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Wood of nine species of Krameria (including all clades proposed within the genus) reveals a few characters related 
to infrageneric systematics; most relate primarily to ecology and habit. Wood of Krameria closely fits quantitative 
data reported for desert shrubs. Lack of vessel grouping correlates with the presence of densely pitted tracheids. 
Wood xeromorphy in Krameria may relate in part to hemiparasitism. Tracheid presence may also account for 
relatively low vessel density. Wood anatomy of six species of Zygophyllaceae (including both genera of Morkillioideae) 
is compared with that of Krameriaceae because recent phylogenies propose that these two families comprise the 
order Zygophyllales. Several wood characters appear to represent synapomorphies reflecting this relationship. Dif­
ferences in wood anatomy between Krameriaceae and Zygophyllaceae are believed to represent autapomorphies. 
Notable among these include Paedomorphic Type II rays (Krameriaceae), storying (Zygophyllaceae), presence of ves­
tured pits (Zygophyllaceae), and differentiation into vasicentric tracheids and fibre-tracheids (Zygophyllaceae). The 
latter feature is referable to the concept of fibre-tracheid dimorphism. Recognition of Krameriaceae as separate from 
Zygophyllaceae is supported by wood characters. Wood of Zygophyllales does not conflict with the idea that the order 
belongs to rosids, with Malpighiaceae as the outgroup of Zygophyllales. © 2005 The Linnean Society of London, 
Botanical Journal of the Linnean Society, 2005, 149, 257-270. 
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I N T R O D U C T I O N 

Simpson et at. (2004) considered Krameria, with 18 
species, to be the sole genus of Krameriaceae. The 
range of the genus includes North America, West 
Indies and South America. Wood xeromorphy would be 
expected in these small-leaved shrubs, because of the 
relatively dry (at least seasonally) localities in which 
they grow (see Simpson, 1989). The habits range from 
moderate-sized shrubs (to 6 m in Krameria cytisoides) 
to subshrubs with somewhat woody underground 
stems and roots but prostrate herbaceous stems 
{Krameria lanceolata). The outline drawings in Simp­
son (1989) demonstrate this range quite well. Such a 
range of habits invites comparisons with wood anat­
omy. The hemiparasit ism of the genus (Cannon, 1910; 
Simpson, 1989) is also relevant to interpretation of 
wood anatomy; woody parasi tes have highly xeromor-
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phic wood (Carlquist, 1977; Carlquist & Hoekman, 
1985). 

Ideas on the systematic relationships of Krameri­
aceae have changed considerably. Earlier, the family 
was considered a subfamily of Fabaceae (or even 
within Fabaceae, subfamily Caesalpinoideae), or else 
near Polygalaceae (see Simpson, 1989; Simpson et al., 
2004). More recently, on the basis of data from DNA, 
Krameriaceae have been aligned with Zygophyllaceae 
(Chase etal., 1993; Savolainen et al., 2000; Soltis 
et al., 2000). These newer studies form a striking 
example of how molecular data have led to previously 
unsuspected familial alliances within angiosperms. 
When anatomical evidence is re-examined in the light 
of molecular-based phylogenies, previously unappreci­
ated similarities often become evident. In the present 
study, the resemblances between wood of Krameri­
aceae and Zygophyllaceae are so convincing tha t com­
parisons with families other t han Zygophyllaceae are 
only minimally considered. 
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Krameriaceae and Zygophyllaceae are now consid­
ered the only two families of Zygophyllales, an order 
placed in the clade Eurosid I by Soltis etal. (2000). 
Maintenance of Krameriaceae as a monogeneric 
family separate from Zygophyllaceae under these cir­
cumstances can be questioned, and in this context, 
presentation of wood anatomical differences between 
the two families becomes significant. The treatment 
of the family Zygophyllaceae here follows tha t of 
Sheahan & Chase (1996). Those authors excluded 
Nitraria and Peganum as the families Nitrariaceae 
and Peganaceae, respectively, of the Sapindales. 
Sheahan & Chase (1996) included Balanites, segre­
gated as a monogeneric family by some authors , 
within Zygophyllaceae. 

Few data on wood of Krameriaceae have been 
offered hitherto. Aside from Kunz (1913), the observa­
tions of Metcalfe & Chalk (1950) contain the most 
information. Numerous papers and books contain 
observations on wood anatomy of Zygophyllaceae (see 
Gregory, 1994), although most published information 
is derived from study of three arborescent genera: 
Balanites, Bulnesia and Guaiacum. The summary of 
wood anatomy of Zygophyllaceae by Metcalfe & Chalk 
(1950) remains a convenient source of information. 

