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ABSTRACT 

Quantitative and qualitative data are presented for wood of 42 collections of 23 species of Ephedra 
from North and South America; data on bark anatomy are offered for most of these. For five collections, 
root as well as stem wood is analyzed, and for two collections, anatomy of horizontal underground 
stems is compared to that of upright stems. Vessel diameter, vessel element length, fiber-tracheid 
length, and tracheid length increase with age. Vessels and tracheids bear helical thickenings in 10 
Nonh American species (first report); thickenings are absent in Mexican and South American species. 
Mean total area of perforations per mm2 of transection is more reliable as an indicator of conductive 
demands than mean vessel diameter or vessel area per mm2 of transection. Perforation area per mm2 

is greatest in lianoid shrubs and treelike shrubs, less in large shrubs, and least in small shrubs. Plant 
size is roughly proportional to ecology, and thus perforation area per mm2 is indicative also of ecology. 
Growth rings are not marked in lianoid or tropical or subtropical species. Latewood has few or no 
vessels (and thus offers maximal conductive safety) in species from colder and drier habitats. The 
ecology of the species range from dry to extremely dry habitats. Rays are mostly wide multiseriate, 
but three tropical or subtropical species have uniseriate rays plus narrow multiseriate rays—possibly 
a primitive condition. The fiber-tracheids (parenchyma of other authors) are nucleated, and are con­
sidered a result of tracheid dimorphism phylogenetically. Tracheids are vaguely storied in a few species. 
Minute calcium oxalate crystals cover outer surfaces of wood ray cells, phloem ray cells, sieve cells, 
and phloem parenchyma abundantly in most species; the crystals are slightly less abundant on vessel, 
tracheid, and fiber-tracheid surfaces (first report of these crystals on these cell types). Crystals, tannins, 
and five types of sclerenchyma in bark are considered types of herbivore deterrents. Bark of some 
species is richer in these features; other species are poor in sclerenchyma or tannins or both. Independent 
evolution of vessels in Gnetales and angiosperms is briefly discussed. 

Key words: Ecological wood anatomy. Ephedra, Ephedraceae, Gnetales, gymnosperms, wood anat­
omy, wood evolution. 

INTRODUCTION 

Because of the inherent phylogenetic and structural interest of Gnetales, one 
might expect that wood and bark anatomy of Ephedra, Gnetum, and Welwitschia 
had been extensively investigated. In fact, our present knowledge is based upon 
study of only a few species of Ephedra and Gnetum; the secondary xylem of the 
single species of Welwitschia is incompletely known. The account by Martens 
(1971) summarizes what has been reported about wood anatomy in Ephedra—a 
few features for a few species: E. californica (Jeffrey 1917), E. distachya L. and 
E. monostachya L. (Thompson 1912); and E. trifurca (Chamberlain 1935). The 
ambitious monograph on gymnosperm wood by Greguss (1955) has minimal 
coverage of Gnetales: a description of E. distachya only, plates for that species 
and for E. major Host, and E. viridis. Even at the generic level, much has remained 
to be learned. The analysis by Martens (1971) of ontogenetic changes in rays 
requires modification. The occurrence of numerous small calcium oxalate crystals 
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Fig. 13-16. Transections of wood of Ephedra to show growth rings and vessel characteristics.— 
13-14. E. ochreata (Soriano 4149).—13. Vessels sparse, very few in first growth ring (pith below).— 
14. Transection portion to show scarcity of vessels (below), few vessels in upper three growth rings.— 
15. E. frustillata (Hauman 294); growth rings narrow with few vessels.—16. E. rupestris (Hunziker 
10504); growth rings evident (below); vessels probably entirely absent in this section. (Fig. 13. 15, 16, 
scale above Fig. 1; Fig. 14, scale above Fig. 11.) 
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Fig. 17-20. Transections of wood of Ephedra to show characteristics of vessels and tracheids.— 
17. E. pedunculata (Carlquisl 15819); vessels diminish in size only in last portion of growth ring.— 
18. E. californica (Carlquisl 15823); vessels wider in earlywood than in species with less marked growth 
rings; tracheids thicker walled than in other species.—19. E. frusiillaia (Hauman 294); vessels narrower 
in earlywood than in species with less marked growth rings. —20. E. fasciculata (Carlquisl 15859); 
numerous narrow growth rings, demarcated mostly by wider tracheids rather than wide vessels. (Fig. 
17-20, scale above Fig. 11.) 
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5. In a few species of Ephedra, vessels are absent in growth rings or nearly so. 
In these instances, growth rings are demarcated by juncture of wide earlywood 
tracheids with narrower latewood tracheids. The best example of this condition 
is shown for E. rupestris (Fig. 16). In this section, probably only a single vessel 
is present (see also Carlquist 1988). Ephedra frustillata (Fig. 15; portion enlarged. 
Fig. 20) and E. ochreata (Fig. 13. 14) show that some growth rings begin with a 
few vessels, whereas others contain only wider tracheids in earlywood. Although 
the E. rupestris illustrated represents a nearly vesselless condition, the E. ochreata 
example illustrates a transection in which some growth rings have no vessels in 
earlywood (at least in some places on the section), whereas in others, vessels are 
present in earlywood and are either fewer, or less numerous, or absent in latewood 
(Fig. 13, 14). 

