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A~tract. The high order foliar vein sheathing of 40 species representing 6 genera of
Cunoniaceae was examined. The type, orientation, distribution, and proportion of the
sheathing elements around the veinlet, including the terminal cells, are variable and useful for
generic circumscription and subdivision. Terminal cells are tracheoidal or sclereidal types. A
general trend towards the formation of speciaLized sclerenchymatousterminal elements is
supported.
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1.

lntroduction

In the preceding paper in this series (Rao and Dickison 1985), the considerable
anatomical variation in the type and distribution o f sheath cells associated with the
ultimate leaf venation in the endemic New Caledonian genus Pancheria was described.
The present investigation represents a continuation of that study, surveying the varied
veinsheath features of the higher order foliar venation in Acsmithia, Codia, Cunonia,
Geissois, Pullea and Weinmannia. The objectives of this study are to assist in clarifying
the taxonomy, evolution, and generic de¡
in this p¡241
Southern
Hemisphere family.

2.

Materials and methods

A total of 40 species belonging to 6 genera were investigated in the present study.
Materials previously cited by Dickison (1975) were reexamined. Specimens n ot studied
earlier are listed here under their respective genera. Leaves were processed in
accordance with the techniques outlined in our earlier paper (Rao and Dickison 1985).
3.
3.1

Observations

Acsmithia Hoogland

A genus of 14 species of small to medium-sized trees, inhabiting rainforests and also
exposed clearings and ridge scrub. The plants are distributed in Fiji, New Caledonia,
Australia, New Guinea, and the Moluccas. Additional specimens examined: Acsmithia
densiflora (Brongn. and Gris) Hoogl., Dickison 220 (NCU); A. elliptica (Pampan.)
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Hoogl., Dickison 186 (NCU); A. undulata (Vieill.) Hoogl., Dickison 262 (NCU).
The vein reticulum is moderately broad and forms prominent areoles of different
shapes and sizes. Veinlets are absent or of the branching or nonbranching type, with or
without free endings (figures 22-27). Sheath cells around the venation, including free
vein endings, show minor differences ofdiagnostic value and can be used to recognize 3
anatomical categories.
Veinlets, including free vein endings have abundant sheathing composed of
parenchymatous cells of variable form. The walls of the sheath cells in juxtaposition
with the tracheids are noticeably thicker than those facing the mesophyll. This
condition occurs in A. brononiartiana, A. densiflora, A. pubescens and A. vitiensis
(figures 23, 24, 27). The other minor differences in veinlet sheathing are related to the
continuity of varied sheath ceils, including those surrounding the vein termini as in
A. pubescens and A. vitiensis, the presence or absence of sclerenchymatous libres
around the veinlets as in A. brongniartiana and A. pubescens, and also the occurrence of
contrasting veinlets with or without sheath cells in different areas of the same lamina, as
in A. densifiora. The observable differences and variations among species of this
anatomical grouping ate of potential systematic significance.
Veinlets are ensheathed by globoid or elongate cells that are either thick-walled and
pitted or thin-walled with differential wall thickenings. These conditions ate iUustrated
by A. pedunculata and A. reticulata (figures 22, 26). The veinlets in A. pedunculata have
more or less elongate sheath cells, whereas sheathing in A. reticulata consists of
globular cells having differential wall thickenings.
Veinlets are swollen or bulbous, rarely branched, and are either devoid of sheathing
or are surrounded by allantoid or irregularly shaped, thick-walled and pitted cells.
These features are present in A. davidsonii, A. elliptica, A. pulleana and A. undulata.
A. davidsonii and A. pulleana have rather massive veinlets that are heavily ensheathed
and often interconnect the main veins surrounding the areoles (figure 25). The veinlets
are free from sclerenchyma, unlike the more major veins forming the areolation that
possess both sclerenchymatous fibres aiad associated lignified and pitted sheath cells. A.
undulata has massive veinlets that extend across the areoles and that are generaUy
devoid of sclerenchyma, but have sheath cells that are more or less globoid in shape and
only occasionally scledfied. Along the major veins the sheath cells are elongated, pitted,
and heavily sclerified. A. elliptica is characterized by vein reticula, including free vein
endings, that are ensheathed with thick-walled, pitted, lignified, sclereid-like cells. The
free vein endings are generally clavate and have sheath cells that are globoid or of no
definite form.
3.2 Codia J. R. and G. Forster
An endemic New Caledonian genus comprised of about 11 species of shrubs and
treelets, ranging from humid mountain forests to dry, scrubby "maquis" vegetation.
Additional species examined: C. incrassata Pampan., Dickison 289 (NCU).
The vein reticulum is moderately broad and elaborate with well-developed
areolation of triangular or quadrangular outline. Veinlets are prominent, mostly
nonbranching and with free endings. The sheath system along the venation bordering
the areoles is either absent or sparse, and not conspicuous. Sheathing is prominent,
however, around the veinlets including freely ending veins.
In all investigated species of Codia the veinlets and vein endings are characterized by
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the presence of specialized tubular cells of irregular width that often extend beyond the
vein terminations. These terminal cells are thin of thick-walled, devoid of waU
sculpture, distributed at various levels along the veinlets, and occur as single elements or
in clusters. They are weakly birefringent and positive to the phloroglucinol-HCL test.
The orientation and extension of these distinctive cells beyond the vein endings
suggests that they are constituents of the sheathing system. The extended, terminal ceUs
show variation with respect to general topography. In C. incrassata, C. nitida and
C. obcordata (figures 16-18) they are oriented mostly parallel to the leaf surface,
whereas in C. albicans, C. albifrons, C. discolor and C. montana (figures 19-21) the
majority of vein endings possess elongated, tubular cells disposed more or less at right
angles to the leaf surface, thereby giving a spheroidal or subspheroidal appearance in
the cleared laminae. The oresence of these specialized terminal cells and their extension
into the areoles is a characteristic feature of Codia.
3.3

