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WOOD ANATOMY OF WOLLEMI PINE
(WOLLEMIA NOBILIS, ARAUCARIACEAE)

by

R.D. Heady1, J.G. Banks2 & P.D. Evans3

SUMMARY

The wood anatomy of the recently-discovered conifer Wollemia nobilis
(Wollemi pine) is described for the first time. Its mature heartwood is
light brown in colour and has an air dry density of 0.57 g /cm3. Growth
ring boundaries are distinct and the transition from earlywood to
latewood is gradual. Average tracheid length is ~ 3.4 mm. Bordered
pits are one-, two- or three-seriate and the double and triple rows of pits
are ‘alternate’. In the bordered pits there is a flat transition from torus
to margo. A warty layer lines tracheid walls and pit cavity surfaces.
Resin plugs are common in tracheids that are adjacent to rays. Helical
thickenings and crassulae are absent. Rays are uniseriate, low, and are
composed entirely of parenchyma cells whose walls are thin and
unpitted. Cross-field pitting is ‘araucaroid’ and the number of pits per
cross-field ranges from 3–11 (av. 7). Resin canals and axial parenchyma
cells are absent. The differences between normal mature wood com-
pared to compression and juvenile wood are consistent with those of
most other conifer genera. The anatomical features of wood of W. nobilis
strongly support its classification as a member of the Araucariaceae,
but show no major differences that distinguish it as a monotypic genus.
On the basis of its wood anatomy, it is not possible to state whether W.
nobilis is more closely related to Agathis or to Araucaria.

Key words: Wood anatomy, Wollemi pine, Wollemia nobilis, Araucaria-
ceae, taxonomy, compression wood, juvenile wood, root wood.

INTRODUCTION

In 1994, a small population of trees of a previously unknown type were discovered
growing in a warm-temperate-rainforest micro-environment situated within a secluded
sandstone gorge in Wollemi National Park, New South Wales, Australia (Fig. 1). Sub-
sequent investigation of its leaf, pollen, ovulate cone and seed morphology indicated
it to be “a new species in a new genus in the Araucariaceae” (Jones et al. 1995). It was
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Fig. 1. Map showing the location of Wollemi
National Park in New South Wales, Australia.

named: Wollemia nobilis W.G. Jones,
K.D. Hill & J.M. Allen (Jones et al. 1995),
increasing the number of genera in the
Araucariaceae to three: Agathis, Arau-
caria and Wollemia.

The discovery of W. nobilis attracted
world wide attention and it has become
commonly known as “Wollemi pine”. Its
pollen has been matched with fossil pol-
len (Dilwynites granulatus) that dates
from 94 to 2 million years ago (Macphail
et al. 1995). It has been suggested that
W. nobilis was much more widespread
during the Mesozoic and Tertiary than it
is now (Chambers et al. 1998). In order
to conserve the species, a plan to propa-
gate trees on a commercial scale has been
devised (NPWS 1998). It is hoped that
by making Wollemi pine trees widely
available to the public “the risk of illegal
and potentially devastating collection of

the species in the wild will be removed” (Hogbin et al. 2000) and, for the same rea-
son, its exact location within the Wollemi National Park still remains a secret. As
a rare, endangered and protected species with conservation status ‘2ECi’ (Jones
et al. 1995) wood of Wollemia nobilis has not previously been available for detailed
study.

The aims of this study were to describe the wood anatomy of Wollemia nobilis
(and hence the genus Wollemia), to determine whether the anatomical features of its
wood support its classification within the Araucariaceae, and to determine if there are
distinctive features that enable it to be separated from Agathis and Araucaria.

MATERIALS AND METHODS

All specimens of mature wood used in this study were taken from the trunk of a single
fallen tree (Fig. 2, 3 & 4) at an unknown site in Wollemi National Park. The trunk was
approximately 40 metres long and 40–60 cm in diameter. The tree had been dead for
an unknown period of time; its bark, sapwood and some outer heartwood were lost to
decay. Cross sections were cut at 4.5 and 23 m from its base. Tree-ring analysis of the
upper sample (Fig. 5) indicated that the tree was at least 267 years old when it died.