The above account suggests that there is considerable variability in growth-ring 
expression as well as type, and therefore phenotypic modifiability is evident (note 
the difference in the two successive growth rings of Fig. 27). The ecological sig­
nificance of this is discussed in a later section of this paper. 

Vessel Density 

Mean vessel density is given for the collections studied in Table 1, column 3. 
There is an extraordinarily wide range, from 291 vessels per mm2 in E. tweediana 
to less than one in E. rupestris (Fig. 16), for which a representative figure cannot 
really be computed because the E. rupestris collection studied is so close to ves-
sellessness (Carlquist 1988). The two species with the highest density are the 
scandent species E. pedunculata (Fig. 1) and E. tweediana (Fig. 7). Both of these 
species achieve great vessel density by virtue of maintaining throughout latewood 
the same vessel density characteristic of earlywood. Vessel densities were com­
puted by scanning transections in a random fashion without avoiding rays: con­
sequently, species with wide rays tend to show lower vessel densities. The mean 
vessel density for the collections studied is 95 vessels per mm2 . Vessel densities 
above 95 vessels per mm2 were observed in E. americana, E. andina, E. boelckei 
(Fig. 2), E. compacta (Fig. 12), E. coryi var. viscida (roots only: Fig. 23), E. ochreata 
(Fig. 13), E. pedunculata (Fig. 1), E. triandra (Fig. 5), and E. tweediana (Fig. 7). 

Vessel Diameter 

Mean vessel diameter (lumen diameter) is given for the collections studied in 
Table 1, column 4, and sections enlarged to show characteristic vessel diameter 
conditions are presented here as Figures 17-20. Figures 1-16, 21, and 23 are also 
illustrative of a range of vessel diameter conditions. 

In dicotyledons, vessel diameter is approximately inversely proportional to 
vessel density (Carlquist 1975), but in Ephedra this correlation is more weakly 
represented. In E. boelckei (Fig. 2) and E. pedunculata (Fig. 1) vessels are both 
relatively wide and dense. This is also true in roots of Ephedra, as in E. californica, 
E. clokeyi, and E. coryi var. viscida (Fig. 23). 

