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ABSTRACT

Alerce (Fitzroya cupressoides (Mol.) Johnst.) and Guaitecas cypress (Pilgerodendron
wviferum (Don) Florin) are two of the three closely-related species of conifers in the
Cupressaceae that are endemic to southern Chile and Argentina. Both are listed
in Appendix I of the Convention on International Trade in Endangered Species
of Fauna and Flora (CITES). The presence or absence of nodular (conspicuously
pitted) end walls in the parenchyma cells provide good diagnostic characters to
separate the two species wood anatomically, but the latter is sometimes difficult to
distinguish. Therefore, a collaborative project was designed to study the chemical-
molecular expression of these species by analyzing the heartwood using DART
TOFMS (Direct Analysis in Real-Time (DART) Time-of-Flight Mass Spectrometry
(TOFMS). This study compares the anatomical features of heartwood for both
species and demonstrates that anatomy in conjunction with chemistry can sep-
arate them. DART TOFMS analysis combined with PCA was able to unequivocally
determine taxonomic source with a statistical certainty of 9g9%. The mass spectra
results obtained from heartwood demonstrated that identification is feasible after
a few seconds, using a very small sample. DART TOFMS is a robust tool for reli-
able species identification and is useful to identify the taxonomic source of finished
products or timber that are suspected of being illegally harvested.

© International Association of Wood Anatomists, 2020 DOI 10.1163/22941932- bjai0002
Published by Koninklijke Brill NV, Leiden

Downloaded from Brill.com12/10/2020 08:40:52PM
via US Department of Agriculture


mailto:Ed_Espinoza@fws.gov
http://dx.doi.org/10.1163/22941932-bja10002

Carmona et al. - Identification of Cupressaceae 721

Keywords: Fitzroya cupressoides; Pilgerodendron uviferum; alerce; Guaitecas
cypress; mass spectrometry.

INTRODUCTION

The southern tip of South America is home to three CITES (International Convention
on Trade in Endangered Species of Wild Fauna and Flora; 1984) protected tree species:
Araucaria araucana (Mol.) C. Koch (pehuén) in the Araucariaceae, and Fitzroya cupres-
soides (Mol.) Johnst. (alerce), and Pilgerodendron uviferum (Don) Florin (Guaitecas cy-
press) in the Cupressaceae. Because of harvesting and habitat loss, these trees are listed
in CITES Appendix I, which bans them from international trade without special permits,
and gives them the same protection as the elephant and rhinoceros. Despite these bans,
the continued exploitation of these trees has been difficult to curtail. A study in 1997
(CONAF/PNUD/FAO 1997) showed a 50% decline in alerce forests. An important aspect
of stopping the illegal trade of these species is to have effective and rapid tools for identi-
fying the species source of suspected banned timber. Direct Analysis in Real-Time (DART)
Time-of-Flight Mass Spectrometry (TOFMS) has been shown to be a great asset for species
identification of heartwood. Evans et al. (2017) demonstrated that this approach was use-
ful to determine the taxonomic source of Araucaria and Agathis heartwood. Additionally,
the same approach using chemotype by mass spectrometry has been successfully used for
Aquilaria (Lancaster & Espinoza 2012b), Cedrela (Paredes-Villanueva et al. 2018), Dalber-
gia (Lancaster & Espinoza 2012a; McClure et al. 2015; Espinoza et al. 2015), and Pericopsis
(Deklerck et al. 2017). In this study, we evaluate if DART TOFMS can be used to differentiate
between species source of heartwood from F. cupressoides and P. uviferum. Barros (2017) has
described the historical protection of these taxa in Chile and provides a context for their
current protection.

Guaitecas cypress and alerce are endemic to southern Chile and Argentina, and the
morphology and anatomy of these two species are similar. They are easily separated from
Araucaria because only genera of the Araucariaceae have alternate tracheid pitting. The
goal of this paper is to describe the habitat and wood anatomy of Guaitecas cypress and
alerce and to explore if the analysis of molecules found in their heartwood can be used to
identify these species to ensure legal compliance.