Samples of juvenile wood were obtained from the stems of two 5-year-old trees
which were grown from seed in a nursery at the NSW Botanic Gardens Annex at
Mount Annan, NSW as part of an ex-situ population (Offord et al. 1999). Both trees
were approximately 2 m in height and 2.5 cm in diameter and were complete with
roots.
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Fig. 2–5. Trees and wood sample. – 2: Wollemia nobilis growing in Wollemi National Park.
Sandstone cliffs of gorge can be seen in background. – 3: An on-site tree. – 4: The dead and fal-
len trunk (lower centre of photograph) of the tree that was used in this study. – 5: Polished cross
section of the sampled trunk. Note branch traces radiating from centre. — Scale bar = 5 cm.
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The colour of freshly planed longitudinal wood surfaces was noted, and the den-
sity of irregularly shaped specimens of mature, juvenile and compression wood was
determined using an Archimedian method (ASTM 1983) after the samples had been
extracted with ethanol and toluene (1 : 2) for 24 hours. Wood samples for tracheid
length measurement were placed in a 10% solution of sodium hydroxide (NaOH) at
90° C for six hours and then soaked in a 50 /50 mixture of 7.5% hydrogen peroxide
and glacial acetic acid (i.e. peracetic acid) at 90° C for twelve hours. The macerated
samples were then cooled, rinsed in distilled water and the lengths of (wet) individual
tracheids were measured using both cryo-SEM and a calibrated light microscope.

Plane surfaces for scanning electron microscopy were prepared from wood sam-
ples that had been softened by soaking them in distilled water at 20° C for three days.
The water-saturated samples were clamped in a small vice and cut with a hand-held,
single-edged razor blade while being viewed under a stereo-microscope, a method
similar to that outlined by Kucera (1981). Transverse (TS), tangential longitudinal
(TLS) and radial longitudinal (RLS) surfaces, each measuring approximately 4 by 3
mm, were prepared. After cutting, specimens were cleaned of cytoplasmic debris by
washing in several changes of distilled water, dried at atmospheric pressure over silica
gel for two days and under vacuum (10-4 Pa) for eight hours, attached to mounting
stubs, and sputter coated with a 10 nm layer of gold.

A Cambridge Instruments S360 scanning electron microscope (SEM) fitted with a
high-brightness lanthanum hexaboride (LaB6) electron source was used to image the
various wood anatomical features. Digital images in the form of 780 kb TIFF files
were formed directly from the SEM using an ImageSlave (OED Pty. Ltd.) digitising
system. Selected SEM images were also photographically recorded onto Kodak 220
Plus-X Pan film.

Wood samples for light microscopy (LM) were softened by soaking them in water
for two days immediately prior to cutting. The wet (water-logged) wood blocks were
then clamped in a vice and 2–3 mm square (TS, TLS, and RLS) sections, 20–50 µm
thick, were shaved off the blocks using a hand-held razor blade. Sections were stained
in safranin solution and then dried in an alcohol series before mounting on glass
slides. Light microscopy of the prepared slides was carried out using a Zeiss Axioskop
microscope with halogen transmitted illumination. Images of selected wood features
were captured using a ‘Spot’ digital camera system (Diagnostic Instruments Inc.).