Cunonia Linnaeus

A genus of about 17 species of small to medium-sized trees, occurring in rainforests or
exposed ridges at lower to middle elevations, of ten growing along streams or in
drainage areas. With the exception of one species (C. capensis from South Africa) all
species are restricted to New Caledonia. Additional specimens examined: C. atrorubens
Schlechter, Dickison 233 (NCU); C. austrocaledonica Brongn. and Gris, Dickison 260
(NCU); C. balansae Brongn. and Gris, Dickison 230 (NCU); C. pterophylla Schlechter,
Dickison 238 (NCU); C. purpurea Brongn. and Gris, Dickison 257 (NCU).
The vein reticulum is moderately prominent with imperfect areolation of irregular
shape and size. Veinlets are either branching or nonbranching with tapering or clubshaped terminations. The sheathing cells surrounding the areoles are mostly elongated
or globular but in the veinlets sheathing is either absent or consists of a few enlarged
cells. Terminal tracheoidal cells occur as solitary elements or in clusters, and sometimes
differentiate into sclereids. On the basis of veinlet anatomy including the vein endings,
the investigated species can be separated into 3 general groups.
Veinlets simple of branched, linear or curved, biseriate, with sparse sheathing
composed of thin-walled cells of no definite form. In C. atrorubens (figure 3) and
C. macrophylla, a few spheroidal to subspheroidal sheath cells occur that are terminal
or subterminal in position. These cells have thick walls, wide lumina, irregular pitting,
and are birefringent when viewed under polarized light. The major vein reticula in these
species are accompanied by sparsely distributed, inconspicuous sheath cells and a thick
strand of sclerenchyma.
Veinlets are simple or branched, linear or curved, and are surrounded by clusters of
thin-walled, misshapen cells that increase in frequency from the veinlet base to apex,
resulting in a cluster of irregularly arranged cells at the termini of the free vein endings.
This condition is present in C. austrocaledonica (figure 2) and C. deplanchei (figures 1,
34). Most of the sheathing cells are thin-walled; however, in C. deplanchei a few sheath
cells are occasionally sclerified with pitted walls. These spheroidal sclereids are
restricted to the sides of areoles adjacent to the midrib region of the lamina.
Veinlets are simple or branched, linear or curved, and characteristically bulbous or
club-shaped with a single layered or multiple layered sheath. The sheath cells around
the vein termini are usually thin-walled, and spheroidal to subspheroidal. Some
sheathing elements have slightly thickened cell walls. This syndrome of features
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characterize C. balansae, C. bullata (figures 5, 35), C. latifolia (figure 6), C. montana
(figure 4), C. pterophylla (figure 7), and C. purpurea (figure 8). Vein reticula have
inconspicuous sheaths in all the above species except C. pterophylla, in which a
uniseriate sheath of distinctly spheroidal cells is present (figure 7). A striking feature in
C. bullata is the presence of subspheroidal, diffuse sclereids along the sides or near the
vein reticula, especially toward the abaxial surface of the lamina (figure 5).

