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Methods from phylogenetic systematics and cladistic biogeography are combined
with geographical information system (GIS) and remote sensing technology to develop a
novel approach to biogeography at a landscape scale, bridging the gap between traditional
perceptions of ecological and historical biogeography. This study focused on determining
phylogenetic and biogeographic relationships between 23 species of Elatostema
(Urticaceae), eight of which are new, from Mount Kinabalu, the highest mountain in
Borneo at 4094 m. Kinabalu is a biodiversity and endemicity hot spot of global
significance with ca. 6000 vascular plants species. Factors contributing to biodiversity
and endemicity include the extensive elevation and concomitant climate variation, diverse
habitats including those on ultramafic (serpentine) outcrops of ophiolitic origin, the
Miocene and late Pliocene uplift of the Kinabalu granitic pluton, Pleistocene glaciation,
and Borneo's history of tectonic accretion.
viii

Phylogenetic relationships between the taxa were applied to a cladistic
biogeography analysis. The approach involved defining the areas in the analysis as
satellite image classes using a maximum likelihood supervised image classification and
class probability analysis using Landsat TM imagery of the area. Image signatures for
each class represented 12 habitats at varying elevations and geology. The assumption was
made that the image classes represent ecological entities with a basis in the historical
geology of Mount Kinabalu, Borneo, and its neighbors. Speciation, extinction, dispersal,
and failure to vicariate were accommodated by the cladistic biogeography analysis.
Vicariant speciation is hypothesized to have resulted from the geologically recent
emplacement and uplift of the Kinabalu pluton, habitat displacement during Pleistocene
climatic changes, and population fragmentation due to the cleaving action of glacial
melting to form deep river valleys. Dispersal may have taken the form of Bornean
tectonic accretion of ophiolitic fragments originating in New Guinea, rafting not just into
present day Sulawesi and the Philippines, but also into Borneo. Results indicate that
recent speciation has occurred primarily in taxa occurring at mid and high elevation
habitats. Species of Elatostema on low elevation habitats, both ultramafic and otherwise,
are phylogenetically basal, suggesting that adaptation to ultramafics may have occurred
early in the phylogenetic history of Elatostema, long before Kinabalu arose.
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CHAPTER 1
MOUNT KINABALU

Kinabalu is a scenic wonder, a test for mountaineers from the amateur to
the skilled rock-climber, a holiday from the hot lowlands, and botanically
a paradise. The people of Sabah possess on this famous mountain what I
believe is the richest and most remarkable assemblage of plants in the
world.
E. J. H. Corner (1978, page 113)

Introduction
The purpose at hand is to examine the phylogeny and biogeography of the 23
species of Elatostema Forst. (Urticaceae) known from Mount Kinabalu (Figure 1-1) in
Sabah, Malaysia. Kinabalu is located near the northern tip of Borneo, and is the tallest
mountain in Southeast Asia, between the Himalaya and New Guinea (Figure 1-2). With
an elevation of 4,093.7 m, this isolated massif stands 1000 m taller than any other in
Borneo. Kinabalu is, in a sense, an isolated alpine island. Barkman et al. (1997)
developed this analogy and the concept that the theories of island biogeography may be
applied to isolated montane floras such as that on Kinabalu. Earlier workers, including
Stapf (1894), Corner (1964), and van Steenis (1964, 1967) recognized the significance of
the Kinabalu flora. Van Steenis pioneered biogeographical work in the region by
assessing relationships between Kinabalu and neighboring mountains based on their
distance and number of shared species and genera.
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Elatostema species are abundant on Kinabalu in herbaceous undergrowth,
especially along rivers and streams and near waterfalls. Some species occur on exposed
ridges and slopes. Friis (1993) estimates there are 300 species of Elatostema, but notes
that the genus is in need of study. Few species of Elatostema have been studied beyond
their original descriptions or listings in floristic treatments. The total number is probably
higher because many areas in the montane paleotropics, particularly in Borneo and New
Guinea, remain poorly explored. Shröter and Winkler (1936) monographed 106 species
of Elatostema, including six Kinabalu taxa. Their monograph included none of the 14
species of Elatostema known only from Kinabalu. The other Kinabalu species appear to
be restricted to Borneo, with the exception of E. acuminatum Brong., which occurs in
Java, Sumatra, and southern India. Descriptions of eight new species of Elatostema from
Kinabalu are included in this dissertation.
This study was conceived as a means to elucidate and quantify evolutionary
mechanisms pertaining to the high floristic diversity on Kinabalu. With as many as 6000
species of vascular plants on its slopes (Beaman and Beaman 1998), Kinabalu ranks
among the global hot-spots for biological diversity. Beaman and Beaman (1990)
hypothesized that the high diversity on Kinabalu is the collective result of several factors.
Geological, geomorphological, and ecological factors addressed herein include (1)
diversity of habitats due to elevational variation from lowland rainforest to alpine scrub,
(2) precipitous topography, often opening up new habitat owing to landslides, (3)
geological diversity and patchiness (particularly of ultramafic outcrops) resulting in
highly localized edaphic conditions, (4) historical geology and tectonic history of
Kinabalu, the rest of Borneo, and the Malesian floristic region, and (5) climatic
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oscillations such as those during Pleistocene glacial and inter-glacial cycles, as well as
more recent oscillations influenced by El Niño events (Beaman et al. 1986).
An underlying assumption is that these factors have charted present day species
distributions on a geologically very recent mountain. How and to what extent do they
contribute to speciation and high diversity? While that question may never be answered
explicitly, it is possible to discern patterns in species relationships that bear on the issue
of speciation. The technical goal of this study is to determine whether patterns in the
phylogeny and distribution of species are congruent with discernible spatial attributes and
patterns in the landscape. Of special interest are the phylogenetic and biogeographic
relationships between very localized species and their habitats. The Kinabalu Elatostema
make an appropriate choice as a research taxon primarily because of the occurrence of
endemic species at mid and high elevations and on ultramafic substrates. Table 1-1 lists
the species studied and their general distributions.
Using geographical information system (GIS) and remote sensing tools, analysis
and visualization of phylogenetic and biogeographical data are greatly enhanced.
Figures 1-3 and 1-4, showing a Landsat TM image of the Kinabalu area and a threedimensional terrain model combined with an image drape, while visually striking, are
only a glimpse at the digital data contained therein. Remote sensing and threedimensional terrain modeling provide an opportunity to make localized analytical spatial
queries on ecological and physical characteristics of the places where species and clades
occur. In Chapter 2, a more detailed description of the Kinabalu GIS that forms the basis
for the spatial data set is provided.
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On Kinabalu, endemic and sometimes closely related sympatric species occur in
very local areas. Spatial patterns or correlation between remotely sensed, terrain defined
data and phylogeny are explored for the Kinabalu Elatostema. Barkman et al. (1997)
addressed similar questions for the genus Dendrochilum (Orchidaceae) using a molecular
based phylogeny. An approach based on developing hypotheses of phylogenetic
relationships and cladistic biogeographic relationships between areas on Kinabalu is
developed to address issues of the origin, distribution, and diversity of Kinabalu
Elatostema, and of the mountain's flora in general. Specific questions formulated to
address the issues stated above include the following:
•

Did higher elevation endemic species on Kinabalu evolve from lower elevation
species as uplift and Pleistocene glacial/interglacial cycles drastically and dynamically
altered habitat and increased natural selection pressure? Elatostema bulbothrix Stapf
is a Kinabalu endemic found only on some of the highest elevation ultramafic
outcrops. What is the relationship of this rare species to other Kinabalu Elatostema?

•

Does precipitous topography hinder gene exchange between isolated populations,
driving rapid adaptive radiation and speciation? If so, one would expect to see closely
related species with micro-disjunct area relationships.

•

What role does the occurrence of ultramafic geology play in the large number of
endemics?
To answer these questions, a phylogeny of Kinabalu Elatostema based on

morphological characters was constructed. Elatostema is especially rich in vegetative
characters, particularly in the form and distribution of cystoliths and trichomes on both
vegetative and reproductive structures. Floral and inflorescence characters also proved to
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be quite informative. The phylogenetic analysis is presented in Chapter 4, with the
higher-level analysis in Chapter 3 providing the appropriate outgroups.
In Chapter 5, a biogeographical analysis to determine relationships between taxa
and areas is presented. Novel techniques for visualizing phylogenetic patterns, levels of
endemicity, and species distributions are employed. A cladistic biogeography approach is
also employed. Congruence between evolution of Elatostema and the geological history
of Kinabalu is evaluated. Modes of speciation via vicariance and long distance dispersal
are considered, as well as the roles that differing geological substrates, changing climatic
conditions and mountain orogeny play in speciation. In addition, the possibility exists that
high biological diversity in the Kinabalu region may be due to the intermingling of floras
resulting from continental accretion. This may be even more significant than long
distance dispersal. Finally, revision and taxonomic treatment of Kinabalu Elatostema is
presented in Chapter 6, including nomenclature, descriptions, diagnoses of new species,
and specimens cited.
General observations on the flora, geography, geology, geomorphology, climate,
and elevational zonation are described in the balance of this first chapter. For further
information on the natural history of Kinabalu the reader is directed to Wong and Phillips
(1996) who provide a recently revised compendium by authors in numerous disciplines.

The Flora
In a summary of global plant diversity, Barthlott et al. (1996) ranked northwest
Borneo, inclusive of Kinabalu, among the top ten biological diversity centers in the
world. They indicated that the area has more than 5,000 vascular plant species per
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10,000 km2. Kinabalu actually may harbor 5,000-6,000 species in an area of only 1150
km2 (Beaman and Beaman 1998). More than 1,000 genera representing over 200 families
are known in the Kinabalu vascular plant flora. Roos (1997) asserted that the Malesian
vascular plant flora consists of about 42,000 species in an area of 3.1 million km2. Thus
the relatively small area (0.04% of Malesia) encompassed by Kinabalu may include as
much as 14% of the Malesian flora and 2% of the global flora of an estimated 300,000
vascular plant species. To place this in perspective, the flora of Florida probably
comprises about 1.3% of the global flora, and Europe about 3.7%.
Exceptionally high diversity provides a compelling argument for recognizing
Kinabalu as a biodiversity hot-spot. However, numbers alone do not make a botanical
paradise. Kinabalu serves as home to a number of non-urticaceous taxa of special
botanical significance. Brief mention of certain taxa is warranted here.
The largest family of flowering plants on Kinabalu is the Orchidaceae with over
643 species. Many are well known for their horticultural value and rarity (Cribb 1998,
Wood et al. 1993, Wood and Cribb 1994). Notable taxa include several species of the
well known genera Paphiopedilum and Dendrobium. Bulbophyllum, the largest orchid
genus on Kinabalu, includes over 87 species.
No less engaging is Rafflesia keithii Meijer (Rafflesiaceae), an achlorophyllous
root parasite, having flowers measuring over one meter in diameter. The flowers look and
smell like rotting meat which attracts carrion flies as pollinators (Beaman et al. 1988).
The genus Rafflesia is known for having the largest flowers in the world.
Nepenthes rajah (Nepenthaceae) is a carnivorous plant whose pitchers are formed
from extensions of the leaf midrib, and the pitchers of this species may hold over a liter of
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water laden with digestive enzymes, variously digested insects and even small mammals.
Numerous other pitcher plants species occur on Kinabalu, some of them endemic, and
many on ultramafic substrates.
The genus Rhododendron (Ericaceae) deserves special mention, primarily because
80% of the Kinabalu species are endemic (Argent et al. 1988). Other Ericaceae, such as
Diplocosia, are also abundant, with numerous endemic species on Kinabalu.
Other large families on Kinabalu include the Rubiaceae, Euphorbiaceae,
Melastomataceae, Lauraceae, Myrtaceae, and Araceae. The single largest genus on
Kinabalu is Ficus (Moraceae), with ca. 100 species. Floristic enumerations have been
completed for the ferns and fern allies (Parris et al. 1992) and gymnosperms (Beaman and
Beaman 1993, 1998) as well as for the monocotyledons (Beaman and Beaman 1998).
Sipman (1993) provided a checklist of lichens, listing 286 known species, and estimated
the actual number to be about double this value.

Geography
Low's Peak, the highest on Kinabalu, is a mere 40 km from the South China Sea.
The massif rises impressively from the surrounding foothills and the coastal plane (Figure
1-3). The oft-quoted 4,101 m (13,455 ft) elevation for this peak was determined by the
East India Shipping Company in 1910 (Jenkins 1996), but several of the peaks on
Kinabalu have been recently surveyed. In 1997, the Sabah Department of Lands and
Surveys, using carrier phase global positioning system (GPS) equipment, measured the
height of Low's peak at 4093.7 m.
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Kinabalu Park, one of six parks in the Sabah Parks system, encompasses the
Kinabalu massif in an area of about 750 km2. The park also includes Mount Madeleng
(the name Tambuyukon is often misapplied to this peak), the third-highest (ca. 2540 m)
mountain in Sabah. Kinabalu forms the northen terminus of the Crocker Range (also
under protection by Sabah Parks), which parallels the west coast of Sabah.
A Kinabalu location map, reproduced here at reduced scale (Figure 1-5) and
gazetteer (Beaman et al., in prep.) are near completion. Botanical collection sites, as well
as locations of general geographical interest have been mapped. Much of this
geographical knowledge was obtained through interviews with the local Dusun people. A
large number of sites, especially historical collection localities, were known only to some
of the oldest individuals in their communities. Without much of this detailed geographical
knowledge, the micro-geographic specimen mapping employed in this study would not
have been possible.
Kinabalu is the only mountain above 2649 m in Sabah and the only one in Borneo
above 3200 m. Sarawak, Sabah's neighboring East Malaysian state to the south, has a
number of mountains and mountain ranges including Mount Murud, the Dulit Range, and
the Hose Mountains, but none of these approach Kinabalu's stature. Likewise, the interior
of Kalimantan (Indonesian Borneo) is rugged and mountainous (Figure 1-2) but not well
explored botanically. Numerous other mountains between 2500 and 3000 m elevation
occur in the neighboring Philippine islands, including Palawan and Mindanao, and in
Sulawesi (the Celebes), which is close to Borneo but on the other side of Wallace's line.
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Geomorphology
Steep slopes abound on Kinabalu; razorback ridges and deep valleys make for
some very rugged terrain. This combination may foster effective geographic and
reproductive isolation of species over short distances.
The summit area is bisected by Low's Gully. Low's Gully formed along a thrust
fault (Jacobson 1970) that was sculpted at its upper end by Pleistocene glaciers. The
gully decends into what becomes the Penataran River. Together, they drop more than
3500 m over a four kilometer distance. Low's Gully exemplifies the precipitousness of
Kinabalu and it remains a serious challenge to explorers. In 1993, ten British Army
soldiers set out on a ten-day descent of Kinabalu through Low's Gully. It was concluded
tardily after a 12-day search and rescue operation used a helicopter to save five soldiers
trapped between waterfalls. The other five made it out on their own.
The highest peaks of the Mountain are west of Low's Gully. King George Peak is
the highest peak east of the gully and forms a pivot point between Eastern Ridge and
Northern Ridge. The northern slopes of Kinabalu are not well explored. Most botanical
exploration has been concentrated on and around the southwest slopes of Kinabalu
(Figure 1-5). This is exemplified by the higher concentration of named places in this area.
The southwest slopes have historically afforded the easiest ascent. Hugh Low was the first
European to reach the summit, in 1852. Granite crags line both of these ridges at their
upper elevations. The Eastern Ridge gradually descends to 600 m at Poring Hot Springs.
The Northern Ridge runs nearly level towards the north.
Five majors river systems originate near the summit of Kinabalu. The Northern
Ridge terminates where the headwaters of the Mekedeu River run to the east, and the
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Wariau river runs to the northwest past Sayap and into the western coastal plain. The
Liwagu River originates on the southern slopes and ultimately flows out the eastern coast
of Sabah. The Kadamaian River cascades off the southwest slopes in a 1000 m high
waterfall. Numerous rivers, including the Penataran, join with the Kadamaian as it flows
north through the coastal plain. The Kadamaian becomes the Tampassuk River near Kota
Belud, the city from which the earliest expeditions up Kinabalu commenced.

Geology
Mount Kinabalu is one of earth's most recent major granitic plutons (primarily
composed of ademellite, with porphyritic margins). It was emplaced diapirically about 9
ma, cooling until 4.9 ma and uplifted in the last 1.5 million years (Jacobson 1970). It may
still be rising at a rate of between 3 and 5 mm per year. This granite core is exposed in
most areas above 3000 m. The summit area was much affected by the sculpting action of
glaciers during the Pleistocene, during which a 5 km2 ice cap formed. Deglaciation,
ending about 9,200 years ago, further eroded deep river valleys and deposited alluvial
sediments such as the Pinosuk gravels. Habitats above 3000 m were colonized after the
glacier retreated. Below the summit, a number of other substrates, including highly folded
and faulted Tertiary Crocker and Trusmadi sedimentary formations and Quaternary
Pinosuk gravels support a range of tropical forest communities.
Of particular interest are plant species and communities growing on the ultramafic
(also referred to as ultrabasic or serpentine) outcrops that occur at various elevations on
Mount Kinabalu. A higher proportion of endemic species are found on ultramafic
substrates than on non-ultramafics (Beaman and Beaman 1993, Parris et al. 1992, Wood
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et al. 1993). Elatostema exemplifies this trend (see Table 1-1). More than half of the 15
Kinabalu plant communities recognized by Kitayama (1991) occur on ultramafics.
Plants growing on ultramafic substrates must adapt to low availability of nitrogen,
phosphorous, potassium, and calcium and high levels of iron, magnesium, nickel,
manganese, chromium, and cobalt. This is a toxic mixture to many plants. While there is
no evidence that any ultramafic adapted plants require high levels of heavy metals, some
species occur only on ultramafic outcrops. Competitive exclusion may be invoked to
explain why some of these ultramafic endemics do not occur on less toxic soils.
The stature of trees and shrubs on ultramafic habitats is often stunted, and is one
of the factors that makes these ultramafic patches quite recognizable with remote sensing
software. Serpentine (ultramafic) vegetation was noted by Kitayama (1991) to be
strikingly different from that of surrounding forests on non-ultramafic substrates. Not all
trees on ultramafics are stunted, however. The commercial value of some enormous trees
in the family Dipterocarpaceae and the genus Agathis (Podocarpaceae) endangers this
community at lower elevations.
Kitayama (1991) also indicated that there are at least three altitudinal subdivisions
of woody serpentine vegetation. The first subdivision is that dominated by Tristania
(Tristaniopsis) elliptica, the second by Leptospermum javanicum and Tristania elliptica,
and the third by Leptospermum recurvum and Dacrydium gibbsiae. Another ultramafic
vegetation type on which Kitayama did not comment are the forests dominated by
Casuarina sumatranum or C. terminale. These are particularly distinctive markers of
lower and mid elevation ultramafic soils. In addition, there are very interesting graminoid
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ultramafic communities at Marai Parai and on the summit of Mt. Madeleng. These
graminoid communities often support the highest levels of local endemism.
The occurrence of ultramafics around Kinabalu is not anomalous for the region.
Ultramafic outcrops occur in Palawan, Sulawesi, New Guinea, as well as around the
volcanic belt known as the "Pacific Ring of Fire." These are active or previously active
zones of subduction of the spreading oceanic Pacific Plate beneath the Asian, Australian
and American continental plates.
Van Steenis (1964) concluded that there must have been a former mountain
connection between Asia and Australia, and that Kinabalu was a part of a "transtropical
bridge of temperate genera." Stapf (1894) held that Kinabalu must have shared an
"immediate connection with the highlands of New Guinea, or what was then its
equivalent," for the presence of Australian elements in the Kinabalu flora to be
intelligible.
In light of recent tectonic evidence (Hall 1996, 1999, Metcalfe 1999, Moss and
Wilson 1999), Stapf and van Steenis may have been more prophetic than we realized even
recently (Beaman 1996). Malesia is a tectonically complex region and the biogeography
is as convoluted and complex as that of the Caribbean.
Borneo, the Philippine islands, Sulawesi, New Guinea and other Indonesian
islands are situated in an area of striking tectonic activity at the juncture of the Eurasian
and Indian/Australian cratons, and the Pacific, Caroline and Philippine Sea plates.
Metcalfe (1999, page 25) described the area as "giant `jigsaw puzzle' of continental
fragments bounded by major geological discontinuities... now huge strike-slip faults,
whereas others are actual suture zones that include remnants of oceanic crust (ophiolites),
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oceanic and continental-margin sedimentary rocks, accretionary complexes, melange, and
sometimes volcanic arcs."
Ophiolites are typically ocean floor material thrust up onto and sometimes folded
into volcanic and sedimentary material. Brooks (1987) suggests that the ultramafics on
Kinabalu may be part of the Palawan Ophiolitic Belt. Palawan, a southern Philippine
island just to the north of Borneo is rich in ultramafics. It is a marginal fragment of
Eurasia that rafted eastward as the South China sea opened in the Mid Oligocene through
the Late Miocene, an event that coincided with the final uplift of Kinabalu. It was
submerged until the early Pliocene. Alternatively, the ultramafics, or at least the
ultramafic elements of the flora, on Kinabalu may have more closely shared a history with
those in Mindanao and Western Sulawesi, and as a result with New Guinea and Australia.
Ophiolites in Sabah crop out in a discontinuous S-shaped curve, with the Darvel Bay
Ophiolitic complex at the southeastern end and those on Kinabalu at the northwestern
end. The Darvel Bay ophiolites were already eroding by the Eocene (Omang and Barber
1996) and Brooks (1987) indicates these as related to the Mindanao ophiolites.
Borneo appears to be the result of dispersion of Gondwana marginal slivers and
later accretion of a number of these fragments from Paleozoic to Cenozoic times
(Metcalfe 1999). Continental blocks and fragments believed to contribute to Borneo
include South West Borneo, Semitau, Luconia, and Kelabit/Long Bowan fragments
derived from Cathaysialand, which was formed by the amalgamation of South China,
Indochina, and East Malaya in the Late Devonian to Early Carboniferous. These
fragments and parts of the Philippines basement separated from Cathaysialand opening up
the Proto-South China Sea in the Late Cretaceous. The Mangkalihat and Paternoster
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fragments found to the east of the Adio and Meratus sutures in Borneo were derived from
Gondwanaland in the Late Triassic to Late Jurassic, along with West Sulawesi. These
fragments rafted from the northern margin of Australia in the Late Jurassic through the
Late Cretaceous. East Sulawesi, once contiguous with New Guinea/Australia (Metcalfe
1999), is shown by Hall (1999) as accreting to West Sulawesi in the Mid to Late Miocene,
a time when there may have also been a discontinuous volcanic arc connection to Borneo
via the eastern Philippine islands and Mindanao. Moss and Wilson (1999) indicate that
microcontinental blocks from the New Guinea-Australian margin that accreted onto
eastern Sulawesi in the Miocene or Pliocene may have remained emergent as they rafted.
Moss and Wilson (1999) infer a mountainous land connection between southern
Borneo and mainland SE Asia in the Eocene into the Pliocene, possibly dating as far back
as the Jurassic. They also suggest that dispersal may have occurred along volcanic arcs
between Borneo, Sulawesi, and the Philippine islands. Hall (1999) postulated that an
Eocene collision of India into Asia about 45 ma resulted in major mountain building and
resulting changes in climate and drainage systems in SE Asia. This event also allowed
dispersal of the Gondwana flora into Asia. The northward movement of the Australian
craton brought about contact between north Australia, New Guinea, Sulawesi, Borneo,
and the Philippines ca. 25 ma. The uplift of the central mountains of Borneo also occurred
around this time, and Borneo and the Malay Peninsula maintained connection along the
exposed Sunda Shelf through the Pliocene.
While much of the geological activity described above occurred before the final
uplift of Kinabalu, it was important in setting the stage for high levels of biological
diversity. The active orogeny of Kinabalu only 1.5-9 ma opened new niches, including
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what is now the only high elevation habitat between the Himalaya and New Guinea. Also
important is the recognition that while the ultramafic flora on Kinabalu is represented by a
large proportion of endemic, possibly neo-endemic species, organisms have been adapting
to ultramafic toxicity since at least the Eocene. A cross-section diagram by Jacobson
(1970) shows the intrusion of the Kinabalu pluton occurring through both ultramafic and
sedimentary formations. Mount Madeleng, 24 km northeast of the Kinabalu summit, is a
predominantly ultramafic mountain. Madeleng may provide an indication of what the
Kinabalu area might be like had the final emplacement and uplift of the Kinabalu pluton
in the Pliocene never occurred.
Wallace's line (Wallace 1898) passes just to the east of Borneo. The position of
Kinabalu west of Wallace's line would suggest a Laurasian origin of the flora. However,
there are many representatives of the Australasian flora on Kinabalu. These include many
of the gymnosperms (i.e., Dacrydium, Agathis, Podocarpus) and many Myrtaceae (i.e.,
Leptospermum, Tristania and Tristaniopsis). Recent knowledge of the timing of tectonic
events along with application of cladistic biogeography in the Malesian region are
beginning to provide answers to the question of why some organisms may have crossed
Wallace's line and why others have not.
Dispersal from Australasia of Dacrycarpus imbricatus (Podocarpaceae) into
Sundaland is cited by Morley (1999) as a classic example of westward migration across
Wallace's line. Pollen of this species was common in the Lower Pliocene from offshore of
Sabah and Sarawak. The genus is typically restricted to SE Asian moist montane habitat,
and is represented by two species on Kinabalu, D. imbricatus and the endemic D.
kinabaluensis (Beaman and Beaman 1998).
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Climate
Kinabalu supports extreme climatic ranges from tropical rain forests near sea level
to freezing alpine conditions at the summit. Stapf (1894), in the first floristic account of
the Kinabalu flora, made special note of temperate taxa occurring in the flora such as
Ranuculus lowii (Ranunculaceae) and Potentilla s.l. (Rosaceae). The closest relatives to
either of these are in the Himalaya and New Guinea.
Pleistocene climatic oscillations may have caused upwards and downwards
migrations of species during glacial and interglacial cycles. Glaciers extended as low as
3000-3100 m (Choi 1996, Jacobson 1978), about 1000 below the summit. A 1000 m
difference in elevation may be correlated with a mean temperature drop of 5.5° C on
Kinabalu (Kitayama 1992, 1994). Below the physical extent of the glaciers, this degree of
change in mean temperature would strongly select against many tropical cloud forest
plants. In addition, downward migrations may have isolating effects on some plant
populations. Besides having elevational restrictions, most plants on Kinabalu tend to be
restricted to ridges, stream valleys or slopes. In the case of a species occurring only on
ridges, when populations are forced downwards, those on adjacent ridges would become
more isolated, since ridges radiate as elevations decrease. The opposite effect would occur
with stream species, since streams conjoin as elevations decrease.
Recent El Niño events have lead to extreme short-term climatic instability
throughout Borneo. Beaman et al. (1986) documented El Niño related forest fires
occurring in 1983 in Sabah. Almost 10 % of the forested land of Sabah burned during this
event. Two other El Niño events have occurred since, one in 1990 and another in 1998.
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Both were associated with fires burning through primary forest within Kinabalu Park.
Many of these fires burned vegetation on ultramafic substrates. This vegetation type
seems particularly susceptible to drought. Many of the plants on ultramafics exhibit
characteristics of xerophytes (thick leathery leaves with waxy cuticles), but their ability to
tolerate fire is dubious. One of the characteristics of the El Niño droughts is that they are
often followed by unusually heavy rains. Numerous landslides have occurred on Kinabalu
following the El Niño events. While the wildfires may be only recently occurring on
Kinabalu because of human disturbance (and arson), El Niño is not new, nor are
landslides. Many very interesting ultramafic species occur only on landslides.

Elevational Zonation
A vegetation map of Mount Kinabalu Park was published by Kitayama (1991) in
which 21 vegetation map units were recognized. Kinabalu Park does not include all the
area covered by this study, but enough is included to make the map useful for
understanding the vegetation of the entire Kinabalu massif. Kitayama indicated that
diagnostic canopy tree species could be used to distinguish vegetation zones. He
considered these species to be mutually exclusive in distribution and their occurrence
correlated with elevation. The upper boundary of lowland rain forest, where the majority
of emergent trees (mostly Dipterocarpaceae) disappear from the canopy, is at about 1200
m. The upper limit of lower montane forest is at between 2000 and 2350 m, and that of
upper montane forest at between 2800 and 3000 m, the latter particularly marked by the
upper limit of Lithocarpus havilandii. Above this level occurs a lower-subalpine
coniferous forest dominated by Dacrycarpus kinabaluensis, Dacrydium gibbsiae,
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Podocarpus brevifolius, and angiosperms Photinia davidiana, Styphelia malayana, and
Leptospermum recurvum. The upper limit of this forest is at about 3400 m and
corresponds to the closed forest line. A fragmented upper-subalpine forest extends above
this level to the tree line at about 3700 m. Above this level is a summit area zone of alpine
rock-desert with scattered communities of alpine scrub. Kitayama suggested that the tree
line may coincide with the lowest elevation where nocturnal ground frost is frequent. He
noted that great variations in dominance type, species composition, and forest structure
occur within each zone. These were attributed to altitudinal temperature effects, soil
nutrient status in relation to topography (particularly ridge and valley differences) and
slope aspect.
Elevational zonation is so strong on Kinabalu that it may be used as the primary
basis for recognition of vegetation types. Below 500-600 m is what Kitayama refers to as
"substituted vegetation" and is meant to refer to lowlands that have long been subject to
human management and disturbance. "Hill forest" is a much used term for the upper part
of the dipterocarp-dominated lowland forest, and we have applied this to habitats between
the levels of about 600 and 1400 m. Kitayama considered the lowland forest to be sixlayered with emergent trees characteristic and undergrowth sparse. Lower montane forest
is in the elevational range of about 1200-2200 m, is five-layered, and does not have
emergents; upper montane forest has a dense herb layer. The lower subalpine forest is
sparser in undergrowth and lower in height. Upper montane forest is used here to refer to
all forest vegetation above the lower montane forest. The area above the continuous upper
montane forest is referred to as the summit area.

