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Abaraet. A comparative study on the veinlet endings in 118 taxa of Hibbertia has
been made. The vr
have been classified into three categories, nameIy
conventional tracheids, trache~ids and sclereids. Typological features of the traoheoids and sclereids are found to be of exceptional interest in the provisional
confirmatiop of a few taxa and also for understanding the taxonomy of this genus.
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Introduction

As far back as 1895 Steppuhn described the occurrence of thick-wailed, branched
spicular cells in two species of Hibbertia, H. grossulariifolia Salisb. and H. linearis
R. Br. In recent years, Dickison (1969, 1970) reported sclereids in a few taxa of
Hibbertia and Tetracera and further emphasized that the sclereid morphology is of
potential taxonomic importance. This study presents an attempt in that direction.
2.

Materials and methods

The investigations are based on herbarium specimens obtained from different
herbarium curators. A list of all the specimens is not given but the specimens whose
sclereids are drawn have been mentioned in the text.
Leaves were cleared by the application of the techniques by Foster (1946) and
unstained preparations were used for photomicrography.

3.

Observations

The present compaxative study of the cleared laminae, hand sections and macerations revealed that the terminal veinlet endings in 118 taxa of Hibbertia display
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certain features of' morphological interest. On the basis of their differentiation,
they are classified under the following categories: (i) conventional tracheids,
(ii) dilated t,aeheoids, (iii) sclerotracheoids, (iv) varied types of sclereids belonging
to monomorphic and polymorphic groupings sensu Rue and Bhupal (1973), (v) interrupted sheathing sclereids and (vi) epidermal sclereids. More than one category or
exclusively one category may occur in a single leaf expanse, although a pmticular
combination is characteristic for each taxon. This aspect, studied in detail for
118 taxa of this genus, is presented here.

3.1.

Conventional tracheids

They are simple, urLdilated or tapering vein endings without any peculiar features.
They are often observed in many tara where saried terminal veinlet elements are
absent.
3.2. Dilated tracheoids
Simple but dilated base forms at the veinlet endings in singles or dusters have
been recorded in a few specieg of Hibbertia, namely H. stellaris Endl., H. serphyllifolia R.Br., H. melhanoides F. V. Muell., H. rhadinopoda F. V. Muell., H. furfuracea (R.Br.) Benth., H. hypericoides (DC.) F. V. MueU. and H. acerosa (R.Br.)
Beath. These tracheoids resemble brachygrach~ids sensu Rue and Bhattacharya
(1976). They have dilated base forms and can be classified adopting the classification of Tucker (1964) into three categories, namely brachytracheoids with differential wall thi:kening, brachytracheoids with thin cell wall showing helical thickening and braehytracheoids with reticulate scalariform pitting. The last category
of tracheoids have been observed in H. seandans and H. dentata (Dickison 1969).
3.3.

Sclerotraeheoids sensu Rao and Bhattacharya (1976)

Thick-walled base forms of varied Shape and size with dense helices at the terminals
of the veinlets have been recorded in a few taxa of Hibbertia, namely H. elata Maiden
and Betche, H. drummondii (Turcz.) Gilg (Syn. H. ochrolasia Benth.), H. nutans
Benth. and H. ctmninghamii Hook.f. These base forms are frequently found in
association with brachytracheoids or sclereid idioblastL They can be mistaken
for solereids but for their helical thickening. Such base forms have been designated
in the past under hybrid cells or transitional cells (Rue 1957; Foster 1946).
3.4.

