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ABSTRACT

Family Zingiberaceae formed an important herbaceous layer in the tropical forests of
Borneo. From the phylogenetic view, certain genera of the problematic tribe Alpinieae are
non-monophyletic and in need of more taxonomic evidence to support the classification.
This study demonstrates how the morphological, anatomical, palynological, and
phytochemical evidences, correlated to the proposed phylogenetic data, taking
representatives from the Bornean species. Furthermore, the rapid deforestation of the forests
in Sarawak has also urged the assessment of the distribution and diversity of the species.
Overall, 45 taxa from 11 genera were identified, including a newly described species and
variety, Sundamomum corrugatum, and Plagiostachys strobilifera var. conica, respectively.
Comprehensive morphologies of the fruit, anther crest, anther dehiscent, stigma, ostiole,
labellum, lateral staminodes, and leaf sheaths were important in delimiting the species and
genera in the tribe. The studied species were conveniently divided into two major groups
based on the exine sculpturing of the spheroidal pollens, either psilate as in Etlingera and
Hornstedtia, or echinate as in the remaining genera. Likewise, vegetative anatomical
assessment unveiled informative characteristics in distinguishing the species. Phytochemical
study of the rhizomes essential oils further revealed the major and specific components that
characterised each studied cluster. Additionally, Lambir Hills National Park recorded the
most diverse and stable area for Alpinieae species that could function as an important in-situ

conservation area in Sarawak.

Keywords:  Alpinioideae, anatomy, chemotaxonomy, diversity, palynology



Kepelbagaian dan Kajian Sistematik Suku Alpinieae (Zingiberaceae) di Sarawak

ABSTRAK

Keluarga Zingiberaceae membentuk lapisan herba penting di hutan tropika Borneo.
Daripada pandangan filogenetik, genus tertentu dari suku Alpinieae ialah bukan monofiletik
dan memerlukan lebih banyak bukti taksonomi untuk menyokong klasifikasinya. Kajian ini
menunjukkan bagaimana bukti-bukti morfologi, anatomi, palinologi dan fitokimia
berkorelasi dengan data filogenetik yang dicadangkan, mengambil wakil daripada spesies-
spesies Borneo. Tambahan pula, penebangan hutan yang pesat di Sarawak juga mendesak
penilaian mengenai taburan dan kepelbagaian spesiesnya. Secara keseluruhan, 45 takson
daripada 11 genus dikenal pasti, termasuk spesies dan varieti yang baru dijelaskan,

Sundamomum corugatum, dan Plagiostachys strobilifera var. conica. Morfologi

komprehensif buah, balung anter, bukaan anter, stigma, ostiol, labelum, staminod sisi, and
sarung daun menandakan peranan penting dalam membatasi spesies dan genus di suku
tersebut. Spesies yang dikaji secara mudah dibahagikan kepada dua kumpulan besar
berdasarkan pengukiran debunga sferoidnya, sama ada psilat seperti di Etlingera dan
Hornstedtia, atau ekinat seperti di genus selebihnya. Begitu juga, penilaian anatomi
vegetatif menunjukkan ciri-ciri bermaklumat dalam membezakan spesies. Kajian fitokimia
minyak pati rizom menunjukkan komponen utama dan spesifik yang mencirikan setiap
kluster yang dikaji. Selain itu, Taman Negara Bukit Lambir merekodkan kepelbagaian
tertinggi dan stabil untuk spesies Alpinieae yang dapat berfungsi sebagai kawasan

pemuliharaan in-situ yang penting di Sarawak.

Kata kunci: Alpinioideae, anatomi, kemotaksonomi, kepelbagaian, palinologi
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CHAPTER 1

INTRODUCTION

1.1  Background of the Study

Borneo is the world’s third largest island and the second largest island in the Malay
Archipelago with approximately 746,000 km? of total land area. The island constitutes of
Kalimantan, Indonesia, on the southern and eastern parts (539,460 km?; 72.6%), Malaysian
states of Sarawak and Sabah which lie on the central-western part (124,451 km?; 17% of the
island) and the northern section (73,619 km?; 10%) respectively, and the State of Brunei
Darussalam that occupies the northwest coast of the island with just 5,745 km? of land area

(Lamb et al., 2013).