Figure 1-1. Mount Kinabalu. Top: View of the upper south face from the West
Mesilau River, above the Pinosuk Plateau. Bottom: View of the southwestern
slopes showing ephemeral waterfalls after a rain storm.
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Figure 1-2. Location of Mount Kinabalu in Southeast Asia. The map was created from
digital elevation data from the USGS (1996) GTOPO30 data set. Hill shading and a huesaturation-value (HSV) color model was applied to elevation values. The elevations grade
from green at the lowest elevations to dark red at the highest. The map shows how isolated
Mount Kinabalu is from other high mountains in the region.
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Figure 1-3. Satellite image map of Mount Kinabalu, based on Landsat 5
Thematic Mapper data from 14 June 1991. Bands 3, 2, and 1 are shown applied
to a red- green-blue (RGB) color model. Raw image data was rectified using
digital elevation model (DEM) data and global positioning system (GPS) groundcontrol points. Original pixel values were maintained by this method, thus the
image may be used in further analysis. The Kinabalu Park boundary is shown in
red.
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Figure 1-4. Drape of the Landsat TM image of Mount Kinabalu over the DEM, as seen
from the northwest. This figure was produced using image bands 7, 2, 1. The Kinabalu
Park boundary shown in red is an additional coverage. Black holes in the draped image are
areas where surface visibility was miscalculated owing to three-dimensional surfaceresolution limitations. The surface resolution is 50 × 50 m while the image resolution is
28.5 × 28.5 m.

Figure 1-5. Reduced scale (1:250,000) reproduction of Mount Kinabalu location
map showing place names of kampungs, peaks, rivers and botanical collecting
localities. The shaded relief map was produced by hill shading and color coding
by elevation the digital elevation model (DEM).
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Table 1-1. Species of Elatostema included in this study, their general
distributions, and occurrence on ultramafic substrates. 1Species occurs
exclusively on ultramafic substrates. Undescribed species indicated by single
quotes around the specific epithet.
Taxon

Ultramafic

Distribution

E. acuminatum

X

Kinabalu, Borneo, Java, India

E. `auriculatifolium'

X

Kinabalu

1

Kinabalu

E. bulbothrix

X

E. `bullatum'

Kinabalu

E. `dallasense'

Kinabalu

E. `flavovirens'

Kinabalu

E. gibbsae

Kinabalu, Sabah

E. integrifolium

Himalayas

E. kabayense

Kinabalu, Sarawak

E. kinabaluense

X

Kinabalu

E. lineare

X

Kinabalu, Sabah

E. lithoneuron

X

Kinabalu

E. `maraiparaiense'

X

Kinabalu

E. pedicillatum

X1

Kinabalu

E. penibukanense

X

Kinabalu

E. `pinnatum'

Kinabalu

E. `purpurascens'

Kinabalu

E. rubrostipulatum

Kinabalu

E. `serpentinense'

X

Kinabalu

E. tenompokense

X

Kinabalu

E. thalictroides

Kinabalu, Sabah, Sarawak

E. variolaminosum

Kinabalu, Sarawak

E. vittatum

X

Kinabalu, Borneo

E. winkleri-huberti

X

Kinabalu, Sabah

CHAPTER 2
GEOGRAPHICAL INFORMATION SYSTEM
Development of a geographical information system (GIS) for Mount Kinabalu
was originally conceived to augment the botanical inventory of Mount Kinabalu, with a
location map and gazetteer, and as a basis for mapping species distributions. As the
technology has improved, GIS has become much more than just a mapping tool; it forms
a spatial framework for analysis of biological data. Though beyond the scope of this
dissertation, we are developing GIS tools to (1) predict where species occur in unexplored
areas based on occurrence in known localities, (2) develop diversity indices based on
surface areas and elevation, and (3) identify ltramafic habitat islands as part of an effort to
understand plant speciation patterns on Kinabalu. Identification of ultramafic outcrops is
of particular interest because of the correlation between these outcrops and distribution of
endemic species, particularly those hypothesized to have evolved on Kinabalu.
Coverages included in the Kinabalu GIS to date are topography, hydrography
(rivers and streams), the Kinabalu Park boundary, ground-control points, a vegetation
map published by Kitayama (1991), place names (toponyms) relating to specimen
collections made since 1851 as well as by local collectors for the Projek Etnobotani
Kinabalu (PEK), the Landsat TM image, and a digital elevation model (DEM) was
developed from topographic coverages.
Predictions of where a taxon occurs in unexplored areas are useful in planning
expeditions into areas such as the still unexplored north side of Mount Kinabalu.
29
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Likewise, park management may use this type of data to target certain areas for
protection. Predicting the occurrence of a particular taxon is based on knowing the
characteristics of its habitat. Sheila Collenette (pers. comm.) probably was the first person
to use remote sensing in this manner in her rediscovery of Paphiopedilum
rothschildianum on Mount Kinabalu. Using black and white aerial photographs of
Kinabalu she was able to recognize the Casuarina s.l. forests that are characteristic of
many ultramafic areas. Site visits proved her technique worthwhile, because the rare
slipper orchid, P. rothschildianum, had not been known from the wild in almost 70 years.
The type collection had been (mischievously) attributed to New Guinea.
Remote sensing and GIS software (ERDAS Imagine and ESRI Arc/Info,
respectively) provide image enhancement and classification techniques that make these
sorts of predictions possible in a systematic way. Digital elevation models (DEMs) allow
further refinement of predictive models by the inclusion of elevation, slope and aspect
data. Diversity indices may also be enhanced by developing models to incorporate DEM
data into the diversity index. How species diversity relates to habitat diversity and the
spatial extent of certain plant communities is of particular interest on Mount Kinabalu,
because of the high endemicity of species, particularly in ultramafic areas.

Satellite Imagery
The satellite image used extensively in this study is a Landsat 5 Thematic Mapper
(TM) product, from an orbit ca. 700 km above the earth's surface. The image shown in
Figure 1-3 is a quarter of a quarter scene, i.e., one-sixteenth of the total scene that covers
185 x 185 km. This image, recorded 14 June 1991, is one of only two cloud-free images
available for the area, which is characterized by frequent and heavy cloud cover. The
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nominal ground resolution is 28.5 x 28.5 m for each pixel. The data are provided from
seven bands of the electromagnetic spectrum, as designated by the EOSAT corporation:
Band 1, visible blue (0.45-0.52 µm); band 2, visible green (0.52-0.60 µm); band 3, visible
red (0.63-0.69 µm); band 4, near infrared (0.76-0.90 µm); band 5, mid infrared (1.55-1.75
µm); band 6, thermal infrared (10.4-12.5 µm); and band 7, a second mid infrared band
(2.08-2.35 µm). Applying the visible bands 3, 2, and 1 to a red, green and blue (RGB)
color model creates a true-color image (Figure 1-3). Several other band combinations are
shown in Figures 2-1 through 2-4 for comparative purposes. These are pseudo-color
images in which differentiation between vegetation types is often enhanced. As the term
implies, pseudo-color images are less faithful at approximating colors seen by the human
eye. The human eye is not sensitive to infra-red wavelengths. Most of the Landsat TM
bands provide useful information on vegetation (Lillesand and Kiefer 1987). For example,
band 1 is useful in differentiating between soil and vegetation types. Band 2 measures
green reflectance of healthy vegetation. Band 5 is sensitive to the amount of water in the
leaves of plants and penetrates through smoke and haze better than bands 3, 2 or 1.
Some particularly conspicuous elements of the landscape are apparent in all
combinations, including primary forest, secondary forest, and shifting agriculture.
Furthermore, the bare granitic outcrop of the summit area of Kinabalu is readily apparent,
as is the Mamut Copper Mine, another feature without vegetation cover. Other less
conspicuous features with which we are working, such as the occurrence of ultramafic
outcrops, require special techniques to enhance. Enhancement techniques we have
employed so far include tasseled cap analysis (enhances brightness, wetness and
greenness), basic mineral composition, and ferro-magnesium indices (e. g., occurrence of
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ferrous minerals can be enhanced by ratioing band 5 to band 4). In terms of the vegetation
on Kinabalu, the latter method has proved more useful than the former. Ultramafic
outcrops stand out particularly well in Figure 2-4.
Finally, satellite imagery made the production of the location map for Mount
Kinabalu (Figure 1-5), on which accurate and up-to-date placement of roads and
settlements (kampungs) are important, easier and more accurate. Roads vs. rivers, for
instance, are more conspicuous in different band combinations (Figures 2-2 and 2-3).

Predicting Species Ranges using Digital Elevation Models
It is possible to convert the elevational data from contours on topographic maps
into a three-dimensional digital elevation model (DEM) of a landscape. In a grid-based
DEM, elevation values are stored within cells, each of which represents a discrete unit of
space on earth. The cells are organized into rows and columns forming a Cartesian matrix
in the same way that satellite data are stored. The Kinabalu DEM uses cell sizes of 50 x
50 m. When visualized, the process is like draping an enormous fishnet over the
mountain. Different elevations can be represented by different colors, thus enhancing the
three-dimensional aspects of the image (Figure 2-5). Views from any direction can be
produced. Elevation, slope, aspect, and insolation (intensity of sunlight falling on a slope)
attributes can be easily extracted from a DEM. In an analytical environment, these
attributes can be used to predict where a particular rare species may occur in unexplored
areas, based on elevation, slope, and aspect data for known occurrences of the taxon.
A particularly exciting aspect of the DEM is that it provides a mechanism for
draping other types of coverages over basic details such as elevation. For example, river
systems can be shown three-dimensionally draped over the DEM. An even more dramatic
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example is in the ability to drape satellite imagery. Thus, a realistic three-dimensional
model of Mount Kinabalu can be produced as a drape over the DEM, and additional
coverages, for example the Kinabalu Park boundary, can be added as shown in
Figure 1-4.

Diversity Analyses through GIS
Plant diversity and distribution patterns on Mount Kinabalu were discussed by
Beaman and Beaman (1990), and the hypotheses explaining the high diversity were
outlined there and somewhat elaborated in Beaman et al. (1997). Significant
environmental variables involved in this hypothesis that are amenable to GIS analysis
include extreme elevational variation from just above sea level to 4,094 m, precipitous
topography, diverse geological substrates, relatively open habitats (e.g., landslides), slope,
aspect, and, as dependable data about species distributions on the mountain become
available, relative isolation of individual populations.
In Parris et al. (1992) and Wood et al. (1993), histograms showing generic and
species diversity for the pteridophytes and Orchidaceae indicate that the highest number
of taxa occur at about 1500 m. This type of diversity index is independent of the actual
surface area at any particular elevation range. Among the analytical uses of the digital
elevation model is that it allows us to calculate planimetric surface area for each of the
elevation ranges on Kinabalu. To compare diversity for areas of unlike size it is necessary
to calculate a diversity index. There is of course less overall surface area on any mountain
at progressively higher elevations. The simplest type of diversity index is derived by
dividing the number of taxa by the surface area. In this instance, elevation ranges in 500
m bands around Mount Kinabalu are the areas for which diversity is compared. The
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results for pteridophytes are shown in Figure 2-6. Although the highest number of
pteridophyte taxa occurs between 1001 and 1500 meters, the highest number of
pteridophyte taxa per unit area is between 2001 and 3000 meters. This area-based
diversity index is more comparable to diversity indices based on plot sampling.
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Figure 2−1. Landsat TM pseudocolor image of Mount Kinabalu, produced by
applying bands 7, 6, and 4 to the RGB color model. Low elevation ultramafic areas are
quite evident with this band combination.
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Figure 2−2. Landsat TM pseudocolor image of Mount Kinabalu, produced by
applying bands 7, 5, and 2 to the RGB color model.

37

Figure 2−3. Landsat TM pseudocolor image of Mount Kinabalu, produced by
applying bands 5, 2, and 1 to the RGB color model. This band combination
penetrates haze better than bands 3, 2, and 1. Water features are very clear.
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Figure 2−4. Landsat TM pseudocolor image of Mount Kinabalu produced by
applying bands 4, 3, and 2 to the RGB color model. This band combination
produces an image very similar to that of color infrared film.

Figure 2-5. Digital elevation model (DEM) of Mount Kinabalu as seen from the southeast.
The DEM was created from topographic coverage at 500 ft contour intervals. An elevationdetermined color ramp is used in the model, with purple at the low elevations grading to
red upward.
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Figure 2-6. Pteridophyte diversity on Mount Kinabalu. Note that although the greatest
number of species occurs at 1500 m, the greatest diversity of species per unit area is
between 2500 and 3000 m.

CHAPTER 3
PHYLOGENY OF THE URTICACEAE

Introduction
Choice of outgroup for the phylogenetic analysis of Elatostema from Mount
Kinabalu in Chapter 4 is based on an analysis of intergeneric relationships presented in
this chapter. Outgroup choice is often critical to the topology of the tree, and tree
topology embodies the direction of character evolution. Patterns of character evolution
cannot be reconstructed from an unrooted tree. Outgroup analysis is an almost universally
recognized method for determining character polarity (i.e., rooting a cladogram). It has
become more or less automatic using most phylogenetic software packages. The selection
of an outgroup, however, is not automatic. When an appropriate phylogeny is not
available on which to base outgroup choice, an ad hoc approach is often used. The
purpose herein is to provide a phylogenetic basis for outgroup choice upon which to base
the analysis of Elatostema in Chapter 4, thus avoiding the ad hoc approach. A brief
review of pertinent higher level classifications places the analysis in context.

The Urticales
Circumscription of the Urticales has been relatively consistent for over 150 years.
Weddell (1856) included the Ulmaceae, Cannabineae, Artocarpeae, Moreae, and
Urticaceae. Takhtajan (1997) and Thorne (1992) used the same circumscription. Dahlgren
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(1989) and Cronquist (1981) included the Barbeyaceae, a monotypic family occurring in
north-east tropical Africa and the Arabian Peninsula.
Placement of the Urticales has been less certain. Cronquist placed the Urticales
within the Hamemelidae, a group that also includes the Fagales, Casuarinales, Myricales,
Juglandales, etc. Berg (1977, 1989) suggested affinities with the Malvales. Dahlgren,
Takhtajan, and Thorne followed suit. Recently, relationships within the Urticales and with
other orders have been evaluated by Chase et al. (1993), Sytsma et al. (1996) and Qiu et
al. (1998) based on phylogenetic analysis of rbcL nucleotide sequences. Based in part
upon these analyses, Judd et al. (1999) and the Angiosperm Phylogeny Group (1998)
considered the Urticales (suborder Urticineae sensu Judd) to be nested within the Rosales.
Monophyly of the Rosales is weakly supported by a reduction in endosperm and presence
of a hypanthium. Qiu et al. (1998) also reported that in all Urticales, Elaeagnaceae, and
Rhamnaceae, the nad1 mitochondrial gene carries a trans-spliced intron, whereas in most
other dicots, including the Rosaceae, the intron is cis-spliced. This is perhaps the
strongest molecular evidence that the Urticales is nested within the Rosales as sister to the
Rhamnaceae/Elaeagnaceae clade. The tree of Qiu et al. (1998) also shows Barbeya as
basal to the Urticales.
Monophyly of the Urticales is supported by occurrence of cystoliths, reduction in
flower size, reduction in the number of stamens to five or fewer, a two-carpellate
unilocular ovary with a single apical ovule (a basal ovule in the Urticaceae), presence of
urticoid teeth, and at least one prominent prophyllar bud (Judd et al. 1999). The
hypanthium is lost in the Urticales with exception of the Ulmaceae, possibly because of
reduction in flower size. Laticifers are a synapomorphy for the (Moraceae(Cecropiaceae/
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Urticaceae)) clade, but are lacking or reduced to occurring in the bark in the Cecropiaceae
and Urticaeae (in Urera), or lost or perhaps modified into mucilage cells and ducts
(Renner 1907) in the rest of the Urticaceae.
In the description of the Cecropiaceae as a new family, Berg (1978) included
Poikilospermum, but noted the genus had a number of characters in common with the
Urticaceae, including presence of elongated cystoliths, stamens that are inflexed in bud,
lack of milky latex (laticifers still present but reduced in size), and production of
mucilaginous sap. The mucilage is distinct from that of of Urticaceae, however, in that it
turns black upon exposure to air. Berg (1989) reiterated his doubt that Poikilospermum
belonged to the Cecropiaceae, noting that anatomical features discussed by Bonsen and
ter Welle (1983) suggested a relationship closer to the Urticaceae than other
Cecropiaceae.
Humphries and Blackmore (1989) carried out a phylogenetic analysis at the tribal
level for the Moraceae (Ficeae, Dorstenieae, Castilleae, Moreae, Artocapeae), and
included the genera Poikilospermum, Conocephalus (= Poikilospermum), and
Sparattosyce (Moraceae) and families Urticaceae, Ulmaceae, Cannabaceae, Cecropiaceae,
and Barbeyaceae, with the latter as outgroup. Their tree showed a polytomy between the
Urticaceae, Poikilospermum, and Conocephalus, with the Cecropiaceae as the sister
lineage, and below that, the Moraceae.
Morphological, anatomical and molecular data now support the hypothesis that
Poikilospermum is more closely related to the Urticaceae than the Cecropiaceae. In the
morphology-based analysis of Judd et al. (1994) Poikilospermum and Pilea were placed
as sister taxa (no other Urticaceae s.s. were analyzed), with Cecropia subtending the pair.
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Phylogenetic analysis of 25 urticalian taxa (Sytsma et al. 1996) based on rbcL sequence
data hypothesized a slightly different relationship, suggesting that the Cecropiaceae is
polyphyletic and that Poikilospermum is actually embedded deeply within the Urticaceae.

The Urticaceae
Judd et. al. (1994) circumscribed the Urticaceae to include the Cecropiaceae,
Moraceae, and Cannabaceae because their analysis showed the Moraceae to be
metaphyletic. Molecular evidence, based on phylogenetic analysis of rbcL nucleotide
sequences by Sytsma et al. (1996) and Qiu et al. (1998) suggests that the Moraceae are
monophyletic. Judd et al. (1999) adopted a narrower circumscription of the Urticaceae
based on synapomorphies of elongate cystoliths, incurved stamens in bud, wood
anatomical characters, and molecular data. Phylogenetic analysis of molecular data from
rbcL sequences (Chase et al. 1993 and Qiu et al. 1998) also supports the monophyly of
the Urticaceae, but neither of these analyses included Poikilospermum.
The Urticaceae sensu Friis (1993) consists of 45 genera and about 1000 species.
He did not include Poikilospermum. Weddell (1854, 1856) recognized five tribes as did
the more recent work of Friis (1989, 1993). The names adopted here follow the tribal
names used by Friis (1993). They are the Urticeae (10 genera), Lecantheae (17 genera,
including Elatostema), Boehmerieae (19 genera), Parietarieae (5 genera), Forsskaoleae (4
genera). Although Friis provided a rich discussion of characters, no rigorous phylogenetic
analysis was conducted. Friis (1989) presented two ad hoc cladograms. These showed
confidence in the circumscription of the tribes, but did not suggest what the relationship
might be between the Urticeae, Lecantheae, and Boehmerieae.
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The purpose of this analysis is not to determine phylogenetic relationships for the
entire family, but to find an appropriate outgroup for the analysis of Elatostema in the
next chapter. The disposition of Pellionia is one of the more interesting taxonomic
problems within the Lecantheae. Species of Pellionia are often placed in Elatostema.
Robinson (1910) considered them distinct. Schröter and Winkler (1935) treated Pellionia
as a subgenus of Elatostema. Friis (1989) considered them as two entities, but later he
(Friis 1993) combined Pellionia into Elatostema. In the analysis below they are treated as
separate taxa. However, an analysis at the species level will better address this issue in the
next chapter. In this chapter, generic relationships within the Lecantheae and between the
five tribes are evaluated.

Methods
A subset of 36 genera of Urticaceae was selected, representing each of the five tribes. In
addition, four other genera, Cannabis, Ficus, Morus, and Cecropia, were included as
outgroup taxa. Poikilospermum and Conocephalus were included as part of the ingroup
owing to the evidence supporting their placement in the Urticaceae. A total of 28
characters was scored. Friis (1989, 1993) was consulted for much of the data for
Urticaceae. Humphries and Blackmore (1989), Berg (1989), and Judd et al. (1994, 1999)
were consulted for outgroup characters. Characters (Table 3-1) were selected that were
most consistent within genera, but where they were known not to be, they were scored as
variable. Data (Table 3-2) was analyzed with PAUP* 4.0d65 (Swofford 1998) utilizing
the heuristic search algorithm (500 replicates) and using tree bisection reconnection
(TBR) and random sequence addition options.
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Results
The heuristic search generated 219 equally parsimonious trees, each of 117 steps,
a consistency index (CI) of 0.752, and a retention index (RI) of 0.800. A strict consensus
tree is shown in Figure 3-1 and a 50% majority rule consensus tree in Figure 3-2. The
tribal classification of Friis (1993) is mapped onto the strict consensus tree. In all trees,
the Urticaceae + Cecropiaceae form a monophyletic group. The Urticaceae s.s is
monophyletic in 92% of the 219 trees. The Conocephalus/Poikilospermum clade is sister
to the Urticaceae s.s. in 92% of trees, in those cases suggesting that the Cecropiaceae is
paraphyletic. Based on the strict consensus tree, relationships between the Cecropiaceae
and basal Urticaceae appear unclear. The situation may be clarified by comparing two
alternative tree topologies from the pool of 219 equally parsimonious trees.
The first of the 219 most parsimonious trees is shown in Figure 3-3, with locations
of unambiguous character state changes mapped. In this tree, the Conocephalus/
Poikilospermum clade is sister to the Urticaceae, and Cecropia basal. With respect to the
base of the tree, a competing, equally parsimonious basal topology (shown by the tree in
Figure 3-4) is found in 8% of trees. In this topology, the Cecropiaceae is monophyletic
and nested within part of the Boehmerieae. In this second topology, moving Cecropia to a
position sister to the Urticaceae s.s., while leaving Poikilospermum and Conocephalus
embedded, increases the length of the tree by only two steps. Poikilospermum embedded
in the Urticaceae s.s. was the hypothesis supported by the analyses of Sytsma et al. (1996)
based on rbcL sequences.
Cecropiaceae embedded within the Urticaceae s.s. also requires the independent
evolution of laticifers in two lineages (see char. 6, Figure 3-5), as opposed to a single loss
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(see char. 6, Figure 3-6), reduction, or modification of laticifers in the Urticaceae.
Laticifers are present in the bark only in the Cecropiaceae and Urera in the Urticaceae.
(Urera was not included in this analysis.) Neraudia often has milky sap, so was scored as
having laticifers. Renner (1907) argued that the mucilage cells and ducts of the
Cecropiaceae and Urticaceae were derived from laticifers. That line of reasoning supports
a tree topology with a paraphyletic Cecropiaceae basal to the the Urticaceae s.s.
For these reasons, the topology of the tree shown in Figure 3-3 is preferred and
was selected to illustrate other character distributions. Five characters support the
monophyly of the Cecropiaceae/Urticaceae in this tree. Mucilage cells or ducts occur in
the Cecropiaceae and throughout the Urticaceae, although some homoplasy is evident
(char. 5, Figure 3-7). There is also a reduction in the number of stigmas (char. 25, Figure
3-8), a change to basal placentation and an orthotropus ovule (char. 27), and reduction to
a pseudomonomerous gynoecium (char. 28). Arachnoid hairs (char. 11, Figure 3-9) are
present in the Cecropiaceae and basal Urticaceae, but are lacking in the Urticeae,
Lecantheae, Parietarieae, and Boehmerieae (p.p.).
Three anatomical wood characters occur in Poikilospermum and Conocephalus
and in the Urticaceae, but not in Cecropia. These are presence of unlignified vessel
elements (char. 1, Figure 3-10), wood fiber dimorphism (char. 2, Figure 3-11), and
presence of tangential and radial fiber pits (char. 3, Figure 3-12). In the Urticaceae,
unlignified vessel elements occur in members of the Urticeae and Lecantheae, and in
Touchardia and Nothocnide in the Boehmerieae.
The relationships between the Boehmerieae, Forsskaoleae, and Parietarieae remain
unresolved. In all trees, however, the Lecantheae together with the Urticeae form a
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monophyletic group (Figure 3-13). Two floral characters support this clade. All members
of this clade have a glabrous male pistillode (char 19, Figure 3-14), while the pistillode is
either lanate or absent in other taxa. Free or lobed pistillate perianth parts (char. 24,
Figure 3-15) are also consistent for this clade. The perianth in pistillate flowers is either
lacking (as in the Forsskaolae p.p., Phenax, and Leucoscyse), or strongly fused into a tube
(as in the Cecropiaceae, Moraceae p.p., and Boehmerieae p.p.).
The Lecantheae, as circumscribed by Friis (1989, 1993), is also monophyletic.
The Lecantheae, itself, are supported by presence of staminodia (char. 20, Figure 3-16) in
the pistillate flowers. These staminodia function in explosive achene dispersal. Pellionia
and Elatostema are sister taxa and are sister to the remaining genera of Lecantheae. The
Elatostema and Pellionia clade is supported by anisophyllous phyllotaxy as opposed to
opposite or spiral phyllotaxy (char. 7). Alternate leaves in Elatostema (including
Pellionia) are considered to be derived via anisophyllous reduction (see Chapter 4).
Taxa belonging to the Urticeae sensu Friis form clade with the exception of
Gyrotaenia. Gyrotaenia lacks the stinging hairs (char. 9, Figure 3-17) characteristic of the
Urticeae, and is sister to the Lecantheae in the tree shown, but lacks unambiguous branch
support.
The Forsskaoleae are always monophyletic but may be nested within part of the
Boehmerieae or may alternatively be a basal clade of the Urticaceae. Monophyly of the
this tribe is supported by a reduction in the number of stamens to one.
The Boehmerieae appear to consist of a number of small clades that tend to be
basal within the family. In the majority rule tree, two small genera of the Boehmerieae are
basal within the Urticaceae. Neraudia consists of five species found on the Hawaiian

50
islands (Cowan 1949) and Debregeasia with four species occurring in Northeast Africa
and the Arabian peninsula, Pakistan, India, in the Himalaya, Japan, and Southeast Asia
throughout much of Malesia, but not in New Guinea (Wilmot-Dear 1989). Debregeasia
velutina Gaud. and D. squamata Kina ex Hook. f. occur on Mount Kinabalu.

Discussion
Delimitation of tribes by Weddell (1854, 1856) and Friis (1989, 1993) are in many
instances well supported by this analysis, with the exception of taxa in the Boehmerieae.
In presenting character distributions on a phenetic map of genera, Friis (1989) placed the
Boehmerieae in a central location relative to the four other tribes, visually suggesting that
members of the other tribes may have been derived from elements within the
Boehmerieae. The Boehmerieae is the largest tribe in terms of number of genera, and is
defined at least partially on pleisiomorphic characters for the Urticaceae, such as a
tubular pistillate perianth and filiform stigmas (see Weddell 1854), both character states
found also in the Cecropiaceae. In addition, many character states are polymorphic at the
tribal level for the Boehmerieae, including phyllotaxy, cystolith and indumentum
morphology, and pollen grain characteristics. Thus, it is not surprising that inter- and
intra-tribal relationships concerning the Boehmerieae are still not well resolved. The tribe
is surely non-monophyletic.
The monophyly of the Urticaceae s.s. is tentatively supported by the single loss of
laticifers (or conversion into mucilage cells/ducts) in almost all genera of the Urticaceae
(except Urera and possibly Neraudia, where they are present and functional). This is
preferable to the equally parsimonious alternative that laticifers evolved independently in
the Cecropiaceae (in the bark only) and the Moraceae (throughout the plant). The
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transformation proposed by Renner (1907) that the mucilage cells and ducts found in
many taxa in the Urticaceae are derived from laticifers seems plausible.
The suggestion by Sytsma et al. (1996) that Poikilospermum but not Cecropia
may be embedded in the Urticaceae still requires either the independent evolution of
laticifers, or the less parsimonious solution of laticifer loss in multiple lineages.
Constraining the analysis to force Cecropia into a position as the sister group to the
Urticaceae, and leaving Poikilospermum and Conocephalus embedded in the Urticaceae,
produced a tree only two steps longer. Thus, morphology does not strongly reject this
hypothesis.

