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walled vessels that are solitary and in short
radial multiples, and have narrow rays and
fine tangential lines of axial parenchyma
throughout the growth ring. However, the
solid, non-chambered pith excludes the fossil
from the Juglandeae (Pterocarya), and the ab-
sence of scalariform perforations, as deter-
mined by examination of numerous sections
and peels of the five specimens of Clarnoxy-
lon excludes the fossil from the Engelhardieae
(Engelhardia) (Table 1). The two remaining
tribes, Hicorieae and Platycaryeae, are mono-
generic and include Carya (25 species) and
Plarycarya (1 species), respectively. Both of
these modem genera are ring-porous and
each has specialised characters that are absent
in Clarnoxylon, for example, extremely thick-
walled latewood vessels (Carya) and helically
thickened tracheary elements (Platycarya)
(Fig. 11). The absence of such characters
from Clarnoxylon indicates that it is an extinct
genus, but it could have affinities with either
the Hicorieae or Platycaryeae. Clarnoxylon
does not possess any unique characters to
suggest that an extinct tribe is represented.
Fruit characters are the traditional basis for
distinguishing genera of Juglandaceae. Four
genera of fossil juglandaceous fruits co-occur
with Clarnoxylon in the Clamo Formation.
Two of them, Juglans clarnensis (Scott 1954)
and Cruciptera simsonii (Manchester 1991)
represent the tribe Juglandeae, and may be ex-
pected to have had stems with chambered pith,
unlike Clarnoxylon. The 3-winged engelhar-
dioid fruit Palaeocarya clarnensis Manchester
1987), represented by complete fruit impres-
sions at West Branch Creek and by isolated
nutlets and locule casts at the Nut Beds, is a
likely candidate for the type of fruit bome by
the tree that produced Engelhardioxylon nui-
bedensis, a wood with scalariform perfora-
tions (Manchester 1983). The Platycaryeae
are represented at the Nut Beds by infructes-
cences and locule casts similar to Paleoplaty-
carya (Manchester 1987, in press) and at
West Branch Creek by winged fruit impres-
sions of Hooleya lata (Wing & Hickey 1984;
Manchester 1987). Although fruit wings are
not preserved in the Nut Bed specimens, it
is possible that, if known from more com-
plete specimens, they could be assigned to

Hooleya. Hooleya is an extinct genus of the
Platycaryeae known from the late Eocene of
England and Hungary as well as westemn
North America (Wing & Hickey 1984; Man-
chester 1989). No fruits of the Hicorieae are
known from Clarno,

The most distinctive feature of Clarnoxylon
is the presence of solitary idioblasts with
large rhomboidal crystals within the rays
(Figs. 3, 5). The taxonomic value of similar
idioblasts in axial parenchyma, a consistent
feature of Carya, and of crystalliferous chains
of axial parenchyma in Juglans, has been em-
phasised in earlier literature on the Juglanda-
ceae (Miiller-Stoll & Midel 1960; Miller
1976b). Within extant Juglandaceae, ray idio-
blasts of the type seen in Clarnoxylon are a
consistent feature only of Platycarya. (Fig.
10). Similar ray idioblasts were also observed
in a single species of Carya, C. myristicaefor-
mis (Stone 764, 897, 1005, MADw 49820)
which occurs in bottomlands and along stream
banks in southeastern U.S. and northeastem
Mexico (Elias 1987). Clarnoxylon wood does
not possess idioblasts in the axial parenchyma,
a feature 1o be expected if it were closely
related to Carya. We consider the presence
of ray idioblasts, combined with the absence
of axial parenchyma idioblasts, to be diag-
nostic of the Platycaryeae, and for this reason
consider Clarnoxylon likely allied with this
tribe.

In view of the platycaryoid fruits and pol-
len (Leopold & MacGinitie 1972) already
recognised from the Clarno Formation it is
not surprising that corresponding wood
should be recovered. As yet, there is no evi-
dence for more than one platycaryoid species
in the Clarno Formation and it is possible that
the fruits described as Hooleya lata and the
dispersed platycaryoid pollen were actually
parts of the same extinct genus and species
as Clarnoxylon. Since conspecificity has not
been proven by actual attachment, separate
names are required for these isolated parts.

