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spiralled arrangement; lateral branch stubs having small
diameter pith, stubs or branches egress from fusiform-
shaped cavities. Secondary xylem tracheids round to
semi-round in transverse section, having bordered pits
on all wall surfaces, mixed but mostly abietinian pitting,
axial parenchyma present but scarce; xylem pycnoxylic,
composed of thin-walled homogeneous uniseriate ray
cells, oculipore cross-field pittting; other parenchyma
wanting.

Discussion. — This revision records the small diameter of
the pith, a feature that was uncertain when the type was first
described (Savidge & Ash 2006). A longitudinal section
through a branch stub revealed a pith less than on milli-
metre in diameter, indicating that the genus Arboramosa is
within Pinophyta.

Protopiceoxylon novum Savidge, 2006

Holotype. — This specimen resides in the Blue Mesa region
of Petrified Forest National Park, locality PFP 118.
Thin-section slides are filed under catalog number PEFO
35349 (3 slides, cross, radial and tangential sections) and
stored in the Collections Department of Petrified Forest
National Park.

Emended diagnosis. — See remarks.

Remarks. — Resin canals within the secondary xylem were
the key feature underlying the proposal of Protopiceoxylon
novum as a new morphotaxon (Savidge 2006), but it sub-
sequently became apparent that similar resin canal-like
structures occur in other woods as artifacts of mineraliza-
tion. This fossil is not particularly well preserved and,
therefore, the question of whether the objects previously
described are in fact resin canals cannot be confidently an-
swered. The original diagnosis is considered incorrect and
the taxon hereby transferred to nomina dubiu.

General discussion

Fossilized parts of whole plants are named and described
within the rules and recommendations of the International
Code of Botanical Nomenclature (Greuter et al. 1999),
where formal synonymy and operation of the priority prin-

ciple are constrained within the framework and boundaries
of named morphotaxa and their diagnoses (Code Ar-
ticle 11.7). However, qualitative definition of morphota-
xon categories is not regulated by the Code, rather left for
investigators to resolve. Consequently, upon re-examina-
tion of an earlier named specimen, if features are found
which were not mentioned in the original diagnosis or its
protologue, the investigator(s) may propose an emended
diagnosis or, alternatively, assign the specimen to another
pre-existing or a new taxon.

When investigating an unnamed fossil wood, although
it may exhibit all anatomical features given for an earlier
designated type, the Code does not strictly require that the
specimen be regarded on that basis as an isotype of one
having nomenclatural priority. If it can be shown that the
unknown contains additional, distinguishing anatomical
features not mentioned in the diagnosis of the type having
nomenclatural priority, those additional features may be
sufficient justification for the unknown being proposed as a
new taxon. To quote the Code (Greuter et al. 1999): “32.2.
A diagnosis of a taxon is a statement of that which in the
opinion of its author distinguishes the taxon from others”
and “strict synonymy and therefore priority only operates
among morphotaxa of the same kind.”

In the preamble to the Code, Greuter et al. (1999) state:
“9. The only proper reasons for changing a name are either
amore profound knowledge of the facts resulting from ade-
quate taxonomic study or the necessity of giving up a no-
menclature that is contrary to the rules.” In the case of
Araucarioxylon arizonicum Knowlton, 1889, both con-
cerns apply. The present investigation revealed anatomical
heterogeneity among the three Araucarioxylon arizonicum
Knowlton, 1889 syntypes, and each has therefore been
treated as a separate morphotaxon. In addition, the genus
Araucarioxylon Kraus, 1870 is nomen superfluum, because
this artifical genus was created arbitrarily from other, ear-
lier named, genera (Seward 1917, Philippe 1993, Bamford
& Phillipe 2001).

At the heart of reassigning the three Araucarioxylon
arizonicum Knowlton, 1889 syntypes to new genera is an
old scientific controversy, sometimes described colloqui-
ally as ‘lumping’ versus ‘splitting’, i.e. the subjective ten-
dencies among researchers when presented with sets of real
anatomical differences, such as those listed in Table 1, to
assume that they either are, or are not, sufficient to merit
assignment to distinct morphotaxa. Support for ‘lumping’
came with the assumptions that pycnoxylic woods of Late

