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ABSTRACT 

The single known species of Ticodendron has notably primitive wood (scalariform perforation plates with numerous 
bars; primary wall remnants in perforations; scalariform lateral wall pitting in vessels; imperforate tracheary elements 
all tracheids; axial parenchyma diffuse; rays Heterogeneous Type I). Although wood of Betulaceae and Corylaceae 
(Betulaceae subfamily Coryleae of most authors) is more specialized, primarily in tracheary element morphology and 
ray histology, wood features in these families are consonant with relationship to Ticodendron. Presence of crystals 
in rays is alike in Ticodendron, Corylaceae, and Fagaceae. Bark anatomy features are shared by the fagalean families: 
fusiform-shaped nests of sclereids containing large rhomboidal crystals; druses in cortex, phloem parenchyma, and 
ray parenchyma; and subdivision of ray cells that contain druses. Placement of Ticodendron in Fagales as a separate 
family, more primitive than others in the order, is indicated by the data reviewed. 

Wood anatomy is of interest in phylogenetic 
studies because it contains characters that suggest 
relationship, as well as characters that are sensitive 
indicators of ecology and of degree of primitiveness 
and specialization. Bark anatomy, if not as rich in 
characters , does contain certain character assem­
blages indicative of relationship. The discovery of 
the distinctive tree Ticodendron (Gomez-Laurito & 
Gomez P. , 1989) provides an opportunity for the 
use of wood and bark anatomy in order to deter­
mine the relationships of this interesting genus. 

The samples of Ticodendron, provided me by 
Peter H. Raven and Barry Harnmel of the Missouri 
Botanical Garden, proved excellent material for 
analysis of anatomical features. Liquid-preserved 
stems 37 mm diam. with thin bark were collected 
by Gordon McPherson (11659, MO) at Fortuna 
Dam, Chiriqui, Panama. A dried section of a large 
log (about 4 0 cm diam.) with bark 6 mm thick was 
collected by William A. Haber (7071, MO) at 
Pefias Blancas, east of Monte Verde, Costa Rica. 
Viewed together, these samples permit study of a 
broad range of histologic and ontogenetic aspects 
of wood and bark. 

Comparison of wood and bark anatomy of Ti-
codendron with that of other dicotyledons is the 
main focus of this study because of the distinctive 
features and apparent isolation of the genus. For 
this purpose, the wood slide collection at the Ran-
cho Santa Ana Botanic Garden proved unusually 
valuable because of its size and because some of 

the wood sections in this collection have bark at­
tached to them. The data below show that bark 
seems unusually decisive in determination of re­
lationships of Ticodendron. 

Regardless of systematic position, Ticodendron 
possesses a constellation of characters that must 
be judged unusually primitive for a vessel-bearing 
dicotyledon. These wood features offer an unusual 
dimension, because one might not have guessed 
that the moderately specialized floral features of 
the genus are coupled with such primitive wood. 
Wood of this type is related to occupancy of mesic 
sites (Carlquist, 1975), and thus wood of Ticoden­
dron is of interest with relationship to ecology as 
well. 

MATERIALS AND METHODS 

A wood segment from near the cambium and a 
bark portion were taken from the large dried trunk 
section Haber 7071. These were boiled in water 
and stored in 5 0 % aqueous ethyl alcohol. Similar 
segments of McPherson 11659, a liquid-preserved 
collection, were transferred to 5 0 % aqueous ethyl 
alcohol. Wood and bark of both collections were 
sectioned on a sliding microtome without softening 
agents. Some sections of McPherson 11659 were 
dried between glass slides and examined with a 
scanning electron microscope. Sections for light 
microscope study were stained in safranin and light­
ly counterstained with fast green to improve con-
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trast of pit details. Macerations were prepared with 
Jeffrey's fluid and stained with safranin. 

Mean number of vessels per group is calculated 
on the basis that a solitary vessel is rated 1, a pair 
of vessels in contact is rated 2, and so forth, and 
25 such figures are averaged. Vessel diameter is 
based on lumen diameter at widest point. Means 
for quantitative features are based on 25 mea­
surements except for vessel wall thickness, tracheid 
diameter, and tracheid wall thickness; for these 
features, a few typical conditions were selected and 
avrrajzi'il. 

ANATOMICAL DESCRIPTIONS 

WOOD 

A full description is given here for the sample 
McPkerson 11659. Data are then given for Haber 
7071, but the latter description is limited to fea­
tures in which this wood sample differs from Mc-
Pherson 11659. 

