to feel comfortable using the Mass  Mountaineer
software with the ForeST database.

Identification was accomplished in three steps. All three steps must concur for an
identification to be considered valid.
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List of best matches from NIST search against ForeST@

First, the unknown spectra were compared to a NIST  -formatted version of the Fore ST
Database, which applies an algorithm to search for spectra similar or identical to the unknown.
This search must provide a meaningful result - if it did not, an identification was not possible and
the process stopped there. If there was a pattern, the  most likely matches from this list were used
for the second step.
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Heatmap Analysis:
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In step two, possible species matches from the list were entered into a heatmap along with the
unknown for a visual comparison. Outlier or very noisy spectra were removed from the heatmap
to clean it up. The known was then removed, and with it three spec  tra chosen at random from
each group to be used in the third step as validation and test spectra.
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Classification Model: Principle Component Analysis {PCA) and Discriminant Analysis of
(A) Construct statistical model of Principle Components (DAPC) )
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Validation samples must be correctly classified

In the third and final step, significant masses from the heatmap were used as vectors to build a
model capable of categorizing these spectra into their known species. This model was built using
Principle Component Analysis and then Discriminant Analysis of Principle Components on a
training set derived from the heatmap of knowns. Principle Component Analysis is a machine
learning technique that can dete rmine if there are patterns in the mass spectra that enable them
to be separated into groups. It is unsupervised, meaning the categories are not provided in
advance. Discriminant Analysis of Principle Components enables the categories created during
Prin ciple Component Analysis to be separated more clearly. Known spectra removed in the second
step, that the model had never seen, were introduced first to validate the model and then to test it.
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Leave-One-Out-Cross-Validation, in which the model is fur  ther validated by removing each
individual member and re -classifying it, was performed as a final step before the unknown was
introduced.

ANALYSING DATA:
Approximately 45
minutes/spectrum file
10.66 spectra/day
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The time required for analysis of spectra depended on the wood analyzed, how many examples
of the suspected species were in the database, and how easy the likely species were to separate,
but I could usually complete a successful Identification in 45 minutes to an hour. More
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experienced users of Mass Mountaineer for wood identification have told me they are often able to
do identifications in about 15 minutes.

D PRELIMINARY RE
.L.»“'.lt:'lu.f.j A

Because we have been out of the lab, my results are still preliminary, but | would like to share
what | dve found so far and to illustrate some
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I have only made sections of 30 of my samp les, which is 90 slides in total, and to examine the
anatomy of 20 of these. The anatomy of all the sections | have made so far is consistent with label
species in other words, none of my results so far dramatically contradict what is on the label.

However, in several cases, my sources on wood anatomy were contradictory or information was
missing, and it was not always clear which source to trust.

Botanical systems of taxonomy are not static; species previously separated are often found to
be synonymous with one another and so collapsed into one, or split up when intraspecies variation
appears to indicate that what was thought to be one species is in fact two. Botanists are
continually revising their categories. In many cases, species are clearly dist  inguished by their
anatomy, but in others it can be difficult to get a
expert wood anatomists will rarely claim to be able to identify wood to species level with certainty,
and | also cannot claim to be able to do so.
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Crystals in axial parenchyma of JSO1 Tanniferous tube in ray cell of JS17
(Albizia sp.) (Pychnanthus angolensis)

In many instances, there were distinguishing features that | could not see in my sections.
Often, the presence of features such as crystals, lactifers or tanniferous tubes, can be used to
confirm a speciesd i den natdisgonfirnbitu Thisiwvdsehe casedobsevemlc e doe s
of my sections, though these features were visible in others. There were also borderline cases,
where slight variations from the anatomical description meant that my identification was less
certain than | would have liked.
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Splinters darkened or scorched on the upper end,
where they entered the DART stream

| was able to analyze DART spectra from all 59 samples and compare them against the ForeST
database. Many of the splinters emitted a distinct aroma when they entered the DART stream. In
some cases, the splinter appeared slightly da rkened or scorched around the area that had entered
the stream. This effect appeared to depend on the composition of the wood rather than the amount
of time the splinter was left in the stream.
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15% In ForeST Databaseand
Identified

34% Not in ForeST Database

51% In ForeST Database but
Not identified

Total Samples Analysed

| was only able to use DART -MS to confidently identify 9 samples to genus level and 8 of these
to species level- only a 15% and 13% success rate respectively. However - 27 of my samples are
labelled with a genus and species that is represented by less than 10 entries in the forest
database- 13 of these are not represented at all.

15% in ForeST Database and 3% Identified Only to Genus
Identified

34% Not in ForeST Database jed to Species

51% In ForeST Database but

Not Identified 72% Not Identified

Total Samples Analysed  Samples in ForeST Database

Given this, my success rate among species that are in the database is slightly better, at 28% for
genus level identification and 25% for species level identification. Notably, one of the easiest
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species to identify was JS15, Pericopsis elata, or Afromorsia . This species is the most endangered

out of all the species represented in my collection.

3% Identified to Genus

ified to Species 18%
No Match

11% Label Species in
Top Ten NIST Search Results

72% Not Identified 70% Label Species in
Top three NIST Search Results

Samples in ForeST Database

In many cases, the labelled genus appeared in the NIST search stage of analysis but not in

significant enough number to enable me to make a model. In 26 case s, the label genus appeared

among the top ten matches in the NIST search, and in 22 cases the label genus appeared among
the top three. The DART results contradicted the labelled genus only once, when | was able to
identify a sample, JS27, labelled as Ong okea Gore, as chemotypically a member of the Afzelia
genus.
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DART results were able to clarify discrepancies in the anatomy of some samples. These
examples demonstrate the way in which DART can be a helpful compliment to anatomy.

For instance, JS01, wh ich was labelled Albizia ferruginea , was identified by DART as Albizia
gummifera .
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