Measurements of the dimensions of certain anatomical features of the wood of
W. nobilis, for example, cross-field pit aperture diameters and tracheid diameters, were
measured directly from SEM images using an on-SEM-screen point-to-point meas-
urement facility. In the case of pit apertures which tended to be asymmetrical, the
recorded dimensions are the sum of the major and minor axes divided by two. Other

Fig. 6–10. Tracheids in wood of Wollemi pine. – 6: TS and RLS views of wood block showing
tracheids arranged in regular rows and abrupt change in radial diameter of tracheids at latewood–
earlywood interface. – 7: Three growth ring boundaries in TS showing gradual changes from
earlywood to latewood. – 8: Junction of earlywood and latewood in TS. – 9: Tapered end
of tracheid (arrowed). – 10: Tracheids, separated by maceration, showing pits extending to
tapered ends. — Scale bars = 200 µm in Fig. 6 & 10; 500 µm in Fig. 7; 25 µm in Fig. 8 & 9.
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features such as ray heights, ray frequency, and ray volume were determined from
pre-recorded SEM images on a Macintosh G3 computer using the NIH Image pro-
gram. Maximums, minimums, means and standard deviations were calculated, and
they are represented below using the format: [minimum–mean–maximum (SD = ,
n = )] in which ‘SD’ indicates the standard deviation and ‘n’ the number of measure-
ments (IAWA Committee 1989).

RESULTS

Mature wood
Heartwood that is dry and freshly planed has a light brown colour with no streak-

ing. Tangential surfaces have a silk-like lustre. The wood has no characteristic odour
or taste. Match-sized splinters burn to a full ash, white in colour. Persistent branch
traces (> 200 years) are common (Fig. 5). The average air-dry density of extracted,
outer heartwood is 0.57 g /cm3 and the basic density is 0.47 g /cm3.

The boundaries of the growth rings are ‘distinct’ due to an abrupt change in radial
diameter of tracheids at the latewood–earlywood interface (Fig. 6). Tracheids are ar-
ranged in regular radial rows and the transition from earlywood to latewood is ‘gradual’
(Fig. 7). Latewood is ‘inconspicuous’ under the definition of Phillips (1948) since it
occupies less than one-quarter of the width of each growth ring (Fig. 7). The radial
diameter of tracheids in earlywood is 25.4–40.1–62.6 µm (SD = 8.0, n = 48) and in
latewood it is 10.8–18.8–27.3 µm (SD = 4.3, n = 45). The tangential diameter of
tracheids is 15.6–31.1–46.8 µm (SD = 6.7, n = 56). Tracheid lumina are generally
square or oblong in cross section in earlywood and ‘radially flattened’ in latewood
(Fig. 8). The change in the radial diameter of tracheids is due mainly to the smaller
average lumen diameter of latewood (11.0 µm) compared to earlywood (32.4 µm)
and, to a much lesser degree, the slightly thicker cell wall of latewood (mean = 4.1
µm) compared to earlywood (mean = 3.8 µm). Latewood tracheids are ‘thin-walled’
since in approximately 80% of tracheids of the last formed latewood, double cell wall
thickness is less than the radial diameter of the lumen. Occasional intercellular spaces
occur between tracheid walls but they are not of regular occurrence.

Tracheid ends are tapered and bordered pits extend fully to the ends of tracheids
(Fig. 9 & 10). Pits tend to be more numerous near tracheid ends. Tracheid length is
2450–3404–4740 µm (SD = 429, n = 46). Under the definition of Wagenführ (1989),
tracheid length in W. nobilis is ‘medium’.

Pitting in the radial walls of earlywood is predominantly biseriate (Fig. 11). Uni-
seriate pits occur mainly in the narrower tracheids. In the widest tracheids occasional
triseriate pitting occurs. No instance of four-seriate pitting was recorded. Where pit-
ting is two- or three-seriate, individual rows of bordered pits are always staggered in

Fig. 11–15. Tracheid pitting. – 11: Tracheids in TS showing biseriate pitting in radial walls. –
12: Rows of bordered pits arranged in characteristic ‘alternate’ (staggered row) fashion. –
13: Light microscopy image of alternate biseriate pitting. – 14: Tracheids with triseriate bor-
dered pitting. Note hexagonal shape of the pit borders in central rows. – 15: Pitting in TLS. —
Scale bars = 20 µm in Fig. 11 & 14; 50 µm in Fig. 12, 13 & 15.
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an ‘alternate’ arrangement (Fig. 12 & 13). Pit borders tend to be circular in uniseriate
pitting and hexagonal in biseriate and triseriate pitting, particularly in the middle row
of triseriate pitting (Fig. 14). Bordered pits are often present on tangential walls (Fig.
15). However, such pitting is usually uniseriate and only occasionally (alternate)
biseriate. No instance of triseriate pitting on tangential walls was recorded.