Guaitecas cypress is an evergreen species having a straight trunk with reddish-brown
bark. It can reach up to 1 m in diameter and 40 m in height. Juvenile trees display a variable
crown, but fully mature trees have a crown that is wide and pyramidal, occupying only
the upper third of the total height (Cruz & Lara 1981; Diaz-Vaz 1985). The distribution of
Guaitecas cypress in the south of Chile is intermittent; it is the only conifer in the world
to grow in these extreme southern latitudes. It is a slow-growing species, with a reported
growth in diameter from 0.39 to 2.66 mm per year (Plaza 2001); 0.44 to 0.51 mm per year
(Roig & Boninsegna 1991); 0.46 to 1.31 per year (Szeics et al. 2000); and 0.7 to 1.2 mm per year
(Cruz & Lara 1981). The average annual growth in height is reported to be only 5.8 cm per
year (Roig & Boninsegna 1991).
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The heartwood of Guaitecas cypress is uniform pale brown with a yellowish tinge, and
the sapwood has a yellowish-white color. The wood has a very characteristic and persistent
odor, a fine and homogeneous texture, and fine to medium grain. It is very durable and
easy to work and has a medium dry density (0.5 g/cm3). The wavy growth rings are about
one mm in width, well-defined, each with a narrow latewood band that is darker in color
than the earlywood. Wood rays are narrow and barely visible, and the axial parenchyma is
not visible to the naked eye. The tracheids are square or hexagonal in cross-section, with
a tangential diameter range of 23 pum to somewhat greater than 30 ym, and an average
tracheid length of 1.8 mm, with some up to 2.6 mm. Tracheid bordered pits are arranged
in single longitudinal rows on the radial walls. The rays are homogeneous, and cross-field
pits are cupressoid with between two and four, but sometimes up to seven, pits per cross-
field (Diaz-Vaz1985). Although Diaz-Vaz (1985) reports that axial parenchyma is diffuse and
sparse, Phillips (1948) lists its parenchyma as abundant.

Due to its high resistance to decay and insect attack, the Guaitecas cypress heartwood
has been much sought after for use in building construction, for utility poles and fences, and
for use in marine construction (Cruz & Lara 1981; Plaza 2001). According to Cruz and Lara
(1981), the indigenous Chonos and the Alacalufes communities logged large forest areas for
firewood. When European settlers arrived, they burned cypress forests to make the land
usable for agricultural and livestock purposes. Today the Guaitecas cypress is at risk due to
the continued indiscriminate use of fire to expand farmland, the illegal logging in reserves
and national parks, and poor harvesting practices that occur on private lands. The only cur-
rent legal use of Guaitecas cypress is to harvest fallen trees for wood posts and poles. The
species was registered as an endangered tree with CITES in 1975 with an Appendix I desig-
nation, which denotes that all international trade is prohibited (CITES 1984). Additionally,
since 2013 it has been classified as vulnerable by the International Union for Conservation
of Nature (IUCN) (Souto et al. 2013).

Alerce has a conical trunk that is sometimes more than two meters in diameter and up
to 30 m tall (Diaz-Vaz 1983). Its reddish bark is thick, furrowed and fibrous, peeling off in
strips, and in young and isolated trees the branches may reach the ground as they achieve
greater diameter (Rodriguez et al. 1983). Alerce grows slowly in height and diameter and is
long-lived, with some trees reaching 3600 years of age (Lara & Villalba 1993). It is endemic
to sub-Antarctic South American conifer forests. Alerce populations grow in the coastal
mountain range usually below 1000 m. In the Chilean valleys, Alerce may grow at around
200 m above the sea level, but in the Andes Mountains, it is found above 1000 m (Donoso
2006).

