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THE ANATOMY AND MORPHOLOGY OF FOUR TASMANIAN
CUSHION SPECIES

by Neil Gibson

(with one table, four text-figures and one plate)

A study of the anatomy and morphology of four Tasmanian cushion plant species showed that anatomical convergence was
not as well developed as the obvious morphological convergence. The lack of well-developed xeromorphic features in the
Tasmanian species is not consistent with the hypothesis previously suggested that the cushion form evolved primarily as a

strategy to maintain a positive water balance.
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INTRODUCTION

Convergentevolution of plants inhabiting similarly harsh
environments is a well-known phenomenon. Examples
include the sclerophyll shrubs of Mediterranean regions
(Specht 1979, Mooney & Dunn 1970), the giant rosette
plants of the tropical alpine regions(Hedberg & Hedberg
1979, Smith & Young 1987), and the cushion plants of
the alpine regions of the Southemn Hemisphere and the
subantarctic islands (Heilborn 1925, Rauh 1939, Godiey
1978, Gibson & Hope 1986).

There seems general consensus that these lifeforms
evolve independently in different regions from different
floras by parallel adaptation to adverse environmental
conditions (Hedberg & Hedberg 1979, Smith & Young
1987), although the morphological changes by which
they are achieved may be quite diverse (e.g. du Rietz
1931, Rauh 1939). The restricted number of lifeforms
evolved in these environments implies that there may
be only a few possible biological solutions to the
physiological demands of extreme habitats (Mooney &
Dunn 1970, Halloy 1983).

A precise definitions of cushion plants is difficult,
due to the variety of structural morphologies by which
this form may arise (Hauri & Schroter 1914, du Rietz
1931, Rauh 1939). In Tasmania, the term cushion (or
bolster) plant has generally been taken to include any
species that, growing singly, takes on a hemispherical
or subhemispherical shape due to the close branching of
its shoots and very short internodes. These species tend
to be quite hard and may coalesce to form extensive
mats.

Four morphologically similar cushion species (from
four different families) are found in the alpine and
subalpine regions of Tasmania. Abrotanella
forsteroides (Asteraceae) and Dracophy!lum minimum

(Epacridaceae) are endemic species while Donatia
novae-zelandiae (Donatiaceae) and Phyllachne
colensoi (Stylidiaceae) also occur in New Zealand. The
morphological convergence in the latter two species is
so extreme that the occurrence of P. colensoi was not
recognised until 1946 (Curtis 1946), despite collections
having been made by L. Rodway in 1917.

Morphological and anatomical studies on cushion
plants by Hauri & Schroter (1914), Hauri (1916) and
Rauh (1939) have shown that many species are strongly
xeromorphic. These and later authors have suggested
that the evolution of the cushion form is primarily a
strategy to maintain a positive water balance (Hedberg
& Hedberg 1979).

However, studies by Komer & de Moraes (1979) on
Silene exscapa L. (a cushion species from the European
Alps) showed no evidence of water stress despite high
leaf surface temperatures (25°C). Similar results have
been reported for scree plants from New Zealand, where
surface temperatures may rise to 40-50°C (Fisher 1952).
The availability of soil moisture and efficient transport
systems appear to allow active plant growth under
conditions of high to very high temperature without
reliance on xeromorphic features to survive such periods.

In the Ecuadorian paramos (Heilborn 1925) and in
Tasmania, cushion plants often grow in bog situations
and rarely, if ever, suffer summer moisture restriction
(Gibson 1988). During winter, however, high water
deficits may develop if access to soil moisture is res-
tricted by a frozen soil layer at times of high evaporative
demand (Wardle 1971, 1974; Tranquillini 1979).

The aim of work reported here was to undertake
detailed anatomical studies of the four Tamanian cushion
species to determine (a) the degree of anatomical
convergence in these species, and (b) the degree to
which xeromorphic features were apparent, in order to
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PLATE |
Scanning electron micrographs of the leaves of the four cushion species: (A) Donatia novae-zelandiae,
(B) Dracophyllum minimum, (C) Phyllachne colensoi, (D) Abrotanella forsteroides. (Scale bar = 0.5 mm.)

test the hypothesis that the water stress was a major
factor in the evolution of cushion plants in Tasmania.