Ticodendron incognitum Gomez-Laurito & Go­
mez P. , McPherson 11659 (Figs. 1-15). Growth 
rings essentially absent; a small fluctuation in vessel 
diameter observable (narrower vessels one-third of 
the way from bottom of photo, Fig. 1). Vessels 
solitary, rarely in pairs (Fig. 1). Mean number of 
vessels per group, 1.04. Mean vessel diameter, 7 3 
Mm. Mean number of vessels per mm2, 2 3 . Mean 
vessel element length, 1,725 nm. Mean vessel wall 
thickness, 2.6 fim. Perforation plates scalariform 
(Figs. 6, 7), all bars bordered, borders wider at 
ends of perforations (Fig. 7). Mean number of bars 
per perforation, 6 2 . Perforation plates frequently 
with meshlike pattern in this sample (Figs. 9 - 1 1 ) . 
Primary wall remnants in perforation plate exten­
sive (Figs. 6, 10, 11) to moderate (Figs. 7, 8), 
mostly the latter, but with some vestiges of pit 
membranes present in all perforation plates. Mod­
erate remnants take the form of webs and strands 
(Figs. 7, 8), or have a clotted appearance (Fig. 
11), the latter possibly the result of inhibition of 
enzymatic pit membrane dissolution by deposition 
of some secondary plant products. Primary wall 
remnants in perforations may show various sizes 
of micropores (Fig. 8). Lateral wall pitting of vessels 
scalariform, less commonly transitional or opposite, 
on vessel-axial parenchyma (Fig. 13) and vessel-
ray contacts. Vessel-tracheid contacts bear cir­
cular to oval pits alternate in arrangement but often 
rather sparse (Fig. 12). Vessels rounded in tran-
sectional outline (Fig. 1). Imperforate tracheary 
elements are all tracheids with fully bordered pits, 
pit cavities about 4 jxm diam. (Fig. 5). Mean tra­
cheid length, 2 ,473 fim. Mean tracheid diameter 

at widest point, 2 9 Mm. Mean tracheid wall thick­
ness, 6 Mm. Pits are somewhat more abundant on 
tangential walls of tracheids than on radial walls, 
as determined from study of transections. Axial 
parenchyma moderately abundant and chiefly dif­
fuse, with tendencies toward diffuse-in-aggregates 
and abaxial occurrence (Fig. 1). Axial parenchyma 
strands often about 14 cells long, the mean length 
of each component cell about 150 um. Rays both 
multiseriate and uniseriate, about equal in fre­
quency (Fig. 2). Mean height of multiseriate rays, 
1,193 um. Mean height of uniseriate rays, 5 9 4 
Mm. Mean width of multiseriate rays at widest point, 
3.2 cells. Multiseriate rays mostly with a uniseriate 
wing at one or both tips. Uniseriate rays and uni­
seriate wings of multiseriate rays composed of up­
right cells. Upright cells also present adjacent to 
wings of multiseriate rays and occasional as sheath 
cells in multiseriate rays (Fig. 2). Procumbent cells 
present in multiseriate portions of multiseriate rays, 
not much longer horizontally than vertically (Fig. 
3). Rhomboidal crystals present singly in a scat­
tering of ray cells (Fig. 4). the crystals more abun­
dant in the transition from one year's wood to the 
next. Starch grains spherical (Fig. 14) to slightly 
angular (Fig. 15), abundant in axial parenchyma 
(Figs. 3 , 14) and in ray cells (Figs. 4, 15). Dark-
staining "resinlike" compounds present in many 
(but not all) ray cells (Figs. 2 - 4 ) . Unidentified 
smaller spheroidal bodies present in ray cells (Fig. 
15). 

Ticodendron incognitum, Haber 7071. Mean 
number of vessels per group, 1.13. Mean vessel 
diameter, 116 Mm. Mean number of vessels per 
mm2, 22 . Mean vessel element length, 1,782 Mm. 
Mean vessel wall thickness, 2.6 um. Perforation 
plates scalariform (no meshworklike patterns ob­
served). Mean number of bars per perforation plate, 
32 . Primary wall remnants in perforations (as ob­
served by light microscopy) minimal. Mean tra­
cheid length, 2 ,537 um. Mean tracheid diameter 
at widest point, 31 Mm. Mean tracheid wall thick­
ness, 7.2 Mm. Axial parenchyma diffuse (sparser 
than in McPherson 11659), with a slight tendency 
toward diffuse-in-aggregates and abaxial arrange­
ments. Mean height of multiseriate rays, 2 ,312 
Mm. Mean height of uniseriate rays, 5 2 5 Mm. Mean 
width of multiseriate rays at widest point, 6 .0 cells. 
Uniseriate rays and uniseriate wings of multiseriate 
rays composed of upright cells. Multiseriate por­
tions of multiseriate rays composed of procumbent 
cells, with only a few upright sheathing cells pres­
ent. Procumbent cells radially elongate (radial di­
mension 1 .5 -8x the vertical dimension). Crystals 