MATERIAL A N D M E T H O D S 

The collections of Krameria studied are as follows: 
K. cistoidea J. W. Hook, and Arn., 30 km E of Combar-
lala, Coquimbo, Chile, Simon 234 (RSA); K. cytisoides 
Cav., 9 km NE of Vizmon, Queretaro, Mexico, Zamudio 
2692 (MEXU); K. erecta Willd, & Schult. ex Schult 
(det. As K navae Rzed.), 2.6 km SE of Acuna, Guadal-
cazar, San Luis Potosi, Mexico, Torres 15007 (MEXU); 
K. erecta (det. as K parvifolia Benth. var. imparata 
(Britton) J. F. Macbr.), near Jacumba, San Diego Co., 
California, Til forth 415 (RSA); K. grayi J. Rose & R. A. 
Painter, Coyote Pass, jus t E of Oatman, Mohave Co., 
Arizona, Carlquist 15826 (RSA); K. grayi, 'Colorado 
Desert' (presumably Sonoran Desert of Arizona), coll. 
/. Webber, SJRw 27012; K. lanceolata Torr., Bracken-
ridge Field Station of the University of Texas, Austin, 
Texas, herbarium specimen from live material sent by 
B. B. Simpson preserved as Carlquist 15947 (RSA); 
K. lappacea (Downey) Burdet & Simpson, Santa 
Catalina, Jujuy, Argentina, Zuloaga 6111 (MO); 
K. secundiflora Mocino & Sesse ex A.P. de Candolle, 
Hernandez 4571 (MEXU); K. sonorae Britton, Wiggins 
244 (DS), USw-34156; K. tomentosa A. St.-Hil., Brazil, 
Mattos Silva 2995 (TEX). Collections of Zygophyl­
laceae studied are as follows: Fagonia laevis Standley, 
near Jacumba, San Diego Co., California, Tilforth 417 
(RSA); Guaiacum guatemalense (Planch.) Rydb. & 
Vail, Heimsch slide 14926; Larrea tridentata (Sesse & 
Mocino ex DC) Coville, Bissing 200 (RSA); Morkillia 

acuminata Rose & Painter, 29 km from Victoria on 
road to Jaumave, Tamaulipas, Mexico, Johnston 5370 
(TEX); Tribulus zeyheri Sond., granitic rocks in pass, 
south side of Swakopmund River, about 20 km E 
of Swakopmund, Namibia, Carlquist 8082 (RSA); 
Viscainoa geniculata (Kell.) Greene, dunes 8 km S of 
Mulege, Baja California Sur, Mexico, Daniel 6778 
(SBBG). 

Material of K. lanceolata was received as living 
plants; stem and root portions were preserved in 50% 
aqueous ethanol. Material of all other species of 
Krameria was available as dried stems; these were 
boiled in water, stored in 50% aqueous ethanol and 
sectioned with a sliding microtome. The material of 
K. lanceolata was softened with ethylene diamine and 
sectioned in paraffin according to the schedule of Carl­
quist (1982). Sections were stained with a sa f ran in-
fast green combination. This usually reliable method 
is adequate for Krameria woods, but s taining of ligni-
fied cells is less intense than is typical for dicotyledon 
woods stained in this fashion. The ethylene diamine-
treated material of K. lanceolata s tained more deeply. 
Unstained sections of selected species were dried 
between glass slides, sputter-coated with gold, and 
studied with a Hitachi S2600N scanning electron 
microscope (SEM). Macerations were prepared from 
alcohol-stained material with Jeffrey's Fluid and 
stained with safranin. The mater ials studied here 
show an adult pat tern for their respective species 
except for Viscainoa geniculata, in which a stem 
approximately two years old was studied. 

Diameter of vessels was computed as lumen diam­
eter because the latter has more significance than out­
side diameter with respect to xylem conductive 
physiology. Vessels oval in transection were measured 
as an average of long and short chords. Measurements 
presented in Table 1 are derived from averages of 25 
measurements per feature. The presentation of famil­
ial means for Krameriaceae facilitates comparisons 
within the genus Krameria and aids in ecological com­
parisons. Terminology is in accord with the LAWA 
Committee on Nomenclature (1964). Usage of the 
term 'tracheid' follows LAWA Committee on Nomencla­
ture (1964) and Carlquist (1984, 2001) and use of the 
terms 'fibre-tracheid' and 'vasicentric tracheid' follows 
tha t of Metcalfe & Chalk (1950) and Carlquist (1985a, 
2001). 

R E S U L T S 

G R O W T H RINGS 

Most species of Krameria have at least some evidence 
of growth rings characterized by more numerous and 
wider vessels in earlywood, with fewer and narrower 
vessels in latewood. No growth rings were observed in 
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