The present analysis suggests that the Cecropiaceae may indeed be

paraphyletic (as currently circumscribed), but probably not polyphyletic. The doubt
expressed by Berg (1989) that Poikilospermum belongs in the Cecropiaceae is reinforced
by the analysis of Sytsma et al. (1996) and by the results of the present analysis, which
place Poikilospermum as sister to the Urticaceae s.s. Additional sampling of taxa for both
molecular and morphological characters may place Poikilospermum slightly or even
deeply nested within the Urticaceae. More study is needed.
The task of choosing an outgroup for the Elatostema analysis becomes more
objective based on the foregoing hypothesized phylogenetic relationships. In a
preliminary analysis, representatives of Pilea and Boehmeria were used based on ad hoc
reasoning. Relationships within the Lecantheae/Urticeae clade are now better resolved
and the Elatostema/Pellionia clade is shown to be sister to the remaining Lecantheae,
with Pilea a basal member of the sister group. Thus Pilea continues to be an appropriate
outgroup taxon. On the other hand, Boehmeria appears to be relatively distantly related.
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Therefore, in the ensuing analysis, Pilea and Gyrotaenia are used to root the resulting
trees. Gyrotaenia is either basal to the rest of the Lecantheae, or basal in the Urticeae.
Representatives of Pellionia would not make an appropriate outgroup, since it
may actually be part of the ingroup. A number of species of Elastostema have at some
point or another been described as or transferred to Pellionia. Pellionia was included as
distinct in the generic analysis only because some authors have recognized it (Weddell
1856, Friis 1989) at the generic level. However, others have not (Schröter and Winkler
1935, Friis 1993). Fortunately, these two genera consistently show up as sister taxa. The
next chapter treats taxa at the species level, and the monophyly of Pellionia and
Elatostema is addressed.
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Figure 3−1. Strict consensus of 219 equally parsimonious trees, showing generic
relationships between 30 genera of the Urticaceae and six genera in the Cannabinaceae,
Cecropiaceae, and Moraceae. Cannabis, Ficus, and Morus were designated as outgroup
taxa. Tribes, sensu Friis (1993), are mapped for the Urticaceae.

Figure 3-2. Majority rule (50%) consensus tree of 219 equally parsimonious trees
showing generic relationships between 30 genera of the Urticaceae and six genera in
the Cannabaceae, Cecropiaceae, and Moraceae. Cannabis, Ficus, and Morus were
designated as outgroup taxa.
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Figure 3-3. Preferred cladogram showing generic relationships between 30 genera of
the Urticaceae and six genera in the Cannabinaceae, Cecropiaceae, and Moraceae.
Cannabis, Ficus, and Morus were designated as outgroup taxa. Positions where
unambiguous character state changes occur are mapped onto the tree. The
Cecropiaceae is paraphyletic and subtends the Urticaceae in this tree.
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Figure 3-4. Representative cladogram showing generic relationships between 30
genera of the Urticaceae and six genera in the Cannabinaceae, Cecropiaceae, and
Moraceae. Cannabis, Ficus, and Morus were designated as outgroup taxa. Positions
where unambiguous character state changes occur are mapped onto the tree. The
Cecropiaceae is embedded within the Urticaceae in this tree.
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Figure 3-5. Representative most parsimonious tree. Branch tracing indicates
occurrence of laticifers. This topology requires independent evolution of laticifers or
multiple loss. Laticifers absent (0), Laticifers present (1).

Cannabis
Morus
Ficus
Cecropia
Poikilospermum
Conocephalus
Neraudia
Debregeasia
Boehmeria
Leucoscyce
Phenax
Pipturus
Nothocnide
Urtica
Nanocnide
Laportea
Dendrocnide
Discocnide
Girardinia
Gyrotaenia
Pilea
Achudemia
Procris
Lecanthus
Meniscogyne
Sarcopilea
Pellionia
Elastostema
Neodistemon
Parietaria
Soleirolia
Touchardia
Forsskaolea
Drogeuetia
Didymodoxa
Australina

61

Character 6
2 steps
unordered

0

1

Figure 3-6. Preferred most parsimonious tree. Branch tracing indicates occurrence of
laticifers. This topology involves a single loss of laticifers. Laticifers absent (0),
Laticifers present (1).
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Figure 3-7. Preferred most parsimonious tree. Branch tracing indicates occurrence of
mucilage cells or ducts. Mucilage cells or ducts absent (0), mucilage cells or ducts
present (1).
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Figure 3-8. Preferred most parsimonious tree. Branch tracing shows number of
stigmas. Two (0), one (1).
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Figure 3-9. Preferred most parsimonious tree. Branch tracing indicates occurrence of
arachnoid hairs. Arachnoid hairs absent (0), arachnoid hairs present (1).
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Figure 3-10. Preferred most parsimonious tree. Branch tracing indicates occurrence
of unlignified vessel elements. Vessel elements lignified (0), vessel elements
unlignified (1).
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Figure 3-11. Preferred most parsimonious tree. Branch tracing indicates occurrence
of dimorphic wood fibers. Wood fibers monomorphic (0), wood fibers dimorphic (1).
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Figure 3-12. Preferred most parsimonious tree. Branch tracing indicates occurrence
of tangential and radial fiber pits. Fiber pits radial only (0), fiber pits radial and
tangential (1).
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Figure 3-13. Preferred most parsimonious tree, showing relationships within the
Lecantheae/Urticeae clade. Characters and character state changes are mapped.
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Figure 3-14. Preferred most parsimonious tree. Branch tracing indicates occurrence
of the male pistillode and vestiture. Pistillode glabrous (0), pistillode lanate or pilose
(1) pistillode absent (2).
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Figure 3-15. Preferred most parsimonious tree. Branch tracing indicates degree of
fusion of female perianth. Perianth absent (0), perianth free or lobed (1), perianth
tubular (2).
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Figure 3-16. Preferred most parsimonious tree. Branch tracing indicates occurrence
of staminodia in pistillate flowers. Staminodia absent (0), staminodia present (1).
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Figure 3-17. Preferred most parsimonious tree. Branch tracing indicates occurrence
of stinging hairs. Stinging hairs absent (0), stinging hairs present (1).
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Table 3.1. Characters scored for phylogenetic analysis of the Urticales. All considered
unordered.
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)

Vessel elements:
Wood fibers:
Fiber pits:
Storied fibers:
Mucilage cells:
Laticifers:
Phyllotaxis:
Cystoliths:
Stinging hairs:
Hooked hairs:
Arachnoid hairs:
Stipules:
Stipules:
Female receptacles:
Inflorescence:
Inflorescence:
Number of stamens:
Stamens filaments:
Male pistilode:
Staminodia:
Pollen shape:

22)

Pollen spinules:

23)
24)
25)
26)

Achenes:
Female perianth:
Stigma number:
Stigma:

27)
28)

Ovules:
Gynoecium:

lignified (0), unlignified (1)
monomorphic (0), dimorphic (1)
radial (0), tangential and radial (1)
absent (0), present (1)
absent (0), present (1)
absent (0), present (1)
spiral (0), opposite (1), anisophyllus (2)
absent (0), punctate (1), elongate (2)
absent (0), present (1)
absent (0), present (1)
absent (0), present (1)
absent (0), present (1)
intrapetiolar (0), interpetiolar (1), lateral and free (2)
not fleshy (0), fleshy (1)
no involucrate disk (0), involucrate disk present (1)
not glomerulate (0), glomerulate (1)
one (1), two (2), four (4), five (5)
± straight (0), incurved (1)
glabrous (0), lanate or pilose (1), absent (2)
absent (0), present (1)
sphaeroidal (0), subprolate (1), intermediate (2),
suboblate (3)
small, evenly dispered, and dense (0),
larger, arranged in groups (1),
larger, cone-shaped, in groups (2)
curved (0), straight (1)
absent (0), free or lobed (1), tubular (2)
two (0), one (1)
capitate-penicillate (0), oblong (1), linear (2),
elongate/filiform (3)
apical and anatropus (0), basal and orthotropus (1)
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Table 3.2. Character matrix of Urticaceae, genera and outgroups.
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Table 3.2. Character matrix of Urticaceae, genera and outgroups (cont.).
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CHAPTER 4
PHYLOGENY OF KINABALU ELATOSTEMA

Introduction
This chapter focuses on phylogenetic relationships among the Elatostema s.l.
from Mount Kinabalu. In Chapter 5, the phylogenetic reconstruction is applied to a
biogeographical analysis with special detail given to micro-geographical areas and
ecological associations within the Kinabalu floristic community.

Elatostema in Malesia
Based on a review of Index Kewensis entries, the genus Elatostema in the
Malesian floristic region includes ca. 250 species. About 120 of these were originally
described from the Philippines, about 75 from New Guinea and approximately 40 from
Borneo. There are 19 species of Elatostema on Mount Kinabalu already published, and an
additional seven species that are newly described here (see Chapter 6). Twelve species are
known only from Mount Kinabalu.

Generic Delimitation and Monophyly of Elatostema
Schröter and Winkler (1935, 1936) recognized four subgenera of Elatostema s.l.,
i.e., E. subg. Pellionia (Gaudich.) Hall. f., E. subg. Elatostematoides (C. B. Rob.) H.
Schröter, E. subg. Weddellia H. Schröter, and E. subg. Elatostema (as subg.
Euelatostema H. Schröter). They monographed 106 species in the first three of these
subgenera. Their published work never treated E. subg. Elatostema. However, they list
taxa from Borneo
89
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that they recognized within this subgenus, including a number of Kinabalu taxa. There
are no taxa listed from Kinabalu in E. subg. Weddellia. Of the four subgenera, E. subg.
Pellionia is most frequently recognized at the generic level, and it still is in the
horticultural trade. Pellionia sensu Robinson (1910) has cymose or fasciculate staminate
and pistillate inflorescences (sometimes very condensed, but never involucrate), while the
pistillate inflorescences of Elatostema s.s. are fused into involucral heads.
In a revision of Philippine Urticaceae, Robinson (1910) described the genus
Elatostematoides as a segregate of the Elatostema/Pellionia alliance. He treated
Elatostema s.s. as distinct based on two characters, the presence of the involucrate
inflorescences mentioned above, and what he referred to as a cup-shaped perianth on the
pistillate flowers. Robinson doubted that this cup-shaped perianth was really a whorl of
staminodia as suggested by Stapf (1894). This issue, as well as the monophyly of
Elatostema s.s., Pellionia, and Elatostematoides, is considered further in the discussion
section of this chapter. Elatostema s.l. is distinct among the Urticaceae on the basis of
anisophyllous leaves and alternate leaves through reduction via anisophylly.

Methods
The phylogenetic analysis included 26 taxa and was based on the observation of
76 morphological characters. Outgroup taxa included two species of Pilea, P. leptocardia
and P. leptograma, and Gyrotaenia myriocarpa. The choice of these outgroups was based
on a preliminary phylogeny of the Urticaceae presented in Chapter 3.
Characters and character states used are listed in Table 4-1. While some of the
characters are self explanatory, others require clarification. These are discussed below.
Some suites of characters are used to describe the overall pattern of distribution of hair or
cystolith types over the plant surface. For example, cystoliths sometimes occur on just
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one leaf surface or they may line the veins but not the interstices of a leaf surface. By
coding these as separate characters, the overall pattern is defined in binary format. Care
was taken to avoid unintentional weighting due to character correlation in these suites of
characters. Characters 44, 46, 52, and 66 were deleted for this reason. Characters 6, 23,
41, and 62 were found to be parsimony uninformative, and were also deleted.
Data were analyzed with PAUP* 4.0d65 (Swofford 1998) utilizing the heuristic
search algorithm (500 replicates) and using tree bisection reconnection (TBR) and
random sequence addition options.

Character and Character State Categories and Clarification
Sexual dimorphism. Both monoecious and dioecious plants (char. 1) are
common in Elatostema. Only three species were recorded as polymorphic for this
character.
Leaf venation. Venation types (char. 2) are as defined by Schröter and Winkler
(1935). Leaf venation in the Urticaceae is likely to be derived from palmately veined
ancestors. Related families (i.e., Cecropiaceae and Moraceae) often have palmately
veined leaves. In Elatostema, leaf venation appears to be derived from camptodromus
ancestors (common in Pilea). A transformation series occurs to brochidodromus and
craspedromus states in which the two main arching secondaries appear to be compressed
down toward the base of the leaf to varying degrees. This occurs to different degrees even
on either side of the midvein, making the venation pattern asymmetrical across the
midvein. Venation is then camptodromus on one side of the midvein and brochidodromus
on the other.
Type 1 venation is more or less symmetrical, and camptodromus. Type 2 is more
or less symmetrical, camptodromus, but apically brochidodromus. Type 3 and 4a-b
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venation is asymmetrical, camptodromus on one side of the midvein and brochidodromus
on the other, owing to the compression of the secondary vein towards the base of the leaf
on the brochidodromus side. In the transformation series between Type 4d and 4e, the
venation becomes more evenly brochidodromus on both sides of the midrib. Type 5 is
craspedromus.
Internode groove. A longitudinal groove (char. 3) is frequently present on two
sides of each internode, with the two grooved sides alternating at each node. This is more
apparent on thicker woody stems, but is common throughout the genus and occurs also in
Pilea.
Cystoliths. Both linear and punctate cystoliths (chars. 4, 8, 13, 32-38) occur in
Elatostema, but linear cystoliths are predominant. Cystoliths may be found on both
vegetative and reproductive parts of the plant. Distribution patterns of cystoliths on the
leaf surface are often characteristic for a species. Cystoliths often occur along veins of the
abaxial surface of the leaf, while those on the adaxial surface are usually randomly
distributed throughout. In some cases the cystoliths are clustered around the base of
glandular hairs on the adaxial leaf surface, creating a radiating (star-shaped) pattern.
Pubescence. Non-glandular, unbranched, simple hairs (chars. 5, 9, 14, 39-47, 58,
68, 72) are common throughout the genus and on many parts of the plant, but particularly
on stems, the abaxial surface of leaves, on the inflorescence, and even on floral bracts.
Unbranched hairs with glandular bases (char. 28) sometimes occur sparsely on the adaxial
leaf surfaces. Often these hairs are deciduous, and leave a scar that appears as a large
pellucid dot.
Pigment bodies. Small (< 0.1 mm) pigmented spheroidal bodies (possibly
anthocyanins) are very common on abaxial leaf surfaces and on stems. These are found in

93
Pilea as well as in Elatostema. Secretory cells are known to occur in Pilea (Friis 1989),
but any connection between them and these pigment bodies is not known.
Leaf arrangement. Opposite, isophyllus leaves (chars. 7, 15-16) do not occur in
Elatostema. Varying degrees of anisophylly occur, and alternate leaves in the genus are
considered derived via anisophylly. Nanophylls, when they are detectable, are often
caducous but are occasionally persistent. They may or may not be chlorophyllous. They
are of various shapes, from reniform with cordate bases to linear.
Stipules. In the Urticaceae stipules (chars. 14-15) may be either interpetiolar and
opposite or intrapetiolar and alternate. A pair of interpetiolar stipules occur in opposite
leaved species, such as Pilea. While Elatostema has anisophyllous or alternate leaves,
two stipules are always present at each node. Presumably, one stipule is associated with
the fully developed leave at each node, while the other is associated with the nanophyll or
the lost leaf. Stipules in the Urticaceae may be either distinct or fused, but in Elatostema
they are always distinct.
Leaf margins. Leaves in Elatostema are almost never entire, but are often
crenate, dentate, or serrate. Margins may be ciliate or not, and the teeth, if present,
sometimes terminate in a short hair or hydathode. Venation at the teeth is Urticoid (see
Judd et al. 1999). Veins may also terminate at the sinus between the teeth.
Staminate inflorescence. Elatostema is characterized by having cymose, or
cyme-derived staminate inflorescences. In Elatostema s.l. the staminate cyme may either
be elongate, or condensed into a fasicle or fused into an involucrate disk (char. 50). This
character has been used to delimit Elatostema s.s. (E. subg. Elatostema), in which all
species have staminate inflorescences fused into an involucral head. Pellionia has cymose
staminate inflorescences and Elatostematoides capitate staminate cymes that appear to
lack the subtending involucre. In species with involucrate heads. the cymose pattern is
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often still visible (char. 51, see Schröter and Winkler 1935) in well defined
compartments. If an involucrate head is present it may be either sessile or long
pedunculate (char. 49). The involucral bracts of the staminate inflorescence exhibit
several characteristics. The external bracts may be small, reduced, and spirally arranged
or large, and distinctly opposite (char. 66). These external bracts, if present, may be fused
or distinct (char. 67). The internal inflorescence bracts may be glabrous or pubescent,
possess cystoliths or not, and their midribs are occasionally strongly keeled. A small
horn, or corniculum, may extend from just below the apex of the inflorescence bracts.
Pistillate inflorescence. The pistillate inflorescence in Elatostema is always
condensed into a fascicle or a disk, and the subtending bracts may be fused or distinct
(char. 57). In some pistillate inflorescences, internal bracts and floral bracts may be
reduced, hyaline and filiform, composed of just a few cells. This gives the pistillate
inflorescence a tufted appearance. Internal bracts may possess cystoliths, indumentum, a
keeled midrib, or a horn.
Floral characters. Merosity of staminate and carpellate flowers is often
independent. Staminate flowers are generally either four or five merous, the carpellate
flowers either three or four-merous. Other than variation in merosity, the staminate
perianth differs in vestiture, tepals with a keeled or unkeeled midrib, shape, and apex
shape. Four-merous staminate flowers are often slightly bilaterally symmetrical, with the
tepals and stamens in an opposite and decussate arrangement.
The carpellate flowers of Elatostema almost always possess staminodia (char. 65),
that are often very difficult to detect, and that, like the stamens, are inflexed. They deflex
rapidly when the achene is ripe, ejecting it forcefully from the receptacle (char 76). The
pistillate perianth typically varies in tepal shape (char 63), length and whether or not they
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exceed the staminodia in length (char. 64). The exocarp of the achene may be ribbed
(char. 56).

Results
The heuristic search generated two equally parsimonious cladograms (Figures 4-1
and 4-2) of 459 steps. Both trees each have a consistency index (CI) of 0.521 and a
retention index (RI) of 0.508. The trees differ only in the placement of one species,
Elatostema kinabaluense. Subgenera of Schröter and Winkler (1935) are mapped onto
both trees. The tree in Figure 4-1 was chosen for the discussion that follows. Eight clades
were selected for interpretation and labeled A-H to aid in the discussion of clades and
characters.
Elatostema subg. Elatostema is monophyletic in this analysis. The other two
subgenera included in the analysis, E. subg. Elatostematoides and E. subg. Pellionia, are
paraphyletic. At the base of the tree, Elatostema vittatum is sister to the rest of the species
of Elatostema included in the analysis. This species was placed in E. subg.
Elatostematoides by Schröter and Winkler (1935). Elatostema kabayense, also placed in
E. subg. Elatostematoides, branches from the next node up. This situation is repeated
with Elatostema subg. Pellionia as E. winkleri-huberti and E. variolaminosum branch
from the next two nodes. None of these species is endemic to Kinabalu, and all occur
below 1200 m elevation.
Figure 4-3 illustrates the location of unambiguous character state changes in the
preferred tree. This tree was chosen because members of Clade F are very closely related
and often confused with one another. The tree was rooted specifying a monophyletic
ingroup, and a paraphyletic outgroup. Elatostema s.l. is supported by seven characters
state changes, i.e., distinctive leaf venation patterns (char. 2), distinct stipules (char. 12),
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acute or acuminate leaf apices (char. 17), oblique leaf bases (char. 18), five-merous
staminate flowers (char. 53), presence of staminodia in pistillate flowers (char. 65), and
forceful ejection of achenes (char. 76). Characters changing along branches for clade A-G
are indicated.

Interpretation of Selected Clades
Clade A (see Figure 4-3) includes 19 taxa and represents members of Elatostema
subg. Euelatostema from Mount Kinabalu. It is sister to E. winkleri-huberti. This clade is
supported by seven characters, i.e., type 4e leaf venation (char. 2), nanophylls absent or
lacking chlorophyll (char. 15), rounded or auriculate leaf bases (char. 19), predominantly
3 and 4-merous pistillate flowers (char. 54), triangular shaped tepals in pistillate flowers
(char 63) that do not exceed the staminode (char. 64), a large pair of involucral bracts
subtending the staminate inflorescence (char. 66).
Clade B (see Figure 4-3) is one node up from Clade A and includes 17 taxa. Clade
B is supported by sessile leaves (char. 10), leaf teeth apices lacking ciliate hairs (char.
26), and randomly arranged cystoliths on the adaxial leaf surface (char. 29). This clade is
notable because one basal branch leads to a terminal taxon, Elatostema acuminatum. This
is the most widespread species known from Kinabalu and the only one occurring outside
of Borneo, in Java and Peninsular Malaysia. The other branch is supported predominantly
by indumentum characters. These are pubescent stems (char. 5), petioles (char. 9), abaxial
leaf surface, midrib and secondary veins (chars. 44-46), staminate inflorescence bracts,
and tepals. Characters 44 and 46 were excluded from the analysis because they were
completely correlated with character 45.
Clade C (see Figure 4-3) includes 12 taxa and is supported by three characters,
glandular hairs on the adaxial leaf surface (char. 43), 4-merous pistillate flowers (char.
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54), and tepals with truncate apices (char. 63). The two basal branches of this clade lead
to Elatostema bulbothrix, a high elevation ultramafic endemic, and E. lithoneuron,
typically found on ultramafic substrates, but not restricted to them, at mid to high
elevations.
Clade D (Figure 4-4) includes ten taxa and is supported by four characters. These
are leaf veins not anastomozing along the margin (char. 22), hydathodes absent at tips of
leaf teeth (char. 27), a distinct pistillate involucral disk present (char. 57), and external
staminate inflorescence bracts fused (char. 67). All of the species in this clade, except for
Elatostema gibbsae, are known only from Kinabalu. Almost all of these taxa occur at
elevations above 1500 m. Derived from Clade D are three smaller clades that contain
three to four taxa each. Clade E and F are sister to one another, and in turn sister to
Clade G.
Clade E (Figure 4-5), with four species, is supported by three characters, acute to
cuneate leaf bases (char. 19), small pits on the adaxial surface of the leaves (char. 30), and
cystoliths present on the midvein of the adaxial surface of the leaves (char. 34). This
clade includes two taxa known only very locally on Kinabalu. Elatostema pedicillatum is
known only from ultramafic areas on the west side of the mountain and from one location
on the east side of Mount Madaleng, which is an ultramafic mountain just 27 km from
Kinabalu. Elatostema serpentinense is known only from near the summit on the Eastern
Ridge.
Clade F (Figure 4-5) contains three species and supported by a single character,
glabrous stipules (char. 14). Elatostema kinabaluense branches one node lower in the
other most parsimonious tree.
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Clade G (see Figure 4-5) also includes three species and is supported by four
characters, the presence of an unusual pattern of cystoliths on the adaxial surface of the
leaf, in which they are arranged radially about punctations or glandular hairs (char. 29), a
reversal to four-merous pistillate flowers (char. 54), pistillate inflorescence with a keeled
midrib (char. 59), and staminate tepals with apiculate apices (char. 74).
Clade H (Figure 4-6) with three species is supported by five characters, acute to
cuneate leaf bases (char. 19), presence of small pits on the adaxial surface of the leaf
(char. 30), cystoliths lacking in the interstices between the veins on the abaxial leaf
surface (char. 35), keels lacking on pistillate inflorescence bracts (char. 59), and
spathulate staminate tepals (char. 74).
Clade I (Figure 4-6) is supported by three characters, stems covered by a dense,
crusty layer of cystoliths (char. 4), presence of small pits on the upper leaf surface (char.
30), and corniculate staminate inflorescence bracts (char. 70). Two endemic species occur
in Clade I, E. penibukanensis and E. auriculatifolium. Both of these occur at elevations
above 1400 m.

Interpretation of Selected Characters.
Cladograms that trace changes for individual character states are presented in this
section. Characters discussed in the previous section and those representing the strongest
phylogenetic signal are presented.
Monoecious plants (char. 1, Figure 4-7) occur in primarily in Clade D, but also in
Elatostema lithoneuron, which is sister to Clade D. Elatostema kabayense is also
monoecious. The two species of Pilea included as outgroup are monoecious.
Leaf venation patterns (char. 2, Figure 4-8) map well on the tree topology.
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States 2-4 (Types 4a-4e) predominate in Clade A, and Types 3, 4a and 5 occur basally.
Type 5 represents pinnate venation. Elatostema pinnatum is the single example of strong
pinnate venation in Clade A.
Anisophylly (char. 7, Figure 4-9) has always been a defining characteristic for
Elatostema, and continues to be. The alternate leaves in the outgroup taxon Gyrotaenia
myriocarpa were coded as a state distinct from alternate leaves occurring within
Elatostema. Because of the the frequent occurrence of nanophylls, especially caducous
nanophylls, alternate leaves are considered to be a derived state for the genus.
Sessile leaves (char. 10, Figure 4-10) are a consistent synapomorphy for Clade B,
with the exception of Elatostema maraiparaiense and E. flavovirens.
Nanophylls absent or lacking chlorophyll (char. 15, Figure 4-11) are a
synapomorphy for Elatostema subg. Elatostema (Clade A).
Oblique leaf bases (char. 18, Figure 4-12) are consistently synapomorphic for
Elatostema. Elatostema penibukanensis has a stronger leaf base asymmetry than most
taxa, but not as exaggerated as E. auriculatifolium, which was scored as strongly oblique
(state 2). For that reason, E. penibukanensis was scored merely as oblique (state 1). Still,
these two taxa link on the basis of other characters as Clade I.
Anastomozing leaf veins near the margin (char. 22, Figure 4-13) occur in the
basal taxa, but change to non-anastomozing for Clade D. Another reversal occurs within
Clade E.
Entire leaf margins (char. 24, Figure 4-14) in the upper half of the leaf are likely
to be the pleisiomorphic state for the genus, even though the most basal taxon,
Elatostema vittatum, has dentate leaf margins. Occurrence of dentate leaf margins appears
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to be rather homoplasious. Clade C is characterized by serrate leaf margins. Crenate
margins are synapomorphic for Clade I.
Leaf margin teeth with ciliate hairs are synapomorphic for Clade B (char. 26,
Figure 4-15). Three exceptions occur in terminal taxa, one of which is polymorphic.
Pellucid dots and glandular hairs (char. 28, Figure 4-16), which appear on the
adaxial leaf surface of taxa in clade C, appear to be related. This conclusion was reached
after studying Elatostema penibukanensis, in which both states were observed, but only
on a small number of specimens. Whether the pellucid dot is a scar from fallen glandular
hairs, or just a different cellular growth pattern is not clear. The pellucid dots are a fairly
ubiquitous character throughout the genus, except where glandular hairs occur.
Cystoliths positioned on the midvein of the adaxial leaf surface (char. 34,
Figure 4-17) are pleisiomorphic for Elatostema, based on this analysis. Loss of cystoliths
on the leaf midrib occurs three nodes up, diagnosing Clade A plus E. winkleri-huberti.
Reversals back to cystolith presence occur at Clade E and within Clade F.
The transformation of a lax or fascicled cymose inflorescence into a fused
involucrate disk (char. 50, Figure 4-18) is supported by this analysis. The fused
involucrate disk was found in all taxa within Clade A except for Elatostema acuminatum.
This species does sport a large pair of involucral bracts subtending the staminate
inflorescence (char. 66), which is a synapomorphy for Clade A, and supports the
monophyly of Elatostema subg. Elatostema.
Staminate flowers in Elatostema are 4 to 5-merous (char. 53, Figure 4-19). Fivemerous flowers are found consistently in Clade B, but this appears to be the
pleisiomorphic condition for the genus, since the basal taxa E. vittatum and E. kabayense
are also 5-merous, even though the outgroup taxa are all 4-merous. The apomorphic
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condition of (or reversal to) four-merous flowers occurs in most members of Clade C.
Pistillate flowers (char. 54, Figure 4-20) are 3 to 5-merous. As with the staminate
flowers, 5-merous flowers are pleisiomorphic, and are found in the basal taxa:
Elatostema vittatum, E. kabayense, E. variolaminosum, and E. winkleri-huberti. Fourmerous pistillate flowers occur occur only in Clade A. Three-merous pistillate flowers
appear in various lineages within Clade A.
Tepals in pistillate flowers (char. 64, Figure 4-21) are longer that the staminodes
in basal taxa, and tepals that do not exceed the staminode are synapomorphic for Clade A
(Elatostema subg. Elatostema), with a reversal occurring just below or within Clade E.
Achenes with a ribbed exocarp (char. 56, Figure 4-22) are synapomorphic for
Clade C, but occur in a few taxa just basal to this clade, i.e., Elatostema acuminatum and
E. thalictroides.