The heartwood of alerce is dark reddish-brown and its sapwood is thin and yellowish.
The texture is fine, and the wood is without a distinctive smell or taste. The wood is very
durable, has moderate mechanical strength, is easy to work, easy to dry, and has good di-
mensional stability. It has a dry density of about 0.5 g/cm3. The wood has clearly visible,
often wavy growth rings that are between o.1 and 3.0 mm in width. Rays are homogeneous,
with 1-5 cupressoid pits per cross-field. They have an average height of go pm and a maxi-
mum height of 250 pm, and their cell cavities contain dark reddish deposits. The tracheids
are polygonal to rectangular in cross-section. The average tracheid diameter is 17 um with

Downloaded from Brill.com12/10/2020 08:40:52PM
via US Department of Agriculture



Carmona et al. - Identification of Cupressaceae 723

a maximum of 28 um. Tracheid length ranges from 1.1 mm to 2.7 mm, with an average of
2.0 mm. Tracheid bordered pits are arranged in single longitudinal rows in the radial walls.
Axial parenchyma is abundant, diffuse, contains red deposits, and is distributed through-
out the rings (Diaz-Vaz 1983).

Logging of alerce began around the middle of the 17th century when its beautiful grain
and high natural strength of its wood were discovered. Because of its color, texture, and
durability, it is used both for interior and exterior applications such as utility poles, boats,
window blinds, ornamental plates, and musical instruments (Diaz-Vaz 1983). Intense in-
dustrial logging began in the 18th and 19th centuries and dramatically reduced the pop-
ulations of the species. By the beginning of the 1900s, one-third of the alerce forests had
been decimated. Roads and motorized transportation developments of the 1930s expanded
the harvest in the coastal and the high mountain ranges (Golte 1996). The lack of sustain-
able harvesting practices, combined with intensive logging and the use of fire to clear land,
nearly eliminated the alerce forests in the Chilean lowlands (Lara et al. 2003; Wolodarsky-
Franke & Lara 2005). In 1976 the high price of alerce timber and unsustainable logging
practices led to a legal decree in Chile which bans all logging of alerce trees (CONAF 2016,
Decreto Supremo No 490).

The traditional approach to the identification of a wooden object is to use its physical
and anatomical features. Diagnostic characters were described and illustrated by Wheeler
et al. (1989) for angiosperms, and by Richter et al. (2004) for ggmnosperms. An online com-
puterized wood identification database (InsideWood) for angiosperms is freely available
(Wheeler 2011; InsideWood 2004 onwards), but no such online database is yet available
for gymnosperms, although InsideWood contains many photographs of gymnosperms. The
most comprehensive sources of ggmnosperm wood identification are Phillips (1948), which
illustrates the important anatomical and physical features and tabulates their presence
and absence in individual species, and Greguss (1955), which describes most of the gym-
nosperms and illustrates their anatomy with micrographs and line drawings.

Peirce (1937) compared the anatomy of genera of Cupressaceae and constructed a key
to their identification. He found that the walls of the parenchyma cells provided the most
valuable features for genus separation, with nodular (distinctly pitted) end-walls found in
Fitzroya, nodular or smooth end-walls found in Libocedrus (including Pilgerodendron), and
indentures (abruptly thin portions in ray cells where their horizontal and vertical walls
meet) absent in both. Boutelje (1955) reported nodular end-walls but no indentures in
Fitzroya, and smooth end-walls without (or with inconspicuous) indentures in Pilgeroden-
dron. Heinz (2004) reported smooth and nodular end-walls in Fitzroya, but only smooth
end-walls in Pilgerodendron; he comments that indentures have no diagnostic significance
because of their variability.

Greguss (1955) states that ray widths are uniseriate and rarely biseriate and up to 20
cells high in P. uviferum, and uniseriate and up to 19 cells high in F. cupressoides. Gasson
et al. (2o11) report that the rays of both species are exclusively uniseriate, but that those of
P. uviferum are very low (up to four cells high) whereas those of F. cupressoides are medium
(5-15 cells high). Diaz-Vaz (1985) describes the rays of P. uviferum as uniseriate and up to
eight cells high (average three), and Diaz-Vaz (1983) describes the rays of F. cupressoides as
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uniseriate and rarely biseriate and up to ten cells high (average three). Therefore, we are
doubtful of the value of ray size to consistently separate these species.