Bordered pit pairs consist of a (shared) membrane, inverted dome-shaped pit cham-
ber walls and circular or slightly elliptical pit apertures (Fig. 16). An elliptical depres-
sion in the lumen wall surrounds each pit aperture (Fig. 17). The inner walls of pit
chambers are heavily warted (Fig. 18). The torus appears to be solid and imperme-
able, and although well defined, it is not raised, i.e. there is a flat transition from torus
to margo (Fig. 18 & 19). Fibrils in the (earlywood) margo are predominantly radially
oriented and there are no apparent gaps in the margo (Fig. 19). The margo and torus
are about 100 nm thick (Fig. 19 & 20). The torus remains intact on aspiration. There
is no evidence of ‘scalloping’ of the torus or of torus extensions (strapping). Pits do
not have notched borders.

A warty layer is present and continuous over the innermost layer of tracheid walls.
Individual warts are conical in shape and have rounded tops (Fig. 21). Their basal

←

Fig. 16–20. Bordered pit structure. – 16: TLS view of unaspirated bordered pit showing pit
cavity, apertures and membrane. – 17: Elliptical depressions surrounding individual pit aper-
tures. Pits are aspirated, and tori of membranes can be seen blocking apertures. – 18: Four bor-
dered pits, two on right with membranes cut away to reveal warty inner surfaces, two on left
with (aspirated) membranes pressed firmly against the inside of the pit chambers. – 19: Part of
an aspirated bordered pit in earlywood with upper pit cavity removed, margo (m) and torus (t)
retained. – 20: Ruptured torus. — Scale bars = 5 µm in Fig. 16, 17, 18; 1 µm in Fig. 19, 20.

Fig. 21. Warts lining inner wall surface of a tracheid. × 50,000. Scale bar = 0.5 µm.
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widths range from 116 nm to 176 nm and their heights from 69 nm to 177 nm. The
mean frequency (density) of warts is 24 warts /µm2. Individual warts in pit borders
are similar in their shapes, sizes and distribution frequencies to warts on tracheid
walls. The warty layer is too small to be visible under a light microscope, observation
by SEM is necessary.

The following features are absent: helical thickening; callitroid thickening; cras-
sulae; axial parenchyma; axial, radial and traumatic resin canals; mineral inclusions.

Rays consist entirely of parenchyma cells and ray tracheids are absent. Rays are
uniseriate (Fig. 22), rarely partially biseriate. The vertical and horizontal walls of ray
parenchyma cells are smooth (unpitted) and thin (i.e. narrower than the tracheid walls).
Indentures are absent. Ray height is 33–111–287 µm (SD = 53.5, n = 71). The number
of cells in rays is 1–3.9–11 (SD = 2.3, n = 71). Thus rays in W. nobilis are ‘low’ using
the definition of Phillips (1948). Ray cells tend to be elongated in sectional view and
cells at the ends of rays are more elongated vertically than those in the middle (Fig.
22). Ray frequency (ray density) is 33 rays /mm2 and ray volume is 8.3%. Ray cells
are commonly filled with resin.

