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SUMMARY

Specimens of Woodworthia arizonica Jeffrey trees from the Late Triassic 
of Arizona, U.S.A. and the Permian of Brazil, typically have horizontal 
vascular traces that have extremely close contacts with the tracheids of 
the secondary xylem. In modern gymnospermous and angiospermous 
trees, such traces terminate on preventitious buds deeply embedded in 
their bark. Such buds develop into epicormic shoots, after substantial 
loss of foliage through fire or other damage.
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INTRODUCTION

Woodworthia arizonica Jeffrey (1910) Creber & Ash is a species of fossil coniferous 
tree that occurs in the Chinle Formation of Late Triassic age in the Petrified Forest 
National Park, Arizona (Creber & Ash 2004), in a few other localities in the American 
Southwest (Daugherty 1941), and in the Permian of Brazil. The secondary xylem of W. 
arizonica is unusual in that there are horizontal vascular traces traversing it from the 
centre of the axis to the exterior. The purpose of this paper is to describe these unusual 
features. The detailed description is based on a specimen from Brazil as its quality of 
preservation is distinctly superior to those in Arizona.

MATERIAL

The Woodworthia arizonica specimen from Brazil was collected by the late K.U. 
Leistikow from the Permian Irati Formation at Assistencia (22.5° S, 47.4° W), 120 km 
northwest of São Paulo, Brazil, where a large amount of fossil wood occurs (Kräusel 
& Dolianiti 1958). The specimen has been identified by the authors as conspecific with 
W. arizonica. It and thin sections made from it are lodged in the Senckenberg Museum, 
Frankfurt am Main, Germany, Registered Number SM.B. 17219. The collection site 
is estimated to have been at palaeolatitude 51° S during the Permian. In contrast, the 
W. arizonica trees in the Petrified Forest National Park, Arizona, where numerous 
specimens are housed in the Park Headquarters (Ash & Creber 2000), originally grew 
at an estimated palaeolatitude of 18° N in the tropics of the Late Triassic. They do not 
exhibit growth rings. Growth interruptions, which do not make a complete circuit of 
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Fig. 1–4. Woodworthia arizonica. – 1: An area of the transverse section of the secondary xylem 
not traversed by vascular traces, showing growth rings. Thin section 1. Scale bar = 400 μm. – 
2: A tangential longitudinal section of the secondary xylem with a transverse section of a vas-
cular trace. Inter-relationships of the vertical and horizontal tracheids are seen above the trace. 
Thin section 2. Scale bar = 200 μm. – 3: Detail of Fig. 2. Thin Section 2. Scale bar = 80 μm. – 
4: An area of transverse section of secondary xylem and longitudinal section of a trace. Tracheids 
are seen emerging from the trace and inter-penetrating between longitudinal tracheids (arrows). 
Thin section 1. Scale bar = 200 μm.

the trunk, are present (Jeffrey 1910, pl. 32, fig. 4; Larson 1956). No tissues external to 
the secondary xylem were preserved. Thus we have no knowledge of the structure of 
the vascular cambium, phloem, cortex or periderm. The presence of bark beetle trails 
on some specimens (Ash & Creber 2000) demonstrates that their external surfaces are 
those of the outermost secondary xylem.

Fig. 5. A transverse section of a portion of the trunk of specimen SM.B 17219, showing longi-
tudinal sections of vascular traces traversing many growth rings. – Scale bar = 1 cm.
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    Each vascular trace is about 1.5 to 3 mm in diameter (Fig. 2 & 3) and their frequency 
is in a range of about 4–22 in 25 cm2 of wood surface. These pass through a large num-
ber of growth rings (Fig. 5).Where the traces reach the outermost tangential surface of 
the secondary xylem they typically appear as small pits or projections (Jeffrey 1910, 
pl. 31, fig. 1–2) depending upon the effects of weathering on slight differences between 
the silicification of the secondary xylem and the traces.

DISCUSSION

Examination of thin sections of the wood reveals the large area of contact resulting 
from the intrusive growth of the horizontal outer tracheids of the vascular traces be-
tween the tracheids of the secondary xylem (Fig. 4, arrows). In extant trees, both gym-
nospermous and dicotyledonous (Bryan & Lanner 1980; Fink 1983; Burns 1993) the 
horizontal traces constitute the vascular supply to preventitious buds (Hartig 1878) 
deeply embedded in the bark on the trunk surface. Hartig was the first to distinguish 
buds of two different origins: preventitious buds (Präventivknospen) and adventitious 
buds (Adventivknospen). The former develop from meristematic cells in the leaf axils 
and persist in the bark for many years. The latter arise outside the normal phyllotaxy, 
differentiating secondarily from mature tissue or callus.
    Preventitious buds retain for many years the capacity to develop into epicormic 
shoots. Their development is normally suppressed by the downward flow of auxin from 
the crown foliage. When auxin flow is much reduced or stopped due to severe damage, 
the preventitious buds develop rapidly into new lateral branch systems. Thus the trees 
are enabled to survive (Burrows 1989).
    This type of shoot, emerging in large numbers from the trunk, functions as a valu-
able source of rapidly developing foliage to replace that lost in events such as forest 
fires. The redwoods (Sequoia sempervirens (D. Don) Endl.) of California provide an 
example of just such an effect. After a forest fire a complete cloak of new foliage is 
seen among the lateral branches killed by the fire (Jepson 1910, pl. 41).
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