Foliar selereid~

Sclereids of varied forms conforming to monomorphic or polymorphic grouping
sensu Rao and Bhupal (1973) shuwing diffuse or terminal patterns of distribution
have been observed in the leaf expanse of 31 ou.t of 1.18 taxa of Hibbertia, namely
H. argentea (Hoogland 12543), H. aubertii (Hilderbrandt 3606), H. aurea (Drummend 22), H. banksii (Brass 18878), H. brongniartii (Sehlechter 15524),/f. bracteata
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(Hooglar~l 12187), H. crispula (Gallaby s.n.), H. cunningharnii (Hoogland 12170),
H. dentata (Verneaux 394), H. enervia (Hooglaad 12427), H. franeii (Prance
160), H. grossulariifolia (Hoogland 12438), H. ineonspicua (Hoogland 12157),
tt. lasiopus (Hoogl~.nd 12493), H. linearis (Boorman s.n.), tl. linearis var.
obtusifolia (Lee s.n.), H. lucida (Prance, s.n.), H. leptopus (Drummond 11), H.
rniniata (Hoogland 12490), H. rnonogyna (Hoogland 12460), H. montana (Ehrendoffer 2176), H. obtuiifolia (Hoogland 12500, H. oubatchensis (Schlechter 15532),
H. pachyrrhiza (Hoogland 12501), H. quadricolour (Hoogland 12508), H. saligna
(Hoogland 12457), H. salicifolia (Hoogland 11783), H. scandens (Hoogland
12263), H. tasrnanica (Me Kee 8371), H. verrucosa (Drummond 189), H. vestita
(Boorman s.n.).
3.4a. Spheroidal sclereids: Spheroidal or sub-spheroidal sclereids at the terminal
or subterminal vein-endings have been encountered in 10 taxa of Hibbertia, namely
tt. argentea, H. aurea, tt. braeteata (figures 38, 41), H. crispula, H. elata, H. inconspicua, H. rnonogyna (figure 37), H. oubatchensis, H. pachyrrhiza and H. vestita.
They are often found along with brachytracheoids or in the vicinity of them.
Stru:turally the cell wall is sclerosed, striated and with pit canals. The width of the
lumen varies depending on the thickness of the cell wall. Frequently they are
found in multiples of two, four or six and rarely solitary. Along with these terminal
sclereids, it is net uncommon to observe the presence of sclerotracheoids sensu
Rao and Bhattacharya (1976) in the leaves of H. elata (figure 40), H. crispula
and H. oubatchensis.
3.41~. Paloselereids: This type is observed in H. aubertii and H. verrucosa.
They are found scattered in various parts of mesophyll. They are short tubelike or palisade-like forms with wide lumina and often found in the vicinity of
secondary veins as well as near the veinlet endings.
3.4c. Fusiforrn sclereids: This category of sclereids is found in H. praneii,
H. lucida and H. tasrnanica. The majority of sclereids are fusiform and show distinct diffuse and terminal disposition in respect of veinlet endings. However, in
tasmanica, these sclereids are distinctly terminal or sub-terminal. The mixed
pattern of sclereid disposition of H. prancii and H. lucida may be of some diagnostic
value among the majority of species showing terminal topographical disposition
in the laminae of this genus.
3.4d. Osteosclereids to rarniforrn sclereids: These complex base forms are exemplified in H. salicifolia (figures I-7, 30). They are more or less tubular showing
irregular branching and the ends often exhibit anchor or bone shape. Mostly they
are disposed parallel to the surface of the lamina and occupy the palisade or midmesophyli regions with extended arms towards the adaxial or abaxial epidermal
layers. The surface pattern of distribution is distinct and unique. Mostly they
are disposed in Such a way as to touch each other in end to er~d manner. They
are more or less closely set in the vicinity of marginal and midrib region whereas
in the mid-laminar region they are very much isolated.
3.4e. Ramiform sclereids : On the basis of diverse base forms two types of ramiform sclereids have been recogn.i~ed : Short forms with thick cell wall, wide lumen
and ru:limeatary arms, and rel~.tively bigger forms, massive cell wall, narrow lumen
and with arms of limited length. The base forms of the first category are found
in the lamina of H. lassiopus, H. miniata and H. montana. In H. montana (figure
31) ramil'orm sclereids are found in clusters at the vicinity of vein-endings. Their
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Figures 1--8. H. ~alicifolia (DC.) F, MueU. 1, Transection showing ramifocm
scleTeid$ in the palisade region, ~ 210. 7-7, Osteo to ramiform solertids. Note
the wide lumen and striated wall. "/ 265 each. 8. H. obtuMfolia DC, Tran~cfion showing tubular sclcreids touching the epidermal layers. ~ 265 each.
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outer cell wall is straight or convoluted with attenuated branches. These sclereids
and their features are in contrast to the parenchymatous form types described by
Dickison (1970) in the very species collected by different authors from different
places.
The sclereids oi' the second category are found in the lamina of H. brongniartii,