In the Pleistocene epoch, about 2.58 million to 11,700 years ago, the Riau Pocket
which consisted of the west coast part of Borneo (West Kalimantan, Sarawak, and Brunei),
part of Peninsular Malaysia and Riau Islands was a tropical rainforest refuge (Bird et al.,
2005; Lamb et al., 2013). During this epoch, the polar ice caps repeatedly melted resulting
in rises and falls of the global sea level. During colder period and when the sea level fell,
Borneo Island became part of Sundaland (which includes Malay Peninsula, Borneo, Java,
and Sumatra), and during this time the flora have dispersed over the landmass and adapted
to continual changing environments and favourable habitats (Bird et al., 2005). During the
meltdowns, the sea levels rose by 50 m and Borneo became isolated. The dramatic changes
of the land and sea on Sundaland might be one of the reasons for the high floral endemism

in Borneo.



According to the most comprehensive and continuously updated database, 325,000
of flowering plants from 350,000 of the total accepted species have been recorded so far, by
which the Asian region holds the highest record of new species discovered in 2019 (Antonelli
et al., 2020; WCVP, 2020). About 5 — 6% or 10,000 — 12,000 of the total world’s plants
species are native to Borneo and, in particular, nearly 40 — 50% of the species is endemic to
the island (Wong, 1995; WCVP, 2020; POWO, 2020). Following the current report by
Camara-Leret et al. (2020) on the floristic assessment of Papua New Guinea, Borneo is the
world’s third most floristically diverse island that supports 11,165 described species, after
Madagascar with 11,488 species, and the largest, Papua New Guinea with 13,634 described

species.

Relative to Malaysian flora, Peninsular Malaysia holds over 8,300 species of vascular
plants (Saw & Chung, 2015). Whereas for Sarawak and Sabah, accurate figures on the
vascular plants are scarce and have been estimated to be between 9000 to 15,000 species
(Merrill, 1950; Wong, 1995) or approximately 11,500 species if based on the estimation
provided by Tree Flora of Sabah and Sarawak, which contained 38.5% more species than

Malaya’s (Saw & Chung, 2015).

Compared to Peninsular Malaysia, the collection history of flora from Sabah and
Sarawak were less intense in the early years. Summary of the detailed collection history in
Borneo has been discussed by Wong (1995) in the introductory section of the Tree Flora of
Sabah and Sarawak Volume 1. The earliest collection of plants species in Borneo started as
early as 1822 by George Miiller, who was the acting Resident in Dutch West Borneo in the
vicinity of Kapuas and Pontianak, followed by several explorers who had a keen interest in

studying rare tropical plants or for horticultural value. Subsequently, in 1854 - 1856, Alfred



Russel Wallace had also collected ferns from Sarawak, particularly in Simunjan and Sadong
Rivers, and between 1865 and 1867, the well-known Italian botanist, Odoardo Beccari,
explored several more areas in Sarawak covering Kuching, Matang, Sarawak River, Batang
Lupar, Bintulu, and Rejang valley (Wong, 1995). Subsequent plants collections covering
more areas in Borneo and systematic account have continuously been made by various
researchers since then, such as by Merrill (1950), which provided better understanding of

the vast flora of Borneo.

Karl M. Schumann (1904), through his book Das Pflanzenreich on the world’s
Zingiberaceae, provided one of the earliest real revision that included Beccari’s collections
from Sarawak. In 1909, H. N. Ridley, after his documentation of Scitamineae in Peninsular
Malaysia (Ridley, 1899), had added more subsequent species from Borneo based on his own
collections along with Haviland’s and Hewitt’s (Ridley, 1909). Rosemary M. Smith further
published more detailed regional revisions of Zingiberaceae in Borneo, firstly focusing on
Gunung Mulu National Park, Sarawak, (Smith, 1982, 1984) and later expanded to include

the whole island (Smith, 1985, 1986, 1988, 1989).

Warm equatorial climate with little seasonality, hot and humid throughout the year,
provides suitable condition for the growth and survival of tropical rainforest. Other than
mixed dipterocarp forest, Sarawak forest formations are also majorly composed of alluvial
forest, heath forest, and forest over limestone. To safeguard its biodiversity, Sarawak has
gazetted 8% of the total land or 4,209,053 ha as permanent reserves that comprise 44
Protected Forests, 47 Forest Reserves, 18 Communal Forests, and 1 Government Reserve up

until 2018 (Forest Department Sarawak, 2020).



