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ABSTRACT 

Qualitative and quantitative features are reported for mature wood and bark of two species of 
Kadsura and five species of Schisandra. Newly reported for die family are predominance of simple 
perforation plates (all species); presence of pit membrane remnants in vessels of first-formed secondary 
xylem; two to three series of pits per facet on tracheids; diffuse axial parenchyma (Kadsura); multiseri-
ate rays more man three cells wide at die widest point (all species); ethereal oil cells in axial xylem; 
and certain details of comparative bark anatomy. Differences in wood anatomy between Uliciaceae 
and Schisandraceae are nearly all differences of degree. These differences relate to die shrubby to 
arboreal habit in Illicium as opposed to the scandent habits in Schisandraceae. Larger pits on tracheids. 
wider and shorter vessel elements, and a high figure for conductive area per mm2 of transection are 
features related to the scandent habit of Schisandraceae; opposing character states in Illicium relate to 
the self-supporting nature of growth forms in that genus. 

Key words: bark anatomy, comparadvc wood anatomy, ethereal oil cells, Illicium, Kadsura. Magno-
liidae. mucilage cells, Schisandra, vessel evolution, xylem. 

INTRODUCTION 

Although the materials in the present study (two 
species of Kadsura, five of Schisandra) do not repre­
sent a large proportion of the two genera of Schisan­
draceae (which have 22 and 25 species, respectively, 
according to Smith 1947), the nature of the material 
offers reasons for presentation of this study. 

Unlike the dried materials available to Bailey and 
Nast (1948) and Metcalfe (1987), all but one of the 
species in the present investigation are represented by 
liquid-preserved stems. Thus, phloem, cortical, and 
pith cells are not collapsed and can be successfully 
sectioned by a paraffin technique (Carlquist 1982a). 
Secondly, all of the material is from relatively mature 
stems 5 mm or more in diameter; thus, mature wood 
and phloem patterns are present. Bailey and Nast 
(1948) and Metcalfe (1987) stress that data available 
to them are based on relatively young stems of few 
species (the number not documented in those studies), 
and that their conclusions, accordingly, are limited. 

In many of the specimens studied here, however, 
wood formed during the first year of secondary growth 
has scalariform perforation plates with numerous bor­
dered bars. Such perforation plates provided opportu­
nities to search for presence of pit membrane remnants 
as are found in Uliciaceae (Carlquist 1992). Schisan­
draceae are considered by most authors to be close to 
Uliciaceae on the basis of macromorphology and anat­
omy (Metcalfe 1987) as well as on the basis of mo­
lecular data (Qiu et al. 1993). 

A relatively recent monograph of the woods of Il­

licium (Carlquist 1982&) also provides the basis for a 
comparison between Uliciaceae and Schisandraceae. 
Woods of Schisandraceae can be used to document the 
adaptations to the scandent habit by the Illiciales, in 
both qualitative and quantitative terms. Woody vines 
and lianas have a number of distinctive anatomical fea­
tures (Carlquist 1985, 1991). Lianas, however, do not 
have a single mode of structure in wood or bark. Al­
though there are character states in wood and bark of 
lianas that are more common than they are in non-
scandent relatives of particular scandent taxa, there is 
no single optimal wood or stem anatomy for a scan­
dent species. The present study, therefore, is a contri­
bution to an appreciation of the diverse ways in which 
lianas are constructed. Perhaps particular modes of lia-
noid structure will emerge more clearly as a result of 
such comparative studies. Despite recent attention paid 
to wood of lianas, wood anatomy of scandent plants 
is still more poorly known than that of self-supporting 
woody plants. Tree species have traditionally formed 
the preferred objects for study by wood anatomists on 
account of the economic value of trees. 

MATERIALS AND METHODS 

Stem samples preserved in 50% aqueous ethanol 
were available except for Kadsura scandens (Blume) 
Blume; for that species, a xylarium accession was 
used. The large vessels and, in bark, the intermixture 
of sclerenchyma and thin-walled cells provide section­
ing difficulties not readily solved with a sliding mi­
crotome. Therefore, an alternative method (Carlquist 
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1982#) was used. Sections were stained with a safra-
nin-fast green combination. Some paraffin sections 
were left unstained, mounted on aluminum stubs, 
cleansed of paraffin, air-dried, sputter-coated, and ex­
amined with scanning electron microscopy (SEM). 
Macerations of mature wood were prepared with Jef­
frey's Fluid and stained with safranin. 

