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individual subsidiary cells are not discernible 
within the annular ridge. 

The surface pallern of anastomosing ridges 
corresponds to a subepidermal network of thick 
sclerenchymous strands (Figs 3C, 6D). The 
internode of a shoot with four-membered nodes 
shows four large vascular bundles along the ribs 
(Fig. 4A, B). Their complete number should be 
eight. Small bundles between them are surfacing 
sporadically from a deeper level within the 
vascular system (Fig. 4B-D). The bundles 
coalesce at the nodes. The leaf traces depart in 
pairs from the larger bundles at their joining the 
nodal girdle (Fig. 4A, B and 5A, B). 

The large bundles are four times thicker than 
the small bundles and apparently conLain more 
thick-walled fibers that are minutely pitted (Fig. 
6A). The tracheary elements are 7-10 mm wide 
showing reticulate wall pattern and indistinctly 
bordered pits that are arranged in two rows or, 
less commonly, in irregular groups on the radial 
walls (Figs 6B, C). Vessels differ from traeheids 
in that the pits at their poles are transformed 
into dense perforations (Fig. 6D) that are 
irregularly confluent sometimes forming larger 
pores (Fig. 6E). The secondary and terti.ary wall 
thickenings are preserved as casts of the 
infillings of the tracheary elements (Figs 6A, B, 
7A). They are helical or occasionally annular 
with fine 10ngilUdinal striation. 

Discussion 

In leaf arrangement this plant resembles 
Ephedra rather than Phyl/otheca or other 
sphenopsids. The cuticular and vascular 
characters also indicate ephedroid affinities. The 
e::r.:tant Ephedra growing in arid and semiarid 
environments produce abundant deciduous 
branchlets that are shed by an abscission layer 
at the base of an internode with the onset of the 

dry season. The Koonwarra material might 
represent such branchlets abscissed at various 
growth stages and, therefore, show a variable 
number of leafy nodes and likewise variable 
internode lengths. In the majority of e::r.:tant 
Ephedra species there are 2 leaves that arise 
from each node, but in E. foliata, E. torreyana, 
E. trifurcata and some other species there are 
3-4 leaves per node (Pearson 1920). The leaves 
of successive nodes are typically decussate, 
basally connate, with the sheaths variable, 
sometimes much reduced. Characteristic of 
Ephedra are sunken stomata in the interrib 
zones, their guard cells lacking cuticular ledges. 
The number of vascular bundles in the axis 
loosely correlates with the number of leaves, 
so that in the 2-leaved shoots there are typically 
eight bundles while the4-leaved shoots may have 
up to sixteen or occasionally twenty bundles 
(Deshpande & Keswani 1963). The alternation 
of large and small bundles, the latter situated 
deeper in the axis, appears more constant within 
the genus. According to Pearson (1920) the leaf 
traces depart separately from the nodal girdle, 
appearing as a continuation of the smaller 
bundles, but Deshpande and Keswani (1963) 
describe them as departing alternatively from 
the larger and smaller bundles before the nodal 
girdle is formed. The tracheids and vessels show 
circular bordered pits and helical thickenings, 
whereas perforations of the end waIls are 
formed of enlarged or confluent bordered pits. 

All these characters agree well with the 
fossil material. However, in the latter, the leaf 
number ranges from two to eight, far e::r.:ceeding 
the range of extant species. Moreover, the ratio 
of leaf to internode bundle numbers is 
considerably less than in Ephedra. The 
Koonwarra plant can thus be described as having 
an ephedroid shoot morphology, but with a 
considerably less reduced foliar component 
than in the extant species of the genus. Because 

Fig. 6. PararypePl202107. A. Small vascular bundle showing tl1lCheaI}' elements and fibers, SEM, x 1200, B. Enlargement of a 
tracheaI}' element with annular thickenings and a finely pitted perforation plale al one end. C. Tracheary elements with remams 
of pits and helical thickenings, SEM. x2500. D. E. Tracheary elements with small tenninal perforations and. in E, a large porous 
perfoTalioo. SEM. x 2800 and x7000. 
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Fig.7. Pararype P 12021 07. A. Tracheary elemenlll of large bundle showing spiBl thickenings, 7.: 2000. B, C. Tradleary elements 
with remains of bordered pits, x 3000 and 7.: 5000, D. Sclerenchymous networic over the VIlScul.ar tissue, x17oo. 

of these differences and incomplete anatomical Ephedrites Goeppen & Berendt in Berendt 
data the fossil plant can not be assigned to (1845) includes featureless shoot impressions 
Ephedra. Among other known fossil forms, with no anatomical information. Eoantha, a 



133 ALCHERINGA LOWER CRETACEOUS EPHEDROlD PLANT 

proangiospermous plant of gnetalean affinities 
roughly contemporaneous to the Koonwarra 
fossil (Krassilov 1986) has linear graminoid 
leaves. In Drewria potomacensis the leaves are 
elongate, with goniopteroid venation (Crane & 
Upchurch 1987). Ephedrites sinensis (Wu, et 
al. 1986) is superficially similar, but differs in 
having three scaly leaves per node while in 
Jurassic Heerala (Krassilov & Bugdaeva 1988) 
the vegetative morphology is insufficiently 
known, precluding a comparison with the 
Koonwarra material. 
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