According to Phillips (1948), the only differences between Fitzroya and Pilgerodendron
pertain to heartwood color, odor, and indentures and nodular end walls in the ray cells.
These characters are either variable and difficult to define (color), lost in manufactured
products (odor), can only be used positively (indentures), or are difficult to discern clearly
(nodules). Heinz (2020, personal communication) confirmed that nodular end walls in the
ray cells of Fitzroya constitutes a clear difference from the smooth end walls in Pilgeroden-
dron. Although the lack of clear physical and anatomical differences makes use of these
features for the identification of finished products unreliable, the presence of odor differ-
ences in fresh material suggests that chemistry might be useful in species separation.

MATERIALS AND METHODS

Materials

Twenty-one samples of P. uviferum were collected by RJC of the Universidad de Chile.
Thirty-five samples of F. cupressoides were obtained from various sources including the xy-
larium of the Universidad de Chile, Santiago; Burke Modern Museum, Washington, DC,
USA; USDA Forest Service, Center for Wood Anatomy Research, Madison, W1, USA; and the
Smithsonian Institution, Washington, DC, USA. For both species, some reference samples
were held back and not used to develop the statistical models, so that they could be used
as validation samples to assess the prediction quality of the model. Tables A1 and A2 in
the Appendix show the origin of the samples and how each specimen was used. For wood
anatomy analyses, transverse, radial and tangential sections were obtained from the slide
collection of the Center for Wood Anatomy Research in Madison, WI, USA and the Naturalis
Biodiversity Center, Leiden, The Netherlands.

Anatomy

Cross-sections were photographed at 40x, and tangential sections at 100x, using an
Olympus DP27 digital camera mounted on an Olympus BX43 microscope. The IAWA micro-
scopic features list (Richter et al. 2004) was used for anatomical descriptions. To determine
whether nodules and indentures can be used reliably, prepared slides from the wood collec-
tions of the Forest Products Laboratory (Madison, WI, USA) and the Naturalis Biodiversity
Center (Leiden, The Netherlands) were examined for these features using the Olympus mi-
croscope at 100x and 400x.

Chemistry methods

Mass spectra were acquired using a DART-SVP ion source (IonSense, Saugus, MA, USA)
coupled to a JEOL AccuTOF 4G LC Plus Mass Spectrometer (JEOL USA, Peabody, MA, USA).
With no further sample preparation, a sliver of wood was held in a stream of heated he-
lium gas produced by the DART Ion Source. As compounds were emitted from the wood,
they were drawn into the mass analyzer. Spectra were acquired in positive ion mode with
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the DART. DART and mass spectrometry collection parameters have been reported else-
where. A mass calibration standard of polyethylene glycol 600 (Ultra Scientific, Kingstown,
RI, USA) was run between every fifth sample.

TSS Unity (Shrader Software Solutions, Grosse Pointe Park, MI, USA) data reduction
software was used to export the text files of the mass-calibrated, centroided mass spec-
tra for molecular formula determination and further analysis. Heat maps and principal
component analysis (PCA were conducted using the Mass Mountaineer Mass Spectral In-
terpretation Tools software (RBC Software, Peabody, MA, USA) using a tolerance of 5 mDa
and a 5% threshold. The classification algorithms of Mass Mountaineer (v5) were used to
calculate the principal components of each data set. To assess model accuracy, leave-one-
out cross-validation (LOOCV) was employed. The LOOCYV is based on the distance from
the cluster mean of each sample that is omitted. Essentially, each sample is successively
omitted from the training set and placed as an unknown, thus subjecting each sample for
comparison against the entire training set. In short, LOOCV is a metric of how well the
model performs. When analyzing an unknown specimen, Mass Mountaineer can give a
probability estimate to the classification of the spectrum.