Vessel Element Length 

Mean vessel element length is presented in Table 1, column 5. The mean length 
for vessel elements of all collections studied is 697 ^m. Thus, notably long vessel 
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Fig. 21-24. Comparison of stem wood (Fig. 21, 22) and root wood (Fig. 23. 24) o f f . coryi var. 
viscida (Carlquist 15831). — 21. Transection; vessels relatively narrow in earlywood but even fewer 
and narrower in latewood. —22. Tangential section; rays relatively narrow and numerous. —23. Tran­
section; vessels relatively wide, varied little in diameter with respect to growth rings. —24. Tangential 
section; rays very tall, few; tracheids storied (termini of cells in middle of photograph). (Fig. 21-24, 
scale above Fig. 1.) 
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Fig. 25-28. Comparison of wood of upright stems (Fig. 25. 26) and horizontal underground stems 
(Fig. 27, 28) o f f . irifurca (Carlquisi 8036). — 25. Transection; vessels are narrow.—26. Tangential 
section; rays are relatively numerous and narrow.—27. Transection; vessels are relatively wide.—28. 
Tangential section; rays are wide and tall. (Fig. 25-28. scale above Fig. 1.) 
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elements (over 800 txm) were observed in E. aspera, E. boelckei, E. californica, 
E. clokeyi, E. coryi var. viscida, E. pedunculata, and E. trifurca. All of these 
represent wood samples collected in the field (rather than removed from herbarium 
specimens) and are shrubs of medium to large size (or in the case of E. pedunculata, 
Carlquist 15819, a climbing shrub of mature size). 

Vessel Wall Thickness 

The figures of Table 1, column 6 reveal that most species have values for vessel 
wall thickness in a narrow range between 2.0 /xm and 3.0 fim. Wall thickness more 
than 4.0 /xm, a rare condition, was observed in E. californica (underground stem, 
root) and E. clokeyi (Carlquist 15911 stem). 

Perforation Plates and Lateral Wall Pitting of Vessels 

Ephedra has long been noted for its foraminate perforation plates. These consist 
of a group of circular perforations comparable to the circular outlines of pit cavities 
on lateral walls of Ephedra vessels or, for that matter, bordered pits on conifer 
tracheids. These are illustrated here in Figures 29-38 and in Figure 61 (upper 
right). Thompson (1912, 1918) reports occasional perforations (as defined on the 
basis of wide apertures and correspondingly reduced borders) that retain pit mem­
branes (bearing tori) in Ephedra. Such perforationlike pits (usually no more than 
one or two per perforation plate) were observed frequently in the present study. 
They usually are located not in the central portion, but at the top or bottom of 
the perforation plate and thus represent a kind of transition to the lateral wall 
pitting. In Figure 35, the central five "perforations" have retained pit membranes, 
an unusual condition. 

There are various possible ways to quantify the perforation plate features of 
Ephedra. Several are offered here. In Table 1, column 7, the number of series of 
perforations per perforation plate is given. If anywhere in a perforation plate two 
perforations lie in a lateral pair rather than in a single vertical line, the plate is 
said to have two series (Fig. 30, 33, 36, 37). If perforations form only a single 
line, the figure " 1 " was assigned (e.g., Fig. 29, 35, 38). Three series of perforations 
are illustrated here in Figures 31 and 32. In general, the number of series of 
perforations relates to the width of the vessel; a single series of perforations often 
characterizes narrow latewood vessels. 

Mean number of perforations per perforation plate (Table 1, column 8) has 
been calculated for the collections studied. This figure correlates (but weakly) with 
vessel diameter. The low mean number of perforations per perforation plate is 
reached in E. rupestris (Fig. 29); the highest figure was that for E. viridis, 17.9. 
The mean figure for all collections studied is 13.0. 

Mean diameter of perforations (Table 1, column 9) shows variation within the 
genus. Care is required in developing random measurements, and I selected no 
more than 4 perforations per perforation plate in assembling the data. The data 
of Table 1, column 9 range from a diameter of 8.0 nm in E. rupestris to 18.0 nm 
in stems of E. trifurca. 

The total mean area of perforations per perforation plate can easily be calculated. 
However, a more meaningful figure proves to be perforation plate area multiplied 