Specimens documenting this study are as follows: 
Kadsura japonica (L.) Dunal, coastal forest of Miya-
jima Island, Japan, Carlquist 15688 (RSA); K. scan-
dens, cultivated at Buitenzorg Botanic Garden from 
seeds collected in China, SJRw-19511 (Forest Products 
Laboratory); Schisandra glabra (Brickell) Rehder, 
about 8 km from Williamston, Martin Co., North Car­
olina, Ornduff 7698 (UC), cultivated at the University 
of California, Berkeley, Botanic Garden, 74.0465; S. 
henryi Clarke, Chuang Hua Pref., W. Zhejiang Prov., 
China, from plants grown in Shanghai Botanic Garden, 
cultivated at the University of California, Berkeley, 
Botanic Garden, 87.0605; S. repanda (Sieb. & Zucc.) 
A. C. Smith, cultivated at the Koshikawa Botanic Gar­
den of the University of Tokyo, Carlquist 15689; S. 
rubriflora Rehd. & Wils., cultivated at the Huntington 
Botanic Gardens, San Marino, California, Carlquist 
8055 (RSA); S. sphenanthera Rehd. & Wils., cultivat­
ed at the Huntington Botanic Gardens, San Marino, 
California, Carlquist 8051 (RSA). Nomenclature for 
the family follows that of Smith (1947). 

Terms for wood anatomy follow the IAWA Com­
mittee on Nomenclature (1964); the terminology for 
the imperforate tracheary elements in Schisandraceae 
used by Lemesle (1932, 1945, 1946) agrees with that 
reference. Vessel diameter was measured as mean lu­
men diameter (for an oval vessel, an average between 
wide and narrow diameter was taken). The definitions 
of ethereal oil cells and mucilage cells offered by Baas 
and Gregory (1985) have been followed. These cells 
were identified in my material by their idioblastic dis­
tribution, their larger size and the presence of a thin 
primary wall, separated from die secondary wall and 
usually buckled, inside of the secondary wall (Fig. 20, 
upper right). Freshly cut stems of Schisandraceae have 
a distinctive scent probably produced by ethereal oils 
in these cells. 

In this paper, as in many papers on comparative 
wood anatomy by various authors, means are given for 
quantitative features. These means are based upon 25 
measurements. Most workers in wood anatomy find 
that standard deviation is relatively high with fewer 
than 20 measurements, but even above 20 measure­
ments, standard deviation is still relatively high com­
pared with other biological features which are com­
monly subjected to statistical analysis, so that one 
could question conclusions based upon statistical anal­
ysis. Wood cells are more variable than one might ex­
pect. Another difficulty involved in statistical analysis 

is that large numbers of samples are almost never used 
in anatomical studies. In the present study, material of 
mature wood was available for only a minority of spe­
cies (use of twigs from herbarium specimens would 
have resulted in mixture of data on juvenile wood and 
data on mature wood). Main stems differ from branch­
es and roots (the latter not available for this family). 
Statistical data yield conclusions only about material 
studied-usually very little in anatomical studies be­
cause of demands of collecting and processing numer­
ous stems and roots-and do not yield any information 
about material not studied. Nevertheless, there is value 
in offering simple quantitative data where similarities 
or differences are marked, if one views the limitations 
of quantitative data in woods carefully. 

RESULTS 

Growth Rings 

The only species in the present study that does not 
have growth rings is K. scandens (Fig. 1). This species 
is native to areas within 10° of the equator, and the 
locality where the plant sampled was cultivated, the 
Java uplands, is a similar distance from the equator. 
All of the remaining species of Schisandraceae studied 
come from temperate localities and have growth rings. 
Growtfi rings are present in Fig. 11; a single growth 
ring (with small portions of preceding and succeeding 
growth rings) is shown in Fig. 13 (earlywood of that 
ring represented by the large vessel, center; the two 
smaller vessels above it, right and left, respectively, 
are latewood vessels). In addition to narrow vessels 
demarcating latewood, one layer of radially narrow 
tracheids terminates each growth ring (Fig. 13). Ex­
ceptionally well-marked growth rings characterize S. 
repanda; earlywood vessels in material of that species 
are 180-200 u,m in diameter and are localized at the 
beginning of the ring, whereas the remainder of the 
ring has latewood vessels 60-150 u,m in diameter. 

Vessel Elements 

Metcalfe (1987) describes perforation plates in the 
family as a whole as, " . . . mostly scalariform, but with 
fewer bars than in lllicium, and also with larger ap­
ertures between the bars. Perforations of some of the 
larger vessels simple." Certainly scalariform perfora­
tion plates with few bars and wide intervening perfo­
rations occur in Schisandraceae, but they prove to be 
much less common than simple perforation plates in 
all species of the present study. The simple nature of 
perforation plates of most schisandraceous vessels is 
well revealed in macerations, which were apparently 
not used in earlier studies of wood of Schisandraceae. 

Scalariform perforation plates with numerous bars 
are present in late metaxylem and early secondary xy-