Using the terminology of Barefoot and Hankins (1982) cross-field pitting is
‘araucaroid’ as individual pits are cupressoid in appearance and are usually distinc-
tively grouped three rows wide and three rows high within each cross-field and rather
irregularly arranged or ‘crowded together’ (Fig. 23, 24 & 25). The number of pits
within individual earlywood cross-fields is 3–7–11 (SD = 1.8, n = 100). Cross-field
pits are half-bordered and apertures on the tracheid side are circular. Membranes on
the parenchyma side are usually circular but may be distorted to an oval shape where
pits are crowded together (Fig. 26). Mean cross-field pit aperture diameter is 4 µm
and mean membrane diameter is 10.8 µm. Warts are present on the inner pit chamber
surface of half-bordered cross-field pits.

Resin plugs in tracheids (Fig. 27 & 28) are very common. They are plate-like,
approximately 5 µm in width and extend fully across the tracheid (Fig. 29). Under
LM the resin is darker in colour than the cell walls. Resin plugs are always associated
with adjacent rays (Fig. 30 & 31). There are occasional occurrences of trabeculae
(Fig. 32). These are circular in cross section and have the same colour as the cell wall
(thus distinguishing them from resin plugs which are plate-like and darker than cell
walls).

Compression wood
The compression wood of Wollemia nobilis has very lightly-developed helical cav-

ities (Fig. 33 & 34). Because the ridges and grooves of the helical cavities are so
weakly defined, compression wood is more easily identified by the highly elliptical or

Fig. 22–26. Rays and cross-field pits. – 22: LM photograph of rays viewed in TLS. – 23: Two
rays, each three cells high in RLS at angle of 55°. – 24: Ray/tracheid cross-fields in RLS. –
25: LM photograph of ray showing four resin plugs. – 26: Ray cut to expose oval shapes of
some of the cross-field pit membranes. — Scale bars = 100 µm in Fig. 22 & 24; 50 µm in Fig.
23, 25 & 26.
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Fig. 27–32. Resin plugs and trabeculae. – 27: TLS showing resin plugs associated with adja-
cent rays. – 28: LM photograph of two resin plugs extending from ray to the opposite tracheid
wall. TLS. – 29: RLS showing interior of tracheid aligned vertically but angled to 70°. Resin
plug (arrow) blocks lumen. The cross-field pits of the ray can be seen below the resin plug. –
30: TS showing ray with resin plugs occurring only in tracheids adjacent to ray. – 31: Angled
TLS view of ray with resin plugs extending to tracheid walls on either side. – 32: Trabeculae
(arrow) extending across three tracheids. — Scale bars = 200 µm in Fig. 27; 50 µm in Fig. 28,
30, 31 & 32; 10 µm in Fig. 29.

Fig. 33–36. Compression wood. – 33: TS showing lightly-developed helical ribbing and rounded
outlines of tracheids. – 34: RLS view of helical cavities in two tracheids. – 35: RLS view of
ray showing slit-like apertures of cross-field pits. – 36: Rays (1–5 cells high) in TLS. — Scale
bars = 5 µm in Fig. 33 & 34; 20 µm in Fig. 35; 200 µm in Fig. 36. →
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slit-like shape of the cross-field pit apertures (Fig. 35) and the more rounded outlines
of the tracheids. A warty layer covers the whole surface of the ridges and grooves.
Tracheid length is 1150–1841–2540 µm (SD = 368, n = 45). The air-dry density is
0.78 g /cm3 and the basic density is 0.66 g /cm3. Resin is very common in compres-
sion wood, especially in the rays. The radial diameter of tracheids in earlywood is
24.7–36.6–51.5 µm (SD = 6.3, n = 32) and in latewood it is 11.8–17.4–24.8 µm (SD
= 3.3, n = 32). The tangential diameter of tracheids is 13.0–20.6–33.0 µm (SD = 4.6,
n = 56). Ray height is 27–107–222 µm (SD = 50.9, n = 31). The number of cells in
individual rays (Fig. 36) is 1– 4–8 (SD = 2.1, n = 31). Mean ray frequency is 34
rays /mm2. Ray volume is 7.1%. The number of pits in cross-fields is 2–4–7 (SD =
1.0, n = 90) and the style of cross-field pitting is ‘araucaroid’.