3.4

Geissois Labillardiere

A genus ofabout 18 species of medium-small to medium-large trees, occurring in open
scrub or rainforest, with a distribution in Fiji, New Caledonia, Solomon Islands, and
eastern Australia.
The characteristic vein reticulum of Geissois is moderately broad with a welldeveloped areolation pattern composed of meshes of relatively consistent size and
shape. The sclerenchymatous elements bordering tfie areoles are conspicuous, whereas
the veinlets possess multiseriate sheath cells. The ensheathed veinlets are with or
without free vein endings and often have papillate outgrowths. Veinlet sheathing cells
are sometimes extended and connect with the sheath cells of the major veins. Although
there is much intergradation among species in veinlet structure, the range of variation
in veinlet anatomy can be summarized as follows: veinlets with multilayered sheaths
and with bulbous or swollen head endings, as in G. intermedia (figure 29); veinlets with
or without free endings and with short, oblong, nonsclerenchymatous sheath cells,
illustrated by G. superba (figure 31); veinlets with more or less rounded, nonsclerenchymatous sheath cells, as in G. imthurnii; veinlets often showing nipple-like
outgrowths and sheathed with short, oblong and thin-walled cells, a few terminal or
subterminal elements having thick walls, as in G. ternata; veinlets mostly devoid of free
vein endings and possessing a dense sheathing of sclerenchymatous fibres that are
continuous with the major veins, as in G. benthamiana (figure 30); and veinlets free from
sclerenchyma whereas fibres surround the major veins, as in G. hirsuta (figure 28).

3.5

PulleaSchlechter

A genus of 3 species of small to medium-sized trees of rainforests, occurring in Fiji,
Queensland, Moluccas, and New Guinea.
The vein reticulum is moderately broad with areolation of varied shape and size. The
veinlets range between unbranched and threesome branched, and the vein endings have
enlarged terminal tracheoidal elements. Sheathing around the areoles and veinlets is
not conspicuous, and is composed mostly of narrow, elongated cells that sometimes
have nipple-like protrusions and sclerified, pitted, secondary walls.
The principal point of interest in all three species of Pullea, namely P. glabra, P.
stutzeri and P. versteeghii, is the presence of large, thin-walled, more or less spheroidal
or slightly lobed terminal cells that form components of the sheath system of the
veinlets (figures 32, 33). As observed by Dickison (1975), the terminal elements have
sparce differential wall thickenings, except in the region of contact with other cells.
These cells are either common, occurring singly and in groups of 2 or 3, or, they can be
relatively uncommon.

The veinsheath syndrome in Cunoniaceae H
3.6

251

Weinmannia Linnaeus

A genus ofabout 190 species ofsmall to medium-sized trees, most common in middle to
high elevation rain forests, widely ranging throughout the tropics including Central
America northward to Mexico, West Indies, Malesia, Melanesia, and Polynesia, as well
as temperate New Zealand and Chile. The genus is absent in India, Australia, and
mainland Africa.
The vein reticulum is moderately conspicuous with distinct areolation of varied
shape and size. The veinlets are often 2 or 3 times branched with bulbous or specialized
cells at the free vein terminations. The areoles of all species are bordered by a dense
sclerenchymatous sheath. Sheath cells along the veinlets ate generally prominent,
especially at the vein endings. The terminal sheath cells are tracheoids, that are
sometimes differentiated into sclereids.
The investigated species possess rather distinct features of diagnostic value at the
anatomical group level.
Veinlets straight or curved, biseriate, simple or branched, with clusters of relatively
smail-sized, thin-walled, globose cells at the free vein endings. The sheathing around the
veinlets and the vein reticula is multilayered and composed of relatively thick-walled,
sclerotic cells. These features are present in W. a#aroides, W. pinnata, W.. pubescens, and
W. tomentosa (figures 9-11).
Veinlets are straight or curved, single or branched, and generally devoid ofsheathing,
but the vein endings occasionally possess enlarged, helically thickened sclerotracheoids,
as well as a few thick-walled, lignified and pitted sclereids of varied shape and size.
Similar sclereid types may also be scattered along the veinlets and vein reticula. Both
sclereid and sclerotracheoid idioblasts are birefringent, and their wall reaction is
positive to the phloroglucinol-HCL test. These features occur in W. affinis, W.
luzoniensis, W. negrosensis and W. richii (figures 12-15, 40-43).
Veinlets are straight or curved, simple or branched, and club or bulbous shaped with
conspicuous multilayered sheaths. The sclerotic sheath cells vary in size and shape, but
are characterized by having thin-walls adjacent to the tracheids and thick-walls
elsewhere. These features occur in W. brachystachya, W. caripensis, W. cochensis, W.
crenata, W. silvatica, and W. subsessiliflora (figures 36-39, 44, 45). W. trichosperma,
however, can be distinguished by the presence of sclereid-like cells near the vicinity of
the midrib and the dissimilarity of the vein reticula and veinlets to other species of
Weinmannia.
4.