RESULTS

Anatomy results

Figure 1 shows a cross-section (top, taken at 40x) and a tangential section (bottom,
taken at 100x) of P. uviferum. The transition between latewood and earlywood is gradual to
abrupt. Axial parenchyma is abundant and concentrated in the latewood/earlywood tran-
sition zone. Wood rays are uniseriate and occasionally biseriate in part and are 1-15 cells
high. Figure 2 shows a cross-section (top, taken at 40x) and a tangential section (bottom,
taken at100x) of F. cupressoides. Just as in P. uviferum, the transition between latewood and
earlywood is gradual to abrupt, and axial parenchyma is abundant. The rays are uniseriate
and are 1-10 cells high. Radial sections of most Fitzroya samples showed distinct nodular
secondary end walls (Fig. 3), and tangential sections showed nodular end walls in the axial
parenchyma cells (Fig. 4). In P. uviferum the ray and axial parenchyma cell end walls were
always smooth (Figs 5 and 6, respectively). Some cells of ray parenchyma in P. uviferum
clearly showed indentures (Fig. 5, arrow), but this feature was variable in its distinctness in
both genera. Of the six slides of P. uviferum (two from Leiden, four from Madison), all had
smooth ray cell end-walls, and only one showed indentures. Of the ten slides of Fitzroya
(two from Leiden, eight from Madison), nine had nodular end-walls. Only the eight Madi-
son samples were examined for indentures, and of these five showed indentures. The data
card for the lone sample of Fitzroya that did not have nodular end-walls contained only
the information that it came from Chile, so it seemed possible that is a misidentified trade
sample. However, DART-TOFMS analysis of a sliver from this sample indicated that it was
correctly identified.

Chemistry results
Table A1 in the Appendix lists the sources and samples used in this study. Of the 35
samples of F. cupressoides, 28 were used for model development and seven were held back
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Figure 1. Pilgerodendron uviferum. Top, cross-section showing three growth rings and zonate axial
parenchyma as black dots; scale bar is 500 pm. Bottom, tangential surface showing uniseriate rays,
one partially biseriate ray, and a strand of axial parenchyma; scale bar is 200 pum.

to be used for validation. Of the 21 P. uviferum samples, 18 were used for the model and three
were held back and used for validation.

For each species, the individual spectra from each sample were averaged (F. cupressoides
n = 28; P uviferum = 18), and the averaged spectrum for each class is shown in Figure 7.
Not all the ions detected by the mass spectrometer could be characterized, but the ten-
tative assignments of the most intense ions are listed in Table 1. Molecular assignments
were made by comparing the high-resolution masses detected by DART TOFMS against the
species-metabolite database curated by KNApSAcK (Web-1). The F. cupressoides spectrum
is dominated by the base peak at a mass-to-charge ratio (m/z) of 219.105, which is character-
istic of cinnamyl isovalerate (C,,H,30, +H). Nakatsubo et al. (2003) and Umezawa (2003)
have reported the presence of isotaxiresinol and cubebin, and the spectrum in Figure 7
shows these compounds respectively at m/z = 345.132 (C,gH,,06 —H) and m/z = 357.130
(Ca0H,06 +H).

The average spectrum for P. uviferum is significantly different from that of E cupres-
soides, and it shows a base peak at m/z = 203.184, which is characteristic of copaenol. This
agrees with the results of Oyarzun and Garbarino (1988).
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Figure 2. Fitzroya cupressoides. Top, cross-section showing four growth rings and zonate axial
parenchyma as black dots; scale bar is 500 um. Bottom, tangential surface showing uniseriate rays
and strands of axial parenchyma; scale bar is 200 um.

A heat map is a graphical representation of all the samples analyzed, and this is shown
in Figure 8. The X coordinate is the m/z of a molecule, and the Y coordinate represents
the sample analyzed. Therefore, each row is indicative of all the ions found in that specific
sample. The color intensity is an indication of the concentration of an ion present in a
specimen. This graph shows that the chemotypes for the species are different from each
other and that the chemical profile is reproducible for each individual tested.

The results of a covariance PCA are plotted in Figure 9. The first three principal com-
ponents (PC1, PC2, and PC3) are plotted. The first principal component accounts for 73.4%
of the variability in the data, the second accounts 7.4%, and the third accounts for 4.7%.
Overall the PCA analysis covers 85.6% of the variance, and it is sufficient to separate the
data into interpretable groups. PCA results showed that all F. cupressoides samples for PC1
have values of 70 or greater, whereas the P. uviferum samples all have PC1 values of less than
-90. The LOOCYV of the PCA model was 99.9%. None of the 46 spectra used to create the
model was misclassified.

