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FURTHER CONCEPTS IN ECOLOGICAL WOOD ANATOMY, 
WITH COMMENTS ON RECENT WORK IN 

WOOD ANATOMY AND EVOLUTION 

Sherwin Carlquist 

Introduction 

In recent years, work in wood evolution has featured an interesting mix­
ture of comparative and experimental work, a consideration of anatomy, 
ultrastructure, and ecology, with modes of presentation stressing theoretical 
(or speculative), quantitative, and graphic elements. From the varied con­
tributions, some concepts have moved closer to clarification, some are still 
quite imperfectly understood, and some have remained untouched. As in 
the development of any field, one wishes to comment on progress and, 
where possible, advance the process of evolutionary synthesis in wood evo­
lution. 

In this paper, a variety of topics have been selected for consideration: 

1. Interpretation of the different types of growth rings as ecologically adap­
tive devices, together with a classification of growth rings on the basis 
of variations thus far known. 

2. Comments on the problems of quantification and statistical significance 
in ecological wood anatomy. 

3. A resume of recent views on the vessel element as an adaptive structure, 
with an attempt to delineate what should and should not be inferred in 
describing the major trends of wood evolution as irreversible. 

4. A review of the phenomenon of fiber dimorphism, with a discussion of 
the problems in applying this concept in dicotyledons. 

5. A strengthening of concepts of paedomorphosis in dicotyledonous wood. 
6. A review of recent work in scanning electron microscopy of woods. 
7. An exploration of possibilities for ecological interpretation of primary 

xylem structure. 

Growth Rings 

One of the topics not covered in my (1975a) book with an appropriate 
degree of thoroughness is the occurrence and significance of growth rings. 
As a response to ecological conditions, a growth ring (or the absence thereof) 
can be a very sensitive adaptive device. Chowdhury's early work (1939, 
1940, 1941) shows undeniable relationship between growth rings in partic­
ular species and the sequence of climatic events in the years those growth-
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rings were produced. He does not pinpoint ecological adaptation exactly 
(e.g., the precise effect of rainfall, of temperature, etc.), but in the compli­
cated climatic regime with which he is dealing that is not to be expected. 
The close correlation between growth rings and the sequence of climatic 
events has long been the basis for dendrochronology in the southwestern 
United States and other dry climates where seasonal occurrence of rainfall 
is the most important variable in formation of growth rings. 

There are perceptible limits to alterability of cell types within a growth 
ring. With respect to tracheids or other imperforate cells, enlargement in a 
radial direction probably never exceeds about 2.0 times the tangential width 
of the fusiform initial from which it is derived. The radial diameter is most 
often much less than 2.0 times the tangential width. One can say that in 
growth rings where radial diameter of tracheids changes during a year, one 
might more aptly express the change not in terms of enlargement of the 
earlywood tracheids, but rather in terms of very narrow radial diameter of 
the latewood tracheids (e.g., Fig. 10). Tangential diameter of tracheids or 
other imperforate cells shows very little increase over the diameter of the 
fusiform cambial initials from which they were derived. Quantitative figures 
for changes in radial diameter and wall material within a growth ring are 
given for tracheids by Denne (1973) in a study which shows these variables 
to be correlated with shoot vigor in his material. 

With respect to vessel elements, however, limits to increase in diameter 
compared with the fusiform cambial initials from which they were derived 
are almost indefinite, as the relatively huge diameter of vessels in vines, 
lianas, and certain markedly ring-porous trees (Fig. 22, 23) indicate. Vessel 
diameter seems to be closely correlated positively with volume of water 
conveyed and inversely correlated with "safety" of the conductive system 
(see Zimmermann 1971; Carlquist 1975a and the literature cited therein). 
Therefore, one should be able to use vessel diameter change within a ring 
as a sensitive indicator of ecological change within a season. Few works 
have attempted to express vessel diameter fluctuation within a single ring 
quantitatively, but at least one paper (Swamy, Parameswaran, and Govin-
darajalu 1960) can be cited in this regard. 

Although vessel diameter changes are viewed as the prime source of fluc­
tuations with which growth rings may be recognized, shift in the composi- •> 
tion of cell types present at the beginning versus the end of a growth ring 
is also quite important. This has been recognized in a number of works, 
particularly with respect to parenchyma presence (Chowdhury 1953, 1964). 
The absence of vessels at the end of a growth ring has been cited (Carlquist 
1978) and will be detailed further below. 

Any of the above three sources of variability, singly or collectively, may 
be used to characterize types of growth rings. Other anatomical expressions 
seem of other anatomical significance: variation in tracheary element length 