Discussion
Several major issues with respect to the classification of Elatostema s.l. are
worthy of discussion. These include whether or not the subgenera defined by Schröter
and Winkler (1935) are monophyletic, and whether the characters used to delimit these
taxa are in keeping with phylogenetic hypotheses of their relationships. If these subgenera
are monophyletic, clearly circumscribed, and easily recognizable, they deserve
recognition as genera, as proposed by Robinson (1910).
The characters stressed by Schröter and Winkler (1935) in the delimitation of
Elatostema subg. Elatostema are involucral staminate and pistillate inflorescences, four
and five-merous staminate flowers, three and four-merous pistillate flower, reduced
pistillate perianth, and elliptic, slightly flattened, ribbed achenes. In this analysis all of
these characters appear within Clade A (Figure 4-3), but they are not always
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synapomorphies of Clade A. Instead, some diagnose subclades nested within Clade A.
While an involucral disk in the staminate inflorescence (char. 50) is not a synapomorphy
for this clade, it occurs as a synapomorphy just two nodes up. Complete fusion in the
pistillate inflorescence (char. 57) is found as a synapomorphy for Clade C. A transition
from five to four-merous staminate flowers (char. 53) occurs on a branch between
Clade B and Clade C. Three and four-merous pistillate flowers (char. 54) occur
homoplasiously in Clade A, with a single occurrence of five-merous flowers in
Elatostema lineare. Five-merous flowers appear to be pleisiomorphic for Elatostema s.l.
Ribbed achenes (char. 56) predominate in Clade A, occurring almost exclusively in
Clade D, but they are also found in E. winkleri-huberti, which branches is the sister taxon
to Clade A (among analyzed taxa).
It is clear that each of these characters, which were used by Schröter and Winkler
to define the subgenus, is well represented within Clade A, but these characters did not
evolve along a single branch segment. This is no surprise. The set of characters, however,
defines a "transformation suite." In addition, for each of the subclades of Clade A there
are also a number of other supporting characters (discussed in the results section above).
A broad concept of E. subg. Elatostema would encompass Clade A, a narrow one
would be restricted to Clade C. Both would make the subgenus monophyletic. However,
the narrow concept leaves a number of taxa basal to Clade C (Clades H, I, and E. lineare)
in taxonomic limbo. The broader delimitation omits only the basal taxa that have already
been monographed by Schröter and Winkler (1936) and placed in E. subg. Pellionia and
E. subg. Elatostematoides, two non-monophyletic groupings.
The question of rank remains. Robinson (1910) recognized Pellionia and
Elatostematoides at the generic level, newly describing the latter. It should be noted that
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only two additional steps are required to reconstruct a monophyletic Pellionia clade (of
two taxa), and four additional steps to create a monophyletic Elatostematoides clade (also
of two taxa). Pellionia and Elatostema s.s. would then be monophyletic sister groups.
Gibbs (1914) pointed out that Robinson (1910) had misinterpreted his "cupshaped perianth." This was a key feature used to recognize Elatostema s.s. While
Pellionia and Elatostematoides had staminodia, Elatostema s.s. purportedly did not. In
discussing this character he stated that "flowers were found whose perianth appeared
quite typical, but on closer inspection, it proved that the lobes were infolded." While it
would take a developmental study to fully confirm this, his statement suggests that he
was observing staminodia. The infolded appearance suggests homology to stamens,
whose filaments are reflexed. Further evidence is found within Elatostema subg.
Elatostema (Clade A), where there is often a small triangular (predominantly in Clade B)
or truncate flap of tissue to the exterior of each staminode (chars. 63 and 64), here
interpreted as the pistillate perianth. Staminodia are thus present in all species of
Elatostema s.l., (char. 65). The hyaline nature of both the staminodia and perianth makes
them difficult to distinguish, and the true perianth is sometimes lacking. In the four basal
ingroup taxa of Figure 4-1, the pistillate tepals are always present and exceeding the
staminodia in length (char. 64). Robinson would have placed these in Pellionia and
Elatostematoides, and Schröter and Winkler (1935) quite correctly placed them in their
corresponding subgenera.
Pistillate staminodia are unique within the Urticaceae to Elatostema s.l. and
function in explosive dispersal of the achene. This may be viewed as functional
transexual floral homology. Homologous structures in the staminate and pistillate
(imperfect) flowers have both evolved to function in explosive dispersal, the reflexed
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staminodia in fruit dispersal and the reflexed stamens in pollen dispersal, taking
advantage of a single trait to carry out two functions.

Conclusions
While the analysis shows close relationships between numerous endemic taxa, it
is certainly possible and even likely that many of these species have sibling taxa
elsewhere, especially in the Philippines, Sulawesi, and possibly New Guinea. The
purpose of this study was to construct a phylogenetic hypothesis for species of
Elatostema from Mount Kinabalu, and to apply this phylogenetic reconstruction to
micro-geographical relationships within the Kinabalu floristic community, the topic of
the following chapter.
This geographically sampled phylogeny does serve as a preliminary
reconstruction of the genus, supporting the hypothesis that Elatostema s.l. is
monophyletic, Pellionia and Elatostematoides are paraphyletic, and that the latter two are
best treated within Elatostema, and not placed at the generic level (as in Robinson 1910).
Given the paraphyletic nature of Pellionia and Elatostematoides, and the strong support
for a monophyletic Elatostema s.l., the classification by Schröter and Winkler (1935,
1936) which treats Elatostema broadly, is supported. Within Elatostema s.l., a well
supported subclade, i.e., E. subg. Elatostema can be maintained, while the remaining
species, which had been placed in subgenera Pellionia and Elatostematoides by Schröter
and Winkler (1935, 1936), are best left without subgeneric placement, as basal clades, at
least until the genus is monographed in its entirety.
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Figure 4-1. First of two equally parsimonious trees, showing relationships between
species of Elatostema s.l. from Mount Kinabalu. Subgeneric names of Schroeter and
Winkler (1935, 1936) are mapped above the tree. Letters A-I indicate clades discussed
in text. Decay values (Sorenson 1996) are indicated along branches.
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Figure 4-2. Second of two equally parsimonious trees, showing relationships between
species of Elatostema s.l. from Mount Kinabalu. Subgeneric names of Schroeter and
Winkler (1935, 1936) are mapped above the tree.

Figure 4-3. Clade A from preferred most parsimonious tree, showing relationships
between species of Elatostema s.s., locations of character state changes, and
characters changing for Clades A-D.
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Figure 4-4. Clade D from preferred most parsimonious tree, showing relationships
between species, and character state changes along branches.
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Figure 4-5. Clades F and G of the preferred tree, showing relationships between
species and character state changes along branches.
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Figure 4-6. Clades H and I of the preferred tree, showing relationships between
species and character state changes along branches.

Figure 4-7. Preferred most parsimonious tree. Branch shading indicates occurrence of
dioecious (0) and monoecious (1) plants.
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Figure 4-8. Preferred most parsimonious tree. Branch shading indicates occurrence of
leaf venation patterns: type 1 and 2 (0), type 3 (1), type 4a (2), type 4b−4d (3), type 4e
(4), type 5 (5).
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Figure 4-9. Preferred most parsimonious tree. Branch shading indicates whether
leaves are opposite and equal (0), anisophyllous (1), anisophyllous and caducous (2),
alternate by reduction (3), or primitively alternate (4).
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Figure 4-10. Preferred most parsimonious tree. Branch shading indicates whether leaf
attachment is petiolate (0), or sessile (1).
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Figure 4-11. Preferred most parsimonious tree. Branch shading shows indicates
whether nanophylls with chlorophyll are present (0), or absent (1).
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Figure 4-12. Preferred most parsimonious tree. Branch shading indicates whether leaf
bases are equal (0), oblique (1), or strongly oblique (2).
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Figure 4-13. Preferred most parsimonious tree. Branch shading indicates whether leaf
secondary veins run to the margin or nearly so (0), or are anastomozing (1).
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Figure 4-14. Preferred most parsimonious tree. Branch shading indicates whether leaf
margin is entire in upper half (0), crenulate (1), dentate (2), or serrate (3).
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Figure 4-15. Preferred most parsimonious tree. Branch shading indicates whether leaf
margin teeth are glabrous (0), or terminating with a ciliate hair (1).
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Figure 4-16. Preferred most parsimonious tree. Branch shading indicates whether
pellucid dots and glandular hairs on leaves are absent (0), dots or hairs present (1), or
only glandular hairs present (2).
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Figure 4-17. Preferred most parsimonious tree. Branch shading indicates whether leaf
adaxial surface cystoliths on midvein are absent (0), or present (1).
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Figure 4-18. Preferred most parsimonious tree. Branch shading indicates whether
staminate inflorescence lacks fused involucral head (0), fused into an involucral disk
(1), or is a spike (2).
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Figure 4-19. Preferred most parsimonious tree. Branch shading indicates whether
staminate flowers are four-merous (0), or five-merous (1).
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Figure 4-20. Preferred most parsimonious tree. Branch shading indicates whether
pistillate flowers are three-merous (0), four-merous (1), or five-merous (2).
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Figure 4-21. Preferred most parsimonious tree. Branch shading indicates whether
pistillate tepals exceed staminode (0), do not exceed staminode (1), or tepals are
absent (2).
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Figure 4-22. Preferred most parsimonious tree. Branch shading indicates whether
achenes are reticulate (0), or ribbed (1).
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Table 4-1. Characters scored for phylogenetic analysis of Kinabalu Elatostema. All
characters unordered and equally weighted. Polarity based on trees rooted with G.
myocarpa, P. leptocardia and P. leptograma.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Sexual dimorphism: dioecious (0), monoecious (1)
Leaf venation patterns: type 1 and 2 (0), type 3 (1), type 4a (2), type 4b-4d (3),
type 4e (4), type 5 (5)
Stem internode groove: absent (0), present (1)
Stem cystoliths: absent (0), present (1), crusty (2)
Stem pubescence: absent (0), present (1)
Stem pigment bodies: absent (0), present (1)
Leaf arrangement: opposite/isophyllous (0), anisophyllous (1), anisophyllous/early
caducous (2), alternate by reduction (3), primitively alternate (4)
Leaf petiole cystoliths: absent (0), present (1)
Leaf petiole pubescence: absent (0), present (1)
Leaf attachment: petiolate (0), sessile (1)
Stipules pairs: opposite (0), alternate (1)
Stipule pairs: free (0), fused (1)
Stipule cystoliths: absent (0), present (1)
Stipule pubescence: absent (0), present (1)
Nanophylls with chlorophyll: present (0), absent (1)
Nanophyll lamina shape: reniform/spathulate (0), elliptic/lanceolate (1), ovate (2),
linear (3)
Leaf apex: obtuse/rounded (0), acute (1), acute/acuminate (2)
Leaf base: equal (0), oblique (1), strongly oblique (2)
Leaf base: acute/cuneate (0), rounded/auriculate (1)
Leaf texture: membranaceous (0), subcoriaceous/coriaceous (1), fleshy (2), bullate (3)
Leaf symmetry: symmetric (0), weakly asymmetric (1), asymmetric (2), strongly
asymmetric (3)
Leaf secondary veins: running to margin (0), anastomozing (1)
Leaf secondary veins: terminating at sinus (0), terminating at teeth (1)
Leaf margin: entire in upper half (0), crenulate (1), dentate (2), serrate (3)
Leaf margin vestiture: none (0), ciliate (1)
Leaf margin teeth: glabrous (0), terminating with ciliate hair (1)
Leaf margin teeth: hydathode absent (0), hydathode present (1)
Leaf pellucid dots and glandular hairs: absent (0), either present (1), glandular hairs
present (2)
Leaf adaxial surface cystoliths: not oriented radially around pellucid dots (0), oriented
radially around pelucid dots (1)
Leaf adaxial surface pits: absent (0), present (1)
Leaf adaxial surface pigment bodies: absent (0), present (1)
Cystolith shape: spheroidal (0), cylindrical (1)
Leaf adaxial surface cystoliths: absent (0), present (1)
Leaf adaxial surface cystoliths on midvein: absent (0), present (1)
Leaf adaxial surface cystoliths in interstices: absent (0), present (1)
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Table 4-1. Continued.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.

Leaf abaxial surface cystoliths: absent (0), linear (1), spheroid (2)
Leaf abaxial surface cystoliths on midvein: absent (0), present (1)
Leaf abaxial surface cystoliths in interstices: absent (0), present (1)
Leaf adaxial surface pubescence: absent (0), present (1)
Leaf adaxial surface pubescence along midvein: absent (0), present (1)
Leaf adaxial surface pubescence along tertiary veins: absent (0), present (1)
Leaf adaxial surface pubescence in interstices: absent (0), present (1)
Leaf adaxial surface hair type: non-glandular (0), glandular (1)
Leaf abaxial surface pubescence: absent (0), present (1)
Leaf abaxial surface pubescence along midvein: absent (0), present (1)
Leaf abaxial surface pubescence along sec veins: absent (0), present (1)
Leaf abaxial surface pubescence along tertiary veins: absent (0), present (1)
Leaf abaxial surface pubescence in interstices: absent (0), present (1)
Staminate inflorescence: sessile (0), short pedunculate (1), long pedunculate (2)
Staminate inflorescence: lacking fused involucral head (0), fused into an involucral disk
(1), spike (2)
Staminate inflorescence: unordered (0), distinctly ordered into compartments (1)
Staminate inflorescence type: cyme (0), involucral head (1), involucral head with
compartments (2), capitate head (3)
Staminate flower merosity: four (0), five (1)
Pistillate flower merosity: three (0), four(1), five(2)
Pistillate flower symmetry: bilateral (0), radial (1)
Fruit exocarp: unribbed (0), ribbed (1)
Pistillate inflorescence bracts fusion: involucral bracts distinct (0), involucral disk
present (1)
Pistillate Inflorescence cilia: absent (0), present (1)
Pistillate bracts inflorescence keels: absent (0), present (1)
Pistillate bracts inflorescence horn: absent (0), callus (1), horn (2), long horn (3)
Pistillate bracts inflorescence cystoliths: absent (0), present (1)
Pistillate bracts inflorescence pigments: absent (0), present (1)
Pistillate tepals: ovate/elliptic (0), linear (1), truncate (2), triangular (3)
Pistillate tepals length: exceeding staminode (0), not exceeding staminode (1), absent (2)
Pistillate staminodia: absent (0), present (1)
Staminate inflorescence bracts: Pair of involucral bracts small or absent (0), Large pair
of involucral bracts opposite each other (1), 1 (2)
Staminate inflorescence bracts fusion: distinct (0), fused (1)
Staminate inflorescence bracts vestiture: absent (0), present (1)
Staminate inflorescence bracts midrib: unkeeled (0), keeled (1)
Staminate inflorescence bracts horn: absent (0), callus (1), horn (2), long horn (3)
Staminate inflorescence bracts cystoliths: absent (0), present (1)
Staminate tepals vestiture: glabrous (0), ciliate (1)
Staminate tepals midrib: unkeeled (0), keeled (1)
Staminate tepals apex: rounded (0), callus (1), apiculate (2), long apiculate (3)
Staminate tepals shape: ovate (0), elliptic (1), obovate (2), spathulate (3), hooded (4)
Fruit dispersal: passive (0), explosive (1)

CHAPTER 5
BIOGEOGRAPHY OF KINABALU ELATOSTEMA

Introduction
Historical and ecological biogeography have often been practiced in two very
different ways. Historical biogeography has traditionally focussed on large-scale patterns
of species as generic distributions, and on how reconstruction of phylogenetic
relationships may be applied to interpretation of the global biota, in a geological time
frame. Ecological biogeographers have focussed more on species and community
interactions over the short-term and usually in much smaller areas. MacArthur and
Wilson (1967) did not see a real difference between historical biogeography and
ecological biogeography. Other authors have suggested that the difference is only one of
scale (Hengeveld 1990, and Brooks and McLennan 1991). Humphries and Parenti (1999),
however, make the point that ecological biogeographers have neglected phylogeny and
that "similar species in similar ecological niches belong to phylogenetically disparate taxa
that have unique phylogenetic and distribution histories and, therefore, demand different
explanations." Species distributions cannot only be explained by similarities of climate,
topography, and physiognomy.
This biogeographic study is intended to bridge the gap between these two schools,
by applying phylogenetic concepts to geographical, geological, and ecological
characteristics of the species of Elatostema known from Mount Kinabalu. Developments
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in both disciplines have only recently made it possible to work effectively across
disciplinary lines.
Historical biogeography often considers taxa that range over large geographic
areas in order to explain taxonomic disjunctions, to show congruent distributions and
patterns of endemicity between phylogenetically distant organisms, and to help explain
historical geology in the context of changing biotas. The approach taken here is that the
methods of cladistic biogeography may be used at a local or landscape scale as well,
because the objectives are very similar to studies at larger geographical scales. For Mount
Kinabalu, objectives include examining the historical geology, particularly with respect to
phylogenetic disposition of species and clades of Elatostema occurring on ultramafic
substrates at various elevations, and on examining patterns of endemicity. Examination of
Figure 5-1 shows that many of the plant collections are clustered in a few small areas.
This may be partially due to collector bias and accessibility. Certainly, the complete lack
of collections on the north side of the mountain is due to difficulties of access, but the
distribution of collections may also reflect reality. Certain classical plant collection
localities have the highest levels of diversity and endemism, and that is what attracts
collectors. On Mount Kinabalu these include (but are not limited to) areas such as Marai
Parai, Pennibukan Ridge, Gurulau Spur, Paka Cave, Dallas, Tenompok, and the Pinosuk
Plateau. Are these areas unique, or are similar areas likely to be found elsewhere on the
mountain? Also apparent in Figure 5-1 is that dense clusters of species known only to
Mount Kinabalu (in red) occur in three or four small areas on the west and southwest
slopes, generally between 1500 - 2500 m elevation. These clusters also occur in areas
where ultramafic substrates outcrop. Do synergistic interactions of substrate, climate, and
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historical factors result in this higher diversity and endemism? Or is one factor most
important.
The historical biogeographer might consider Mount Kinabalu to be a single
geographic entity, which of course it is. All of the endemic species are simply endemic to
Kinabalu. However, Kinabalu is also a very heterogeneous environment, as are many
mountains in the tropics. But this is not always obvious in systematic revisions where the
specimens cited simply lists "Kinabalu." The problem truly is a matter of scale.
There are, however, suitable issues at the scale of a single mountain that a
historical biogeography might want to ask. These include addressing the phylogenetic
relationship between the plants that occur in these heterogeneous areas and determining
relationship between the phylogeny and geological history of the mountain. Cladistic
biogeography is well suited to address both issues. There is, however, the issue of
delimiting areas. One solution is to use qualitative assessments of where plant collections
come from. It is a known fact that Marai Parai is an extreme ultramafic habitat, and that
the Pinosuk Plateau was (it is now floristically decimated) an area of sedimentary sands
and gravels of Pleistocene origin. While qualitative assessment may work in many cases,
not all plant collection localities are so easily delimited or described. A quantitative
approach is developed here that combines field knowledge of habitats with a supervised
Landsat image classification in a GIS environment. The seven band Landsat TM image
contains spectral data in the infrared bands not visible to the human eye. Geographical
information system software allows one to combine multiple facets of knowledge into a
quantitative and visual package, allowing an objective quantification of plant
distributions, even in a heterogeneous environment.
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Delimitation of Areas
The issue of area delimitation is not typically a problem for biogeographical
studies carried out at large geographic scales. Areas of endemism are large and
delimitation of the areas is often obvious. Determining areas of endemicity is sometimes
more problematic at intracontinental and regional scales. Delimiting such areas for
biogeographical study has been considered by Morrone (1994) Cardoso da Silva and Oren
(1996) as sampling strategies for parsimony analysis of endemicity (PAE). The former
employed equal size quadrats while the latter delimited areas between tributary river
systems. Barkman et al. (1997) carried out a PAE analysis for the orchids of Mount
Kinabalu, using herbarium specimen collection data (Wood et al. 1993) to specify
presence or absence at 13 standardized localities. The standardized localities served as
sample points. This more or less ad hoc approach for area sampling was more similar to
that used by Cardoso da Silva and Oren (1996) than the quadrat approach advocated by
Morrone (1994). Use of quadrats sampling is often precluded owing to habitat
heterogeneity. Each sample area should in theory represent a historical entity. While PAE
is not employed in the present analysis of Elatostema, area delimitation must still be
addressed.
The approach used here to delimit areas is not one used commonly in cladistic
biogeography, and is inherently ecological. However, mapping and classification of
natural areas is common as a conservation and management practice. Remote sensing and
geographical information system (GIS) technology, through the use of satellite imagery
and multivariate analysis, have made it possible to characterize landscapes by differences
in the absorbance and reflectance of electromagnetic radiation at different wavelengths.
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Both the vegetation and the substrate contribute to these differences, providing the basis
for establishing signatures to represent habitat classes in multidimensional space. Satellite
image classification very often shows a high degree of specificity to climate,
physiography, and topography. As such, it is a useful method for delineating vegetation
community types and the geological substrates that underlie them. The assumption is
made here that very similar signatures in "disjunct" habitat patches represents spatial
homology. In applying this assumption, image "classes" will be substituted for taxa on the
"area" cladogram.
While this would be a dangerous assumption to make over large geographic
discontinuities, the Kinabalu massif represents a geologically historical entity. Diverse
patchy habitats are frequently considered a sampling obstacle. However, the numerous
small patches of ultramafic outcrops, for example, found within certain elevation zones
share a common geological origin. They represent true historical entities, and it is
possible to map them using remote sensing and GIS software. Provided that taxon locality
data are adequately associated with these historical, geological and physiographic classes,
then the methods of historical biogeography are applicable.

Phylogenetic and Cladistic Biogeography
Phylogenetic biogeography. Methods used in historical biogeography have been
both diverse and controversial. Various angles (giving divergent results) have been
considered by Nelson and Platnick (1981), Wiley (1981), Brooks and McLennan (1991),
Wiley et al. (1991), and Forey et al. (1992). The use of cladistic methods in systematics
and biogeography is, perhaps, not new, as these methods were first critically outlined by
Hennig (1966). From the beginning, Hennig interpreted cladograms to determine centers
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of origin. More primitive taxa on the cladogram would be nearer the center of origin, and
more derived taxa at the periphery. Brundin (1981, 1988) further developed this method,
and defined phylogenetic biogeography as "the study of the history of monophyletic
groups of nature's hierarchy in time and space." In this method dispersal is invoked to
explain wide disjuctions between closely related taxa.
Cladistic biogeography. Croizat (1964), who pioneered panbiogeography and
thoroughly reviewed methods of historical biogeography, never endorsed the methods of
cladistic biogeography. However, cladistic methods have also been applied to Croizot's
own panbiogeographic model, referred to as vicariance biogeography (Rosen 1976,
Platnick and Nelson 1978) or as cladistic biogeography (Humphries and Parenti 1986).
The premise of this school is that areas should be classified based on relationships within
their constituent biotas. Nelson and Platnick (1981) considered that the relationship
between two areas could only be considered with respect to a third, analogous to showing
cladistic relationships between three biological entities.
In cladistic biogeography area cladograms are produced by replacing the terminal
taxa in a cladogram with the areas in which they occur. Any area that harbors more than
one species (redundant distributions) is represented more than once on the initial area
cladogram. This area cladogram must therefore be distilled so that each area is
represented only once on the terminal branches into what is referred to as a "general area
cladogram." There are three assumptions that have come into general use in the
distillation of taxon cladograms into general area cladograms. The first two were referred
to as Assumption 1 and Assumption 2 by Nelson and Platnick (1981) and the third as
Assumption 0 by Zandee and Roos (1987).
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Under Assumption 1, Nelson and Platnick (1981) held that whatever is true for a
widespread taxon in part of its range is also true for the same taxon in another part of its
range. Missing areas are treated as uninformative and every occurrence of redundant
distributions is valid. Relationships in three area statements can be either monophyletic or
paraphyletic. Assumption 2 differs in that treatment of each occurrence of a widespread
taxon is independent and in general area cladograms monophyly, paraphyly, and
polyphyly are allowed. Page (1989) noted that a general area cladogram based on
Assumption 1 may be interpreted only on the basis of speciation and extinction.
Assumption 2 additionally allows for dispersal or failure to vicariate, but without a priori
bias toward any of the possibilities.
Assumption 0 as discussed by Zandee and Roos (1987) treats occurrence of
widespread taxa as synapomorphies of the areas in which they occur. Areas occupied by
widespread taxa are treated as monophyletic. Brooks Parsimony Analysis (Page 1990b,
and Nelson and Ladiges 1991) is quite similar, except that missing areas are treated as
primitively absent under Assumption 0 and as uninformative using Brooks Parsimony
(Page 1990a). Of the three assumptions, Assumption 2 is generally considered to provide
the most greatest biogeographic resolution in cases where dispersal is a major factor.

Materials and Methods
Delimitation of Classes
Specimen collection data was mapped and coded for each species in a
geographical information system (GIS) coverage using Arc/Info Version 7.1.1 software
(Environmental Systems Research Institute 1997). An item indicating a confidence value
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from 1 to 5 was included so that queries based on specimen location data could filter out
less accurate data. This item was used in mapping distributions in Figure 5-1, for
example. Only the specimens falling in the two highest confidence values were used in
the following analysis. In turn, the retained collection locations where buffered by a
100 m radius circle into a polygon coverage to reflect the mapping uncertainty.
A spatial subset of a Landsat 5 Thematic Mapper scene from 1991 (see Chapter 2)
was used as source for establishing classes. Bands 1-5 and 7 were used. See Chapter 2 for
additional information on the imagery. A supervised classification was applied by
developing a 12 class training set using the ClassSample function in the Arc/Info Grid
module. The training set classes differed in elevation and geological substrate. These are
listed in Table 5-1 and mapped in Figure 5-2. A supervised classification was considered
appropriate because almost every sample location was known also from the ground. A
signature file was created for the six bands using the ClassSig function with the
covariance option enabled. The signature file was evaluated by comparing ellipse
diagrams (Figure 5-3) illustrating a clustered range of pixel values of each class two
bands at a time. Five of the 12 possible band combinations are shown in this figure. All of
the signatures are mutually exclusive (suggesting that a physiographic gap exists) in at
least one pair of band combinations. For example, in the plot of Band 1 vs. Band 3, Class
5 and Class 8 are overlapping. However, in the plot of Band 1 vs. Band 4, they are not.
The infrared bands (4, 5, 7) show less overlap than the visible bands 1, 2, 3.

Image Classification
Maximum-likelihood classification. After establishing the classes, two analyses
were performed. The first was a maximum-likelihood classification. The maximum-
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likelihood algorithm in Arc/Info is based on Bayesian decision making, and the
assumption that image samples are normally distributed. The analysis considers the mean,
variances and covariances of the class signatures, and then computes the statistical
probability for each class that a particular location belongs to it. It then creates a single
output grid placing each pixel in the class for which it has the highest probability of
belonging.
Class probability classification. The second analysis performed was a class
probability analysis (the ClassProb function). Like the maximum-likelihood function,
ClassProb computes the statistical probability of a pixel falling into a particular class, but
does not go on to put each pixel in a single class. Instead, ClassProb creates a probability
surface for each class, in which the probability for each pixel is given of it belonging to
that class.
The results of the class probability analysis were used to proceed on to the next
step, while the maximum-likelihood classification was found to be more useful for
displaying the classification. Each of the class surfaces was queried spatially using the
buffered collection locations, giving a table (of ca. 36,000 rows) of probabilities for
collection sample locations occurring in a given class. This was summarized by
computing maximum and mean probability values for each species. Threshold values for
mean (Table 5-2) and maximum values (Table 5-3) were considered in the final decision
of whether a taxon belonged to a given class. Thresholds of 95% maximum probability
and 15% mean probability were used for each species. This meant a species was excluded
if its probability of occurring in a given class never exceeded 95%, or if its mean
probability for a given class did not exceed 15%. Setting threshold values excluded noise
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due to location mapping error and habitat heterogeneity. It was found that increasing the
mean threshold value beyond 15% resulted in one or more species not being placed in any
class, and setting it much below 15% resulted in excessive paralogy. Setting the
maximum probability threshold at 95% excluded species that did not have any strong
likelihood of occurring in a class, but might have a mean of 15% or more based on a few
samples. Maximum probabilities were generally either very high or very low.
The exercise described above yielded a list of classes for every taxon that were
used to replace the taxon name in the initial area (or "class") cladogram. The topology of
the cladogram, along with the list of classes by taxon, was entered into the TASS Version
2.0 (Nelson and Ladiges 1995) software. When duplicate or overlapping geographic
distributions occur in taxa related by a particular node of a area cladogram, geographic
paralogy is the result (Nelson and Ladiges 1996). The TASS algorithm operates under
Assumption 2, reducing conflict between endemic and widespread taxa by reducing areas
for widespread taxa in favor of endemic taxa. The result is that TASS is able to extract
unambiguous informative sub-trees from complex area cladograms and summarizes them
into binary-coded component matrices or three-item statement matrices. By doing so,
ambiguities caused by geographic paralogy and redundancy are reduced.