However, increasing trends of irresponsible deforestation and land conversion for
plantation and other developmental purposes seemed inevitable, which have led to major
loss of the many priceless species (WWF, 2020). In many cases, exploitation for commercial
purposes is given priority over scientific study, leading to the loss of often undescribed
species. Hence, as the clock is ticking, it is obvious that there is an urgency to address more

collection and documentation especially on valuable and diverse species in Sarawak.

Assessing the conservation rank of a plant species is vital for effective conservation
action to halt biodiversity loss and prevent future extinctions. Current global estimation
specified that two out of five plant species are threatened with extinction by multiple risks,
mainly due to the anthropogenic pressures, i.e. agriculture and aquaculture, biological
resource use, natural system modifications, and residential and commercial development,
plus the synergies among them that have had a major impact on biodiversity (IUCN
Standards & Petitions Subcommittee, 2019; Antonelli et al., 2020). Unfortunately, the
Situation is currently happening in most parts of the state’s forests, as well as in Peninsular
Malaysia. Without ever being described, many plants have gone extinct; thus, continuous
sampling and revelation of new species to science including wild gingers, that may
potentially become a new source of medicine or global food source, is essential. Figure 1.1
illustrates the current situation of the forest cover loss in Borneo as adapted from Antonelli

et al. (2020) and WWF (2020).
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Figure 1.1:  World map highlighting Asian region including Borneo recorded the
highest number of newly described species in 2019 (Antonelli et al., 2020) and
projection of the current forest cover loss in Borneo (WWF, 2020).

1.2 Problems Statement

Since the revisions of Bornean Zingiberaceae by R.M. Smith (1985, 1986a, 1986b,
1988, 1989), more botanical explorations have made additional collections of the Bornean
species. Subsequent revisions by Sakai and Nagamasu (1998, 2000, 2003, 2006) in Lambir
Hills NP recorded remarkably high number of Zingiberaceae species, i.e. 22 and 12 species
from subfamilies Alpinioideae and Zingiberoideae, respectively. In contrast, very limited
collections and species description have been made from the northeast area of Sarawak that
includes the Bintulu district, since Beccari’s time. Moreover, Similajau NP is the first totally
protected area established in Bintulu district, but so far, records on its ginger flora are not
available. In fact, several other TPAs in Sarawak are either lacking in available data on their

ginger flora or in need of updating, such as Niah NP, which the only known record is from



Pearce in 2004, who concurrently reported on vegetation and plants in Niah NP. Hence,
besides collating data on the current distribution of Alpinieae species in various localities in
Sarawak, a comparative diversity study of the diversity in selected TPAs which represented

different forests ecosystems, would be valuable especially for in-situ conservation efforts.

Apart from that, there are more recent additional documentations of gingers in Sabah
and Sarawak which stipulated that the subfamily Alpinioideae encompasses the majority of
ginger collections, surpassing other tribes in the family, which include the study by Gobilik
et al. (2000) in Dagat Limestone Ridge, Gobilik and Mashitah (2005) in Trus Madi, Gobilik
(2008) in Serudong, Ibrahim et al. (2010) in Lanjak Entimau, Gobilik and Limbawang (2010) in
Tawau Hills Park, Julius et al. (2010) in Maliau Basin as well as Aimi Syazana et al. (2016) in

Dered Krian National Park.

Owing to the fact that many species of gingers are native to and narrowly distributed
in Sarawak, not only in the northern east but also the southern and western part, basic
fieldworks and reassessment to obtain more accurate information and collections are
required. Following more botanical collection, undoubtedly, an increasing number of taxa
are expected to be recorded in Sarawak. This would also necessitate the study of their
habitats, threats, and conservation measures as these are important information to assess the
conservation status. Hence, it is imperative to evaluate their ecological parameters including
the population size, area of occupancy, distribution, diversity, and richness at each habitat.
Correspondingly, comparative diversity study on areas with different vegetation, i.e. mixed
dipterocarp forest, coastal forest, and limestone forest from the whole of Sarawak is very

scarce, though imperative as a stimulus for future in-situ conservation planning.
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