Discussion

The present study, as well as an earlier contribution dealing with the genus Pancheria
(Rao and Dickison 1985), confirm the observations of Dickison (1975) that genera of
Cunoniaceae are quite variable in the type of sheathing associated with mature high
order foliar venation and in the nature of the cells at the free terminations of the fine
veins. This diversity is further evidence of the wide variation in morphology and
anatomy of the leaves of this family, and is an apparent reflection, in part, of the
extremes of habitats that these plants occupy. In general, the occurrence of sheath cells
bordering the vein reticulum, and also especially the veinlets and vein endings, are
widely distributed in dicotyledons as-a-whole. Sheathing cells occur in many taxa of
flowering plants belonging to such diversified taxonomic and ecologic groups as
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Figures 1-8. Camera lucida drawings of cleared leaves of Cunonia showing veinlet
sheathing. AII x 100. 1, C. deptanchei --(Baumann-Bodenheim 15236). 2, C.
austrocaledonica--(Dickison 260). 3. C. atrorubens--(Dickison 233). 4. C. montana --(Thorne
28323). 5. C. bullata--(Baumann-Bodenheim 15406). 6, C. latifolia .-- (MacKee 5099). 7. C.
pterophylla--(Dickison 238). 8. C. purpurea--(Guillaumin and Baumann-Bodenheim
10761).
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F i p r e s 9-15. Camera lucida drawings of cleared leaves of Weinmannia showing veinlet
sheathing. AII • 1(30.9. W. pinnata-- (Jimenez and Rodriguez 384). 10. W. agaroides~ (Killip
and Smith 1774.7). I1. W. pubescens--(Schultes and Villarreal 7904). 12. W. negrosensis-(Ramos Bur. Sci. 23500). 13. W. rich¡
5739). 14. W. a~inis --(Smith 4905). 15. W.
iu:oniensis-- (Eimer ! 8066).
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Figures 16-21. Camera lucida ~~rawings of cleared leaves of Codia showing veintet
sheathing. Al1 x I00. 16. C. incr~~,os,:m--(Dickison 289). 17. C. nitida--(Guillaumin and
Baumann-Bodenheim 12149). i~:~~ C obcordata--(Baumann-Bodenheim
14145). 19. C.
discolor--(Guillaumin and Baun~a:vl-Bodenheim 6682). 20. C. montana--(Hurlimann
1765). 21. C. albicans--(Guitlaumin and Baumann-Bodenheim 12363).
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Figures 22-27. Cleared leaves of A c s m i t h i a showing veinlet sheathing. Al1 x 100. 22. A.
(Franc 674). 23. A. p u b e s c e n s - - (Guillaumin 8410). 24. A . uitiensis - - (Parham
10706). 26. A. r e t i c u l a t a - - ( B r a s s
12693). 27. A.
1910). 25. A. d a v i d s o n i i - - ( W h i t e
b r o n 9 n i a r t i a n a - - (MacKee 4432).

pedunculata --

Magnoliaceae (Tucker 1964), Dilleniaceae (Dickison 1969, 1970; Rury and Dickison
1977), Euphorbiaceae (Sehgal and Palq
1974), Ericaceae (Lems 1964; Rao and
Chakraborti 1985), Solanaceae (Inamdar and Murthy 1981), Rutaceae (Dede 1962),
Scropllulariaceae (Verghese 1969), Bignoniaceae (Jain 1978), Aceraceae (Banerji and
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Figures 28--33. Cleared leaves of Cunoniaceae showing veinlet sheathing. AU • 100. 28.