Results and Discussion
Image Classification
The result of the maximum-likelihood classification is shown in Figure 5-4. The
12 classes are color-coded, but not all areas are classified. The maximum likelihood
algorithm allows a level to be set to reject ambiguities, rather than to force them into a
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class. The major areas left unclassified were the exposed granite areas at the summit of
Mount Kinabalu, and very disturbed areas at lower elevations. Training sets for classes in
these areas were not developed as they were not pertinent to the issue at hand. There are
no Elatostema on the summit of Kinabalu, nor are they particularly diverse at lower
elevations. The area covered by each of the classes is listed in the right hand column of
Table 5-1. Classes 1 (alpine scrub on granite), 3 (ultramafic savanna at Marai Parai), and
K (ultramafic scrub on Mount Madelang) each contribute less than 5 km2 and are very
localized. None of these areas were listed in Table 5-2 as probable habitat of any species
of Elatostema. All of these habitats are extremely harsh. Only slightly less harsh is the
ultramafic scrub (Class 2, Area B) on the south side of the summit area (in dark red). This
patch is very identifiable, and also very limited in its extent. This area is characterized by
a very open canopy, and the soil and ultramafic rocks are exposed through very sparse
leaf litter. Dominant trees include species of Lithocarpus (Fagaceae) and Leptospermum
(Myrtaceae). Very small patches of this class also show up on Mount Madeleng in the
top right corner of the image. This is not surprising since much of this mountain is
ultramafic, but not quite as high. Most of the rest of the summit of Mount Madeleng
classifies as the same type found at slightly lower elevations on Mount Kinabalu. These
are Class 4 (Area D) and Class 5 (Area E). A discontinuous band of these two classes is
apparent between 1500 - 2500 m elevation on the southern southwestern and western
slopes of Kinabalu. While it could be argued that these two classes should be merged,
Class 4 forms several distinct patches on the western slopes around Marai Parai (on which
the class is based), and some smaller patches on the southeastern slopes, northwestern
slopes, and on Mount Madeleng. The floristic composition on Marai Parai is very distinct
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from that of any other area (Wood et al. 1993, Barkman et al. 1997), suggesting that this
class is real. Like the light purple pixels, floristic elements considered characteristic of
Marai Parai are often found in small patches in the other areas mentioned. Class 4 (Area
F) is represented by ultramafic hill forest on the lower slopes of Mount Kinabalu. This
class was trained on a single area on the western side of Kinabalu, but the classification
was able to pick up other areas known from personal experience to be very similar. One
of these is the Bukit Hempuen area in the bottom right corner of the image, below the
Mamut Copper mine. This class is characterized by occurrence of Casuarina and also by
high levels of orchid endemicity.
Non-ultramafic habitats are represented by Classes 7 - 10 and Class 12, with Class
7 (Area G) being the highest in elevation. This class is primarily represented along the
northern, western, and southern ridge-tops as low Leptospermum scrub on granite. Class 8
(Area H) represents upper montane forest (2200 - 3000 m) and occurs in the same
elevation ranges as Class 5. It fills the discontinuities in the ultramafic band on the
southern slopes. Many of these gaps were cut by river valleys as Pleistocene glaciers
melted. This class may be under-represented in this classification because the training sets
were set on its lower extent at 2300 m. Class 9 (Area I) represents the most abundant class
(lower montane forest), and covers more than 150 km2 in the area classified. This area is
bounded more or less on the lower side by the Kinabalu Park boundary (the result of
human activities) on the southern and western slopes of the mountain. Class 10 (Area J)
represents Hill forest below 1000 m. Much of the hill forest not protected by Kinabalu
Park has been lost to logging and agriculture. This community is made up of large canopy
trees, representing numerous species of Dipterocarpaceae. Class 12 (Area L) is primarily
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secondary hill forest and would have been included in the preceding class but for the high
level of disturbance. A very important collecting locality of Mary and Joseph Clemens at
Dallas falls into this class. What level of disturbance was present during their collecting
activities in 1915 and 1931-1933 is not known.
Class probabilities were summarized by computing the maximum (Tables 5-2)
and the mean (Table 5-3) values for each species. Maximum class probabilities were
typically very high or very low. The large number of values from 95 - 99% could be due
to a single pixel in a heterogeneous environment conforming strongly to the signature for
that class. It was for this reason that a very high threshold for maximum probability was
set, and that the mean was calculated and used as well. The negative information in Table
5-2 is stronger than the positive data. Area A is completely devoid of Elatostema, as are
two other alpine areas, Area G and Area K. It is also clear that Elatostema flavovirens, E.
bullatum, E. vittatum, and to a lesser extent E. kinabaluense, E. pinnatum, E. winklerihuberti, and E. kabayense are absent from ultramafic areas above 1600 m. Conversely, E.
serpentinense, E. bulbothrix, and E. kabayense are clearly absent in low elevation nonultramafic areas.
Other patterns are seen by examining Table 5-2. The highest mean probabilities of
occurrences are in Areas D, E, H, and I. There are all areas between 1600 - 2300 m.
Clearly the highest diversity of Elatostema occurs in this elevation range on both
ultramafic and non-ultramafic habitats. Both high and low elevation areas are particularly
lacking in Elatostema diversity. The four species that are found at high elevations, both
ultramafic and non-ultramafic, are all among the species known only from Kinabalu.
These include Elatostema serpentinense, E. bulbothrix, E. gibbsae, and E. lithoneuron.
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Cladistic Biogeography
The taxon-area cladogram of Elatostema from Mount Kinabalu is shown in Figure
5-5. The analysis of the area cladogram with TASS (Nelson and Ladiges 1995) produced
five informative and no uninformative area subtrees and a component area matrix (Figure
5-6). The matrix, in which the outgroup is coded with all zeroes, was analyzed with
PAUP*4.0 using the branch and bound algorithm and produced three equally
parsimonious trees, each of 13 steps with a CI of 1.0 and a RI of 1.0. The strict consensus
tree is shown in Figure 5-6, as the general area cladogram. In the general area cladogram
as well as in each of the five subtrees, Area F (ultramafic hill forest) and Area L (lower
montane secondary forest) are basal. The other lower elevation area, Area J (hill forest)
appears in a derived position on the cladogram. The explanation for this may be traced
back to the taxon-area cladogram (Figure 5-5). Areas F, L, and J each occur only once as
area substitutes. Elatostema is not well represented at the lowest elevations. The single
taxon associated with Area J is E. bullatum, a somewhat derived species. Because Area J
is represented only once among the the five subtrees in Subtree 3 the matrix is populated
with more question marks for this area than for other areas.
Nelson and Ladiges (1996) noted that parsimony algorithms often over-resolve a
tree populated with question marks. It is obvious that the most parsimonious solution in
this case involved interpreting the question marks for this area as ones. This suggests that
the parsimony algorithm is favoring extinction over failure to vicariate in all of the
components for Area J. While this may be indeed be a correct reflection of geological
history, the poor representation of Elatostema at low elevations suggests otherwise. The
genus has a characteristic preference for mountain streams and waterfalls. Since the
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pollen is wind dispersed, the turbulent air currents and water vapor in these habitats help
to disperse the pollen and fruits. On the floor of the lowland rainforest, the potential for
wind dispersal is almost nil. It is, therefore, doubtful that the hill forest once supported a
greater diversity of Elatostema and that they are now extinct.
Nor does the geological evidence support a derived position for Area J. The final
uplift of the Kinabalu pluton occurred in the late Pliocene, and an earlier emplacement of
the pluton in the Miocene (Jacobson 1970). Moss and Wilson (1999) infer a land
connection between Borneo and Indochina in the Oligocene, which remained until the
Pliocene or Pleistocene. They also indicate that the present day drainage system within
Borneo was established by the end of the Miocene. These conclusions suggest that the
lowland and hill forest substrates around Kinabalu were also in place by the middle of the
Tertiary.
A method exists to compensate for the tendency of a poorly represented area to
migrate up the tree when subsidiary evidence suggests that it should be more basal. This
method involves replacing the question marks with zeroes in the component area matrix.
This, of course, affects the assumptions pertaining to the analysis, in that vicariance
becomes favored over dispersal (pers. comm. Chris Humphries). How this influences the
Elatostema data set is readily examined. Figure 5-7 shows a new strict consensus tree of
two equally parsimonious trees. The trees are each 19 steps long with a CI of 0.684 and a
RI of 0.850. Area J becomes basal to all of the higher elevation areas, but still more
derived than Areas F and L. In the rest of the tree, a relationship between Areas E, H, and
I is resolved, with Areas H and I as sister and with Areas D and E forming a polytomy
with the the H and I pair. Areas H (upper montane forest) and I (lower montane forest) are
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very close both physically, geologically and ecologically. These are also areas of high
species diversity and endemism. Areas D and E are at elevations similar to Areas H and I,
but are on ultramafic substrates. They too are characterized by high diversity and
endemism. A similar pattern occurs at the two nodes below. These two areas are of
similar elevation, but one is ultramafic (Area B) and the other is not (Area G). Areas B
and G also are areas of high endemism (100%), but not of high diversity (four species).

Speciation
The uplift of Mount Kinabalu in the late Pliocene or early Pleistocene can be
interpreted as a vicariant event and mapped onto the general area cladogram. This was
done on Figure 5-7. This event must have occurred before the branching of the two higher
elevation terminals (Areas B and G). Basically, this event occurs at the base of the tree. A
very interesting conclusion may be drawn, i.e., that the endemics on Kinabalu evolved
subsequent to the Miocene or Pliocene uplifts. The placement of higher elevation areas
basal to mid-elevation areas is not impossible to reconcile. Many of the habitats at mid
elevations are in fact geologically very recent, and represent the opening up of new
habitat caused by cycles of glaciation and deglaciation. Torrential river flows occurred
during deglaciation, carving out a number of deep river valleys through the ultramafic
band on the mid-elevation southern slopes of Kinabalu. Recall that Elatostema is often
characteristic of river valleys. Such catastrophic river flow could wipe out entire
populations and at the same time create new habitat to be exploited. The Pinosuk plateau
is of Pleistocene origin, and before its 20th century destruction was one of the richest areas
on Kinabalu. It may still be, but was not included in the image classification because of
the anomalous classification signatures that disturbed habitat leaves.
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During the Pleistocene glaciation glaciers extended down to about 3000 m. During
glaciation events, elevation ranges may have been compressed downward. Kitayama
(1992) determined a correlation between elevation and air temperature for Kinabalu. He
calculated a lapse rate of 0.55 degrees C per 100 m change in elevation. If the lapse rate
was similar during the pleistocene, a 5.5 degree change in mean temperature would have
an effect similar to a 1000 m change in elevation. To further complicate matters, patches
of ultramafic outcrops provide restrictive boundaries, over which species must either
adapt or be displaced. The opportunity arose for two main modes of speciation: 1)
speciation by peripheral isolation of populations radiating into new habitats, or over
"habitat disjunctions," and 2) vicariant speciation as ridge-top populations are displaced to
lower elevations during glacial periods, and became isolated by deep valleys. It is likely
that both processes occurred. Elatostema serpentinense is a high elevation species, and is
one of the most derived. However, three of the higher elevation taxa, Elatostema
bulbothrix, E. lithoneuron, and E. auriculatifolium are not particularly derived species.
In either case, the cycles of glaciation and deglaciation may have been driving a
"speciation pump." The phylogenetically more basal high elevation species may have
been fueling the pump and species such as Elatostema serpentinense its result. The main
drain for such a pump would be in middle and upper montane habitats, where cyclical
displacement across the ultramafic bands around Kinabalu may have led to rapid
speciation. This in fact could account for the weaker biogeographical signal between
ultramafic and non-ultramafic habitats than over elevation ranges.
This model does not preclude the possibility that dispersal occurred from Sulawesi
or the southern Philippines. In fact, tectonic evidence suggests that continental fragments
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may have rafted to these areas from New Guinea as recently as the Pleistocene (Moss and
Wilson 1999). They describe Borneo and Sulawesi as a mixing zone for the Asian and
Australian biota. How species of Elatostema from Mount Kinabalu relate
phylogenetically and biogeographically to species from elsewhere is certainly a topic
warranting further study.
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Kinabalu endemics
Occurring elsewhere

Figure 5−1. Distribution of Elatostema collections on Mount Kinabalu, showing endemic
and widespread species. Size and intensity of spots indicate mapping confidence for
each collection.
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Figure 5−2. Class sample locations (1−12) used in supervised image classification.
Classes 2, 5, and 12 were sample in two locations each.

10

Figure 5-3. Elliptic representation of pixel value distributions for supervised image classification signatures across various
band pairs.
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Figure 5−4. Maximum likelihood classification of 12 image classes. Color key to classes
is shown above map. Black areas represent unclassified pixels, primarily in the summit zone
and in disturbed areas. Refer to Table 5−1 for class descriptions.
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G. myriocarpa
P. leptocardia
P. leptograma
E. acuminatum
E. brevipilosum
E. corniculatum
E. pedicillatum
E. glauca
E. kinabaluense
E. rubrostipulatum
E. tenompokense
E. bullatum
E. dallasense
E. gibbsae
E. lithoneuron
E. bulbothrix
E. megaphyllum
E. maraiparaiense
E. thalictroides
E. lineare
E. auriculatifolium
E. penibukanensis
E. winkleri huberti
E. variolaminosum
E. kabayense
E. vittatum

Figure 5-5. Taxon-area cladogram of Elatostema from Mount Kinabalu.
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Strict consensus of three equally parsimonious trees.
Figure 5-6. Five informative sub-trees obtained from analysis of taxon-area cladogram
using Assumption 2, component vs. area matrix harvested from sub-trees, and general
area cladogram based on parsimony analysis of matrix.
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Figure 5-7. General area cladogram based on parsimony analysis. Matrix is the same as
that used in previous figure except that "?"s are replaced with "0"s.

Summit area
West of Paka Cave
Marai Parai savanna
Marai Parai spur
Pig Hill/Kineteki Ridge
Penataran
Eastern Ridge
Mesilau Trail/Lyang-Lyang
Tenompok Forest Reserve
Poring
Mount Madeleng
Dallas

1
2
3
4
5
6
7
8
9
10
11
12

A
B
C
D
E
F
G
H
I
J
K
L

Sample location

Class Area

3900
3000−3200
1700
1600
2200−2300
800
3500
2200
1500
800
2800
1200

Elevation (m)

Table 5-1. Class sample descriptions for supervised image classification.

Alpine scrub
Ultramafic scrub
Ultramafic savanna
Ultramafic cloud forest
Ultramafic cloud forest
Ultramafic hill forest
Leptospermum scrub
Upper montane forest
Lower montane forest
Hill forest
Ultramafic scrub
Secondary forest

Vegetation

0.103
6.348
0.557
12.884
42.984
32.145
6.747
14.076
144.353
65.190
4.984
33.207

Area classified (km2)
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Table 5-2. Mean probabilities of a taxon occurring in a particular class.

1
2
3
3
4
5
6
7
8
9
10
11
12
14
15
16
17
18
19
20
21
22
23

Area:

A

B

C

D

E

F

G

H

I

J

K

L

Class:

1

2

3

4

5

6

7

8

9

10

11

12

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3
0
58
1
0
0
7
4
0
0
0
55
78
0
1
0
5
8
3
0
1
0
0

2
0
1
2
1
0
2
3
0
0
1
0
0
0
5
0
2
2
1
0
1
0
0

17
0
0
46
23
8
24
39
2
0
27
1
0
2
28
6
11
24
18
22
28
1
0

27
0
24
29
16
13
34
29
4
6
14
14
11
2
20
12
19
37
21
7
34
5
0

1
11
0
3
15
8
2
3
10
4
7
0
0
9
3
8
3
3
3
14
2
4
21

0
0
15
0
0
0
1
0
0
0
0
27
8
0
0
0
0
1
0
0
0
0
0

23
5
1
11
25
30
17
14
22
25
21
1
2
26
17
29
30
15
26
26
26
36
15

18
25
0
5
17
32
9
7
28
42
25
0
0
48
20
37
26
6
21
27
6
46
26

3
56
0
1
0
3
2
0
24
7
3
0
0
10
1
5
1
0
1
3
0
2
9

1
0
0
0
1
1
1
0
0
1
1
0
0
0
0
1
1
0
1
0
0
1
0

4
2
0
0
0
2
1
0
9
15
1
0
0
2
3
0
1
0
3
0
0
5
27

E. acuminatum
E. flavovirens
E. serpentinense
E. bulbothrix
E. pedicillatum
E. purpurascens
E. rubrostipulatum
E. tenompokense
E. kinabaluense
E. bullatum
E. dallasense
E. gibbsae
E. lithoneuron
E. pinnatum
E. maraiparaiense
E. thalictroides
E. lineare
E. auriculatifolium
E. penibukanensis
E. winkleri-huberti
E. variolaminosum
E. kabayense
E. vittatum
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Table 5-3. Maximum probability of a taxon occurring in a particular class.
Area:
Class:
1
2
3
3
4
5
6
7
8
9
10
11
12
14
15
16
17
18
19
20
21
22
23

E. acuminatum
E. flavovirens
E. serpentinense
E. bulbothrix
E. pedicillatum
E. purpurascens
E. rubrostipulatum
E. tenompokense
E. kinabaluense
E. bullatum
E. dallasense
E. gibbsae
E. lithoneuron
E. pinnatum
E. maraiparaiense
E. thalictroides
E. lineare
E. auriculatifolium
E. penibukanensis
E. winkleri-huberti
E. variolaminosum
E. kabayense
E. vittatum

A
1

B
2

C
3

D
4

E
5

F
6

G
7

H
8

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

99
0
99
99
86
74
99
99
11
0
86
99
99
0
92
79
99
99
99
0
54
0
0

99
0
51
99
98
57
99
99
34
6
98
41
41
6
99
48
99
99
99
6
27
12
6

99
0
16
99
99
99
99
99
99
8
99
89
3
98
99
99
99
99
99
99
99
93
0

99
0
99
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99
99
99
99
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99
99
99
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7
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0
99
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99
99
99
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1
0
99
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99
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99
99

82
0
99
0
0
0
99
1
0
0
0
99
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0
1
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0
0
0
0
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88
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5
0
15
84
99
94
16
13
27
97
98
69
27
33
84
99
88
99
20
20
57
7
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0
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CHAPTER 6
TAXONOMIC TREATMENT
Introduction
Elatostema J. R. and G. Forst., Char. Gen. ed. 1: 105. 1775, nom. cons. Type: E. sessile
J. R. and G. Forst. (typ. cons.).
Pellionia Gaudich., Freyc. Voy. Bot. Paris. 493 pl. 119. 1826 [1830], nom. cons. Type:
P. elatostemoides Gaudich. (typ. cons.).
Langeveldia Gaudich., Freyc. Voy. Bot. Paris. 494. 1826 [1830]. Type: L. acuminata
(Poiret) Gaudich.
Elatostemoides C. B. Rob., Phil. Jour. Sci. 5: 504. 1910. Type: E. manillense (Weddell)
C. B. Rob.
Erect or prostrate herbs or suffrutescent shrubs, occasionally climbing, often
slightly succulent, frequently rhizomatous, with branched or unbranched aerial shoots.
Monoecious or dioecious. Cystoliths often conspicuous throughout, sometimes visible to
the naked eye, usually elongate, linear, or fusiform, straight or slightly curved,
occasionally puntate. Stems ± terete or somewhat square, often fluted with two
longitudinal grooves on opposite faces of the the internode, positioned at 90 degrees from
the attachment of the leaf or leaves; the stem twisting spirally, 90 degrees per node, so
that the leaves lie in a single distichous plane, glabrous or pubescent, the hairs simple,
unbranched, appressed, ascending or erect; cystoliths sometimes present, conspicuous, or
difficult to detect beneath dense pubescence. Leaves opposite and anisophyllous or
alternate, and if anisophyllous, the smaller of the pair often deciduous or difficult to
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detect, cordate, spathulate, narrowly ovate, or linear; the larger leaves asymmetrical,
sometimes strongly so, usually ovate, elliptic, obovate, sometimes narrowly ovate, linear,
or falcate, membranaceous, coriaceous or slightly fleshy, in some species bullate, the apex
rounded, obtuse, acute or acuminate, the base occasionally equal, usually oblique,
sometimes strongly so, acute, cuneate, rounded or auriculate, the margins entire, serrate,
dentate or ciliate, the teeth often terminating with a conspicuous single hair, hydathodes
common; venation asymmetrical, typically camptodromus on one side of the midvein and
brochidodromus on the other, occasionally only apically brochidodromus, a few species
with craspedodromus venation; adaxial surface glabrous or pubescent, the hairs simple,
unicellular, often glandular at the base, and then often caducous, leaving a pellucid dot;
cystoliths commonly present, distributed randomly, but often radially around pellucid
dots, usually fusiform, rarely punctate, straight or slightly curved; abaxial surface often
pubescent along midvein, secondary, and tertiary veins, the hairs simple, unicellular,
eglandular, appressed, ascending or arching, cystoliths often conspicuous along veins, in
some cases forming parallel lines; stipules 2, unequal, narrowly ovate, linear, or
spathulate, membranaceous, the apex obtuse, acute or apiculate. Inflorescences axillary,
unisexual, many flowered cymes, often condensed into fascicles or fused into involucrate
heads or disks. Staminate inflorescences cymes or involucrate heads, the heads subtended
by a large pair of involucral bracts opposite one another, these often fused at the margins,
forming a broad flattened disk, sessile or pedunculate. Staminate flowers sessile or
pedicellate, the pedicel occasionally elongating at anthesis; tepals 4 or 5, white, or
occasionally tinged with red, free, glabrous or with cilia near the apex and margins,
elliptic, obovate, spathulate, or hooded, the apex rounded, apiculate, long apiculate or
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corniculate; stamens 4 or 5, opposite the tepals, white, folded adaxially in bud, the
filaments 0.4-0.6 mm long, flattened, the anthers 0.25-0.5 mm long, 0.2-0.4 mm wide,
basifixed, but the sagittate bases making them appear versatile, dehiscing by means of two
longitudinal slits. Pistillate inflorescences sessile or short-pedunculate, fasciculate, with
bracts free or fused into an involucrate disk, the bracts often with a corniculate or callused
apex and keeled midrib, varying greatly in shape even within a single inflorescence,
cystoliths common on the abaxial surface. Pistillate flowers sessile, radial to occasionally
slightly bilaterally symmetrical; tepals 3-5, free, scalelike, truncate or triangular, not
exceeding the staminodia, or linear and exceeding the staminodia; staminodia 3-4, folded
over adaxially prior to fruit dispersal, 0.2-0.4 mm long unfolded, 0.2-0.4 mm wide,
flattened; ovary superior, appearing unicarpellate; stigma penicillate, the papillae ca.
0.1-0.2 mm long. Achenes obovoid, smooth, roughened or ribbed, brownish red, or
creamy yellow and tinged with red.
The species represented here are based upon the concept of diagnosable entities, in
which phylogenetic species represent the smallest discrete aggregation of sexual
populations sexual or asexual lineages. These must be diagnosable by a unique
combination of character states in comparable individuals (Nixon and Wheeler 1990).
In citing the specimens examined from Mount Kinabalu, collections are grouped
by standardized locality with elevations given (if present on the label) for each collection.
The standardized localities are mapped in Figures 1-5, and geographical coordinates are
given in Beaman et al. (1996). Type specimens cited have been examined unless
otherwise indicated.
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Specimens collected by the Royal Society expeditions in 1961 and 1964 are not
cited by collector but by the prefix "RSNB." Numbers below 2980 were collected during
the first Royal Society expedition (1961) by Chew, Corner and Stainton. Numbers 4000
and above were collected during the second expedition in 1964 by Chew and Corner.

Key to the species of Elatostema from Mount Kinabalu
1. Leaves anisophyllous. Nanophylls chlorophyllous, but sometimes difficult to detect
or deciduous. Staminate inflorescences lax or congested cymes, at times fasciculate,
but never fused into an involucrate disk, with inflorescence bracts usually small of
uniform size, never more than twice the length of the flower, and free. Both
staminate and pistillate flowers 5-merous. Tepals in pistillate flowers longer than

the

staminodia.....................................................................................................................2
1. Leaves anisophyllous, but appearing alternate, or alternate. Nanophylls, when
present, achlorophyllous and deciduous. Staminate inflorescence always fused into
a disk subtended by a pair of large involucral bracts that in many cases are connate at
the margins, with the next 2 pairs of bracts both at ± 90 degree angle to the first, also
often fused, the internal bracts decreasing in size gradually. Staminate flowers usually
4-merous, occasionally 5-merous. Pistillate flowers usually three or four-merous.
Rarely 5-merous. Tepals in pistillate flowers never exceeding the staminodia,
occasionally lacking.....................................................................................(Clade A) 5
2. Stems glabrous. Leaves ± symmetrical, venation craspedodromus. Nanophylls elliptic
or narrowly ovate..........................................................................................................3
2. Stems pubescent. Leaves strongly asymmetrical, venation acrodromus. Nanophylls
reniform or broadly spathulate......................................................................................4
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3. Cystoliths elongate and distinctly present on stems, petioles and both adaxial and
abaxial leaf surfaces. Staminate tepals elliptic or obovate, but not strongly hooded, the
apex rounded.............................................................................21. E. variolaminosum
3. Cystoliths lacking or spherical, present on stems, petioles and on either adaxial or
abaxial leaf surface, but not both. Staminate tepals hooded, almost grasping the
stamens, the apex with a short apiculum, or at least a callus....20. E. winkleri-huberti
4. Leaves glabrous on abaxial surface, the bases acute or cuneate, not oblique..................
............................................................................................................22. E. kabayense
4. Leaves pubescent along veins on the abaxial surface, the bases strongly oblique,
rounded and slightly auriculate...............................................................23. E. vittatum
5. Stems with a dense, subcutaneous, sometimes crusty layer of cystoliths, creamy
yellow in color, never pubescent. Leaves petiolate, margins crenulate, abaxial
surface glabrous. Staminate inflorescence bracts glabrous. Achene roughened, but
never ribbed...................................................................................................(Clade I) 6
5. Stems lacking subsurface cystoliths, never yellow, but almost always pubescent.
Leaves sessile, margins entire along their distal halves, serrate or dentate in the
proximal half, rarely crenulate, abaxial surface pubescent. Staminate inflorescence
bracts usually pubescent. Achenes usually ribbed........................................(Clade B) 7
6. Stem internodes fluted. Leaf bases strongly oblique, unequal by over 7 mm along the
midrib, strongly auriculate, with four basal secondary veins in the auriculum; leaves
strongly asymmetrical. Pistillate basal inflorescence bracts unkeeled............................
..................................................................................................18. E. auriculatifolium
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6. Stem internodes not fluted. Leaf bases rounded, cuneate, or weakly oblique, usually
unequal by less than 5 mm along the midrib, occasionally auriculate, but never with
four veins within the auriculum. Pistillate basal inflorescence bracts keeled.................
.....................................................................................................19. E. penibukanense
7. Glandular hairs present on the adaxial leaf surface. Pistillate flowers 3-4-merous, the
tepals, if present, with a truncate or rounded apex.......................................(Clade C) 8
7. Hairs, if present, on the adaxial leaf surface non-glandular. Pistillate flowers 3 or
5-merous, never 4-merous, the tepals (always present) with an acute apex...............17
8. Leaves with lateral secondary veins terminating at the margin. Pistillate involucral
disk distinctly present. External involucral bracts of the staminate inflorescence
fused along the margins...............................................................................(Clade D) 9
8. Leaves with lateral secondary veins anastomozing. Pistillate inflorescence densely
clustered, but not fused, the bracts distinct. External involucral bracts of the
staminate inflorescence free........................................................................................15
9. Leaf bases acute or cuneate. Cystoliths lining the midrib on the adaxial leaf surface
....................................................................................................................(Clade E) 10
9. Leaf bases rounded or auriculate. Cystoliths lacking along the midrib on the adaxial
leaf surface .................................................................................................(Clade F) 13
10. Leaves green (or brown when dry) on the abaxial surface. Hydathodes present on
the leaf teeth................................................................................................................11
10. Leaves purplish or glaucous on the abaxial surface. Hydathodes absent .......................
.........................................................................................................5. E. purpurascens
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11. Adaxial leaf surface densely covered with short, stiff, persistent glandular based
hairs (more than 50 hairs per cm2) ....................................................4. E. pedicillatum
11. Adaxial leaf surface glabrous or only sparsly covered with glandular based hairs
(fewer than 20 hairs per cm2) .....................................................................................12
12. Leaves sessile, adaxial surface ± glabrous with pellucid dots left by caducous
glandular based hairs, drying brown. Pistillate flowers 4-merous.................................
.........................................................................................................3. E. serpentinense
12. Leaves petiolate, adaxial surface with short, stiff ascending, persistent glandular
based hairs, making the leaf surface scurfy, drying yellowish green. Pistillate
flowers 3-merous.................................................................................2. E. flavovirens
13. Leaves less than 2 cm long, the adaxial surface irregularly bullate, the abaxial
surface impressed at the interstices of the tertiary veins, and each of these
interstices with a glandular hair with an enlarged base on the adaxial surface. Tepals
of pistillate flowers scale-like, triangular, with acute apices...........6. E. kinabaluense
13. Leaves 2 cm or longer, the adaxial surface rough and scabrous, but never bullate.
Tepals of pistillate flowers also scale-line, but with rounded or obtuse apices..........14
14. Leaves margins ciliate, the teeth lacking hydathodes, cystoliths lacking on the
abaxial surface. Nanophylls achlorophyllous............................7. E. rubro-stipulatum
14. Leave margins glabrous, the teeth terminating in a hydathode, cystoliths present on
the abaxial leaf surface. Nanophylls absent or achlorophyllous.....8. E. tenompokense
15. Leaves brown upon drying, never bright green, adaxial surface smooth, veins not
impressed............................................................................................10. E. dallasense
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15. Leaves bright green even when dry, adaxial surface with impressed veins, often
strongly bullate............................................................................................................16
16. Leaves less than 8 cm long. Staminate inflorescence sessile, compartmentalized, but
not rectangular.........................................................................................11. E. gibbsae
16. Leaves 8 cm long or longer, very strongly bullate. Staminate involucral disk
pedunculate, very strongly ordered into 4 rectangular compartments....9. E. bullatum
17. Leaf bases round or auriculate, the adaxial surface minutely pitted. Pistillate flowers
densely clustered (more than 100 flowers per cluster) and each subtended by ciliate
floral bracts, giving the inflorescences a white tufted appearance.............(Clade H) 18
17. Leaf bases acute or cuneate, the adaxial surface not pitted. Pistillate flowers in
fewer-flowered (less than 50) clusters, and the inflorescence not appearing tufted. . .20
18. Leaves pinnately veined, most longer than 8 cm. Staminate inflorescences distinctly
compartmentalized...............................................................................14. E. pinnatum
18. Leaves with camptodromus venation on one side of the midrib and brochidodromus
venation on the other, usually less than 8 cm long. Staminate inflorescences
appearing uncompartmentalized.................................................................................19
19. Stems branched at least thrice. Leaves 2 cm long, or less, the margins serrate, with
only 1-2 teeth on each margin, near the apex, almost tri-lobed.......16. E. thalictroides
19. Stems branching only once or twice. Leaves greater than 2 cm long, the margins
crenulate to serrate with 4-7 teeth along each margin, in the distal half only.................
....................................................................................................15. E. maraiparaiense
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20. Plants prostrate. Leaves obovate, almost orbicular, densely covered with elongate
cystoliths on the adaxial surface, and these clearly visible, thickly coriaceous,
margins crenulate................................................................................13. E. bulbothrix
20. Plants erect. Leaves ovate, elliptic or obovate, variously covered with cystoliths, but
these not visible to the naked eye, membranous to fleshy, margins serrate................21
21. Leaves with impressed veins on the adaxial surface, with glandular-based hairs in the
interstices, the veins on the abaxial surface with broadly spreading hairs......................
..........................................................................................................12. E. lithoneuron
21. Leaves without the veins impressed on the adaxial surface, glabrous or pubescent
with non-glandular hairs, the abaxial leaf surface glabrous or with appressed hairs
along the veins............................................................................................................22
22. Stems pubescent. Leaves pubescent on the abaxial surface along the veins, densely
pubescent to nearly glabrous on the adaxial surface, ovate elliptic to linear,
subcoriaeous to fleshy. Pistillate flowers 5-merous. Achenes not ribbed.......................
.................................................................................................................17. E. lineare
22. Stems and leaves glabrous. Leaves elliptic to ovate; membranaceous. Pistillate
flowers 4-merous. Achenes ribbed....................................................1. E. acuminatum