Evolutionary and ecological implications

The wood structure of Clarnoxylon is gen-
eralized relative to that of the two extant Jug-
landaceae genera (Platycarya and Carya) with
which it shares a solid pith and exclusively
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simple perforations. The differences between
these extant genera and Clarnoxylon are in ac-
cord with what would be predicted by Bailey-
an trends for specialisation in dicotyledonous
woods (Stern 1978); but they also are in ac-
cord with what would be predicted by current
knowledge of the correlations between wood
anatomy and ecology (Baas 1986; Carlquist
1988). Whereas the Middle Eocene Clarno-
xylon occurred in a tropical/subiropical flora
with cycads, palms and abundant lianas, ex-
tant Platycarya and Carya grow under mixed
mesophytic, temperate conditions.

Manchester (1983) regarded tracheids and
helical thickening as diagnostic features of
Plarycarya and suggested that these features
would be useful in recognising early Tertiary
platycaryoid woods. However, despite the
abundance of platycaryoid pollen, leaves and
fruits in the early Tertiary of western North
America (Wing & Hickey 1984; Manchester
1987), no juglandaceous woods with both
tracheids and helical thickenings have been
recovered. We now suggest that vascular tra-
cheids and helical thickenings are autapomor-
phies of Platycarya, and consider crystals in
idioblasts of the rays to be a more conserva-
tive feature diagnostic for the tribe. The vas-
cular tracleids of Platycarya are short and ap-
pear to be simply “vessels that do not form
proper perforation plates” (Heimsch, oral
communication, 1983). They thus appear to
be secondarily evolved from vessel elements
rather than primitively retained gymoosperm-
derived tracheids. Heimsch and Wetmore
(1939) concluded that Platycarya was ana-
tomically highly specialised within the Juglan-
daceae because it has relatively short vessel
elements, ring-porosity, and helically thick-
ened vascular tracheids (Fig. 11).

The differences between Clarnoxylon and
Platycarya (Table 1) are striking, and the like-
ly shared tribal affinity would easily escape
detection if the diagnostic importance of pith,
vessel element perforations, and ray idioblasts
were overlooked.

Clarnoxylon and Platycarya differ in ves-
sel groupings and arrangement. Platycarya is
markedly ring-porous with clusters of vessels
in the latewood arranged in flame-like tracts;
Clarnoxylon (Fig. 1) is diffuse-porous to

semi-ring-porous, with vessels being solitary
and in short radial multiples arranged in a
diagonal pattern, a general partern similar to
Engelhardia and Pterocarya. Porosity is not
diagnostic to the tribal level within Juglanda-
ceae; within the genus Juglans there is varia-
tion from semi-ring-porosity to diffuse-poro-
sity and within Carya from ring-porosity to
semi-ring-porosity (Miller 1976b; Heimsch &
Wetmore 1939). Ring-porosity, elaborate
vessel distribution patterns, and vessel clus-
ters are characteristic of markedly seasonal
climates and are very rare in extant tropical
floras and in Paleogene woods in general
(Wheeler & Baas 1991).

Helical thickenings in vessel elements oc-
cur almost exclusively in temperate species
and are faint to absent in tropical species
(Yan der Graaff & Baas 1974), and rarely oc-
cur in Paleogene woods (Wheeler & Baas
1991). The distribution of reticulate thicken-
ings in vessels of Juglans is similar, occur-
ring in north temperate black walnuts, but not
in tropical black walnuts (Miller 19764, b). If
Clarnoxylon had the potential for developing
flamelike vessel arrangement, clusters, or
helical thickenings, it was not expressed
under the tropical conditions of the Middle
Eocene.

Clarnoxylon adds to the diversity of jug-
landaceous wood known from the early Ter-
tiary. Although previously reported fossil
juglandaceous woods are anaromically indis-
tinguishable from the wood of extant genera,
Clarnoxylon clearly represents an extinct
genus. This information is complimentary to
the fossil fruit record for the Juglandaceae,
which indicates that several extinct genera,
as well as some Recent genera, were present
in the Eocene. In the Platycaryeae, fruirs refer-
able to Platycarya and to extinct genera have
been recognised in the Eocene of North Amer-
ica and Europe (Manchester 1987, 1989).
However, the specialised xylem features of
extant Platycarya have not yet been observed
in the fossil wood record. It would not be
surprising if these features had not yet evolv-
ed, as this would be consistent with what is
known of the fossil record of dicotyledonous
woods and changes in xylem structure through
the Tertiary (Wheeler & Baas 1991).
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Note added in proof:
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