Using the validation samples, the PCA model correctly assigned the species in every
case. The results of the assignments and the associated probability with each assignment
are shown in Table A3 in the Appendix. The correct assignment for each of the validation

Downloaded from Brill.com12/10/2020 08:40:52PM
via US Department of Agriculture



728 TAWA Journal 41 (4), 2020

e -
1N

Figures 3—6. (3) Nodular end walls (white arrow) in ray parenchyma of F. cupressoides; scale bar is 50
um. (4) Nodular end walls (white arrow) in axial parenchyma of F. cupressoides; scale bar is 50 pm.
(5) Smooth end walls and indentures (white arrow) in ray parenchyma of P. uviferum; scale bar is 50
pm. (6) Smooth end walls (white arrow) in axial parenchyma of P. uviferum; scale bar is 50 pm.

samples gives confidence that the PCA model can accurately predict the species source of
awood spectrum.

DISCUSSION

Traditionally, taxon determination is done when the geographical source is known, and
diagnostic characters are present (leaves, cones, flowers, bark). However, determining the
taxon of a log or board, or identifying the species of wood in a musical instrument, is a
much more challenging endeavor. Although we initially considered that Fitzroya cupres-
soides and Pilgerodendron uviferum could not be separated wood anatomically with any
certainty, a closer examination of the presence or absence of nodular end walls in the ray
parenchyma cells (IAWA Softwood List feature 86, Richter et al. 2004) provided a reliable
character to tell them apart, confirming Philips (1948). The anatomical separation of the
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Figure 7. Average spectra of 28 individual samples of F. cupressoides and 18 individual samples of
P. uviferum showing the m/z of the most prominent ions.

two species considered here depends on the observation of difficult-to-discern nodular ray
cell end-walls, which are present in F. cupressoides but absent in P. uviferum. Analysis of F.
cupressoides and P. uviferum using DART TOFMS demonstrated that this approach can un-
equivocally separate these two protected species. The results shown in the heat map graph
(Fig. 8) demonstrated that the chemotypes for these species are different from each other
and that the chemical profile is reproducible for each individual tested. The LOOCV valida-
tion (99.9%), as well as the correct identification of ten validation samples, demonstrates
that this approach will not yield spurious results.

The level of reproducibility seen on the heat map infers genetic control of the ions.
Garcia-Flores et al. (2015) demonstrated the molecular compounds detected by mass spec-
trometry in bean leaves were predominantly under genetic control. Rendén-Anaya et al.
(2017) extended this observation and showed a high correlation between genome and
chemotype profile. Paredes-Villanueva et al. (2018) showed that DART TOFMS chemical
profiles of Cedrela odorata L. heartwood, collected from three distinct habitats in Bolivia,
did not show environmental influences that could lead to incorrect species identification.
Deklerck et al. (2017) showed that DART TOFMS analysis of Pericopsis laxiflora (Benth.) Van
Meeuwen, a tree indigenous to West Africa, had indistinguishable chemotypes from Peri-
copsis mooniana Thw., a tree indigenous to South East Asia (from the Philippines to Papua
New Guinea). The logical conclusion that can be arrived from these experiments is that the
chemotypes detected by DART TOFMS are products of a transcribed genetic expression of
the tree’s genome and that the environmental effect, if any, is minor.

CONCLUSION

Today all trade in Fitzroya cupressoides and Pilgerodendron uviferum is banned, but despite
these bans, the illegal logging continues. One of the challenges stopping illegal logging has
been the species identification of the wood once the trees are turned into lumber. DART
TOFMS has been shown to be a reliable tool for taxonomic determination of heartwood.
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Tentative assignments of ions detected by DART TOFMS.

