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ABsTRACT. Wood anatomy is described in detail for the single-species families Akaniaceae and
Bretschneideraceae, placed close together in most phylogenetic systems. Both families have simple perfora-
tion plates with occasional scalariform plates, alternate lateral wall pitting, helical sculpturing on vessel walls,
septate fibers with pits simple or nearly so, scanty vasicentric axial parenchyma, and wide tall multiseriate
rays composed mostly of procumbent cells. Differences between the genera are relatively few and minor
compared with resemblances; close relationship is indicated. Wood anatomy of the two families resembles
that of Sabiaceae and, to a lesser extent, that of other Sapindales. The wood is distinctive within Capparales
whether that order is defined traditionally or in the light of molecular studies. Wood data are compatible with
an interpretation that Akaniaceae and Bretschneideraceae diverged from near the base of Sapindales.

The families Akaniaceae and Bretschneideraceae,
each with a single species, have been placed next to
each other in Sapindales (including Rutales of some
authors) by Dahlgren (1980), Cronquist (1981), and
Thorne (1992); Takhtajan’s (1987) treament includes
them in Sapindales with only a single family
(Melianthaceae) intervening between them. The
families differ in that Akaniaceae have hypogynous
flowers and are alleged to lack myrosin cells (which
are usually thought to contain glucosinolate com-
pounds), whereas Bretschneideraceae have perigy-
nous flowers and myrosin cells (Cronquist 1981).
Although Akania may lack myrosin cells, both
families contain glucosinolates (Etlinger and Kjaer
1968); some families that contain glucosinolates
apparently lack myrosin cells (Metcalfe and Chalk
1950) but all possess some portion of this chemical
syndrome. Recently, similarity in embryology be-
tween Akaniaceae and Bretschneideraceae has been
demonstrated (Tobe and Peng 1990; Tobe and
Raven 1995).

The glucosinolate-bearing families, once scat-
tered among seven orders (Batales, Capparales,
Celastrales, Euphorbiales, Geraniales, Sapindales,
and Violales; Cronquist 1981), were included in an
expanded Capparales by Dahlgren (1980) on the
basis of certain character distributions and then by
Rodman (1991a, b), on the basis of phenetics and
cladistics. Excluded from Dahlgren’s (1980) revised
Capparales were the glucosinolate families Carica-
ceae and Pentadiplandraceae (often placed in
Violales), as well as Bretschneideraceae (usually
included in Sapindales). Drypefes, alone among
Euphorbiaceae, has been reported to possess

glucosinolates, but no author has suggested that
either Drypetes or Euphorbiaceae as a whole is close
to the other glucosinolate families. The arrange-
ment of Dahlgren (1980) was altered on the basis of
molecular data by Gadek et al. (1992), Rodman et al.
(1993), Rodman et al. (1994) and Conti et al. (1996),
who find that a monophyletic clade is formed by
the families Akaniaceae, Pataceae, Brassicaceae,
Bretschneideraceae, Capparaceae, Caricaceae, Gyr-
ostemonaceae, Koeberliniaceae, Limnanthaceae,
Moringaceae, Resedaceae, Tovariaceae, and Tro-
paeolaceae. Outgroups relatively close to these
glucosinolate families include Geraniales, Myrtales,
and Sapindales, according to the data of these
papers.

The intriguing redefinition of the glucosinolate
families (which might tentatively still be termed
Capparales) by Rodman et al. (1993), Rodman et al.
(1994), and Conti et al. (1996) invites comparison of
their cladograms with data from wood anatomy. |
have examined wood of Bataceae (Carlquist 1978),
Brassicaceae (Carlquist 1971), Gyrostemonaceae
(Carlquist 1978), Tovariaceae (Carlquist 1985), and
Limnanthaceae and Tropaeolaceae (Carlquist and
Donald 1996). Numerous papers contain data on
wood anatomy of Capparaceae (see Gregory 1994).
Wood descriptions have been furnished for Koeber-
liniaceae (Gibson 1979) and Salvadoraceae (den
Quter and van Veenendaal 1981). I plan papers on
wood anatomy of other glucosinolate families to
supplement this picture. Some information on
wood anatomy has been offered for Akaniaceae by
Dadswell and Record (1936), Heimsch (1942), Ilic
(1991), and for Bretschneideraceae by Cheng (1980),
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Cheng et al. (1992), Heimsch (1942), Luo (1989), and
Tang (1935). The present account is offered as a way
of offering supplementary quantitative and qualita-
tive data, using both light microscopy and scanning
electron microscopy (SEM). The material of
Bretschneidera studied by Heimsch (1942) was from
a twig, and thus may represent juvenile wood
expressions. By placing descriptions of the woods
of Bretschneidera and Akania together, the idea that
they are closely related, common to both traditional
phylogenetic systems as well as those based on
molecular data (e.g., Rodman et al. 1994), can be
assessed.