Figure 7. Crystalloxylon imprimicrystallus nov. gen. nov. sp. * A — the butt-end of the sampled specimen. « B-D — cross section PEFO 34817, well orga-
nized medium-density xylem with evidence for growth interruptions (two arrowed in B), moderately thick-walled large-diameter tracheids and uniseriate
rays, D showing an example of a ‘squashed’ tracheid adjoining a ray, intercellular spaces and narrow diameter canals (arrows) linking with oculipores (ar-
rowheads).  E, F — tangential section PEFO 34819, showing well organized short to long uniseriate rays. * G-J — radial section PEFO 34818, showing
conspicuous bi-seriate pitting (G-I) and taxodioid/cupressoid cross-field pits (J).
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Palaeozoic and Mesozoic are highly conserved and vari-
able (Bailey 1933). However, the origin of such assump-
tions was based on superficial and eclectic low-magnifica-
tion analyses of only a few of the many secondary xylem
features which might otherwise have been investigated in
higher magnification more comprehensive studies. From
the ‘splitting’ perspective, it deserves consideration that
there are numerous examples in living tree species of two
woods being anatomically indistinguishable although mor-
phological differences nevertheless justify typing the trees
as distinct species. The converse, however, does not apply.
As a general rule, when the full set of anatomical features
in woods from the same organ (e.g., bole, branch, twig,
root) are compared and found to be distinct, it can be con-
cluded, based on investigations with extant species, that the
outward organs of the plants producing those woods would
qualify as different taxa (Phillips 1948, Panshin & de
Zeeuw 1980, Hoadley 1990).

Wood is unquestionably a natural data storage system
(Bannan & Bayly 1956, Creber 1977), and the anatomical
features stored in each wood manifest gene expression and
metabolism that occurred in living cells within and on the
margins of the vascular cambium, each woody element
achieving its final phenotype through interactions between
the somatic genome of the whole plant and its environment
(Savidge 1996, 2000, 2001). Thus, fossil wood systematics
could resolve morphotaxa more effectively if it extended
into acquisition of intensive data about minute features to
enable broader comparison of entires sets of microfeatures
among taxa. General adoption of more anatomically rigor-
ous tracheidoxyl classification would undoubtedly lead to
many formerly diagnosed taxa being considered for revi-
sion. However, an obvious corollary to this suggestion is
that permineralized specimens must be sufficiently well
preserved to enable high magnification resolution of their
minute features.

Tracheidoxyl investigators have placed considerable
emphasis on various bordered-pit characteristics; however,
knowledge about bordered-pit formation and its regulation
by intrinsic and extrinsic factors remains a neglected topic
in plant physiology. From the very limited research done,
evidence has emerged that so-called “abietinoid” conifers
are in fact competent to produce multi-seriate, closely
packed and angular bordered pits (Savidge 1983) and also
alternating bi-seriate pits (Leitch & Savidge 1995), raising
the question of why Pinaceae so infrequently exhibit the
so-called “araucaroid” phenotype. The specimens investi-
gated in this study reveal that mixed-pitting phenotypes
extend to Late Triassic trees, as exhibited in Arboramosa
semicircumtrachea, Chinleoxylon knowltonii, Crystallo-
xylon imprimicrystallus, Protocupressoxylon arizonicum,
Ginkgoxylpropinquus hewardii, Silicisilvaxylon imprimi-
crystallus, and S. secundacrystallus. Mixed pitting pheno-
types may be an indication that those trees were evolving
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toward extant Araucariaceae and, conversely, the absence
of mixed pitting in Pullisilvaxylon arizonicum and P.
daughertii indicate evolution toward the abietinoid expres-
sion so commonly found in Modern conifers.

The literature frequently refers to araucarian pits as be-
ing compressed or flattened, angular, polygonal or hexago-
nal. However, the notion that araucarian pitting when bi-,
tri- or multi-seriate is invariably angular is clearly wrong,
because rounded alternating pits together with rounded
uniseriate or isolated pits occur in Araucaria woods that
also display angular pits (Bailey 1933, R. Savidge, unpub-
lished data). Some have assumed that oblate or angular pit
outlines when present are due to mutual contacting forces
(e.g., Pool 1929), but with present knowledge terms such as
‘compressed’ and ‘flattened’ are assumptive. On the other
hand, there is evidence that an organelle, evidently derived
from the vacuole, is involved in bordered-pit formation
(Savidge 2000, 2003), and conceivably the oblate and an-
gular phenotypes arise in response to organelles pressing
their membranes against one another at the beginning of
the bordered-pit formation process.