METHODS

Fresh and preserved material from the four cushion
plant species was collected from Mt Field West and Mt
Wellington. Both wax and freezing microtome
sectioning were used to obtain 10-15 um transverse (TS)
and longitudinal sections (LS) of the leaves and stems
of the cushion plants. Sections were stained with safranin
and fast green or toluidine blue. Leaf sections were
obtained from a range of locations along the lamina,
while stem sections were taken about 10 mm below the
shoot apex. Anatomical diagrams were drawn using a
camera lucida. Investigations of the cuticle (both
scanning electron micrographs and light micrographs)
of the four species have been published previously
(Gibson et al. 1987: pls 2 & 3). Nomenclature follows
Buchanan et al. (1989) except where otherwise
indicated.

RESULTS

Although gross morphology and structural organisation
of all four species are very similar, leaf morphology
and anatomy are much more variabie.

Donatia novae-zelandiae Hook. f.

Leaf morphology

Leaves are sessile 5-6 mm long linear-subulate with a
pointed apex. The leaf base is widened and has dense
tufts of white hairs 2-3 mm long in the leaf axis (Curtis
1963). Stomata are apparent on both surfaces with the .
guard cells being surrounded by a distinctive cuticular
ridge (fig. 1B).

Leaf surface

Stomata are 40 pm long and 30 pm wide, all arranged
parallel to the long axis of the leaf (pl. 1A, fig. 1B).
Epidermal cells are variable in shape but have significant
cell wall thickening (Gibson et al. 1987).
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Fig. 1 — Anatomy of Donatia novae-zelandiae: (A) leaf TS, (B) stoma, (C) stem TS.

Leaf TS

A single layer of epidermal cells is covered by a thick
cuticle (fig. 1A, B). No palisade mesophyll is present.
Spongy mesophyll with numerous chloroplasts is
traversed by three (~five) vascular bundles. The central
bundle is bound by a bundle sheath and is comprised of
xylem and phloem and a large cap of sclerenchyma.
The minor vessels are similar, though without a bundle
sheath (fig. 1A). Toward the base of the leaf up to five
vessels are present. The stomata occur regularly over
both leaf surfaces. The distinct cuticular ridge
surrounding each stoma is formed by small outgrowths
of the guard cells, which effectively limit the extent of
the cuticle (fig. 1B). The guard cells also have ledges
into the stomata on both upper and lower surfaces.
Beneath the stomata, spongy mesophyll and large air
spaces are found (fig. 1B). There are no surface
trichomes.

Stem TS

The stem of D. novae-zelandiae is simple. There is an
epidermis surrounding a thick cortex layer (fig. 1C),
with a single vascular bundle surrounded by a bundle
sheath. Stem diameter is approximately 2 mm.

Dracophyllum minimum F. Muell,

Leaf morphology

Leaves are sessile with a broad sheathing base about as
long as the blade (34 mm), narrow-lanceolate and
slightly concave, thick and rigid. The apex is acute with
leaf margins minutely serrate (Curtis 1963). The stomata
are very small (pl. 1B) and occur on both surfaces.

Leaf surface

The stomata are c. 15 um in length and arranged
parallel with the long axis of the leaf. The epidermal
cells are much smaller than those of Donatia novae-
zelandiae and have highly sinuous walls. No trichomes
are present (Gibson ef al. 1987).

Leaf TS

A thin cuticle covers a single layer of epidermal cells.
A single layer of palisade mesophyll surrounds an inner
core of spongy mesophyll through which five (—nine)
vascular bundles pass (fig. 2A). The main bundle is
capped by a large bundle of sclerenchyma; two minor
veins also have a sclereid cap while the remaining
veins usually do not. Phloem in all bundles appears
centrally. In the broad sheathing leaf base up to nine
veins are present. The stomata occur regularly and are
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Fig. 2 — Anatomy of Dracophyllum minimum: (A) leaf TS, (B) stoma, (C) stem TS.

very slightly sunken; they consist of a pair of small
guard cells, each situated above a subsidiary cell, both
having a cuticular covering; they are very simple with
no ledges (fig. 2B).

Stem TS

The stem of a young Dracophyllum minimum plant is
very similar to Donatia novae-zelandiae except that the
pith is more developed, often containing cavities. A
single epidermal layer encloses a cortex and a single
vascular bundle. Stem diameter is approximately 1 mm
(fig. 2C).