H. curminghamii, H. d~..ttata, H. enervia, H. grossulariifolia, H. linearis, H. linearis
var. obtusifolia, H. obtusifolia and H. scandens. Under this form type a wide range
of variations in the body shape and length of arms can be distinguished.
In H. obtusifolia tubular sclereids are v~rtically disposed inside the mesophyll
almost touching the epidermal layers (figure 8). The cleared sectors of the lamina
of this taxon clearly show that sclereids are terminal or sub.terminal to the veinendings and circular in outline (figure 39). I n H. grossulariifolia, prominent ruralform sclereids with short arms are fotmd vertically disposed in the mesophyll sometimes touching the epidermal layers (figure 23). Structurally the cell wall is striated
with short arms showing rounded or bone-shaped or T-shaped ends. In H. dentata
the sclereids range from tubular to ramiform base forms. In H. enervia ramfform
sclereids are distinctly terminal and found parallel to the surface of the lamina
(figure 32). In H. linearisramiform sclereids are found with their body axis parallel
to the lamina (figures 17-22, 24). Cleared leaf sectors exhibit these sclereids in
clusters at the vein-endings.
3.4f. Polyramoussclereids: They are encountered in the lamina of H. leptopus,
H. saligna (figures 9-16, 33), and H. quadricolor. Sclereids under this category
despite their polymorphic forms exhibit innumerable attenuated branches with
many intermediate sub-types. Often they are found in groups of twos or threes
invariably near the vein-endings. In transections they extend towards the midmesophyll or vertically disposed touching the epidermal layers (figure 9). Structurally, the cell is striated and display a lumen of irregular width.
4.

Taxonomic implications

Hibbertia is a large genus with ca 100 species in Australia, Tasmania, New Caledonia, Fiji Island, Eastern Malaysia and Malagasay. Bentham (1863) recognised
4 sections, namely Hemistemma, Hemipleurandra, Pleurandra and Euhibbertia.
The last section is further divided into 8 sub-sections, namely Tomentosae, Vestitae,
Ochrolasiae, Fasciculatae, Bracteatae, Subsessiles, Hemihibberitiae, and Brachyantherae. Under this frame work Bentham, (l.e.)sorted out the then recognised
67 species. Gilg and Werdermann (I~25) recognised 9 sections, namely Trisema.
Polystiche, Spicatae, Cyclandra, Oligostemon, Candollea, Hemipleurandra, ttemistemma, and Pleurandra, and a few sub-sections under Cyclandra, Candollea, IIemi.
pleurandra, Hemistemma and Pleurandra.
Following t h e above classifications an attempt has been made to sort out the
varied idioblasts, chiefly foliar sclereids because these seem to provide in all probability, a useful clue for understanding the taxonomy o f the genus.
From the present account it is clear that varied types of idioblasts occur in those
taxa which are grouped under different sections or sub-sections as formulated by
Bentham (l.e) and Gilg and Werdermann (Lc.). Furthermore, their frequency,
typology and distribution can be considered valuable for indicating aifmity because
P. re)--9
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Figures 9-16. H. saligna R.Br. ex DC. 9. Transection showing polymorphic
selereids dispersed in the spongy and palisade region of the lamina. • 185 each.
10-16. Polymorphic sclereids. Note the striated wall in a few selereids in contrast
to a few pitted walls, x 276 each.
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Figures 17-~'t. H. 8nearis R.Br. ex DC. 17. Transection showing the oblique
disposition of ramiform sclereids inside the mesophyU, x 210. 18-22. Ramiform sclereids with rounded ends. x 280 each.
they occur in groups of taxa of particular sections or sub-sections that are usually
considered to be closely related on other grounds.
The present detailed study has revealed that in the leaves of many taxa within
a section or sub-section there is a clear indication of a few lrends in the formation ofidioblasts, especially at the vein-endings. In the first stage one could observe
simple conventional tracheids without brachytracheoids. In the next stage the
veinlet-endings are conspicuous and they are often found in multiples or clusters
showing differential shape, size and wall thickening. The next trend is the presence of terminal brachytracheoids with infrequent presence of sclerotracheoids.
Lastly, there is differentiation of the veinlet endings in having sclerekls of monomorphic and polymorphic groupings.
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Figures
Salisb.
phyll,
abaxial
adaxial

2,3--7.4. Transections of eriooid leave~ of : 23. H. s
(Sali~b.)
Transection showing ramiform solereids extending vertically iasdo the mesox 230. 23a. H. pedunculata DC. Sclerosed epidermal layer on the
epidermal layer on
side. x 153. 24. H. rostellata Turez. Sr
and abaxial surface, x 153.

