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Introduction 

The broad patterns of wood evolution 
have now become well established. These 
trends of evolution, based on the vessel 
element and its specialization, have been 
termed the " major trends of xylem 
evolution " (Carlquist, 1961). The key 
to the discovery of these trends was the 
investigation of Bailey & Tupper (1918) 
into the significance of vessel-element and 
tracheid length. Bail-v & Tupper con­
cluded that tracheids preceded vessel 
elements phylogenetically. and that longer 
vessels elements, which in general show 
numerous resemblances to primitive tra­
cheids such as those of ferns, are more 
primitive than short vessel elements. 

The natural consequence of these conclu­
sions was investigation of features asso­
ciated with great length of vessel elements. 
Such investigations were carried out first 
on dicotyledons, and utilized samples of 
dicot woods at large. Characters posi­
tively associated with long vessel elements 
can be said to be primitive; progressively 
lower statistical correlation indicates 
advanced expressions, and negative cor-
11 lation the most advanced conditions. 
The studies of Frost (1930a, 1930b, 1931) 
showed that primitive dicot vessel 
elements are long, have highly oblique 
(nearly vertical) end walls with numerous 
bars on each perforation, have scalariform 
lateral-wall pitting, and tend to be angular 
in transectional view. Independent con-
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firmation of these expressions was given 
in monocots by (beadle (1943). Speciali­
zation in vessel elements is expressed by 
decrease in length; loss of bars, leading to 
a simple perforation plate; breakup of 
scalariform pits into rows of opposite, 
finally alternate, pi ts ; and tendency for 
the vessel to be round in transectional 
outline. 

In dicots, trends of specialization in 
axial and ray parenchyma were explored 
by Kribs (1935, 1937) and Barghoorn 
(1940, 1941a, 1941b). Conclusions of 
interest to the present study include the 
tendency of rays to specialize by losing 
their heterogeneity (presence of both 
erect or square and procumbent cells), 
resulting in homogeneity (procumbent 
cells only, or more rarely, erect cells only). 
Barghoorn (1941b) showed that in a few 
cases, predominance of erect ray-initial 
cells and their elongation results in elimi­
nation of rays by conversion of ray initials 
to fusiform initials. For summary of the 
above and other papers on wood evolution, 
and for an elaboration of the principles 
which underlie them, the reader may 
consult Carlquist (1961). 

The purpose of the present s tudy is not 
to present negations to these well-estab­
lished trends of wood evolution. In the 
writer's experience these 1 rends, although 
they have needed minor modification 
by various workers (see Carlquist, 1961), 
are fully justified. However, exceptional 
cases, which do not at first seem to follow 
the major trends of xylem evolution, may 
cause botanists to question the validity 
of these trends. The woods in the present 
s tudy are such exceptional cases, and must 

I >lained. This explanation takes the 
form of revealing that juvenile charac­
teristics — those of the primary xylem — 
have been protracted into the secondary 
xylem. One may term this process 
paedomorphosis, in accordance with the 
term of de Beer (1930), since some woods 
appear to be permanently juvenile. 
Others appear to lose their juvenile quali­
ties slowly, while typical woody dicots 
would be expected to mature rapidly. 
No one has suggested that all woods 
develop mature patterns at the same rate. 
Existing literature, on the contrary, 
suggests just the reverse. Thus, a unified 

concept of juvenilism or paedomorphosis 
in woods is needed to explain phenomena 
which have not been explained as yet. 
If some woods are permanently or for a 
long period in a s tate of juvenility, they 
are not truly comparable with woods 
which have attained a mature pattern, 
and the significance of this to comparative 
and evolutionary studies seems consider­
able. Also, juvenilism may take different 
forms in different groups of dicots. 

Work on trends of wood evolution has 
emphasized statistical correlations. If the 
present cases are, as the writer believes, 
alterations of ontogeny of secondary 
xylem in various groups, statistical cor­
relations cannot be applied to reveal this 
nature. The only ways in which onto-
genetically altered woods can be perceived 
and analyzed are: (1) selection of woods 
which appear both from growth form of 
the plant and from exceptional conditions 
in wood anatomy, to be examples of 
paedomorphosis; these examples should 
be from various groups; (2), analysis of the 
ontogeny of woods in these species; this 
can be done by tracing changes on radia 
sections, beginning at the pith, in woods 
which show accumulation of xylem over 
a period of years long enough to have 
produced, in a " normal " woody plant, 
a semblance of a mature condition; and 
finally (3), comparison of these woods 
with woods of true herbs. Obviously 
annual herbs would be most definitive for 
showing modes of wood anatomy in her­
baceous plants. 

M a t e r i a l s and M e t h o d s 

The usual techniques for sectioning of 
woods have been used. Softer woods 
were sectioned by paraffin techniques. 
Because the theoretical nature of the 

does not seem to demand publica­
tion of precise sources of materials, these 
are not given. Listing of sources and 
voucher specimens for the species used, 
however, will be sent by the author on 
request. 

The Theory 

Typically, in woody dicots, the begin­
ning of secondary growth is accompanied 