Phyllachne colensoi (Hook. f.) Bergg.

Leaf morphology

Leaves sessile, 3—4 mm long, glabrous, the lower
half widened and flattened, the upper half linear and
thick with a glandular pore just below the apex on the
adaxial side (Curtis 1963). Stomata approximately
25 um in length occur on both surfaces (pl. 1C, fig.
3B). The leaves are often olive-green in colour.

Leaf surface
The stomata are considerably larger than those of
Dracophyllum minimum (25 um cf. 15 um). Epidermal

cells are 30 um in length and have relatively thin cell
walls. No trichomes are present (pl. 1C) (Gibson et al.
1987).

Leaf TS

The leaf of P. colensoi is very simple, being composed
of a moderately thick cuticle over a single layer of
epidermal cells. This surrounds a core of spongy meso-
phyll containing three vascular bundles, each surrounded
by a bundle sheath (fig. 3A). There is no sclerenchyma
in the leaf. The main vascular bundle is only slightly
larger than the subsidiary veins. Stomata occur regularly
over all surfaces. The guard cells are covered by a thin
layer of cuticle, and raised cells have both upper and
lower ledges above a substantial air space. Guard cells
are surrounded by a slightly modified subsidiary cell
(fig. 3B).

Stem TS

The stem of P. colensoi is very similar to the related
Donatia novae-zelandiae, with an epidermis, an outer
cortex layer and a single central vascular bundle with
a central pith (fig. 3C). Although D. novae-zelandiae is
placed in its own monogeneric family (Donatiaceae) by
most authors, due to incomplete fusion of the style and
stamens, earlier work had placed it in the Stylidiaceae
(Curtis 1963).
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Fig. 3 — Anatomy of Phyllachne colensoi: (A) leaf TS, (B) stoma, (C) stem TS.

Abrotanella forsteroides (Hook. f.) Benth.

Leaf morphology

Leaves are sessile c. 4 mm long with a broad sheathing
base. The leaf tip is hyaline and acuminate, the leaf
margins are obscurely serrulate (Curtis 1963, Gibson ez
al. 1987) (pl. 1D). The hyaline leaf tip can give the
otherwise green cushion a silvery appearance when a
hand or finger is run across its surface. Stomata occur
in bands up both surfaces.

Leaf TS
The single layer of epidermal cells is covered by a thick
layer of cuticle (fig. 4B). Sunken multicellular trichomes
are scattered over the leaf surface (fig. 4A,B). These
structures are made of 1015 cells, are broadly cuneate
and are attached to the leaf surface by a modified
epidermal cell. The trichome tip is slightly sunken
below the leaf surface and is c. 30 um in length and
c. 25 pm broad at the top. Within the trichome cavity,
cuticle thickness becomes attenuated so that the
trichomes are almost completely free of cuticle (fig. 4B).
There are two layers of palisade mesophyll on the
adaxial side but only one on the abaxial side, a layer of
spongy mesophyll traversed by a single vascular bundle.

The bundle is enclosed in a sheath and includes a major
duct, a fibre cap, phloem and xylem tissues (fig. 4A,C).

The duct appears empty and is surrounded by a distinct
layer of cells. It is c. 100 um in diameter and LS
sections show it to run the full length of the leaf. Its
function remains obscure. The phloem tissue is split
into two discrete bundles by an intrusion of
sclerenchyma in the lower half of the leaf. The stomata
appear on both leaf surfaces in broad bands running
parallel to the leaf axis (Gibson et al. 1987). The
stomata are c. 30 um in diameter and very simple, with
no ledges, ornamentation or specialised subsidiary
cells. The leaf cuticle does not cover the guard cells
(fig. 4D).

Stem TS

The stem is similar to the other three species except for
the inclusion of three major ducts (fig. 4E). A single-
layered hypodermis beneath the epidermis encloses a
cortex. The single vascular bundle is enclosed by a
sheath. Immediately outside this sheath are three ducts
identical in form to those found in the leaf. Stem diameter
is c. 1 mm whilst the ducts are ¢. 100 um diameter.
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Fig. 4 — Anatomy of Abrotanella forsteroides: (A) leaf TS, (B) trichome, (C) vascular bundle, (D) stoma,
(E) stem TS.