Conclusions

There has been widespread and less than rigorous applica-
tion of the Araucarioxylon type to permineralized woods,
but for nomenclatural reasons the genus is superfluous and
therefore illegitimate. Moreover, the original wood ana-
tomy requirements for inclusion in type Araucarioxylon
were subsequently both liberally and non-uniformly inter-
preted, such that morphotaxa assigned to that genus no lon-
ger have much if any systematic value. In relation to Arau-
carioxylon arizonicum Knowlton, 1889, each of the three
original syntypes in fact is anatomically distinct. Recogni-
zing this diversity and rejecting the Araucarioxylon type on
the basis of incorrect nomenclature, only one of those three
specimens is retained as the lectotype of Pullisilvaxylon
arizonicum (Knowlton) gen. et comb. nov.

The evidence supports the conclusion that Late Triassic
petrified logs in the region of Petrified Forest National Park
represent a broad diversity of species, many of which prob-
ably remain to be discovered. A key to aid in distinguishing
named morphotaxa is provided in Appendix, but it un-
doubtedly will undergo extensive revision as new taxa are
described.

The naming of each ‘species’ or morphotaxon can
never be regarded as an absolute or final determination, be-
cause taxonomy is merely imposition of informed scien-
tific opinion upon the diversity existing in the biological
world, the aims being to achieve ordered, objective and
mutually agreeable ways of analysis and communication.
The International Code of Botanical Nomenclature wisely
avoids attempting to specify criteria for speciation, thus en-
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abling revision and refinement of systematic classification.
This consideration has three important implications for the
future of tracheidoxyl taxonomy: i) Known morphotaxa
may be re-examined and emended based on new findings;
i) Eventually, with ever greater attention to detail, uniform
anatomical criteria for describing and comparing all
tracheidoxyls will emerge; iii) Known morphotaxa not
amenable to providing additional information on their
anatomies, because of low quality figures in publications,
poor preservation or non-availability of the original speci-
men, can be nomenclaturally conserved (Article 14.2 of the
Code) but may be disregarded in future research.
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Appendix — Key for diagnosing Late Triassic morphotaxa in southwestern USA based
on anatomical features within secondary xylem of permineralized logs

la. Pithdiameter>1cm - - - - - - - = « « « « « « o o o oL

1b. Pith diameter < 1 CIM « « « « « « = ¢ o e e v e e e

2a. Rays short (1-10 cells high)

Dadoxylon chaneyi

Uniseriate rays; radial wall bordered pitting mixed uniseriate/bi-seriate, when bi-seriate hexagonal and alternate; tangential wall ta-

xodioid oculipores present.

2b. Rays long

Lyssoxylon grigsbyi

Both uni- and uni-/bi-seriate heterocellular rays comprising as many as 50 cells, also multi-seriate (~12 cells wide in the center) he-
terocellular fusiform rays, the latter housing internalized leaf traces; radial wall bordered pitting relatively small diameter, slit-like
apertures, mostly bi- but also uni- and multi-seriate, hexagonal; relatively small diameter tracheids with S, spiral bands, tyloses;

axial parenchyma sparsely present.

2c¢. Pith radius much larger than secondary xylem radius

3a. Large multi-seriate rays or leaf traces present- - - - - - - - -

3b. Large multi-seriate rays or leaf traces wanting - - - - - - - -

4a. Multi-seriate rays obvious without magnification

Charmorgia dijolli

Schilderia adamanica

Multi-seriate heterocellular herring-bone type rays 5—10 mm high, 0.3 mm wide, also very narrow uniseriate rays; radial wall borde-
red pitting uni- and bi-seriate, hexagonal and alternating when bi-seriate; axial parenchyma in small groupings and short tangential

tiers in association with growth interruptions.

4b. Multi-seriate rays not obvious; leaf traces obvious

Woodworthia arizonica

Persistent branch and leaf traces common; short uniseriate rays; radial wall bordered pitting mixed uniseriate — bi-seriate, when
bi-seriate hexagonal and alternate, tangential wall bordered pits half-size and uniseriate; scattered resinous tracheids.
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S5a. In tangential SeCtiOn, bi-seriate TAYS COMIMON » = = = =+« + + + & & oottt 6
5b. In tangential Section, bi-seriate rays Wanting ........................................... 7

6a. In tangential section, short bi- and tri-seriate rays appear as incipient horizontal resin canals  Silicisilvaxylon imprimicrystallus
Closely spaced short homocellular occasionally heterocellular rays mostly uniseriate, also commonly bi-/tri-seriate and fusiform
shaped in tangential section, appearing as incipient horizontal resin canals; radial wall bordered pitting variable, uniseriate and
bi-seriate, partially angular where bi-seriate and contacting, also circular to oblate within uniseriate chains; resinous tracheids parti-
cularly associated with growth interruptions; intercellular spaces are of small diameter but common among tracheids.

