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WOOD ANATOMY OF CHLOANTHACEAE (DICRASTYLIDACEAE) 

Sherwin Carlquist1 

Introduction 

Chloanthaceae, apparently the correct name for a group also termed Di-
crastylidaceae (Munir 1978), is a familial taxon often used for Australian 

~^-*eenera which have been referred to Verbenaceae. The family was erected 
bV^Flutchinson (1959). Others have, to be sure, treated the family as a 
distinct tribe of Verbenaceae, beginning with Bentham and Hooker (1876). 
The presence of endosperm in seeds as well as ovule position in Chloan
thaceae have been used as criteria for segregating the family from Verben
aceae (Munir 1979). However, the present study adds two important dis
tinctions. All species of Chloanthaceae examined to date have successive 
cambia. Verbenaceae have normal cambia except for Avicennia (Metcalfe 
and Chalk 1950; Zamski 1979), a genus sometimes recognized as a separate 
family. Chloanthaceae all prove to have bordered pits on imperforate tra-
cheary elements of the secondary xylem. These pits are not fully bordered; 
they are intermediate between fully bordered and vestigially bordered. Thus 
the elements should be termed fibertracheids. Vestigial borders have been 
reported on pits of imperforate tracheary elements of Petraea volubilis L. 
(Metcalfe and Chalk 1950) and Tectona (Gottwald and Parameswaran 1980). 
but all other nonchloanthoid Verbenaceae have simple pits on imperforate 
tracheary elements according to Metcalfe and Chalk. 

Thus. Chloanthaceae have more distinctive characters than previously 
recognized, and the segregate family is used in the present paper as a way 
of calling attention to these characters. The taxonomic groupings of genera 
into families within the tubiflorous families of dicotyledons may be expected 
to shift. Among authors who have recognized Chloanthaceae (some under 
the name Dicrastylidaceae) as a family are Airy Shaw (1965). Beard (1970), 
Eichler (1965), Gardner (1972), Maconochie and Byrnes (1971), Moldenke 
(1971), Munir (1975. 1978. 1979), Symon (1969), and the editors of Index 
Kewensis. A case could easily be made that Chloanthaceae are as distinct 
from Verbenaceae as are Lamiaceae. The presence of borders on pits of 
fiber-tracheids and the presence of endosperm may be considered primitive 
features in tubiflorous dicotyledons. The occurrence of successive cambia 
is very likely a specialized feature, one which perhaps suits attainment of 
greater stature in taxa where moderate conditions permit larger-sized plants. 
One might hypothesize that the ancestor of chloanthoids was a short-lived 
plant with little cambial activity, like the Dicrastylis species of desert areas 
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of Australia, and that the woody habit was acquired, accompanied by in
novation of successive cambia, as that chloanthoid stock moved into more 
moderate habitats. 

In the present study, wood anatomy of Chloanthaceae is considered, but 
the nature of the successive cambia which produce the wood is not studied. 
That topic needs investigation. The number of species in the present study 
is not notably large. Stems of most species develop little wood, and such 
a genus as Mallophora, although a subshrub. produces only slender twigs 
unsuitable for study. Wood samples of chloanthoid genera are not to be 
found in wood collections, the focus of which is almost invariably arboreal 
species of dicotyledons. The stems I collected were at least 5 mm in di
ameter. Most of these show an irregular surface rather than a smooth cy
lindrical conformation. As in certain other dicotyledonous groups, the ir
regular surface is an indication of the occurrence of successive cambia. The 
products of these cambia occur as arcs which often do not extend around 
the entire circumference of a stem. 

The species studied here were collected in Northern Territory in 1978 
(Pityrodia jamesii Specht, P. lanceolata Munir, P. lanuginosa Munir) or 
in southwestern Australia in 1974 (remaining species). The three Northern 
Territory wood collections were made during a helicopter reconnaissance 
of the Arnhem Land sandstone plateau. Pityrodia jamesii and P. lanuginosa 
were collected at "Camp 2" whereas P. lanceolata was collected at "Camp 
3 " ; details of this expedition are given in an earlier paper (Carlquist 1979). 
Cyanostegia angustifolia Turcz. was collected in a sand area near Kal-
goorlie. The other collections were made in areas closer to the coast. 
Chloanthaceae are a characteristic element of the sandplains of southwest
ern Australia. The occurrence of the Northern Territory Pityrodia species 
on sandstone represents an ecologically similar situation with respect to 
substrate. The lack of wood development in chloanthoids of southwestern 
Australia may be attributed to summer heat and drought, or possibly winter 
frost in some species. Either of these factors would tend to result in the 
innovation of branches from the ground level each year. In the Northern 
Territory Pityrodia species, however, the growing season is yearlong, so 
that woody trunks, as in P. lanceolata. and stature as small trees can be 
achieved. Pityrodia jamesii and P. lanuginosa are shrubs more than a meter 
in height but of limited duration. This trio of species shows some correlation 
between plant size and mesomorphy; P. lanceolata is the largest plant of 
the three, and it also has the largest leaves (Fig. 28). Anatomical literature 
contains virtually no information on wood anatomy of Chloanthaceae. 