Juvenile wood
Observation of the stem wood of two 5-year-old (juvenile) trees revealed the fol-

lowing: Juvenile wood has a light cream colour. The air-dry density is 0.54 g /cm3 and
basic density is 0.48 g /cm3. Small leaf traces (Fig. 37) approximately 1 mm long and
0.4 mm wide are common and persist through growth ring boundaries (Fig. 38).
Tracheids are polygonal or square in cross section and intercellular spaces between
tracheid walls are common (Fig. 39). Tracheid length is 1100–1659–2710 µm (SD =
405, n = 29). The radial diameter of tracheids in earlywood is 17.3–26.9–35.2 µm
(SD = 4.6, n = 37) and in latewood it is 8.8–13.2–20.4 µm (SD = 2.9, n = 40). The
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tangential diameter of tracheids is 10.5–18.3–30.2 µm (SD = 4.2, n = 56). Bordered
pitting is usually uniseriate, occasionally biseriate, and ‘alternate’. A warty layer oc-
curs on tracheid and pit chamber walls (Fig. 40). Bordered pits have a margo and
torus (Fig. 41) of similar structure to those in mature wood. Ray height is 24–46–80

Fig. 37– 42. Juvenile tree wood anatomy. – 37: Leaf trace (arrow) in TLS. – 38: TS showing
leaf trace (arrow) extending through growth ring boundaries. – 39: TS of polygonal tracheids
with intercellular spaces. – 40: Warty layer on pit chamber wall. – 41: TS section showing
bordered pit pair connecting two tracheids and shared membrane. – 42: TLS showing rays
1– 4 cells high. — Scale bars = 500 µm in Fig. 37 & 38; 20 µm in Fig. 39; 1 µm in Fig. 40 &
41; 200 µm in Fig. 42.
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µm (SD = 13.3, n = 71). The number of cells in individual rays (Fig. 42) is 1–2– 4 (SD
= 0.7, n = 71). Mean ray frequency is 65 rays /mm2. Ray volume is 6.3%. The number
of pits in juvenile earlywood cross-fields is 2–3.8–8 (SD = 1.2, n = 100). Cross-field
pitting is ‘araucaroid’.

Fig. 43– 48. Root wood from juvenile tree. – 43: Transverse section of root showing latewood
to earlywood differentiation. – 44: Alternate biseriate pitting in tracheids. – 45: Pit border with
warty surface. – 46: Rays in TLS. – 47: Single-celled ray in TLS showing protrusion into lu-
mina of adjacent tracheids. – 48: Two-celled ray in RLS showing 6–12 pits in individual cross-
fields. — Scale bars = 200 µm in Fig. 43, 46; 20 µm in Fig. 44, 47, 48; 5 µm in Fig. 45.
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Root wood
In root wood of the two 5-year-old trees, latewood and earlywood can be differen-

tiated (Fig. 43). Bordered pitting is usually uniseriate, sometimes biseriate. When
pitting is biseriate it is always ‘alternate’ (Fig. 44). The inner walls of tracheids and
the inner surfaces of the pit borders in roots possess a warty layer (Fig. 45). The radial
diameter of tracheids in earlywood is 18.6–26.8–36.1 µm (SD = 5.1, n = 16) and in
latewood it is 12.7–15.1–17.7 µm (SD = 1.7, n = 16). The tangential diameter of tra-
cheids is 12.8–22.3–32.6 µm (SD = 4.3, n = 56). In earlywood, ray width is 27–37.4–
45 µm (SD = 4.7, n = 30). Thus individual rays are often as wide or wider than tracheids
so that rays sometimes extend into the adjacent tracheids by more than half the width
of the tracheid (Fig. 46 & 47). Ray height is 39–82–211 µm (SD = 35.3, n = 69). The
number of cells in individual rays is 1–1.8–5 (SD = 0.94, n = 69). Mean ray fre-
quency is 63 rays /mm2. Ray volume is 13.9%. Cross-fields in rays of root wood
contain 6–9.8–14 pits (SD = 2.3, n = 32) and the pitting is ‘araucaroid’ (Fig. 48).
Resin plugs are absent and rays are free from resin.