Dispite t~e a b o v e trends, this genus possesses a few taxa in having unusual
featares o f taxonomic and diagnostic interest.
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Flguem 2,5-29. H. banks/i (R.Br.) F. Muell. 25. Semi-diagrammatic sketch of the
lamina showing interrupted sheath along the vein system. 26-28. Components
of the sheath represented by sclereids. Note the smooth, straight as well as
spiculated outline of the oeU-wall, x 92 each. 29. Enlarged view of a portion of
interrupted sheath and ~ i d s .
x 185.
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4.1. $clerenchymatous sheathing layer
Among the iiwesfigated species of Hibbertia, the occurrence of sclerenchymatous
sheathing layers along the main and secondary veins of the leaves of H. nttida
(R.Br.) F. V. Muell., H. altigera Schltr. and IX. banksii (R.Br.)F. V. Muell. is of
considerable anatomical interest. These layers form a continuous parallel sheath
along the vein system but disappear in the terminal portions of the minor veins.
However, these sheathing layers are interrupted and often so in the sub-terminal
portions of the minor veins of the lamina of 1-1.banksii (Brass 18878, 19425 CANB)
collected from Queensland (figures 25-29). In this respect they showed a superficial resemblance to the disposition of stellate fiber bundles of Oryctanthus (Kuijt
1961) ~nd sclerocysts of Memecylon parvifolium (Rao 1957). A careful study has
revealed that these sheathing layers are composed of more or less short tubular
thick walled sclereids, sparsely endowed with pits and lumina of unequal width.
These sclereids have rounded or lobed ends and spiculated outer surface. This
striking interrupted pattern is already reported by Dickison (1969) in the same
taxon collected by Brass 8431 (A) from Papua. The appearance of the identical
feature in the same taxon collected from Queensland (Australia) and Papua is of
exceptional interest. This striking record of the occurrence of interrupted sheath
in the specimens of the same taxa collected from different regions which are widely
separated Seem to be something.more than physiological or ecological, ,ha can be
accepted as a reliable diagnostic feature of this taxon.
4.2.

Sclerased epidermis

It is recorded in the laminae ofH. angustifolia (R.Br.) Benth., H. accicularis (Labill.)
F. V. Muell., IX. cisttfolla DC., H. crassifolla Benth., H. mucronata (Turcz.) F. V.
MueU. (figure 36), H. pedunculata R.Br. (figures 23, 35), H. pungens Benth.,
and H. rostellata Turcz. (figure 24). This is a distinct feature of taxonomic significance. They constitute an orgunised epidermal tissue wherein an individual cell
resembles a sclereid in its morphological features. In agreement with Rao's (1974)
observation, we *hlnk that such an or~anlsed sclerosed epidermal layer should be
separated from classification of idioblastic sclereids.

4.3. Sclerosed hairs
Ualiko the reported embedded hair sclereids as reported in the literature (Metcalfe
and Chalk 1950; Guedes 1975) the sclerosed hairs from the laminae of H. blllarderff F. V. Muell., H. gracilipes Benth., H. scabra Brongn. and Gris and H. ,fflvestris
Diels are epidermal outgrowths, straight or curved. They resemble a sclereid
cell in their thick wall and lumen of narrow width. It is considered as pertinent
to call them as hair'sclereids in view of their idioblastic disposition and resemblances to sclereids in wall features.
4.4.

Contrasted form of terminal idioblasts

They are encountered in the laminae of H. elata and H. oubatchensis. They are
in the form of spheroidal sclereids, brachytracheoids and" sclerotracheoids. Often
they are found in combination presenting contrasted form of idioblasts.
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l, lgares 30-35. Cleared laminae: 30. 1-1. s~:ifolia (DC) F. Muell. (Hoogland
11783, CANB). Parallely disposed osteosclereids with attenuated or spiculated
brartchings. >; 400. Figures 31-33. Polyramous sclereids: 31. H. montana Steud.
(Ehrendorfer 2176, LE). 32. H. enervia (DC.) Hoogl. (Hoogland 12491. CANB).
33. H. saligna R.Br. ex DC. (Hoogland 12457, CANB). 341 H. linearis R.Br. ex
DC. (Boorman. ,~.n. LE.). Yerminal ramilbrm scqereids i~a clusters.
9 600 each.
35. tI. pedunculctta DC. (Hoogland 4925, ('ANB) Sclcroscd epidermal layers.
,-: 600.
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Figures 36-41. Cleared laminae: 36. 1t. m,crona/a (Turcz.) Benth. (Hoogland.
12078, CANB). Sclerosed epidermal layers, • 600. 37. H. monogyna DC.
(Hoogland 12460, CANB). Terminal sub-spheroidal se[ereids, • (,00. 38, 41. H.
bracteata (DC.) Benth. {Hoogland 12224, CANB), Terminal spheroidal sc[r
300. 3~. H. obtusiJolia DC. (Hoogland 12462, CANB). Terminal tubular
sclcreids disposed right angle to the surface, Note spheroidal outline under surface
view. x 150 40. H. elala Maiden and 13etche ~Hooglar~d 11813, CANB).
Sclerolracheoids, • 300.
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Data useful in the systematics of Hibbertia