1. Elatostema acuminatum (Poir.) Brongn., Bot. Voy. Coq. 211. 1829. Procris
acuminata Poir., Lamark, Encycl. Méth. Bot 5: 629. 1804. Boehmeria acuminata Pers.,
Synops., II, 556. 1806. Langeveldia acuminata Gaudich., Freycinet, Voyage Monde,
Uranie Physicienne Bot., 494. 1826. Type: Java, Commerson s.n. 1776-1779 (holotype: P
n.v.).
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Elatostema lowii Stapf, Trans. Linn. Soc., Ser. 2. 229. 1894. Type: Kinabalu, 1500
m, Low s.n. 1852 (holotype: K).
Terrestrial herbs, 18-60 cm tall; dioecious. Stems light purple, ± terete or slightly
square, portions bearing leaves 1-3 mm in diameter, with two longitudinal grooves on
opposite faces of internode, positioned 90 degrees from attachment of leaf or leaves of
adjacent upper node, glabrous, cystoliths absent. Leaves sessile, anisophyllous; blade
3.8-5(7) cm long, 1-1.5 cm wide, weakly asymmetrical, membranaceous, the apex acute
or acuminate, the base oblique, rounded to auriculate, margins crenulate or serrate, the
teeth terminating with a conspicuous hair, hydathode present; venation asymmetrical,
brochidodromus; adaxial surface with conspicuous pellucid dots, cystoliths present or
occasionally lacking, punctate or fusiform; abaxial surface glabrous, cystoliths lacking;
stipules 0.9-2 mm long, ca. 0.5 mm wide, narrowly ovate or spathulate, membranaceous,
the apex acute or obtuse, often apiculate. Inflorescences axillary, almost always
unisexual, many flowered cymes. Staminate inflorescences elongate cymes. Staminate
flowers 0.8-1.2 mm across at anthesis, sessile or borne on a pedicel to ca. 1 mm long, in
some cases elongating at anthesis to 3-4 mm; tepals 5, white, or occasionally tinged with
red, free, glabrous, spathulate, the apex rounded; stamens 5. Pistillate inflorescences
sessile, fasciculate; bracts with a keeled midrib, the apex acute, obtuse or rounded with
callus, lacking cystoliths. Pistillate flowers ± sessile, slightly bilaterally symmetrical;
tepals 3, free, linear, not exceeding the staminode. Achenes obovoid, ca. 0.7 mm long, ca.
0.3 mm in diameter, reddish, ribbed longitudinally.
In lower montane dipterocarp, oak, chestnut, and laurel forest, on moist rocks and
stream banks. Elevation: 900-2300 m.
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This species is more widespread than any other known from Mount Kinabalu,
occurring in other parts of Borneo, Java, Peninsular Malaysia, China and India. The
distribution of this species on Mount Kinabalu is shown in Figure 6-1.
Apogamy has been reported (Schröter and Winkler 1935), and supported by the
fact that among the specimens from Kinabalu, not a single staminate plant has been
detected.
Additional material examined. DALLAS: 900 m, Clemens 23761 (NY), 900 m,
26761 (K); EAST MESILAU RIVER: 2000 m, Collenette 21632 (K); INDIA: Beddome s.n. (K);
KINASARABAN HILL: 1400 m, Sinclair, Kadim & Kapis 8985 (K); KUNDASANG: 1200 m, Sidek
S 1 (SING); MARAI PARAI: 1500 m, Clemens 33101 (GH, NY); MESILAU CAMP: 1500 m,
RSNB 6016 (L, SING), 1500 m, RSNB 4005 (K); MESILAU CAVE: 1800 m, J. Beaman 7468
(MSC), 1800 m, RSNB 4734 (K, L, SING), 1800 m, R. Beaman 802 (FLAS); MESILAU
RIVER: 1500 m, RSNB 4022 (L), 1500 m, RSNB 4060 (L); MESILAU TRAIL: 1400 m, Ding
Hou 300 (K); PENIBUKAN: 1200-1500 m, Clemens s.n. 4 January 1933 (BM, K); SINGH’S
PLATEAU: 900 m, RSNB 1012 (K), 900 m, RSNB 1022 (L); TAHUBANG FALLS: 1200-1500 m,
Clemens 30695 (NY); TENOMPOK: 1500 m, Clemens 27856 (GH, K), 1500 m, 28472 (GH,
K), 1500 m, 30360 (GH, K), 1500 m, 30366 (K), Madani SAN 60136 (K); WEST MESILAU
RIVER: 1600-1700 m, J. Beaman 8627 (MSC); BHUTAN: 2300 m, Grierson & Long 1997
(K); CHINA: C. B. Clarke 42816 (K); EAST BENGAL: Griffith s.n. (K).
2. Elatostema flavovirens R. Beaman sp. nov. Type: Dallas, 900 m, Clemens 30358
(holotype: GH; isotype: K).
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Species Elatostema acuminatum folia similis, sed pagina superiore pubescente,
pilis glanduliferis ad basim breviter sparsim, cystolithis linearibus curvatisque
quaquaversus directis albidis, in sicco flavovirens differt.
Terrestrial herbs, 24-50 cm tall; dioecious. Stems green, ± terete or slightly square,
portions bearing leaves 1-3 mm in diameter, with two longitudinal grooves on opposite
faces of internode, positioned 90 degrees from attachment of leaf or leaves of adjacent
upper node with conspicuous fusiform or ± cylindrical, straight to slightly curved
cystoliths, pubescent. Leaves anisophyllous, but with the smaller of the pair often
deciduous or difficult to detect; blade (1.5)2-6(8) cm long, (0.7)1-1.5(2.5) cm wide,
asymmetrical, membranaceous, the apex acute or acuminate, the base oblique, acute or
cuneate, margins serrate, ciliate, the teeth terminating with a conspicuous hair, hydathode
present; venation asymmetrical, camptodromus on one side of the midvein and
brochidodromus on the other; adaxial surface with glandular-based hairs present
throughout, cystoliths present; abaxial surface pubescent along midvein, secondary, and
tertiary veins, cystoliths elongate, conspicuous along veins, in the interstices between
tertiary veins; petioles 1-4 mm long, pubescent, with conpicuous, elongate cystoliths;
stipules (2.5)4-6(8) mm long, 0.5-2 mm wide, narrowly ovate or spathulate,
membranaceous, the apex acute or obtuse, often apiculate. Inflorescences axillary, almost
always unisexual, many flowered cymes or involucrate heads or disks. Staminate
inflorescences, subtended by a large pair of involucral bracts opposite one another.
Staminate flowers 0.8-1.2 mm across at anthesis, sessile or borne on a pedicel to ca. 1 mm
long, in some cases elongating at anthesis to 3-4 mm; tepals 4, white, or occasionally
tinged with red, free; stamens 4. Pistillate inflorescences sessile, fused into an involucrate
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disk, bracts indistinct and often fused; bracts with a keeled midrib, the apex corniculate,
lacking cystoliths. Pistillate flowers ± sessile, slightly bilaterally symmetrical; tepals 3,
free, linear, exceeding the staminodia; staminodia 3-4. Achenes obovoid, 0.4-0.6 mm
long, 0.2-0.4 mm in diameter, reddish, ribbed longitudinally.
Disturbed slopes and road cuts. Elevation: 700-1500 m.
This species is distinct from other Elatostema from Kinabalu in the yellow green
color of the dried leaves. Known only from Mount Kinabalu. It is locally common in the
few localities from which it is known. The distribution of this species is shown in Figure
6-2.
A diagnostic character not inherent in the plant is that almost all specimens exhibit
extensive insect predation.
Additional material examined. DALLAS: 900 m, Clemens 30359 (GH, K); EASTERN
SHOULDER: 700 m, RSNB 1502 (K, L); TENOMPOK: 1200-1500 m, Clemens 26653 (BM, GH,
K, NY, UC), 1500 m, 26653A (GH, K).
3. Elatostema serpentinense R. Beaman sp. nov. Type: Gurulau Spur, R. Beaman 1292
(holotype: FLAS).
Species E. tenompokense similis, sed folia succulenta, cystolithis supra
creberrimis fusiformibus quaquaversus directis albidis; in montibus altis serpentinentis.
Fleshy herbs, 15-40 cm tall; dioecious. Stems green ± terete or slightly square,
portions bearing leaves 1-3 mm in diameter, with two longitudinal grooves on opposite
faces of internode, positioned 90 degrees from attachment of leaf or leaves of adjacent
upper node, usually with conspicuous fusiform or ± cylindrical, straight to slightly curved
cystoliths, pubescent. Leaves sessile, anisophyllous, but with the smaller of the pair often
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deciduous or difficult to detect; blade (1.6)2.5-5.5(6.1) cm long, (0.8)1.4-1.8(2.7) cm
wide, asymmetrical, slightly fleshy, the apex acute or acuminate, the base oblique, acute,
cuneate, rounded or auriculate, margins serrate, hydathode present; venation
asymmetrical, brochidodromus; adaxial surface with glandular-based hairs present
throughout, cystoliths present; abaxial surface pubescent along midvein, secondary, and
tertiary veins, and often in the interstices between the tertiary veins, cystoliths elongate,
conspicuous along veins, in the interstices between tertiary veins; stipules 0.2-0.5 mm
long, 0.3-0.7 mm wide, narrowly ovate or spathulate, membranaceous, the apex acute or
obtuse, often apiculate. Inflorescences axillary, almost always unisexual, many flowered
involucrate heads or disks. Staminate inflorescences long pedunculate, involucrate heads,
subtended by a large pair of involucral bracts opposite one another, and fused at the
margins, forming a broad flattened disk. Staminate flowers 0.7-0.8 mm across at anthesis,
sessile or borne on a pedicel to ca. 1 mm long, in some cases elongating at anthesis to 3-4
mm; tepals 4, white, or occasionally tinged with red, free, glabrous, hooded, the apex
apiculate; stamens 4. Pistillate inflorescences sessile, fused into an involucrate disk,
bracts indistinct, with corniculate apices and cystoliths on the abaxial surface. Pistillate
flowers ± sessile, slightly bilaterally symmetrical; tepals 3-4, free, truncate, not exceeding
the staminode. Achenes obovoid, ca 0.5 mm long, ca. 0.2 mm in diameter, reddish, ribbed
longitudinally.
In upper montane mossy elfin cloud forest. In gullies and on boulders in stream
beds. Elevation: 1500-2900 m.
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This is one of the high elevation endemics, and is known from ultramafic
substrates, but its presence on the Eastern Ridge suggests that it is not restricted to
ultramafics. Known only from Mount Kinabalu. The distribution is shown in Figure 6-3.
The species is distinct from the other high elevation species in its very erect
herbaceous habit. Like Elatostema bulbothrix, the adaxial leaf surfaces are densely
covered with cystoliths.
Additional material examined. EASTERN SHOULDER: 2900 m, RSNB 943 (K, L,
SING); GURULAU SPUR: 2400 m, Clemens 51074 (BM, K, L, NY); MESILAU CAVE: 1800 m,
RSNB 4837 (K, SING); TENOMPOK: 1500 m, Clemens 29817 (BM); ULU MESILAU: 2100 m,
Clemens 51650 (BM).
4. Elatostema pedicillatum Gibbs, Jour. Linn. Soc., Bot. 42: 140. 1914. Type:
Penibukan, 1800 m, Gibbs 4057 (holotype: BM; isotype: K).
Erect herbs, 15-35 cm tall, with creeping rhizome; monoecious. Stems green, ±
terete or slightly square, portions bearing leaves 1-3 mm in diameter, with two
longitudinal grooves on opposite faces of internode, positioned 90 degrees from
attachment of leaf or leaves of adjacent upper node, pubescent. Leaves anisophyllous, but
with the smaller of the pair often deciduous or difficult to detect; blade (1.4)2-5.5(8) cm
long, (0.5)1.2-2(3.5) cm wide, asymmetrical, slightly fleshy, the apex acute or acuminate,
the base oblique, acute or cuneate, margins crenulate or serrate, the teeth terminating with
a conspicuous hair, hydathode present; venation asymmetrical, camptodromus on one side
of the midvein and brochidodromus on the other; adaxial surface pubescent along
midvein, with glandular-based hairs present throughout, cystoliths present; abaxial surface
pubescent along midvein, secondary, and tertiary veins, and often in the interstices
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between the tertiary veins, cystoliths elongate, conspicuous along veins, occasionally in
the interstices between tertiary veins; petioles 1-3 mm, pubescent, with conpicuous,
elongate cystoliths; stipules 1.6-3.5 mm long, 0.2-0.8(1.8) mm wide, narrowly ovate or
spathulate, membranaceous, the apex acute or obtuse, often apiculate. Inflorescences
axillary, almost always unisexual, many flowered involucrate heads or disks. Staminate
inflorescences short pedunculate, involucrate heads, subtended by a large pair of
involucral bracts opposite one another. Staminate flowers 0.7-1 mm across at anthesis,
sessile or borne on a pedicel to ca. 1 mm long, in some cases elongating at anthesis to 3-4
mm; tepals 4, white, or occasionally tinged with red, free, sparsely ciliate on the abaxial
surface and margins near the apex, obovate, the apex callused; stamens 4. Pistillate
inflorescences sessile, fused into an involucrate disk, bracts indistinct and often fused;
bracts with a keeled midrib, the apex long corniculate, with cystoliths on the abaxial
surface. Pistillate flowers ± sessile, slightly bilaterally symmetrical; tepals 4, minute, not
exceeding the staminodia, short triangular and difficult to detect. Achenes obovoid,
0.3-0.45 mm long, 0.15-0.3 mm in diameter, reddish, ribbed longitudinally.
In lower and mid-montane forest. In undergrowth in seepages and rocky rivulets.
Elevation: 1100-2100 m.
This diminutive species is known only from ultramafic areas of Mount Kinabalu
and Mount Madeleng at mid elevations. The distribution is shown in Figure 6-4.
The fleshy obovate leaves make this plant quite distinct from its close relatives on
Kinabalu. The adaxial leaf surfaces retains an olive green color after drying, and is
densely covered by both short stiff glandular based hairs and elongate cystoliths.
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Additional material examined. KILEMBUN BASIN: 1100 m, Clemens 40018 (BM);
MARAI PARAI: 1500 m, Clemens 32372 (BM, GH, K, NY, UC); MARAI PARAI SPUR:
2000-2100 m, R. Beaman 1259 (FLAS); MOUNT MADELENG: 1600 m, R. Beaman 1266
(FLAS); PENIBUKAN: 1200-1500 m, Clemens s.n. January 1933 (BM), 1200-1500 m, 30743
(BM, GH, NY), 1200-1500 m, 30957 (BM, GH, NY, UC), 1200-1500 m, 31355 (BM,
GH, K, NY, UC).
5. Elatostema purpurascens R. Beaman sp. nov. Type: Marai Parai Spur, 1800-2000 m,
R. Beaman 1256 (holotype: FLAS; isotypes: GH, K, SAN). Figure 6-5.
Species E. kinabaluense affinis, sed folia cystolithis supra creberrimis linearibus
quaquaversus directis albidis, in sicco non nigrescens, differt.
Small erect herbs, undersides of young leaves purple, appearing somewhat glaucus
when dried; monoecious. Stems purple ± terete or slightly square, portions bearing leaves
1-2 mm in diameter, with two longitudinal grooves on opposite faces of internode,
positioned 90 degrees from attachment of leaf or leaves of adjacent upper node,
pubescent, cystoliths lacking. Leaves anisophyllous; blade 1.1-2.8 cm long, 0.4-0.8 cm
wide, subcoriaceous to coriaceous, the apex acute or acuminate, the base oblique, acute or
cuneate, margins serrate, ciliate, the teeth terminating with a conspicuous hair; venation
asymmetrical, camptodromus on one side of the midvein and brochidodromus in the distal
half on the other; adaxial surface with glandular-based hairs present throughout, cystoliths
present; abaxial surface pubescent along midvein, secondary, and tertiary veins, cystoliths
elongate, conspicuous along veins, in the interstices between tertiary veins; petioles 1-2
mm long; stipules 1-2 mm long, 0.2-0.4 mm wide, narrowly ovate or spathulate,
membranaceous, the apex acute or obtuse, often apiculate. Inflorescences axillary, almost
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always unisexual, many flowered involucrate heads or disks. Staminate inflorescences
long pedunculate, involucrate heads, subtended by a large pair of involucral bracts
opposite one another, and fused at the margins, forming a broad flattened disk. Staminate
flowers 1.1-1.4 mm across at anthesis, sessile or borne on a pedicel to ca. 1 mm long, in
some cases elongating at anthesis to 3-4 mm; tepals 4, white, or occasionally tinged with
red, free, sparsely ciliate on the abaxial surface and margins near the apex, elliptic, the
apex callused and apiculate; stamens 4. Pistillate inflorescences sessile, fused into an
involucrate disk, bracts indistinct and often fused; bracts occasionally with a keeled
midrib, the apex acute, obtuse or rounded with callus. Pistillate flowers ± sessile, slightly
bilaterally symmetrical; tepals 3, exceedingly reduced, not exceeding the staminodia.
Achenes obovoid, 0.5-1 mm long, 0.2-0.3 mm in diameter, reddish, ribbed longitudinally.
On rocks and boulders near streams and waterfalls. Elevation: 1100-4100 m. This
species is known only from lower and mid montane ultramafic habitats. The distribution
is shown in Figure 6-6.
Much of the plant surface of this species is tinged with purple, particularly the
abaxial leaf surface, the stems and the apices of the tepals. The leaves often appear
somewhat glaucus below. The leaf shape in this species is very similar to that of
Elatostema kinabaluense, but the adaxial leaf surface is always densely clothed with
cysoliths and is never bullate. It is more widespread than E. kinabaluense, but has not
been collected from Penibukan Ridge.
Additional material examined. KILEMBUN BASIN: 1100 m, Clemens 40020 (BM,
NY, UC); MARAI PARAI: 1500 m, Clemens 32574 (BM, GH, NY), M. S. Clemens 10979
(UC); MARAI PARAI SPUR: 1800-2000 m, R. Beaman 1257 (FLAS); MESILAU CAVE: 1800 m,
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RSNB 4808 (K, SING), 1800 m, J. Beaman 7464 (MSC) 1800 m, R. Beaman 804 (FLAS),
2000 m, 1325 (FLAS), 2000 m, 1332 (FLAS); PIG HILL: 2000 m, R. Beaman 1269 (FLAS);
SILAU BASIN: 2100-2400 m, Clemens 29078 (BM, GH, K, UC); TENOMPOK: 1500 m,
Clemens 28739 (BM, GH, K, UC).
6. Elatostema kinabaluense Gibbs, Jour. Linn. Soc., Bot. 42: 141. 1914.. Type:
Penibukan, 1800 m, Gibbs 4063 (holotype: BM; isotypes: GH, K).
Minute, rhizomatous herbs, with 2-5 closely spaced, erect, upright stems 10-15 cm
tall; monoecious. Stems and leaves nigrescent upon drying, ± terete or slightly square,
portions bearing leaves 1-2 mm in diameter, with two longitudinal grooves on opposite
faces of internode, positioned 90 degrees from attachment of leaf or leaves of adjacent
upper node, pubescent, cystoliths lacking. Leaves sessile, anisophyllous, but with the
smaller of the pair often deciduous or difficult to detect; blade 1.6-2.4 cm long, 0.5-0.7 cm
wide, bullate, the apex rounded, obtuse, or acute, the base oblique, acute, cuneate, rounded
or auriculate, margins serrate, ciliate, the teeth terminating with a conspicuous hair;
venation asymmetrical, camptodromus on one side of the midvein and brochidodromus on
the other; adaxial surface with glandular-based hairs present throughout, cystoliths present
or occasionally lacking; abaxial surface pubescent along midvein, secondary, and tertiary
veins, and often in the interstices between the tertiary veins, cystoliths elongate,
conspicuous along veins, in the interstices between tertiary veins; stipules ca. 2 mm long,
ca. 0.5 mm wide, narrowly ovate or spathulate, membranaceous, the apex acute or obtuse,
often apiculate. Inflorescences axillary, almost always unisexual, many flowered
involucrate heads or disks. Staminate inflorescences long pedunculate, involucrate heads,
subtended by a large pair of involucral bracts opposite one another, and fused at the
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margins, forming a broad flattened disk. Staminate flowers 0.7-1 mm across at anthesis,
sessile or borne on a pedicel to ca. 1 mm long, in some cases elongating at anthesis to 3-4
mm; tepals 4, white, or occasionally tinged with red, free, sparsely ciliate on the abaxial
surface and margins near the apex, elliptic or spathulate, the apex apiculate; stamens 4.
Pistillate inflorescences sessile, fused into an involucrate disk, bracts indistinct and often
fused; bracts with a keeled midrib, the apex acute, obtuse or rounded, with cystoliths on
the abaxial surface. Pistillate flowers ± sessile, slightly bilaterally symmetrical; tepals 4,
free, triangular, not exceeding the staminode. Achenes obovoid, 0.7-1 mm long, 0.2-0.3
mm in diameter, reddish, ribbed longitudinally.
In undergrowth in high montane forest. Elevation: 1200-1800 m.
This diminutive species is more narrowly distributed than most, as it is known
only from the ultramafic Penibukan Ridge. The distribution is shown in Figure 6-7.
It is most distinct in the pustulate setose hairs, which makes the leaves somewhat
bullate, and in the adaxial leaf surface, which lacks cystoliths.
Additional material examined. PENIBUKAN: 1200-1500 m, Clemens s.n. 7
February 1933 (BM), 1200-1500 m, 30546 (NY), 1200-1500 m, 30547 (BM), 1200-1500
m, 30761 (NY), 1200-1500 m, 31357 (BM, GH, K, NY, UC).
7. Elatostema rubro-stipulatum Gibbs, Jour. Linn. Soc., Bot. 42: 142. 1914. Type:
Lobang, 1200-1800 m, Gibbs 4134 (holotype: BM).
Erect fleshy herbs, branching at the base, 15-30 cm tall; monoecious. Stems purple
± terete or slightly square, portions bearing leaves 1-3 mm in diameter, with two
longitudinal grooves on opposite faces of internode, positioned 90 degrees from
attachment of leaf or leaves of adjacent upper node, pubescent, cystoliths lacking. Leaves
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sessile, anisophyllous, but with the smaller of the pair often deciduous or difficult to
detect; blade 4.5-8 cm long, 2.5-4.2 cm wide, membranaceous, the apex acute or
acuminate, the base oblique, rounded to auriculate, margins dentate, ciliate; venation
asymmetrical, camptodromus on one side of the midvein and brochidodromus in the distal
half on the other; adaxial surface with glandular-based hairs present throughout, cystoliths
present; abaxial surface pubescent along midvein, secondary, and tertiary veins, and in the
interstices between the tertiary veins, cystoliths lacking; stipules 9-15 mm long, 4-8 mm
wide, narrowly ovate or spathulate, membranaceous, the apex acute or obtuse, often
apiculate. Inflorescences axillary, almost always unisexual, many flowered involucrate
heads or disks. Staminate inflorescences long pedunculate, involucrate heads, subtended
by a large pair of involucral bracts opposite one another. Staminate flowers 0.8-1.2 mm
across at anthesis, sessile or borne on a pedicel to ca. 1 mm long, in some cases elongating
at anthesis to 3-4 mm; tepals 4, white, or occasionally tinged with red, free, glabrous,
elliptic, the apex apiculate; stamens 4. Pistillate inflorescences sessile, fused into an
involucrate disk, bracts indistinct and often fused; bracts with a keeled midrib, the apex
corniculate, with cystoliths on the abaxial surface. Pistillate flowers ± sessile, slightly
bilaterally symmetrical; tepals 4, free, truncate, not exceeding the staminode. Achenes
obovoid, ca. 1 mm long, ca. 0.4 mm in diameter, reddish, ribbed longitudinally.
In montane forest on slopes and ridges. Elevation: 900-1800 m.
Known only from Mount Kinabalu. The distribution is shown in Figure 6-8.
This species is readily identifiable by its large, reddish, membranaceous stipules.
Its close relationship to Elatostema tenompokense is apparent in leaf and inflorescence
characters, particularly in the membranaceous texture, size and shape of the leaves, but the
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leaves have numerous long arcuate spreading hairs on the veins of the abaxial surface like
those of E. lithoneuron, and have numerous cystoliths on the adaxial surface. Elatostema
rubro-stipulatum typically occurs at lower elevations than the other two species.
Additional material examined. KADAMAIAN RIVER: 900 m, R. Beaman 902
(FLAS); KILEMBUN BASIN: 1100 m, Clemens 34429 (BM, GH, NY); MESILAU RIVER: 1500 m,
RSNB 4922 (K, SING, US); SILAU-SILAU TRAIL: 1800 m, Stevens 658 (GH); TENOMPOK: 1500
m, Clemens 28742 (BM, GH, K, UC), 1500 m, 29537A (GH, K); TENOMPOK/TOMIS: 1700
m, Clemens 29537 (BM, GH, K, UC); TINEKOK FALLS: 1500 m, Clemens s.n. 28-29 October
1933 (BM).
8. Elatostema tenompokense Gibbs, Jour. Linn. Soc., Bot. 42: 143. 1914. Type:
Tenompok, 1200 m, Gibbs 3947 (isotype: K). Figure 6-9.
Very fleshy unbranched arching or erect herbs, 12-28 cm tall; monoecious. Stems
dark purple ± terete or slightly square, portions bearing leaves 1-3 mm in diameter, with
two longitudinal grooves on opposite faces of internode, positioned 90 degrees from
attachment of leaf or leaves of adjacent upper node, pubescent, cystoliths lacking. Leaves
sessile, anisophyllous, but with the smaller of the pair often deciduous or difficult to
detect; blade 4-7.6 cm long, 2.7-4.8 cm wide, asymmetrical, sometimes strongly so,
membranaceous, the apex acute or acuminate, the base oblique, rounded to auriculate,
margins serrate, the teeth terminating with a conspicuous hair, hydathode present;
venation asymmetrical, camptodromus on one side of the midvein and brochidodromus on
the other; adaxial surface with glandular-based hairs present throughout, cystoliths present
or occasionally lacking; abaxial surface pubescent along midvein, secondary, and tertiary
veins, cystoliths elongate, conspicuous along veins; stipules 5.5-8.7 mm long, ca. 1.5 mm
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wide, narrowly ovate or spathulate, membranaceous, the apex acute or obtuse, often
apiculate. Inflorescences axillary, almost always unisexual, many flowered involucrate
heads or disks. Staminate inflorescences long pedunculate, involucrate heads, subtended
by a large pair of involucral bracts opposite one another. Staminate flowers 0.8-1.2 mm
across at anthesis, sessile or borne on a pedicel to ca. 1 mm long, in some cases elongating
at anthesis to 3-4 mm; tepals 4, white, or occasionally tinged with red, free, glabrous,
elliptic, the apex callused and long apiculate; stamens 4. Pistillate inflorescences sessile,
fused into an involucrate disk, bracts indistinct and often fused; bracts with a keeled
midrib, the apex corniculate, lacking cystoliths. Pistillate flowers ± sessile, slightly
bilaterally symmetrical; tepals 4, free, truncate, not exceeding the staminode. Achenes
obovoid, 0.8-1.1 mm long, ca. 0.3 mm in diameter, reddish, ribbed longitudinally.
In Quercus, Castanopsis, and Tristania forest on granite rocks along streams and
near springs. Elevation: 900-2700 m.
Known only from Mount Kinabalu. The distribution is shown in Figure 6-10.
This attractive plant is found in constantly wet places. Although the plants often
grow on granite rocks, the steams in which they occur either border on or cut through
ultramafic outcrops. This situation is reminiscent and possibly analogous to that of
epiphytic orchids endemic to ultramafic areas.
Additional material examined. BEMBANGAN RIVER: 1500 m, RSNB 1282 (K);
DALLAS: 900 m, Clemens 27248 (GH, K); EASTERN SHOULDER: 2000 m, RSNB 145 (K, L);
KADAMAIAN RIVER: 2600 m, R. Beaman 1327 (FLAS); KILEMBUN BASIN: 1200 m, Clemens
34004 (BM, GH, NY); KINATEKI RIVER: 2400-2700 m, Clemens 31928 (BM, GH); MARAI
PARAI: 1500 m, Clemens 32368 (GH, NY, UC); MESILAU CAVE: 1800 m, RSNB 4771 (K, L,
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SING), 1800 m, R. Beaman 803 (FLAS), 1800 m, 805 (FLAS), 1800 m, 806 (FLAS);
SADIKAN RIVER: 1500 m, Clemens 32301 (BM, NY), 1500 m, 32312 (BM, NY); TAHUBANG
FALLS: 1500 m, Clemens 40270 (BM, K, NY, UC); TENOMPOK: 1500 m, Clemens 28856
(BM, K, NY), 1500 m, 29500 (GH, K, UC), 1500 m, M. S. Clemens s.n. 3 March 1932
(BM).
9. Elatostema bullatum R. Beaman sp. nov. Type: Dallas, 900 m, Clemens 26524
(holotype: BM; isotypes: GH, K, L, UC).
Species E. macrophyllum similis, sed pagina superiore pubescente, pilis
glanduliferis ad basim, differt; capitula mascula subdiscoidea rectangularis; in scopulis
humidis ad cataractam et ad saxa in aquis fluentibus.
Large suffrutescent herbs, 60-90 cm tall, prostrate at the base; monoecious. Stems
± terete or slightly square, portions bearing leaves 3-5 mm in diameter, with two
longitudinal grooves on opposite faces of internode, positioned 90 degrees from
attachment of leaf or leaves of adjacent upper node, with conspicuous fusiform or ±
cylindrical, straight to slightly curved cystoliths, pubescent. Leaves anisophyllous, but
with the smaller of the pair often deciduous or difficult to detect; blade 9-13.5 cm long,
(2.7)3.5-5.8(6.3) cm wide, asymmetrical, bullate, the apex acute or acuminate, the base
oblique, rounded to auriculate, margins serrate, ciliate, the teeth terminating with a
conspicuous hair, hydathode present; venation asymmetrical, camptodromus on one side
of the midvein and brochidodromus on the other; adaxial surface with glandular-based
hairs present throughout, cystoliths present; abaxial surface pubescent along midvein,
secondary, and tertiary veins, cystoliths elongate, conspicuous along veins, in the
interstices between tertiary veins; petioles 0.5-4 mm long; stipules 18-27 mm long, 0.8-2.5
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mm wide, narrowly ovate or spathulate, membranaceous, the apex acute or obtuse, often
apiculate. Inflorescences axillary, almost always unisexual, many flowered involucrate
heads or disks. Staminate inflorescences short pedunculate, involucrate heads, distinctly
ordered into squarose compartments, subtended by a large pair of involucral bracts
opposite one another, and fused at the margins, forming a broad flattened disk. Staminate
flowers 0.8-1.2 mm across at anthesis, sessile or borne on a pedicel to ca. 1 mm long, in
some cases elongating at anthesis to 3-4 mm; tepals 4, white, or occasionally tinged with
red, free, glabrous, ovate, the apex rounded; stamens 4. Pistillate inflorescences sessile,
fused into an involucrate disk, bracts indistinct and often fused; bracts, the apex acute,
obtuse or rounded, with cystoliths on the abaxial surface. Pistillate flowers ± sessile,
slightly bilaterally symmetrical; tepals 3, free, triangular, not exceeding the staminode.
Achenes obovoid, 0.3-0.5 mm long, 0.16-0.3 mm in diameter, reddish, ribbed
longitudinally.
At base of waterfalls and along streams. Elevation: 700-900 m.
This is one of the few species known from elevations below 900 m on Mount
Kinabalu. It is also known from other areas in Sabah. The distribution of this species on
Mount Kinabalu is shown in Figure 6-11.
The leaves are among the largest and are often very strongly bullate, densely
packed with cystoliths on the adaxial surface, and with setose, glandular based hairs. The
staminate inflorescences are extensively organized into rectangular compartments of
cymose derivation.
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Additional material examined. DALLAS: 900 m, Clemens 26024 (BM), 800 m,
27248 (BM); EASTERN SHOULDER: 900 m, RSNB 127 (SING), 700 m, RSNB 1504 (GH, K, L,
NY, SING); LOBANG: M. S. Clemens 10403 (UC).
10. Elatostema dallasense R. Beaman sp. nov. Type: Dallas, 900 m, Clemens 26053
(holotype: BM).
Pagina superioris pilis glandulosis sparsim ad basim, cystolithis minutis punctiformibus
atque breviter linearibus quaquaversus directis albidis; capitula feminea caespitosa,
margines et apices bractearum caespitum pilis translucidis.
Suffrutescent herbs, 30-110 cm tall, dioecious. Stems ± terete or slightly square,
portions bearing leaves 2-4 mm in diameter, with two longitudinal grooves on opposite
faces of internode, positioned 90 degrees from attachment of leaf or leaves of adjacent
upper node, with conspicuous fusiform or ± cylindrical, straight to slightly curved
cystoliths, pubescent. Leaves sessile, anisophyllous, but with the smaller of the pair often
deciduous or difficult to detect; blade (4.5)6-9(12) cm long, (2.5)3-4(5.5) cm wide,
subcoriaceous to coriaceous, the apex acute or acuminate, the base oblique, rounded to
auriculate, margins serrate, ciliate, the teeth terminating with a conspicuous hair; venation
asymmetrical, camptodromus on one side of the midvein and brochidodromus on the
other; adaxial surface with glandular-based hairs present throughout, cystoliths present,
oriented radially around glandular hairs or pellucid dots; abaxial surface pubescent along
midvein, secondary, and tertiary veins, and in the interstices between the tertiary veins,
cystoliths elongate, conspicuous along veins, in the interstices between tertiary veins;
stipules (4.5)6-8(10) mm long, 2-4 mm wide, narrowly ovate or spathulate,
membranaceous, the apex acute or obtuse, often apiculate. Inflorescences axillary, almost
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always unisexual, many flowered involucrate heads or disks. Staminate inflorescences
short pedunculate, involucrate heads, distinctly ordered into squarose compartments,
subtended by a large pair of involucral bracts opposite one another. Staminate flowers
0.8-1.2 mm across at anthesis, sessile or borne on a pedicel to ca. 1 mm long, in some
cases elongating at anthesis to 3-4 mm; tepals 4, white, or occasionally tinged with red,
free, sparsely ciliate on the abaxial surface and margins near the apex, hooded, the apex
callused; stamens 4. Pistillate inflorescences sessile, fused into an involucrate disk, bracts
indistinct and often fused; bracts with the apex acute, obtuse or rounded, with cystoliths
on the abaxial surface. Pistillate flowers ± sessile, slightly bilaterally symmetrical; tepals
3, free, triangular, not exceeding the staminode. Achenes obovoid, 0.7-0.9 mm long,
0.3-0.4 mm in diameter, reddish.
In ravines along small streams. Elevation: 900-2700 m.
Known only from Mount Kinabalu. The distribution is shown in Figure 6-12.
This species is named for the place where Mary and Joseph Clemens lived for
about one year while collecting plants on Mount Kinabalu. Their collections of vascular
plants made in 1915 and from 1931-1933 are the most extensive for the mountain.
This species is one of the few that have punctiform cystoliths on the adaxial leaf
surface. The white tufted pistillate inflorescences are also quite distinctive.
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Additional material examined. DALLAS: 1100 m, Clemens 26805 (BM, K, UC),
1100 m, 28208 (BM); EASTERN SHOULDER: 900 m, RSNB 65 (K); KINATEKI RIVER: 2100-2700
m, Clemens 31904 (BM, UC); MESILAU RIVER: 1500 m, RSNB 7106 (K, SING); PENIBUKAN:
1200-1500 m, Clemens 31564 (BM, K); SADIKAN RIVER: 1500 m, Clemens 33080 (BM,
GH); SOSOPODON: 1400 m, Meijer SAN 27669 (K); TENOMPOK: 1500 m, Clemems 30361 (K,
UC), 1500 m, Clemens 26208 (NY), 1500 m, 28208 (K, NY).
11. Elatostema gibbsae R. Beaman nom. nov. Elatostema viridissimum Gibbs, Journ.
Linn. Soc., Bot. xlii. 141. 1914. Type: Penibukan, 1800 m, Gibbs 4054 (holotype: BM
n.v.).
Non Elatostema viridissimum Rechinger in Fedde, Repert. Nov. Sp. vi. 49. 1908.
Herbs, 26-70 cm tall; monoecious. Stems pale green or purple, leaves ± terete or
slightly square, portions bearing leaves 1-3 mm in diameter, with two longitudinal
grooves on opposite faces of internode, positioned 90 degrees from attachment of leaf or
leaves of adjacent upper node, pubescent, cystoliths lacking. Leaves sessile,
anisophyllous, but with the smaller of the pair often deciduous or difficult to detect; blade
3-7.5 cm long, 1.6-2.6 cm wide, slightly fleshy, the apex acute, the base oblique, rounded
to auriculate, margins serrate, ciliate, the teeth terminating with a conspicuous hair;
venation asymmetrical, camptodromus on one side of the midvein and brochidodromus on
the other; adaxial surface pubescent along midvein, secondary, and tertiary veins with
glandular-based hairs present throughout, cystoliths present; abaxial surface pubescent
along midvein, secondary, and tertiary veins, and in the interstices between the tertiary
veins, cystoliths elongate, conspicuous along veins, in the interstices between tertiary
veins; stipules ca. 6 mm long, ca. 2 mm wide, narrowly ovate or spathulate,
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membranaceous, the apex acute or obtuse, often apiculate. Inflorescences axillary, almost
always unisexual, many flowered involucrate heads or disks. Staminate inflorescences
sessile, involucrate heads, subtended by a large pair of involucral bracts opposite one
another, and fused at the margins, forming a broad flattened disk. Staminate flowers
0.8-1.2 mm across at anthesis, sessile or borne on a pedicel to ca. 1 mm long, in some
cases elongating at anthesis to 3-4 mm; tepals 4, white, or occasionally tinged with red,
free, sparsely ciliate on the abaxial surface and margins near the apex, obovate, the apex
callused; stamens 4. Pistillate inflorescences sessile, fused into an involucrate disk, bracts
indistinct and often fused; bracts, the apex corniculate with a callus, with cystoliths on the
abaxial surface. Pistillate flowers ± sessile, slightly bilaterally symmetrical; tepals 3, free,
truncate, not exceeding the staminode. Achenes obovoid, 0.8-1.2 mm long, ca. 0.3 mm in
diameter, reddish, ribbed longitudinally.
In wet forest on rocks and boulders, along streams and near waterfalls. Elevation:
700-2300 m.
The distribution of this species on Mount Kinabalu is shown in Figure 6-13.
The name E. gibbsae is used in tribute to Lilian Gibbs, who first discovered and
described the species. Unfortunately, the very descriptive epithet viridissimum had been
used a few years previously. The bright green leaves of the this species remain so after
drying, making it very attractive even on the herbarium sheet.
Additional material examined. EASTERN SHOULDER: 700 m, RSNB 1503 (K, SING);
LUMU-LUMU: 1800 m, Clemens 30362 (GH, K); MESILAU CAVE: 1800 m, RSNB 4695 (K, L,
SING), 1800 m, RSNB 4764 (K, L, SING), 1800 m, RSNB 4836 (GH, K, L, SING, US),
1800 m, R. Beaman 807 (FLAS); MESILAU RIVER: 1500 m, RSNB 4912 (K, SING), 1500 m,
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RSNB 4997 (K, L, SING); MININTINDOK GORGE: 900-1200 m, Clemens 29648 (BM);
PENIBUKAN: 1200-1500 m, Clemens s.n. 10 January 1933 (BM, GH, K, NY, UC),
1200-1500 m, 30742 (BM), 1200-1500 m, 31356 (BM, GH, K, NY, UC); PIG HILL:
2000-2300 m, R. Beaman 1266 (FLAS); RANAU: 1500 m, Stevens 634 (GH); TENOMPOK:
1200-1500 m, Clemens 26654 (BM, GH, K, SING, UC), 1500 m, 28855 (GH, K, UC),
1500 m, 29648 (GH, K, SING); WUSSER RIVER: 900-1200 m, Clemens 35099 (BM, NY).
12. Elatostema lithoneuron Stapf, Trans. Linn. Soc., Bot. 4: 230. 1894. Type: Kinabalu,
3400 m, Haviland 1206 (holotype: K). Figures 14A and 14B.
Prostrate to erect herbs, 5-24 cm tall; monoecious. Stems and leaves nigrescent
upon drying, ± terete or slightly square, portions bearing leaves 1-3 mm in diameter, with
two longitudinal grooves on opposite faces of internode, positioned 90 degrees from
attachment of leaf or leaves of adjacent upper node, pubescent. Leaves sessile,
anisophyllous, but with the smaller of the pair often deciduous or difficult to detect; blade
4.5-7.3 cm long, 1.1-2.3 cm wide, asymmetrical, sometimes strongly so, subcoriaceous to
coriaceous, the apex acute or acuminate, the base oblique, rounded to auriculate, margins
serrate, glabrous or ciliate, the teeth terminating with a conspicuous hair, hydathode
present; venation asymmetrical, camptodromus on one side of the midvein and
brochidodromus on the other; adaxial surface pubescent along midvein, with
glandular-based hairs present throughout, cystoliths lacking; abaxial surface pubescent
along midvein, secondary, and tertiary veins, and in the interstices between the tertiary
veins, cystoliths elongate, conspicuous along veins, occasionally in the interstices between
tertiary veins; stipules 0.9-1.4 mm long, 0.1-0.5 mm wide, narrowly ovate or spathulate,
membranaceous, the apex acute or obtuse, often apiculate. Inflorescences axillary, almost
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always unisexual, many flowered cymes or involucrate heads or disks. Staminate
inflorescences long pedunculate, involucrate heads, subtended by a large pair of
involucral bracts opposite one another. Staminate flowers 0.8-1.2 mm across at anthesis,
sessile or borne on a pedicel to ca. 1 mm long, in some cases elongating at anthesis to 3-4
mm; tepals 4, white, or occasionally tinged with red, free, occasionally sparsely ciliate on
the abaxial surface and margins near the apex, hooded, the apex callused and long
apiculate; stamens 4. Pistillate inflorescences sessile, fasciculate with bracts free; bracts
with a keeled midrib, the apex corniculate with a callus, lacking cystoliths. Pistillate
flowers ± sessile, slightly bilaterally symmetrical; tepals 4, free, truncate, not exceeding
the staminodia. Achenes obovoid, ca 0.6 mm long, ca 0.2 mm in diameter, reddish, ribbed
longitudinally.
In upper montane forest, often on ultramafic substrates. In gullies and in the shade
of boulders near torrents. Elevation: 900-3400 m. Elatostema lithoneuron is typically
found on ultramafic substrates, but does not appear to be restricted to ultramafics.
Known only from Mount Kinabalu. The distribution is shown in Figure 6-15.
This distinctive species lacks cystoliths on the upper leaf surface.
Additional material examined. ABOVE MARAI PARAI: 3400 m, Clemens 32378
(BM, NY); BELOW NORTHERN RIDGE: 2800 m, R. Beaman 1305 (FLAS); EASTERN SHOULDER:
3000 m, RSNB 771 (A, L); EASTERN SHOULDER, CAMP 3: 2400 m, RSNB 1111 (K, L); FALLS
ABOVE LUMU: Clemens