Data on wood anatomy are of particular interest
because there are such diverse growth forms (trees,
shrubs, stem succulents, annuals) among the
glucosinolate families. The cladogram of Rodman
et al. (1994) places Tropaeolaceae basal to Akania-
ceae and Bretschneideraceae, thereby offering the
intriguing possibility, acknowledged by those au-
thors, that there may have been marked shifts in
habit during the hypothesized divergence of the
herbaceous family Tropaeolaceae from the arboreal
sister-families Akaniaceae and Bretschneideraceae.
The nature of wood anatomy of these families
should be considered in connection with the
hypothesized shift in habit from herbaceous to
woody hypothesized by Rodman et al. (1994).

Some degree of divergence of Akaniaceae and
Bretschneideraceae in wood anatomy would be
expected because of the marked geographical
separation of the two families. Akania bidwillii
(Hogg) Mabb., formerly known as A. hillii Hook. f.
and A. lucens (F. Muell.) Airy-Shaw, is the sole
species of Akaniaceae and is native to southeastern
Australia (Cronquist 1981). Bretschneidera sinensis
Hemsl., the only species of Bretschneideraceae,
occurs in China and Taiwan (Lu et al. 1986).

MATERIALS AND METHODS

Wood samples were obtained from xylaria (wood
sample collections). The Forestry Commission of
New South Wales provided the samples of Akania
bidwillii (SFCw-D10096). The Samuel J. Record
collection of the U. S. Forest Products Laboratory
supplied the wood samples of Bretschneidera sinen-
sis (SJRw-21841, 22016). Locality data for these
samples were not available for these specimens
other than their country of origin (Australia and
China, respectively).

Sections were prepared on a sliding microtome
and stained with a safranin-fast green combination
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(Carlquist 1978). A few radial sections of
Bretschneidera sinensis wood were left unstained and
were examined with SEM. Macerations were
prepared with Jeffrey’s Fluid and stained with
safranin (Carlquist 1985).

Vessel diameter is measured as lumen diameter;
an attempt is made to estimate the average
diameter of each vessel (e.g., the average between
widest and narrowest diameter), since that average
would be the most significant measurement with
respect to conductive capacity of a vessel. Terms are
according to the IAWA Committee on Nomencla-
ture (1964). The ray types of Kribs (1935) have been
accepted here. The term “imperforate tracheary
elements” is used in a wide sense, including the
range from tracheids to libriform fibers, because of
the continuous nature of this range and because
this usage is common among recent authors on
wood anatomy. Scale bars in all Figs. represent 10
um units.

REsULTS

Akania bidwillii (Fig. 1-8). Growth rings incon-
spicuous, most latewood vessels only slightly
narrower than earlywood vessels. Vessels solitary
or in small clusters or multiples (Fig. 1), mean
number of vessels per group = 1.74. Vessels
rounded in transectional outline. Vessels mostly
with simple circular to elliptical perforation plates;
a few perforation plates basically scalariform but
with numerous aberrations (interconnections be-
tween bars) present (Fig. 3). Vessel to vessel pitting
alternate, pits about 5 pm in diameter (Fig. 5).
Inconspicuous grooves interconnecting pit aper-
tures (coalescent pit apertures) present on vessel
walls (Fig. 5, below; Fig. 6). Vessel to axial
parenchyma pitting (Fig. 8) and vessel to ray pitting
scalariform or transitional. Mean vessel diameter,
82 pm. Mean vessel wall thickness, 2.5 pm. Mean
number of vessels per mm? 63. Mean vessel
element length, 730 pm. Imperforate tracheary
elements with very small inconspicuous borders
(Fig. 7), the borders visible in face view and in
transections. The imperforate tracheary elements
mostly septate one to three times each, and thus are
septate fibers. Mean wall thickness of septate fibers
length of septate fibers, 1488 pm. Axial parenchyma
scanty paratracheal (vasicentric) with a few termi-
nal cells at ends of growth rings. Axial parenchyma
in strands of 4-8 (mostly 5) cells. Ray cells
multiseriate (Fig. 2), heterocellular, composed
mostly of procumbent cells, with upright cells at
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HCS 1-4. Wood sections of Akaniabidwillii. 1. Transection; margin of growth ring across middle of photograph. 2
Tangentia section; multiseriate rays tall, wide, uniseriate rays absent. 3. Aberrant scalariform perforation plate from
radial section. 4. Transection, growth ring margin verticaly down the middle of the photograph. Two rhomboidal
crystals shown in theray cells. Figs. 1-2, scale above Fig. 1; Fig. 3, scale above Fig. 3; Fig. 4, scale above Fig. 4; divisionsin

dl scales = 10 urn.