6b. Rays do not appear as incipient horizontal resin canals: - - - -+« « - o oo 8
7a. Inradial section, bordered pits uniseriate only - - « - - oo 9
7b. Inradial section, bordered pits uni- and bi-seriate - - - - - e e 10
8a. Bi-seriate ray cells in tangential section in alternate rather than opposite arrangement Silicisilvaxylon secundacrystallus

Moderately spaced thin-walled homocellular uniseriate and partially bi-seriate rays; where bi-seriate, ray cells alternately rather
than oppositely placed; in some uniseriate rays individual cells separated by an intervening gap ~10 um; radial wall bordered pits
when uniseriate are rounded and well-separated, when bi-seriate they alternate and are rounded and separated or are oblate; tangen-
tial wall bordered pits in very short chains and invariably uniseriate; intercellular spaces between tracheids common, either small or
large; lacks the incipient resin canals, resinous tracheids and oppositely arranged bi-seriate pitting found in Silicisilvaxylon impri-
micrystallus.

8b. Conspicuously bulging ray cells in radial section Ginkgoxylpropinquus hewardii
Frequent short to medium-height thin-walled homocellular less than well organized rays; ray cells in radial section conspicuously
bulging (potato-tuber shaped); radial wall bordered pits mostly uniseriate and separated by weak crassulae, sometimes bi-seriate
then circular and arranged alternately or oppositely; in cross section, poorly organized radial files and large diameter rounded ele-
ments among the tracheids.

8c. Heterocellular rays and axial parenchyma common Protocupressinoxylon arizonica
Short mostly homocellular sometimes heterocellular rays; radial wall bordered pits mostly uniseriate, infrequently bi-seriate then
circular or angular and arranged alternately; in cross section, well organized radial files within definite growth rings; scattered axial
parenchyma common.

9a. Relatively large cupressoid pores in tangential walls Pullisilvaxylon arizonicum
Short homocellular, thin-walled, uniseriate rays; radial wall bordered pits mostly contacting and oblate exclusively uniseriate in
long chains; in cross section, tracheids thick-walled generally rounded with large intercellular spaces; in tangential walls,
small-diameter cupressoid pores.

9b. Relatively small taxodioid pores in tangential walls Pullisilvaxylon daughertii
Medium-height homocellular thin-walled frequent uniseriate rays; radial wall bordered pits mostly non-contacting and circular ex-
clusively uniseriate in medium-length chains; in cross section, tracheids thin- to moderately thick-walled generally angular with
small to inconspicuous intercellular spaces; in tangential walls, small-diameter taxodioid pores.

10a. In cross section, tracheids appear semi-circular Arboramosa semicircumtrachea
Short homocellular thin-walled widely spaced uniseriate rays; bordered pits equi-diameter circular or angular on all wall surfaces of
the generally rounded tracheids; in cross section, tracheids generally thick-walled circular and semi-circular; infrequent axial paren-
chyma.

10b.In cross section, canals rather than half-bordered pits traverse tracheid walls to ray cells Crystalloxylon imprimacrystallus
A mixture of short to long uniseriate homocellular thin-walled rays comprising small diameter thin-walled very well organized el-
liptical cells; radial wall bordered pits dominantly and abundantly bi-seriate, also uni- and tri-seriate, barely contacting rounded or
oblate in outline, alternately arranged where bi-seriate, circular to oblate within short uniseriate chains; in cross section, large dia-
meter thick-walled tracheids mostly rounded with large intercellular spaces, those adjoining a ray cell often appearing deformed
(‘squashed’) with radial diameter > 5 x tangential diameter; canals rather than pits traverse tracheid secondary walls to oculipores in
ray cells.

10c. Tracheid radial files abruptly double, then revert in the following tier to a single radial file Chinleoxylon knowltonii
Short to medium-length homocellular thin-walled rays; radial wall bordered pits commonly bi-seriate also uniseriate in short chains
of oblate or circular pits, when bi-seriate alternating and mostly circular but sometimes hexagonal; tangential wall uniseriate borde-
red pits also abundant; in cross section, mostly angular tracheids with medium thickness walls and without intercellular spaces, ra-
dial files abruptly double then revert in the next tier to a single radial file.
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