Geissois hirsuta--(White 2158). 29. G. intermedia--(Buchholz 1548). 30. G. benthamiana-(US #1507847). 31. G. superba--(Smith 8772). 32. Pullea stutzeri--(White 10598). 33. P.
glabra-- (Clemens 11108).
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Figures 34-39. Cleared leaves of Cunoniaceae showing veinlet sheathing. AII x 100 except
figure 35 x 400. 34. Cunonia deplanchei--(Baumann-Bodenheim 15236). 35. C. bullata-(Baumann-Bodenheim 15406). 36. Weinmannia silvatica-- (Schultes and Villarrea17554). 37.
W. caripensis--(Killip and Smith 15989). 38. W.. subsessiliflora--(Woytkowski 8314). 39. W..
cochensis--(s. I. 3249).
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Figures 40-45. Cleared leaves of Weinmannia showing veinlet sheathing. AII • 400. 40. W.
ne9rosensis

(Ramos 23500). 41.14/. richii--(Smith 5739). 42. ~~Zaff~niz (Smith 4905). 43.
The same. Photographed under polarized light. 44. W. silt'atica
ISchultes and Villarreal
7554). 45. W. caripensis
(Killip and Smith 159891.
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Das 1972), Fabaceae (Banerji and Sirkar 1974), Sterculiaceae (Arbo 1977), and
Styracaceae (Schadel and Dickison 1979).
The presente or absence, and orientation of sheath cells around the areoles and
veinlets in the cunoniaceous taxa studied reveal distinct patterns. Sheathing may either
be absent around the ultimate venation, or, similar to dissimilar parenchymatous or
sclerenchymatous sheath cells are present and range between sparsely and abundantly
distributed. Although the importance of sheath cells to normal physiological activity is
not totally clear, sheathing cells can be compared to some extent with cells of the
endodermis. For example, the walls of the sheath cells in a few species of Cunonia and
Weinmannia show structural similarity to endodermaI cells, especially in their
differential wall thickening.
In the Cunoniaceae, veinlets ate either conventional in structure or possess sheath
cells in groups of 2 or 3 at the endings. The terminal cells are tracheoidal or sclereidal
forms that are comparable with those described in other families of angiosperms (Rao
1980; Rao and Bhattacharya 1978; Rao and Das 1978, 1979a, b, c; Rao and Chakraborti
1985; Rao and Jacques-Felix 1978; Lersten and Carvey 1974). Although there is
considerable variation in the structure of terminal cells, the coexistence ofdiverse types
of terminal elements appears to be constant at specific levels in some taxa (Foster 1946;
Rao 1957).
The present study has also confirmed that the syndromes of veinsheath features in
some genera of Cunoniaceae are more or less distinct, and can be utilized for generic
circumscription and subdivision. The minor differences in sheath anatomy, however,
cannot generally be used for distinguishing cunoniaceous taxa at the specific level.
Taxa of Acsrnithia can be grouped on the basis of their possessing parenchymatous or
sclerenchymatous sheath cells around the ultimate veins. The endemic New Caledonian
genus Codia is readily identifiable by the occurrence of diagnostic, extended tubular
terminal cells that are oriented either parallel or at right angles to leal surfaces. Geissois
is distinguished by the sheathed veinlets, in which free vein endings are characteristicaUy absent or sparse, and that are associated with a consistent, well-developed pattern
of areolation, and Pullea has large terminal or subterminal, thin-walled cells at the vein
endings. Cunonia includes one group of species with more or less linear veinlets
surrounded by sparse sheathing and associated with terminal or subterminal sclereids,
a second group of species in which sheathing is relatively abundant with sheath cells
increasing in frequency from the base to apex of the veinlet, a n d a third group of species
characterized by club-shaped or bulbous veinlets. In Weinmannia groups of species can
be reorganized anatomically by possessing either abundant sclerotic sheath cells
around the vein reticula and clusters of globose cells at the vein termini, or sparsely
sheathed reticula with veinlets having enlarged helical tracheoids in juxtaposition with
sclereids of varied shapes, or bulbous or club-shaped veinlets with abundant sheathing.
In view of the apparent close relationship between Cunonia and Weinmannia, and
even the suggestion that they are congeneric, it is interesting to note the strong
similarities in high order venation and sheathing between these taxa, including the
presence of terminal sclereids.
Dickison (1975) was of the opinion that there existed in the Cunoniaceae a general
trend toward the formation of specialized terminal cells, particularly one resulting in
sclerenchymatous terminal elements. The coexistence of varied vein terminal cells in a
few taxa of Cunoniaceae not only supports this generalization but also confirms an
earlier view expressed by Rao and Mody (1961) that genera having markedly enlarged
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tracheoids at the vein endings would include species with terminal sclereids. It must be
emphasized, however, that the ontogenetic relationship and functional significance of a
diversity in terminal veinlet elements remains obscure. Furthermore, it is very
apparent that the formation of well-developed areolation of constant size and
placement in which free veinlet endings are absent, or short and unbranched, represents
a structurally more advanced condition.
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