29093 (GH, K, UC), 2100 m, 29880 (BM, K); KAMBARANGA: 2100 m,

Fosberg 44009 (US); KINABALU LIPSON: 2600-2800 m, R. Beaman 1277 (FLAS);
LAYANG-LAYAND: 2700 m, R. Beaman 904 (FLAS); MARAI PARAI: 3400 m, Clemens 32378
(GH, K, UCB); MARAI PARAI SPUR: 2600 m, R. Beaman 1285 (FLAS); PAKA CAVE: Clemens
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10573 (UC), 3400 m, 27804 (BM, GH, K, UC), 3100 m, R. Beaman 905 (FLAS), 3000 m,
Sinclair, Kadim & Kapis 9126 (L, US); TINEKOK RIVER: 2400 m, Clemens 51081 (BM);
UPPER KINABALU: Clemens 30363 (GH, K, NY, UC).
13. Elatostema bulbothrix Stapf, Trans. Linn. Soc., Bot. 4: 230. 1894. Type: Kinabalu,
3000 m, Haviland 1392 (holotype: K). Figures 14C and 14D.
Diminuative, prostrate herb; dioecious. Stems ± terete or slightly square, portions
bearing leaves 1-2 mm in diameter, with two longitudinal grooves on opposite faces of
internode, positioned 90 degrees from attachment of leaf or leaves of adjacent upper node,
pubescent. Leaves sessile, anisophyllous; blade 1.2-2.1 cm long, 0.6-1.2 mm wide, weakly
asymmetrical, bullate, the apex obtuse to rounded, the base oblique, rounded to auriculate,
margins serrate, ciliate, the teeth terminating with a conspicuous hair, hydathode present;
venation asymmetrical, camptodromus on one side of the midvein and brochidodromus on
the other; adaxial surface with glandular-based hairs present throughout, cystoliths
present; abaxial surface pubescent along midvein, secondary, and tertiary veins, and in the
interstices between the tertiary veins, cystoliths lacking; stipules ca 1 mm long, ca 0.3 mm
wide, narrowly ovate or spathulate, membranaceous, the apex acute or obtuse, often
apiculate. Inflorescences axillary, almost always unisexual, many flowered cymes or
involucrate heads or disks. Staminate inflorescences short pedunculate, involucrate
heads, subtended by a large pair of involucral bracts opposite one another. Staminate
flowers 0.7-1.0 mm across at anthesis, sessile or borne on a pedicel to ca. 1 mm long, in
some cases elongating at anthesis to 3-4 mm; tepals 4, white, or occasionally tinged with
red, free, sparsely ciliate on the abaxial surface and margins near the apex, hooded, the
apex apiculate; stamens 4. Pistillate inflorescences sessile, fasciculate with bracts free;
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bracts occasionally with a keeled midrib, the apex acute, obtuse or rounded, with
cystoliths on the abaxial surface. Pistillate flowers ± sessile, slightly bilaterally
symmetrical; tepals 4, free, truncate, not exceeding the staminode. Achenes obovoid, ca
0.2 mm long, ca. 0.05 mm in diameter, reddish, ribbed longitudinally.
On high ultramafic scrub. Elevation: 2400-3000 m.
Known only from Mount Kinabalu. The distribution is shown in Figure 6-16.
This rare species is among the most distinct on Kinabalu. Its small, almost
orbicular leaves densely covered by cystoliths make this species unmistakable. It is
possibly the only exclusively ultramafic and high elevation species; it occurs on exposed
ultramafic slopes.
Additional material examined. GURULAU SPUR: 2400-2700 m, Clemens 50993 (A,
L, UC); KADAMAIAN RIVER: 3000 m, R. Beaman 1253 (FLAS); KAMBARANGA/PAKA CAVE:
2600 m, Sinclair, Kadim & Kapis 9103 (L); UPPER KINABALU: Clemens 27923 (GH, K).
14. Elatostema pinnatum R. Beaman sp. nov. Type: Mesilau River, 1500 m, RSNB 4021
(holotype: A; isotypes: K, L, SING).
Ab Elatostema ceteris folia pluripinnatinervis, vena craspedodroma, differt;
capitula mascula subdiscoidea, rectangularis.
Fleshy suffrutescent herbs to 1.24 m high; monoecious and dioecious. Stems ±
terete or slightly square, portions bearing leaves 3-5 mm in diameter, with two
longitudinal grooves on opposite faces of internode, positioned 90 degrees from
attachment of leaf or leaves of adjacent upper node, pubescent, cystoliths lacking. Leaves
anisophyllous, but with the smaller of the pair often deciduous or difficult to detect; blade
11.2-23.2 cm long, 4.2-7.6 cm wide, asymmetrical, subcoriaceous, coriaceous, or fleshy,
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the apex acute or acuminate, the base equal or oblique, acute or cuneate, margins entire or
somewhat serrate, ciliate, the teeth terminating with a conspicuous hair, hydathode
present; venation craspedodromus; adaxial surface, cystoliths present or occasionally
lacking; abaxial surface pubescent along midvein, secondary, and tertiary veins, and
densely in the interstices between the tertiary veins, cystoliths elongate, occasionally
along veins, in the interstices between tertiary veins; petioles 3-11 mm long, pubescent;
stipules 24-46 mm long, 0.8-3.5 mm wide, narrowly ovate or spathulate, membranaceous,
the apex acute or obtuse, often apiculate. Inflorescences axillary, almost always
unisexual, many flowered involucrate heads or disks. Staminate inflorescences sessile,
involucrate heads, distinctly ordered into squarose compartments, subtended by a large
pair of involucral bracts opposite one another. Staminate flowers 1.1-1.4 mm across at
anthesis, sessile or borne on a pedicel to ca. 1 mm long, in some cases elongating at
anthesis to 3-4 mm; tepals 4, white, or occasionally tinged with red, free, occasionally
sparsely ciliate on the abaxial surface and margins near the apex, obovate, the apex long
apiculate; stamens 4. Pistillate inflorescences sessile, fused into an involucrate disk,
bracts indistinct and often fused; bracts with the apex acute, obtuse or rounded, lacking
cystoliths. Pistillate flowers ± sessile, slightly bilaterally symmetrical; tepals 3, free,
triangular, not exceeding the staminodia. Achenes obovoid, 0.5-0.8 mm long, 0.15-0.25
mm in diameter, reddish, slightly roughened.
Lower montane forest on steep wet slopes and on rocks along streams and near
springs. Elevation: 800-1500 m.
The distribution of this species on Mount Kinabalu is shown in Figure 6-17.
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Elatostema pinnatum is the only species of Elatostema from Mount Kinabalu with
strongly pinnate leaf venation, and therefore this lower montane and hill forest species is
well marked. It is also one of the largest species, especially in the size of its leaves.
Additional material examined. DALLAS: 800 m, Clemens 26594 (BM, GH, K,
NY, SING, UC); MESILAU: 1500 m, Cockburn 70109 (SAN); MESILAU RIVER: 1500 m,
RSNB 4849 (K, L, SING); TAHUBANG RIVER: 1100 m, Kanis SAN 51479 (K, SING);
TENOMPOK: 1500 m, Clemens 26187 (A, BM).
15. Elatostema maraiparaiense R. Beaman sp. nov. Type: Marai Parai Spur, 1500 m,
Clemens 32373 (holotype: BM; isotypes: GH, NY).
Ab Elatostema ceteris pagina superioris foveolata, cystolithis carentibus; capituli
masculi binata, caespitosi, margines et apices bractearum caespitum pilis translucidis,
differt.
Epiphytic root climbers, 0.6-3 m or more high; dioecious. Stems ± terete or
slightly square, portions bearing leaves 3-5 mm in diameter, glabrous or pubescent,
cystoliths lacking. Leaves anisophyllous, but with the smaller of the pair often deciduous
or difficult to detect; blade (4.0)9.3-16.5 cm long, (2.5)2-9-5.8 cm wide, (weakly)
asymmetrical, membranaceous, the apex acute or acuminate, the base oblique, acute or
cuneate, margins entire or crenulate, the teeth terminating with a conspicuous hair,
hydathode present; venation asymmetrical, camptodromus on one side of the midvein and
brochidodromus in the distal half on the other; adaxial surface, cystoliths present; abaxial
surface glabrous or pubescent along midvein, secondary, and tertiary veins, and often in
the interstices between the tertiary veins, cystoliths lacking; petioles 2-6 mm long,
pubescent; stipules 3-15 mm long, 0.4-1 mm wide, narrowly ovate or spathulate,
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membranaceous, the apex acute or obtuse, often apiculate. Inflorescences axillary, almost
always unisexual, many flowered cymes or involucrate heads or disks. Staminate
inflorescences, involucrate heads, subtended by a large pair of involucral bracts opposite
one another. Staminate flowers 1.1-1.4 mm across at anthesis, sessile or borne on a
pedicel to ca. 1 mm long, in some cases elongating at anthesis to 3-4 mm; tepals 4 or 5,
white, or occasionally tinged with red, free, sparsely ciliate on the abaxial surface and
margins near the apex, elliptic, the apex rounded; stamens 4 or 5. Pistillate inflorescences
short pedunculate, sessile, fused into an involucrate disk, bracts indistinct and often fused.
Pistillate flowers ± sessile, slightly bilaterally symmetrical; tepals 3-5, free, not exceeding
the staminodia. Achenes obovoid, ca. 0.5 mm long, ca. .1 mm in diameter, reddish.
In montane ultramafic forest along river margins. Elevation: 900-2100 m.
Known only from Mount Kinabalu. The distribution is shown in Figure 6-18.
Elatostema maraiparaiense is named for Marai Parai, one of the best botanically
explored areas on Kinabalu. This area is known for ultramafic endemic taxa in nearly
every flowering plant family. This species is known only from Kinabalu from ultramafic
localities as well as from Tenompok.
The adaxial surface of the leaves of this species lack pubescence and cystoliths,
but have minute pits. The staminate inflorescenses appear as white tufts owing to copious
translucent hairs on the margins and apices fo the inflorescence bracts.
Additional material examined. KILEMBUN BASIN: 1500 m, Clemens 34239 (BM);
MARAI PARAI SPUR: 1800-2100 m, Clemens 32606 (BM, NY); MOUNT KINABALU: Clemens
s.n. 1933 (A); SADIKAN RIVER: 1500 m, Clemens 33080A (BM); TAHUBANG RIVER: 2100-1200
m, Clemens 32945 (GH, NY), 900-1200 m, 40302 (BM, K, NY); TENOMPOK: 1500 m,
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Clemens 28944 (BM, GH, K, NY, SING, UC), 1500 m, 29386 (BM, GH, K, UC), 1500
m, 29400 (BM, K, UC), 1500 m, 29400A (GH, K, UC), 1500 m, 30364 (GH).
16. Elatostema thalictroides Stapf, Trans. Linn. Soc., Bot. 4: 229. 1894. Type: Kinabalu,
1500 m, Haviland 1219 (holotype: K).
Abundantly branched herbs, 0.2-1 m tall; dioecious. Stems brown, ± terete or
slightly square, portions bearing leaves 1-3 mm in diameter, pubescent, cystoliths lacking.
Leaves sessile, alternate; blade 1.3-1.9 cm long, 0.8-1.4 cm wide, membranaceous, the
apex acute or acuminate, the base oblique, acute or cuneate, margins dentate, ciliate, the
teeth terminating with a conspicuous hair, hydathode present; venation asymmetrical,
camptodromus on one side of the midvein and brochidodromus in the distal half on the
other; adaxial surface, cystoliths present or occasionally lacking, oriented radially around
glandular hairs or pellucid dots; abaxial surface pubescent along midvein, secondary, and
tertiary veins, and often in the interstices between the tertiary veins, cystoliths lacking;
stipules ca. 1 mm long, ca. 0.3 mm wide, narrowly ovate or spathulate, membranaceous,
the apex acute or obtuse, often apiculate. Inflorescences axillary, almost always
unisexual, many flowered cymes or involucrate heads or disks. Staminate inflorescences
sessile, involucrate heads, subtended by a large pair of involucral bracts opposite one
another. Staminate flowers 0.8-1.2 mm across at anthesis, sessile or borne on a pedicel to
ca. 1 mm long, in some cases elongating at anthesis to 3-4 mm; tepals 5, white, or
occasionally tinged with red, free, sparsely ciliate on the abaxial surface and margins near
the apex, spathulate or hooded, the apex long apiculate; stamens 5. Pistillate
inflorescences short pedunculate, sessile, fused into an involucrate disk; bracts indistinct,
the apex long corniculate, lacking cystoliths. Pistillate flowers ± sessile, slightly
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bilaterally symmetrical; tepals 3, free, triangular, not exceeding the staminode. Achenes
obovoid, ca. 0.9 mm long, ca. 0.3 mm in diameter, reddish, ribbed longitudinally.
In undergrowth on slopes of lower montane forest. Elevation: 800-2100 m.
This small leaved species is unusual in the highly branched the aerial stems. It is
locally common and easy to spot. It is also known from a few other montane areas in
Borneo. The distribution of this species on Mount Kinabalu is shown in Figure 6-19.
Additional material examined. EASTERN SHOULDER: 1000 m, RSNB 30 (L), 1200 m,
RSNB 40 (L), 1200 m, RSNB 258 (GH); EASTERN SHOULDER, CAMP 1: 800 m, RSNB 1182
(L); KAMBARANGA: 2100 m, Price 225 (K), 2100 m, Sinanggul SAN 38355 (K); KUNDASANG:
1400 m, RSNB 2019 (GH), 1400 m, Meijer SAN 22422 (K); LIWAGU/MESILAU RIVERS: 1300
m, RSNB 1974 (L); LOBANG: 1200-1800 m, Gibbs 4135 (BM, GH); MAMUT RIVER: 1200 m,
RSNB 258 (K, L), 1400 m, Collenette 1031 (K); MARAI PARAI: 1200 m, Clemens 32575
(NY); PENATARAN RIVER: 1400 m, Clemens 32578 (K, NY); TENOMPOK: 1600 m, Clemens
s.n. 28 April 1932 (BM), 1500 m, 30368 (GH, K); UPPER KINABALU: Clemens 30367 (K).
17. Elatostema lineare Stapf, Trans. Linn. Soc., Bot. 4: 228. 1894. Type: Kinateki River,
1500 m, Haviland 1271 (holotype: K).
Elatostema gurulauensis Gibbs, Journ. Linn. Soc., Bot. xlii. 139. 1914. Type: Gurulau
Spur, 1500 m, Gibbs 4013 (isotype: K).
Fleshy erect herbs, 15-30 cm tall; dioecious. Stems reddish, ± terete or slightly
square, portions bearing leaves 1-3 mm in diameter, pubescent. Leaves alternate; blade
(1.6)3.6-6.5(9.6) cm long, 0.7-1.9 cm wide, weakly asymmetrical, subcoriaceous to
coriaceous, the apex acute or acuminate, the base oblique, rounded to auriculate, margins
dentate, the teeth terminating with a conspicuous hair, hydathode present; venation
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asymmetrical, brochidodromus; adaxial surface with conspicuous pellucid dots, cystoliths
present; abaxial surface pubescent along midvein, secondary, and tertiary veins, cystoliths
elongate, in the interstices between tertiary veins; petioles 2-4 mm long, pubescent;
stipules 4-7 mm long, ca. 2 mm wide, narrowly ovate or spathulate, membranaceous, the
apex acute or obtuse, often apiculate. Inflorescences axillary, almost always unisexual,
many flowered cymes or involucrate heads or disks. Staminate inflorescences short
pedunculate, involucrate heads, subtended by a large pair of involucral bracts opposite one
another. Staminate flowers 1.1-1.4 mm across at anthesis, sessile or borne on a pedicel to
ca. 1 mm long, in some cases elongating at anthesis to 3-4 mm; tepals 5, white, or
occasionally tinged with red, free, sparsely ciliate on the abaxial surface and margins near
the apex, hooded, the apex apiculate; stamens 5. Pistillate inflorescences sessile,
fasciculate with bracts free; bracts with a keeled midrib, the apex acute, obtuse or rounded
with callus, lacking cystoliths. Pistillate flowers ± sessile, slightly bilaterally symmetrical;
tepals 5, free, triangular, not exceeding the staminode. Achenes obovoid, 1.8-2.1 mm
long, 0.5-0.7 mm in diameter, reddish, slightly roughened.
Lower montane forest. In undergrowth on slopes, ridges and along streams on
rocks and logs. Elevation: 900-4100 m.
The distribution of this species on Mount Kinabalu is shown in Figure 6-20.
Unfortunately the epithet for this species becomes a misnomer as Elatostema
gurulauense,which has leaves that are often wider than long, is synonomous. The species
is extremely variable in leaf morphology, particularly in terms of the ratio between leaf
length and width and in pubescence on the adaxial surface of the leaf. Variability in leaf
shape was observed in very discrete clusters of plants and even with individual plants.