DISCUSSION AND CONCLUSIONS

Wollemia nobilis can be clearly identified as a member of the Araucariaceae by three
characteristics that it shares with Agathis and Araucaria. Firstly, its ‘alternate’ pitting
which “distinguishes the woods of the Araucariaceae from all other conifers” (Baker
& Smith 1910; Greguss 1955; Phillips 1948; Jane 1970; Barefoot & Hankins 1982;
Wheeler et al. 1985); secondly, the ‘araucaroid’ cross-field pitting which “occurs only
in Araucariaceae and the Cycads” (Barefoot & Hankins 1982; Greguss 1955); and
thirdly, the absence of crassulae which are reported to be “of frequent occurrence in
softwoods but are absent from Agathis and Araucaria” (Philips 1948; Jane 1970).

There are also several other features of the wood of W. nobilis that it shares with
Agathis and Araucaria. These are: the common presence of resin plugs (Patton 1927;
Jane 1970; Barefoot & Hankins 1982); a flat transition from torus to margo in bor-
dered pits (Bauch et al. 1972); very lightly developed helical cavities in compression
wood (Timell 1986); absence of resin canals, indentures, ray tracheids and axial pa-
renchyma, and rays with thin, non-pitted cell walls (Phillips 1948; Barefoot & Hankins
1982). Thus our findings clearly uphold the placement of W. nobilis in the Araucaria-
ceae, thus supporting the botanical studies of Jones et al. (1995) and the chloroplast
DNA findings of Gilmore and Hill (1997).

We noted that resin plugs in W. nobilis always occur in the region of the tracheid
that is immediately adjacent to a ray (Fig. 27–31). This is consistent with the com-
ment of Patton (1927) that ‘resin plates’ in the Araucariaceae “are more abundant
near the medullary rays”. We also noted that the warty layer of tracheid walls are
covered with resin for about 20 µm on either side of the resin plugs but warts are
uncovered and continuous elsewhere in the tracheid. We conclude from this that the
resin of resin plugs is exuded into tracheids through intervening cross-field pits in
adjacent rays. Further evidence for this suggestion is the fact that resin plugs are
typically 5 µm wide which is similar in size to the cross-field pit apertures (for which
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the mean aperture diameter is 4 µm). Since resin plugs are absent from the wood of
juvenile (5-year-old) trees, it is likely that they develop only when heartwood forms.

In comparison to mature wood, the juvenile wood of W. nobilis has shorter and
narrower tracheids, shorter rays, and higher ray frequencies (Table 1). These differ-
ences between juvenile and mature wood are consistent with those of other softwood
genera (Phillips 1948). Similarly, the short tracheids and high wood density of com-
pression wood in W. nobilis (Table 1) are common features of compression woods in
other conifers (Timell 1986).

In general, the root wood of the 5-year-old trees is similar to that of the stem wood
in having latewood–earlywood differentiation and alternate biseriate pitting and also
in terms of tracheid width, the number of cells in rays and ray frequency (Table 1).

Table 1. Properties of mature, compression, juvenile trunk and juvenile root wood of Wollemi
pine. — Individual rows indicate the following: 1) Air-dried density in g /cm3; 2) Basic den-
sity in g /cm3; 3) Tracheid length (µm) in earlywood plus latewood; 4) Tracheid radial diam-
eter (µm) in earlywood; 5) Tracheid radial diameter (µm) in latewood; 6) Tracheid tangential
diameter (µm); 7) Ray height in µm; 8) Ray height in number of cells; 9) Number of pits per
cross-field (in earlywood); 10) Ray frequency in rays /mm2; (11) Ray volume in %.