DISCUSSION

All four species of cushion plant show a high degree of
morphological convergence. All have closely com-
pacted, highly branched stems with very short
internodes. All the leaves are sessile, small and ridged
with stomata on both surfaces.

The internal structure is much less uniform and
consequently more difficult to compare. Of the four
species Donatia novae-zelandiae and Phyllachne
colensoi are the most similar, which is not surprising
given the taxonomic affinity between these species
(Curtis 1963). The major difference between the two is
the lack of sclereids in P. colensoi. The internal
structure and stomata are very similar (figs 1, 3).

Dracophyllum minimum has quite distinct leaf
anatomy, with a palisade mesophyll and numerous minor
veins all running parallel with the axis. -Its internal
structure is almost 1dentical to the closely related New
Zealand cushion plant D. muscoides Hook. f., except for
the absence of the second palisade layer on the adaxial
surface (Hauri 1916).

Abrotanella forsteroides shows the most complex
anatomy, with the presence of well-developed ducts
through leaves and stem, and the presence of sunken
multicellular trichomes (fig. 4B). The function of both
these structures is obscure, but the ducts may be
important in the aeration of plants growing in highly
anaerobic peats.

It is difficult to quantify the degree of dissimilarity
between the four cushion species because no
comparative data are available for other lifeforms found
in this environment and the functional significance of
many anatomical features is poorly understood (e.g.
ducts in A. forsteroides).

All species do exhibit some xeromorphic characters
that are generally equated with severe water stress
(Jeftrey 1987) (table 1). However, none could be
considered to be particularly well adapted to cope with
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the severe water stress that might develop under
conditions of restricted soil moisture and high ambient
temperature. From these anatomical studies it appears
that cushion plants would primarily cope with periods
of high evaporative demand by stomatal closure, since
the common features shared by the four species are a
thick, cuticularised epidermis. The lack of sunken
stomata and protective trichomes suggest such periods
of stress are relatively brief.

Both A. forsteroides and Dracophyllum minimum
have well-developed palisade layers and vascular
bundles in their leaves (3-5-7 bundles/teaf in D.
minimum and a large central xylem vessel in A.

forsteroides). Considerably less well developed bundles

are present in the other two species, which also lack a
tightly packed palisade layer. These features are
consistent with all four species having efficient water
uptake mechanisms capable of dealing with periods of
high temperature during summer, when an excess of
soil water is available.

Beadle (1966, 1968) has suggested that xeromorphs
are extremely resistant to mineral starvation. He argued
that where phosphorus and nitrogen are limiting, excess
carbohydrate from photosynthesis is converted into cell
wall material (e.g. lignin in sclereids). This explanation
may also apply to cushion plants. The highly acid,
often waterlogged peats in which the cushion plants
grow can be expected to be very low in available
phosphorus and nitrogen (Switt et al. 1979).

Other studies of the comparative anatomy of cushion
plants have reported a similar degree of anatomical
variability (Ancibor 1971, 1980, 1981). In a study of 14
species from the cold arid puna region of Argentina
(rainfall ¢. 300 mm; altitudes 3400-5100 m a.s.l),
where high levels of water stress might be expected, it
was found that most of the anatomical features could be
interpreted in terms of minimising the effects of strong
radiation, low temperatures and wind rather than a
response to water deficits (Ancibor 1980). It appears

Table 1
Xeromorphic Characters often Associated with Adaptation to Water Stress*

Donatia Dracophyllum Phyllachne Abrotanella
Microphyllous habit + + + +
Thick epidermis + + + +
Abundant sclerenchyma + + - +
Thick cuticle + + + +
Tightly packed mesophyl - + - +

Sunken stomata
Numerous protective trichomes

1

1
|
!

* After Jeffery (1987).
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that, while the particular environments may prefer-
entially facilitate the evolutien of the cushion form, the
selective pressures for this may be acting at the
morphological rather than the anatomical level. All
four Tasrmanian species show some development of
xeromorphic characters. However, these are not
consistent with the hypothesis that these species would
undergo significant periods of winter desiccation.
Rather, some features, such as reduced leaves and well-
developed cuticle, are likely to be either genetic or
phenotypic adaptation to extreme environmental
parameteTs {e.g. ice ablation, high winds), while other
features may be adaptations related to mineral starvation
or waterlogged conditions. The extent to which these
anatomical features are genetically fixed is unclear.
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