Materials and Methods 

Wood samples were collected in the field and dried. Liquid preservation 
is a more advisable procedure with woods involving successive cambia: 
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however, details of secondary phloem and parenchyma between vascular 
bands in stems were often not at all seriously damaged as a result of drying 
(e.g.. Fig. 1, 3. 4, 12). Wood samples were boiled and sectioned on a sliding 
microtome. Macerations were also prepared from the boiled wood seg
ments. Safranin was used as a stain for both the sections and the macera
tions. 

Quantitative Data 

Quantitative data were prepared according to the usual methods. How
ever, the figure for vessels per sq. mm. refers to xylem areas per se. and 
does not result from a scan including parenchyma bands between the vas
cular tissue. The calculations for V ("vulnerability") and M ("mesomor-
phy") are based upon formulas presented earlier (Carlquist, 1977). 

Cyanostegia angustifolia Turcz (Carlquist s.n.). Mean vessel diameter. 
36 um. Vessels per sq. mm.. 252. Vessels per group, mean, 5.36. Mean 
vessel-element length. 257 um. Mean fiber-tracheid length. 456 um. Fiber-
tracheid wall thickness, 2.6 um. Mean multiseriate ray height. 282 um. 
Mean uniseriate ray height 141 um. V = 0.14; M = 36. 

Cyanostegia lanceolata Turcz (Carlquist 5905. RSA). Mean vessel di
ameter. 36 um. Vessels per sq. mm., 221. Vessels per group, mean, 3.24. 
Mean vessel-element length, 274 um. Mean fiber-tracheid length, 526 um. 
Fiber-tracheid wall thickness. 2.8 um. Mean multiseriate ray height, 392 
um. Mean uniseriate ray height. 293 um. V = 0.14; M = 44. 

Lachnostachys eriobotrya (F. Muell.) Druce (Carlquist 5896, RSA). Mean 
vessel diameter, 34 um. Vessels per sq. mm., 155. Vessels per group, mean. 
2.60. Mean vessel-element length, 266 um. Mean fiber-tracheid length. 556 
um. Fiber-trahceid wall thickness, 2.5 um. Mean multiseriate ray height. 
639 um. Mean uniseriate ray height. 439 um. V = 0.22: M = 59. 

Physopis lachnostachys C. A. Gardner (Carlquist 5975, RSA). Mean ves
sel diameter, 36 um. Vessels per sq. mm., 109. Vessels per group, mean, 
1.88. Mean vessel-element length. 201 um. Mean fiber-tracheid length, 420 

jiim. Fiber-tracheid wall thickness, 3.0 um. Mean multiseriate ray height, 
701 um. Mean uniseriate ray height. 270 um. V = 0.33; M = 66. 

Pityrodia hartlingii (Lehm.) Benth. (Carlquist 5483, RSA). Mean vessel 
diameter, 44 um. Vessels per sq. mm.. 171. Vessels per group, mean, 6.28. 
Mean vessel-element length, 252 um. Mean fiber-tracheid length, 473 um. 
Fiber-tracheid wall thickness, 3.0 um. Mean multiseriate ray height, 667 
um. Mean uniseriate ray height. 307 um. V = 0.26; M = 65. 

Pityrodia jamesii Specht (Carlquist 15417, RSA). Mean vessel diameter, 
40 um. Vessels per sq. mm., 98. Vessels per group, mean, 1.50. Mean 
vessel-element length, 269 um. Mean fiber-tracheid length, 5\6 um. Fiber-
tracheid wall thickness, 2.6 ^m. Mean multiseriate ray height, 371 um. 
Mean uniseriate ray height, 160 um. M = 0.41; V = 110. 