Property Mature wood Compression Juvenile Juvenile
wood trunk wood root wood

   1 Air-dried density
(g /cm3) 0.57 0.78 0.54 –

   2 Basic density
(g /cm3) 0.47 0.66 0.48 –

   3 Tracheid length (µm)
min –mean – max 2540–3404–4740 1150–1841–2540 1100–1659–2710 –

   4 EW trach. rad. diam. (µm)
min –mean – max 25.4–40.1– 62.6 24.7–36.6–51.5 17.3–26.9–35.2 18.6–26.8–36.1

   5 LW trach. rad. diam. (µm)
min –mean – max 10.8–18.8– 27.3 11.8–17.4–24.8 8.8–13.2–20.4 12.7–15.1–17.7

   6 Tracheid tang. diam. (µm)
min –mean – max 15.6–31.1– 46.8 13.0–20.6–33.0 10.5–18.3–30.2 12.8–23.3–32.6

   7 Ray height (µm)
min –mean – max 33–111– 287 27–107–222 24– 46– 80 39–82–211

   8 Ray height (cells)
min –mean – max 1–4–11 1–4–8 1–2–4 1–2–5

   9 Pits per cross-field
min –mean – max 3–7–11 2–4–7 2–4–8 6–10–14

 10 Ray frequency
(rays /mm2) 33 34 65 63

 11 Ray volume
(%) 8.3 7.1 6.3 13.9
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However, individual cells in the rays of root wood are exceptionally large, extending
deeply into the lumen space of adjacent tracheids (Fig. 46 & 47) forming rays that are
twice the height and containing many more pits per cross-field than rays in the (juve-
nile) stem wood (Table 1). The larger cell size of rays in root wood is also evident in
the larger ray volume; 13.9% in (juvenile) root wood compared to 8.3% in the mature
and 6.3% in the juvenile stem wood (Table 1). Since root wood from mature trees was
not available for this study, it was not possible to determine whether large-celled rays
also occur in mature roots.

The abundance of resin plugs and presence of light-brown heartwood in W. nobilis
are characteristics it shares with Agathis (Phillips 1948) whereas its lack of four-
seriate bordered pitting is a characteristic more commonly associated with Araucaria
(Phillips 1948). Thus, on the basis of the results of this study and wood anatomy de-
scriptions of the Araucariaceae given in the literature, it is not possible to state whether
W. nobilis is more closely allied to Agathis or to Araucaria.

Our investigations failed to find any specific anatomical feature which clearly dis-
tinguishes W. nobilis as belonging to a monotypic genus, distinct from Agathis and
Araucaria. This accords with previous findings for the wood anatomy of genera within
the Araucariaceae. For example, Patton (1927) said that it was “impossible to sepa-
rate Agathis and Araucaria on the basis of the microscopic structure of their woods”,
a view shared by Phillips (1948) and Greguss (1955). However, these reports were
based on studies using light microscopy, since they were carried out prior to scanning
electron microscopy becoming commercially available in 1965. More recently, a
number of authors (Ohtani & Fujikawa 1971; Ohtani 1979; Ohtani et al. 1983; Butter-
field et al. 1984; Heady et al. 1994) have used the shapes, sizes and distribution fre-
quencies of warts (vestures), which in a practical sense are recordable only under
SEM, as an aid to wood identification. We have therefore undertaken a comparative
study of the warty layers of Agathis, Araucaria and Wollemia nobilis. Preliminary
results reveal that warts in W. nobilis are larger and more frequent than in any of the
13 different species of Agathis and Araucaria examined to date. We also found that
Araucaria tends to have larger and more frequent warts than Agathis. A study using a
much larger sampling is planned so that the statistical significance of these findings
can be determined.
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