The fact that scloreids are confined only to a few taxa in the genus Hibbertia is
all the more of systematic interest. The present detailed study has shown the
advazltage of relating on a selected type of sclereid as a diagnostic character in the
confirmation of a few taxa. When they possess the same type of sclereid an attempt
~ o u l d be made to sort out other characters such as sclerosed hairs, sclerosed epidermis, raphides or cuboidal crystals and interrupted sclerotic sheath to see how far
they are also helpful in the systematics o4" Hibbertia. A few striking data are
mentioned below.
Bentham (1863) is of the opinion that in habit and inflorescence 11. verrucosa
Benth. resemble H. hypericoides Benth. but the acute sepals and especially the
stamens readily distinguish it. Similarly the palosclereids of H. verrucosa Benth.
are distinct and their absence in H. hypericoides supports their separation into
distinct species.
The absence of sclereids and other idioblasts and the similarity of the internal
features support the synonymy of H. trachyphylla Steud. and 11. aspera Steud. with
H. hypericoides Benth. (Bentham 1863).
In floral characters there is close resemblance between 11. acerosa Benth. and
H. acicularis (Labill) F. Muell. However, the presence of sclerosed epidermis distingnishes H. acicularis from H. acerosa to a considerable extent.
Bentham (1863) is of the opinion that tt. vestita A. Cunn resembles H. serphyllifolia R.Br. From internal structure it is clear that 11. vestita A. Cunn possesses
terminal spheroidal sclereids, whereas 11. serphyllifolia R.Br. is devoid of sclereids
but possesses only brachytxacheoids at the vein-endings.
Benthazn (1863) has remarked that 11. leptopus Benth. resembles I-1. stellaris
Endl. However, the polyramous terminal sclereids of I-I. leptopus Benth. axe very
distinct and 11. stellaris Endl. has only brachytracheoids at the vein-endings. Thus
their differences outweigh point of similarity. It is thus concluded that their
resemblances do not hold well.
The role of sclereids in closely related species deserve special mention. In H.
linearis sensu late complex comprising of 11. linearis DC. (Hoogland 11656,
11775, 12223, CANB), 11. diffusa DC. (Hoogland 12449, CANB), 11. monogyna DC.
(Hoogland 12235, 12239; Fuller 10205, CANB), H. obtusifolia DC. (Hoogland
11834, 12284, 12292, 12296, CANB), H. sp. nov. aft. linearis (Hoogland 12268) and
H. sp. nov. aft. obtusifolia (Hoogland 11822)the sclereidai features are as follows:
Ramiform sclereids with rounded ends in H. I#zearis; ~pheroidal sclereids in
H. monogyna; ramiform with fusoid ends in I-I. obtusifolia; sclereids in H. sp. aft.
linearis and 11. sp. aft. obtusifolia display similar types of sclereids as found in
H. linearis and H. obtusifolia respectively, confirming thereby their close affinities on
the basis of the sclereid morphology. The only exception in this group complex
is H. diffusa, where the lamina is devoid of sclereids.
In the above complex it is seen that the occurretlce of sclereids appeal" to b~
quite constant and its absence in H. diffusa DC. separates it out as distinct species
Further, spheroidal sclereids are distinct in H. monogyna which stands to reaso~
for regarding it as a good species.
The sclereidal situations in H. stricta and it~ ,flli,-~, ~amely tt. cistifolia DC.,
H. calyeina (DC.) N. A. Waker. (Hoogland 12270, 12275), H. riparia (DC.)
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Hooglazad (Hoogland 11718, 11719) and H. stricta (DC.) F. Muell. ~
stct~o
(Hoogland 1152, 12533) are interesting because of absence of sclereids but presence
of a few distinct features, n~mely sclerosed epidermal layer (tL e.tstifolta), largo
macilagencus idioblasts (H. riparia)and large cuboidal crystals (tt. stricta).
Their characters supported by exomorphic features stand to reason that t h ~
are g o o d species. F u r t h e r , it is p o s s i b l e to distinguish a m o n g t h e m o n t h e basis
o f the a b o v e findings.
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