m/z Detected in: Formula Tentative Assignment
121.102 P uviferum Unknown Unknown
131.050  F cupressoides ~ CyHgO, -OH 4-Hydroxycinnamaldehyde
P. uviferum
149.133 P, uviferum Unknown Unknown
153.055 F. cupressoides CgHgO4 +H Vanillin
163.075 F. cupressoides C,0H,,0, +H beta-Dolabrin
179.070 F. cupressoides C,oH,004 +H alpha-Dolabrinol
P uviferum
201.164 P uviferum C,;H,, -H (R)-1-Methyl-4-(1,2,2-trimethylcyclopentyl)-benzene
203.184 P. uviferum C,5;H,,0 -OH Copaenol®
205.201 P uviferum Cy5Hyy +H (E)-Caryophyllene
219.105 F. cupressoides C,,H,530, +H Cinnamyl isovalerate
219.175 P. uviferum C,5H,,0-H Copaenol®
221186 P uviferum C,;H,,0 +H Copaenol*
235.098 F. cupressoides Unknown Unknown
253.108  F cupressoides Unknown Unknown
285.225 P, wviferum C,oH,30 +H Pisiferin
301.218 P, uviferum C,oH,80, +H Sugiol
341.103 F. cupressoides C,9H,80, -OH Retusin
345.132 F. cupressoides C,9H,,06 -H Isotaxiresinol**
355.121 F. cupressoides C,oH,,05 2 -H alpha-Dolabrinol
357.130 F. cupressoides CooH,00¢ +H (-)-Cubebin**
503.384 P uwviferum Unknown Unknown
519.381 P uviferum Cy5H;005 +H Sugikurojin I
533.363 P. uviferum Unknown Unknown

* Oyarzun & Garbarino (1988).

** Nakatsubo et al. (2003); Umezawa (2003).

When illegal trade is suspected, verifying the identity of a sample of Alerce or Guaitecas cy-
press is easy, the analysis is inexpensive, it requires minimal sample preparation, and can be
done in minutes. It is reassuring that classical wood anatomy is also capable of separating
the two endangered softwoods, although there is probably overlap with other Cupressaceae
not included in this study.
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Figure 8. Heat map showing all the ions detected in the F. cupressoides and P. uviferum samples. The
X-axis shows the mass-to-charge ratio (m/z) of the molecules detected, while the Y-axis shows the
spectrum for each sample.

82.07

64.44

46.81

29.17 Legend

By
S -6.09 . F cuppressoides
& 2373 . P uviferum

-41.36 B unclassified

58.99

1.64
76.62 .9§

37.88 -35.8
7097 104.06 13715 g5 5@0-52

Figure 9. Graphical representation of the PCA analysis of the 46 samples. PCA was calculated using
202 variables (ions) which were selected for their power to discriminate between the two species. The
LOOCV was calculated to be 99.9%.
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Table Az2.

Anatomy reference slides used in this study.
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Species Slides Institutional source Geographic
provenance
notes
Fitzroya cupressoides MADw20931 Forest Products Laboratory, Madison, Chile
WI, USA

Fitzroya cupressoides OCCT 28,1 Forest Products Laboratory, Madison, Chile
WI, USA

Fitzroya cupressoides OCCT 28/, 2 Forest Products Laboratory, Madison, Chile
WI, USA

Fitzroya patagonica 21065 Forest Products Laboratory, Madison, Chile
WI, USA

Fitzroya cupressoides Y 3747 Forest Products Laboratory, Madison, Chile
WI, USA

Fitzroya patagonica Y 3762 Forest Products Laboratory, Madison, Chile
WI, USA

Fitzroya patagonica Y 9544 Forest Products Laboratory, Madison, Chile
WI, USA

Fitzroya patagonica ETSIM Forest Products Laboratory, Madison, Chile
WI, USA

Fitzroya patagonica SJR 3762 Forest Products Laboratory, Madison, Llanquihue,
WI, USA Chile

Fitzroya cupressoides R48-81 Naturalis Biodiversity Center, Leiden, Chile
The Netherlands

Pilgerodendron uviferum OCCT 10/ Forest Products Laboratory, Madison, Chile
WI, USA

Pilgerodendron uviferum OCCT 10” Forest Products Laboratory, Madison, Chile
WI, USA

Pilgerodendron uviferum Y 3768 Forest Products Laboratory, Madison, Chile
WI, USA

Pilgerodendron uviferum E.TS.IM Forest Products Laboratory, Madison, Chile
WI, USA

Pilgerodendron uviferum R34-75 Naturalis Biodiversity Center, Leiden, Chile
The Netherlands

Pilgerodendron uviferum R57-46 Naturalis Biodiversity Center, Leiden, Chile

The Netherlands
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