215
Elatostema lineare was originally described based on staminate material, and conversely,
E. gurulauense was based solely upon pistillate material.
Additional material examined. BEMBANGAN CAMP: 1500 m, RSNB 4650 (K);
BEMBANGAN RIVER: 1600 m, RSNB 4947 (K, L, SING); EASTERN SHOULDER: 1500 m, RSNB
1573 (K), 1500 m, RSNB 1584 (K); FALLS ABOVE LUMU: Clemens s.n. 8 June 1932 (BM);
GURULAU SPUR: 1500 m, Clemens 50589 (BM), M. S. Clemens 10808 (UC); KAALANGAN
RIDGE: 1800 m, R. Beaman 1263 (FLAS); KILEMBUN BASIN: 1500-4100 m, Clemens 32452
(BM, GH, NY, UC); KINABALU: Griswold 101 (A), 102 (A); KINATEKI RIVER/MARAI PARAI:
1200-1500 m, Clemens 31395 (GH, K, NY, UC); LAYANG LAYAN: 2100 m, Sidek S 39
(SING); MAMUT RIVER: 1200 m, RSNB 292 (K); MARAI PARAI: 1500 m, Clemens 32320
(BM, GH, NY, UC); MASILAU: 1500 m, Clemens 51285 (BM), 1200-1800 m, 51579 (BM);
MESILAU RIVER: 1500 m, RSNB 4299 (K), 1500 m, RSNB 4892 (K, SING), 1800 m, RSNB
7136 (K, SING), 900 m, Sinanggul SAN 38358 (K); MOUNT KINABALU: 1600 m, Ding Hou
224 (K); NUNKOK: 1500 m, Clemens 32677 (BM); PARK HEADQUARTERS: 1400 m, Price 123
(K), 1600 m, R. Beaman 1271 (FLAS), 1600 m, 1272 (FLAS), 1600 m, 1273 (FLAS),
1600 m, 1274 (FLAS), 1500 m, Stevens 591 (GH); PENIBUKAN: 1200-1500 m, Clemens
30761 (K), 1400 m, 50589A (BM, K, NY); RANAU: 1500 m, Stevens 605 (A); SOSOPODON:
1500 m, Meijer SAN 29016 (K); SUMMIT TRAIL: 1800-2100 m, Clemens 28892 (BM);
TAHUBANG RIVER: 2100-1200 m, Clemens 32945 (BM, UC); TENOMPOK: 1500 m, Clemens
28781 (K), 1500 m, 28782 (BM), 1500 m, 28822 (K), 1500 m, 29846 (BM, BM, K), 1500
m, 30327 (K); TENOMPOK/TOMIS: 1600 m, Clemens 29490 (BM, GH, K, UC), 1600 m,
29494 (BM, K), 1600 m, 29496 (BM, K), 1600 m, 29498 (BM, K, UC); UPPER KINABALU:
Clemens 27815 (GH, K, UC), 27815A (GH, K, UC), 28892 (GH, K, UC).

216
18. Elatostema auriculatifolium R. Beaman sp. nov. Type: Above Marai Parai, 2700 m,
Clemens 32374 (holotype: BM; isotypes: GH, NY).
Ad Elatostema penibukanense affinis, sed folia magna, basi multo magis
inaequalis auricula singularis quadrinerva, differt; in arborum truncis sub muros
granitibus Kinabalibus.
Fleshy herbs, over 1 m tall; dioecious. Stems ± terete or slightly square, portions
bearing leaves 2-4 mm in diameter, glabrous. Leaves alternate; blade 7.1-11.2 long,
2.3-3.9 wide, subcoriaceous to coriaceous, the apex acute or acuminate, the base strongly
oblique, rounded to auriculate, margins crenulate, hydathode present; venation
asymmetrical, brochidodromus; adaxial surface with conspicuous pellucid dots, cystoliths
lacking; abaxial surface glabrous, cystoliths elongate or spheroidal, conspicuous along
veins, in the interstices between tertiary veins; petioles 1-2 mm long, with conspicuous,
elongate cystoliths; stipules 14-21 mm long, 2-4 mm wide, narrowly ovate or spathulate,
membranaceous, the apex acute or obtuse, often apiculate. Inflorescences axillary, almost
always unisexual, many flowered cymes or involucrate heads or disks. Staminate
inflorescences long pedunculate, involucrate heads, subtended by a large pair of
involucral bracts opposite one another, and fused at the margins, forming a broad flattened
disk. Staminate flowers 1.1-1.4 mm across at anthesis, sessile or borne on a pedicel to ca.
1 mm long, in some cases elongating at anthesis to 3-4 mm; tepals 5, white, or
occasionally tinged with red, free, glabrous, hooded, the apex apiculate; stamens 5.
Pistillate inflorescences sessile, fasciculate with bracts free; bracts, the apex corniculate
with a callus, lacking cystoliths. Pistillate flowers ± sessile, radially symmetrical; tepals
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3-4, free, triangular, not exceeding the staminodia. Achenes obovoid, ca. 1.5 mm long, ca.
0.9 mm in diameter, reddish, slightly roughened.
Upper montane mossy forest, near granite wall. Elevation: 2100-3000 m.
Known only from Mount Kinabalu. The distribution is shown in Figure 6-21.
No other Elatostema from Kinabalu has such distinctively shaped leaves. The leaf
base differs by as much as 1 cm along the petiole, and four secondary veins branch from
the midrib into the auriculum. This species is closely related to E. penibukanense, but the
leaves are larger and less symmetrical.
Additional material examined. ABOVE MARAI PARAI: 2400-2700 m, Clemens
33128 (BM); BELOW NORTHERN RIDGE: 3000 m, R. Beaman 1303 (FLAS); GURULAU SPUR:
2400 m, Clemens 50984 (K, NY); KILEMBUN BASIN: 2900 m, Clemens 33845 (BM, GH,
NY), 2400-2700 m, 35100 (BM); KINATEKI RIVER: 2100-2700 m, Clemens 31904 (GH).
19. Elatostema penibukanense Gibbs, Jour. Linn. Soc. Bot. 42: 144. 1914. Type:
Peni-bukan, 1500 m, Gibbs 4064 (lectotype, here designated: BM; isolectotype: K).
Figure 6-9.
Fleshy root climbers, to 1.5-5 m, stem, on small trees and prostrate on fallen logs;
monoecious and dioecious. Stems purple or green ± terete or slightly square, portions
bearing leaves 1-3 mm in diameter, with two longitudinal grooves on opposite faces of
internode, positioned 90 degrees from attachment of leaf or leaves of adjacent upper node,
glabrous. Leaves alternate; blade 3.2-6.6 cm long, 1.3-1.7 cm wide, weakly asymmetrical,
membranaceous to slightly fleshy, the apex acute or acuminate, the base oblique, acute,
cuneate, rounded or auriculate, margins crenulate, the teeth terminating with a
conspicuous hair, hydathode present; venation asymmetrical, brochidodromus; adaxial
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surface with glandular hairs scattered throughout, in some cases falling off, leaving a scar
that appears as a pellucid dot, cystoliths present; abaxial surface glabrous, cystoliths
elongate, occasionally along veins; petioles 2-5 mm; stipules 1.1-3.2 mm long, ca 2 mm
wide, narrowly ovate or spathulate, membranaceous, the apex acute or obtuse, often
apiculate. Inflorescences axillary, almost always unisexual, many flowered involucrate
heads or disks. Staminate inflorescences long pedunculate, involucrate heads, subtended
by a large pair of involucral bracts opposite one another, and fused at the margins,
forming a broad flattened disk. Staminate flowers 1.1-1.4 mm across at anthesis, sessile
or borne on a pedicel to ca. 1 mm long, in some cases elongating at anthesis to 3-4 mm;
tepals 5, white, or occasionally tinged with red, free, glabrous, hooded, the apex long
apiculate; stamens 5. Pistillate inflorescences sessile, fused into an involucrate disk,
bracts indistinct and often fused; bracts with a keeled midrib, the apex corniculate, with
cystoliths on the abaxial surface. Pistillate flowers ± sessile, slightly bilaterally
symmetrical; tepals 3, free, triangular, not exceeding the staminode. Achenes obovoid, ca.
0.8 mm long, ca. 0.3 mm in diameter, reddish, slightly roughened.
Lower and mid-montane forest, often on ultramafic substrates, along streams and
on rocks, logs, and trees. Occurs in primary forest as well as in wet disturbed areas or
secondary forest. Elevation: 900-3200 m.
The distribution of this species on Mount Kinabalu is shown in Figure 6-22.
This species is among the most widely collected on Kinabalu, often occurring in
ultramafic outcrops, but not restricted to them. It shares a climbing habit with Elatostema
auriculatifolium and E. maraiparaiense. The creamy golden yellow stems are distinctive.
Superficially it appears that cystoliths are lacking on the stems and veins of the abaxial
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leaf surface, but are actually very numerous and closely packed below the surface,
occasionally making the stems crusty where the subsurface cystoliths are sloughing. The
tertiary veins on the abaxial leaf surface are repeatedly branched and reticulate, forming
small reddish colored islands.
Additional material examined. ABOVE MARAI PARAI: 3200 m, Clemens 32319
(BM); BIDOW-BIDOW FALLS: 1500 m, Clemens 54089 (BM); DALLAS: 900 m, Clemens 27650
(BM, GH, K), 900 m, M. S. Clemens 27650 (NY); DANUM VALLEY: Campbell SAN 112054
(SAN); EASTERN SHOULDER: 2000 m, RSNB 148 (K, L), 2000 m, RSNB 172 (GH, K, L);
GOLF COURSE SITE: 1700-1800 m, J. Beaman 7190 (MSC), 1700 m, 9043 (MSC); GURULAU
SPUR: 1500 m, Clemens 40903A (BM); KADAMAIAN RIVER: 900 m, R. Beaman 903 (FLAS);
KILEMBUN BASIN: 1400 m, Clemens 32519 (BM, GH, NY); LUMU-LUMU: 1500 m, Sinclair,
Kadim & Kapis 9007 (K); LOBANG: 1800 m, Gibbs 4120 (syntype: BM); MARAI PARAI:
1500 m, Clemens 32347 (BM), 1500 m, 32425 (BM, GH, K, NY, UC), 1500 m, 32575
(BM, GH, NY, UC); MARAI PARAI SPUR: M. S. Clemens 10978 (UC), 11012 (K), 2000 m,
R. Beaman 1258 (FLAS); MESILAU CAMP: 1500 m, RSNB 4012 (K, L); MESILAU CAVE: 1800
m, RSNB 4816 (GH, L, SING, US), 1800 m, R. Beaman 801 (FLAS); MESILAU RIVER: 1500
m, RSNB 4851 (K, L, SING), 1500 m, RSNB 4854 (K, SING), 1500 m, RSNB 4898 (K, L,
SING); PARK HEADQUARTERS: 1200 m, Meijer SAN 22109 (K), 1500 m, Price 158 (K);
PENIBUKAN: 1200-1500 m, Clemens 30675 (BM, GH, K, NY, UC), 1200-1500 m, 30730
(BM, GH, NY, UC), 1200-1500 m, 30843 (GH, K, NY, UC), 1200-1500 m, 31200 (BM,
GH, K, NY, UC), 1400 m, 40903 (K, NY); PINOSUK PLATEAU: 1400 m, J. Beaman 10753
(MSC), 1600 m, RSNB 1838 (K, L); SILAU-SILAU TRAIL: 1800 m, Stevens 676A (GH);
TENOMPOK: Clemens s.n. 5 May 1932 (BM), 1500 m, 2695 (BM), 1500 m, 27476 (BM, K),
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1500 m, 27888 (BM, GH, K, UC), 1500 m, 28241 (K), 1700 m, 28503 (BM), 1500 m,
28602 (K), 1500 m, 28609 (K), 1500 m, 28613 (GH, K, UC), 1500 m, 28783 (K), 1500
m, 30329 (K), 1500 m, 30369 (GH, K, UC), 1500 m, 30371 (K), 1500 m, 30372 (K, L);
TENOMPOK/TOMIS: Clemens s.n. 2 May 1932 (BM); UPPER KINABALU: Clemens 30370 (K);
WEST MESILAU RIVER: 1600-1700 m, J. Beaman 8632 (MSC).
20. Elatostema winkleri-huberti H. Schröter, Repert. Spec. Nov. Regni. Veg. 83(2): 42.
1936. Type: Dallas, 900 m, Clemens 26292 (lectotype, here designated K; isolectotype:
L).
Slightly succulent erect herbs, 50-100 cm tall; monoecious and dioecious. Stems ±
terete or slightly square, portions bearing leaves 1-3 mm in diameter, with two
longitudinal grooves on opposite faces of internode, positioned 90 degrees from
attachment of leaf or leaves of adjacent upper node, glabrous. Leaves anisophyllous; blade
11-15 cm long, 3-5.5 cm wide, asymmetrical, membranaceous, the apex acute or
acuminate, the base oblique, acute or cuneate, margins entire in the distal half, hydathode
present; venation craspedodromus; adaxial surface with conspicuous pellucid dots,
cystoliths lacking; abaxial surface glabrous, cystoliths elongate, in the interstices between
tertiary veins; petioles 4-10 mm long; stipules 0.7-1 mm long, ca. 1 mm wide, narrowly
ovate or spathulate, membranaceous, the apex acute or obtuse, often apiculate.
Inflorescences axillary, almost always unisexual, many flowered cymes or involucrate
heads or disks. Staminate inflorescences long pedunculate cymes. Staminate flowers
1.1-1.4 mm across at anthesis, sessile or borne on a pedicel to ca. 1 mm long, in some
cases elongating at anthesis to 3-4 mm; tepals 5, white, or occasionally tinged with red,
free, glabrous, hooded, the apex callused and apiculate; stamens 5. Pistillate
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inflorescences sessile, fasciculate with bracts free; the bracts with long corniculate apices,
lacking cystoliths. Pistillate flowers ± sessile, slightly bilaterally symmetrical; tepals 5,
free, ovate or elliptic, exceeding the staminodia. Achenes obovoid, ca. 2 mm long, ca. 0.5
mm in diameter, reddish, slightly roughened.
Lower montane forest. Elevation: 800-1200 m.
The distribution of this species on Mount Kinabalu is shown in Figure 6-23.
Additional material examined. DALLAS: 900 m, Clemens 27125 (K), 900 m,
27314 (syntype: K); PENIBUKAN: 1200 m, Clemens 50004 (K, L), 1000 m, Nooteboom &
Aban 1549 (K); SAYAP: 800-1000 m, J. Beaman 9758 (MSC).
21. Elatostema variolaminosum H. Schröter var. latum H. Schröter, Repert. Spec. Nov.
Regni. Veg. 83(2): 67. 1936. Type: Tahubang Falls, 1200-1500 m, Clemens 30722
(lectotype, here designated K; isolectotypes: L, NY).
Suffrutescent herbs, 25-100 cm tall; dioecious. Stems ± terete or slightly square,
portions bearing leaves 1-3 mm in diameter, with two longitudinal grooves on opposite
faces of internode, positioned 90 degrees from attachment of leaf or leaves of adjacent
upper node, glabrous. Leaves anisophyllous; blade 10-19 cm long, 5-7 cm wide, weakly
asymmetrical, subcoriaceous to coriaceous, the apex acute or acuminate, the base , acute
or cuneate, margins entire in the distal half; venation craspedodromus; adaxial surface
with conspicuous pellucid dots, cystoliths present; abaxial surface glabrous, cystoliths
elongate, conspicuous along veins, in the interstices between tertiary veins; petioles 4-7
mm long, with conpicuous, elongate cystoliths; stipules 10-20 mm long, 2-4 mm wide,
narrowly ovate or spathulate, membranaceous, the apex acute or obtuse, often apiculate.
Inflorescences axillary, almost always unisexual, many flowered cymes. Staminate
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inflorescences long pedunculate cymes. Staminate flowers 1.1-1.4 mm across at anthesis,
sessile or borne on a pedicel to ca. 1 mm long, in some cases elongating at anthesis to 3-4
mm; tepals 5, white, or occasionally tinged with red, free, glabrous, elliptic or obovate, the
apex rounded; stamens 5. Pistillate inflorescences sessile, fasciculate with bracts free;
bracts with the apex acute, obtuse or rounded with callus, with cystoliths on the abaxial
surface. Pistillate flowers ± sessile, slightly bilaterally symmetrical; tepals 5, free,
truncate, exceeding the staminodia. Achenes obovoid, ca. 2 mm long, ca. 0.5 mm in
diameter, reddish, slightly roughened.
Lower montane and hill forest. Elevation: 600-1500 m.
The distribution of this species on Mount Kinabalu is shown in Figure 6-24.
Schröter and Winkler (1936) recognized three varieties of this species.
Elatostema variolaminosum var. latum occurs in Sarawak and Sabah, and in Indonesian
Borneo in their circumscription. The type variety and E. variolaminosum var.
melanostictum are recorded only in Kalimantan. The stems of this latter variety is said to
be greatly branched in habit, and has long acuminate, narrower leaves than var. latum, as
does the type variety.
Additional material examined. BAU: Martin 38672 (K); BIDI CAVES: Clemens
20808 (syntype: K); MELANGKAP KAPA: 600-700 m, J. Beaman 8598 (MSC); PENIBUKAN:
1200-1500 m, Clemens 30563 (syntypes: L, NY), 1200 m, 32063 (syntypes: L NY), 1100
m, 50273 (syntype: L).
22. Elatostema kabayense (Gibbs) Hilde Schröter, Repert. Spec. Nov. Regni. Veg. 83(2):
149. 1936. Pellionia kabayensis Gibbs, Journ. Linn. Soc., Bot. xlii. 138. 1914. Type:
Bundu Tuhan/Kiau, 900 m, Gibbs 3945 (lectotype, here designated: BM).
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Suffrutescent herbs, 50-100 cm tall; monoecious. Stems ± terete or slightly square,
portions bearing leaves 3-5 mm in diameter, with two longitudinal grooves on opposite
faces of internode, positioned 90 degrees from attachment of leaf or leaves of adjacent
upper node, pubescent. Leaves anisophyllous, but with the smaller of the pair often
deciduous or difficult to detect; blade 14-26 cm long, 4-7.5 cm wide, asymmetrical,
sometimes strongly so, subcoriaceous to coriaceous, the apex acute or acuminate, the base
oblique, acute or cuneate, margins entire or crenulate; venation asymmetrical,
camptodromus on one side of the midvein and apically brochidodromus on the other;
adaxial surface with conspicuous pellucid dots, cystoliths present; abaxial surface
glabrous, cystoliths elongate, conspicuous along veins, in the interstices between tertiary
veins; petioles 10-20 mm long, pubescent; stipules 17-24 mm long, 2-5 mm wide,
narrowly ovate or spathulate, membranaceous, the apex acute or obtuse, often apiculate.
Inflorescences axillary, almost always unisexual, many flowered cymes. Staminate
inflorescences long pedunculate cymes. Staminate flowers 1.1-1.4 mm across at anthesis,
sessile or borne on a pedicel to ca. 1 mm long, in some cases elongating at anthesis to 3-4
mm; tepals 5, white, or occasionally tinged with red, free, occasionally sparsely ciliate on
the abaxial surface and margins near the apex, elliptic, the apex callused and apiculate;
stamens 5. Pistillate inflorescences sessile, fasciculate with bracts free; bracts with the
apex acute, obtuse or rounded with callus, lacking cystoliths. Pistillate flowers ± sessile,
slightly bilaterally symmetrical; tepals 5, free, exceeding the staminodia. Achenes
obovoid, ca. 0.3 mm long, ca. 0.1 mm in diameter, reddish, slightly roughened.
Primary and secondary hill forest, along streams. Elevation: 200-1500 m.
The distribution of this species on Mount Kinabalu is shown in Figure 6-25.
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Additional material examined. DALLAS: 900 m, Clemens 26310b (K), 900 m,
26395 (L), 900 m, 26395a (K, L), 900 m, 26493 (K); KEBAYO, 1200 m, Gibbs 4296
(syntype: BM); KG. PINAWANTAI: 1400 m, Shea & Aban SAN 76865 (K); KUNDASANG: 1200
m, RSNB 1401 (K, L), 1200 m, RSNB 1403 (K, L); LIWAGU/MESILAU RIVERS: 1500 m, RSNB
1950 (L), 1200 m, RSNB 2514 (K, L), 1200 m, RSNB 2584 (L); PENATARAN RIVER: 500 m,
J. Beaman 8869 (MSC); SAYAP: 800-1000 m, J. Beaman 9783 (MSC); TALUPIT RIVER: 200
m, Shea & Minjulu SAN 76164 (L); TENOMPOK: 1500 m, Clemens 26258 (K).
23. Elatostema vittatum Hall. f., Ann. Jard. Bot. Buitenzorg 13: 303. 1896.
Elatostemoides vittatum (Hall. f.) C. B. Robinson, Phil. Jour. Sci. 5: 504. 1910. Type:
Gunung Kenepai, H. Hallier 1678 (isotype: K).
Suffrutescent herbs. 20-60 cm tall; dioecious. Stems up to 1 cm diameter, ± terete
or slightly square, portions bearing leaves 3-5 mm in diameter, with two longitudinal
grooves on opposite faces of internode, positioned 90 degrees from attachment of leaf or
leaves of adjacent upper node, pubescent. Leaves anisophyllous; blade 16-22 cm long,
7-11 cm wide, subcoriaceous to coriaceous, the apex acute or acuminate, the base oblique,
rounded to auriculate, margins dentate, the teeth terminating with a conspicuous hair;
venation asymmetrical, camptodromus on one side of the midvein and brochidodromus in the distal half on the other; adaxial surface with conspicuous pellucid dots,
cystoliths present; abaxial surface pubescent along midvein, secondary, and tertiary veins,
cystoliths elongate, conspicuous along veins; petioles 4-11 mm, pubescent; stipules 16-20
mm long, 5-7 mm wide, narrowly ovate or spathulate, membranaceous, the apex acute or
obtuse, often apiculate. Inflorescences axillary, almost always unisexual, many flowered
cymes. Staminate inflorescences long pedunculate cymes. Staminate flowers 1.1-1.4 mm
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across at anthesis, sessile or borne on a pedicel to ca. 1 mm long, in some cases elongating
at anthesis to 3-4 mm; tepals 5, white, or occasionally tinged with red, free, sparsely
ciliate on the abaxial surface and margins near the apex, elliptic, the apex callused;
stamens 5. Pistillate inflorescences sessile, fasciculate with bracts free; bracts with a
keeled midrib, the apex acute, obtuse or rounded, with cystoliths on the abaxial surface.
Pistillate flowers ± sessile, slightly bilaterally symmetrical; tepals 5, free, linear,
exceeding the staminodia; staminodia 3-4. Achenes obovoid, ca. 1 mm long, ca. 0.3 mm
in diameter, reddish, slightly roughened.
Ultramafic hill forest. Elevation: 900 m.
The distribution of this species on Mount Kinabalu is shown in Figure 6-26.
Additional material examined. DALLAS: 900 m, Clemens 27453 (K, NY).
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Figure 6−1. Distribution of Elatostema acuminatum (Poir.) Brongn. on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−2. Distribution of Elatostema flavovirens R. Beaman sp. nov. on Mount
Kinabalu. Size and intensity of spots indicate mapping confidence for each collection.

228

Figure 6−3. Distribution of Elatostema sepentinense R. Beaman sp. nov. on Mount
Kinabalu. Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−4. Distribution of Elatostema pedicillatum Gibbs on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.

Figure 6-5. Elatostema purpurascens R. Beaman sp. nov. A: Habit. B: Adaxial
leaf surface. C: Abaxial leaf surface. D: Staminate flower bud. E: Androecium. F:
Staminate flower at anthesis. G: Pistillate flower.
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Figure 6−6. Distribution of Elatostema purpurascens R. Beaman sp. nov. on Mount
Kinabalu. Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−7. Distribution of Elatostema kinabaluense Gibbs on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−8. Distribution of Elatostema rubro−stipulatum Gibbs on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.

Figure 6-9. Top: Elatostema tenompokense. Bottom: E. penibukanense.

236

237

Figure 6−10. Distribution of Elatostema tenompokensis Gibbs on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.

238

Figure 6−11. Distribution of Elatostema bullatum R. Beaman sp. nov. on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−12. Distribution of Elatostema dallasense R. Beaman sp. nov on Mount
Kinabalu. Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−13. Distribution of Elatostema gibbsae R. Beaman nom. nov. on Mount
Kinabalu. Size and intensity of spots indicate mapping confidence for each collection.

Figure 6-14. A and B: Elatostema lithoneuron. A: Abaxial leaf surface. B:
Adaxial leaf surface. C and D: Elatostema bulbothrix. D: Adaxial leaf surface.
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Figure 6−15. Distribution of Elatostema lithoneuron Stapf on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−16. Distribution of Elatostema bulbothrix Stapf on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−17. Distribution of Elatostema pinnatum R. Beaman sp. nov. on Mount
Kinabalu. Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−18. Distribution of Elatostema maraiparaiense R. Beaman sp. nov on Mount
Kinabalu. Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−19. Distribution of Elatostema thalictroides Stapf on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−20. Distribution of Elatostema lineare Stapf on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−21. Distribution of Elatostema auriculatifolium R. Beaman sp. nov. on Mount
Kinabalu. Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−22. Distribution of Elatostema penibukanensis Gibbs on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−23. Distribution of Elatostema winkleri−huberti Hilde Schroeter on Mount
Kinabalu. Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−24. Distribution of Elatostema variolaminosum H. Shroeter on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−25. Distribution of Elatostema kabayense (Gibbs) Hilde Schroeter on Mount
Kinabalu. Size and intensity of spots indicate mapping confidence for each collection.
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Figure 6−26. Distribution of Elatostema vittatum Hall. f. on Mount Kinabalu.
Size and intensity of spots indicate mapping confidence for each collection.
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BIOGRAPHICAL SKETCH

Reed Schiele Beaman was born in Lansing, Michigan, on 2 January 1961. Botany
came early for him, since he had already experienced the rigors of botanical field work
while in his mother's womb. Throughout his childhood, his fondest memories were of the
summer trips to Mexico to collect plants with his parents. After graduating from high
school, he almost became a biochemist, but decided that field work was preferable to lab
work. In 1983 he graduated with a B.S. in botany from the University of Michigan and
spent the following year in Sabah, Malaysia, collecting plants with his father, who was
there on a Fulbright fellowship. He developed a keen interest in the flora of Mount
Kinabalu during that year and soon began his professional career by publishing on the
pollination of Rafflesia and on the effects of El Niño droughts and forest fires in Sabah.
He rounded out his professional development by completing an M.S. in 1989 on the
systematics of a small subgenus of Tillandsia (Bromeliaceae) at the University of Florida,
Department of Botany under Dr. Walter S. Judd. After completing his master's degree, he
worked for several years as a consultant in an ecological restoration firm.
Throughout this period, he retained an ardent interest in the botany of the Old
World tropics by collaborating in floristics, biogeography, and ethnobotany by producing
a location map of Kinabalu with his father and many others, and served as a database and
GIS developer for the Projek Etnobotani Kinabalu of Sabah Parks. In 1994 he returned to
the University of Florida to complete his Ph.D. While on Mount Kinabalu, he met his
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wife, Nicoletta Cellinese. Their first child was born in 1996 in the midst of measuring
specimens, and their second child between the first and second paragraphs of this sketch.
The preceding dissertation puts together many the elements of Beaman's
interdisciplinary research by focussing on systematics and biogeography of Elatostema
(Urticaceae) of Mount Kinabalu. He recognized, though, that his geographical and
systematic specialization might be too narrow. While still working on his dissertation, he
applied for a National Science Foundation fellowship in biological informatics to work on
the systematics, biogeography, and automated specimen mapping of Urticaceae for the
Flora Malesiana project. He was fortunate enough to be awarded the fellowship and will
travel to Sydney, Australia, and the University of Kansas to carry out this work.

